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_2K2`+B2K2Mib

1M T`û�K#mH2- D2 bQm?�Bi2 iûKQB;M2` K� ;`�iBim/2 ¨ THmbB2m`b T2`bQMM2b /QMi
HǶBMi2`p2MiBQM �m`� +QM+Qm`m /2 7�ÏQM /ûi2`KBM�Mi2 ¨ H� `û�HBb�iBQM /2 +2
i`�p�BHX

C2 pQm/`�Bb 2M T`2KB2` HB2m `2K2`+B2` KQM .B`2+i2m` /2 i?ĕb2- S�b+�H aBM;v-
S`Q72bb2m` 2M 6�+mHiû /2b H2ii`2b 2i 2M 6�+mHiû /2 #BQHQ;B2 2i /2 Kû/2+BM2 /2
HǶlMBp2`bBiû /2 G�mb�MM2- TQm` b� /BbTQMB#BHBiû- b2b Dm/B+B2mt +QMb2BHb 2i H2 i`ĕb
;`�M/ 2bT�+2 /2 +QM}�M+2 H�Bbbû /�Mb HǶ�++QKT�;M2K2Mi /2 KQM i`�p�BH c D2
HmB bmBb û;�H2K2Mi `2/2p�#H2 /2 HǶ�TTQ`i BM+QMiQm`M�#H2 /2 b� pBbBQM Q`B;BM�H2
2i BMi2`/Bb+BTHBM�B`2 /2 H� bQ+BQHBM;mBbiB[m2X

J� `2+QMM�Bbb�M+2 p� û;�H2K2Mi �mt T2`bQMM2b [mB QMi �++2Tiû /2 7�B`2 T�`iB2
/2 KQM Dm`v- TQm` H2m` �B/2 2i H2 i2KTb [mǶ2HH2b KǶQMi �++Q`/û ,

ě :BHH2b _�p2�m/- J�ŗi`2 /2 +QM7û`2M+2b 2M û+QMQKB2 ¨ HǶAMbiBimi /Ƕûim/2b
2m`QTû2MM2b /2 HǶlMBp2`bBiû S�`Bb 3- TQm` bQM `2;�`/ �B;mBbû /Ƕû+Q@
MQKBbi2 bm` H2b [m2biBQMb /2 [m�MiB}+�iBQM 2i TQm` bQM �TTQ`i ¨ H�
/û}MBiBQM /m MûQHB#û`�HBbK2 c

ě 6`û/û`B+ a+?Ƀix- J�ŗi`2 /Ƕ2Mb2B;M2K2Mi 2i /2 `2+?2`+?2 2M 6�+mHiû /2
#BQHQ;B2 2i /2 Kû/2+BM2 /2 HǶlMBp2`bBiû /2 G�mb�MM2- TQm` �pQB` TQbû
H2 `2;�`/ /2b b+B2M+2b /2 H� pB2 bm` KQM i`�p�BH- K�Bb �mbbB TQm` b�
+QMi`B#miBQM `B+?2 `2M/m2 TQbbB#H2 T�` bQM ?�#Bim/2 /m i`�p�BH �p2+
H2b Kû/B�b c

ě 6`�MÏQBb "�p�m/- S`Q72bb2m` ¨ HǶAMbiBimi /2 ;ûQ;`�T?B2 2i /m`�#BHBiû 2i
2M 6�+mHiû /2b H2ii`2b /2 HǶlMBp2`bBiû /2 G�mb�MM2- TQm` bQM T`û+B2mt
�TTQ`i /2 T?vbB+B2M 2i /2 bi�iBbiB+B2M 2M b+B2M+2b ?mK�BM2b- 2i TQm`
b2b 2M+Qm`�;2K2Mib 2i b2b #QMb KQibX



J2b `2K2`+B2K2Mi pQMi û;�H2K2Mi ¨ HǶ2Mb2K#H2 /2 H� a2+iBQM /2b b+B2M+2b /m
H�M;�;2 2i /2 HǶBM7Q`K�iBQM UH2ii`2bV /2 HǶlMBp2`bBiû /2 G�mb�MM2 c D2 KǶv bmBb
i`Qmpû +?2x KQB 2i �B Tm KǶûT�MQmB`- �mbbB ;`�+2 ¨ K2b �KBb Ab��+ 2i :BHH2b-
�p2+ [mB K2b û+?�M;2b QMi iQmDQm`b 2t+û/û H2 b2mH +�/`2 T`Q72bbBQMM2HX

C2 `2K2`+B2 BM}MBK2Mi K2b T�`2Mib 2i K� 7�KBHH2- TQm` H2m` bQmiB2M BM/û72+@
iB#H2 2i �BK�Mi /�Mb HǶ2Mb2K#H2 /2 KQM /ûp2HQTT2K2Mi T2`bQMM2H- +mHim`2H 2i
bQ+B�HX

SQm` }MB`- +Ƕ2bi ¨ KQM ûTQmb2 J�`B� *?B�`� [m2 D2 /QBb H2 THmb , im KǶ�b
TQ`iû iQmi H2 HQM; /m +?2KBM 2i D2 iǶ�BK2`�B iQmDQm`b TQm` H2b b�+`B}+2b [m2
im �b +QMb2MiBb TQm` KQBX



_ûbmKû

*QMbi�i�Mi- /ǶmM2 T�`i HǶQKMBT`ûb2M+2 /2b +?Bz`2bfbi�iBbiB[m2b /�Mb H2 /Bb@
+Qm`b /2 HǶBM7Q`K�iBQM 2i- /Ƕ�mi`2 T�`i- mM2 +`BiB[m2 i`ĕb /ûKQ+`�iBbû2 /2 +2b
QmiBHb Ĝ Ŀ QM T2mi 7�B`2 /B`2 MǶBKTQ`i2 [mQB �mt +?Bz`2b ŀ Ĝ +2ii2 i?ĕb2 TQb2
H� [m2biBQM /2 HǶ2tBbi2M+2 /ǶmM2 +QM7mbBQM 2Mi`2 H� K2bm`2 �m b2Mb bi`B+i 2i
/Ƕ�mi`2b 7Q`K2b /2 [m�MiB}+�iBQMX

G� K2bm`2 �m b2Mb ûi`QBi `2TQb2 bm` H� +QMDQM+iBQM /2 i`QBb TBHB2`b , BV H�
TQbbB#BHBiû /2 /û+`B`2 HǶBM}MBK2Mi T`û+Bb ;`�+2 ¨ H� MmKû`�iBQM /2 TQbBiBQM
UH2b +?Bz`2b �`�#2bV- BBV HǶ2tBbi2M+2 /ǶmMBiûb T�`7�Bi2K2Mi /û}MB2b 2i BMp�@
`B�#H2b UH2b mMBiûb /2 K2bm`2V 2i BBBV /2b BMbi`mK2Mib T?vbB[m2b /2 K2bm`�;2
2i /2b Kûi?Q/2b K�i?ûK�iB[m2b T2`K2ii�Mi /Ƕ2M K�ŗi`Bb2` HǶBKT`û+BbBQMX G�
+QMDQM+iBQM /2 +2b ûHûK2Mib T2`K2i ¨ H� K2bm`2 /2 T`Q/mB`2 /2b Q#b2`p�iBQMb
Q#D2+iBp2b Qm Ŀ /2b Q#b2`p�iBQMb b�Mb Q#b2`p�i2m` ŀ TQm` +Bi2` HǶ?BbiQ`B2M 2i
T?BHQbQT?2 /2b b+B2M+2b w2MQ arBDiBMF (kNj)X 1M /Ƕ�mi`2b i2`K2b- 2HH2 2bi mM2
Kûi`QHQ;B2 `û�HBbi2 [mB �miQ`Bb2 HǶ2tT`2bbBQM /2 ;`�M/2m`b +QMiBMm2b UK�bb2-
/Bbi�M+2- i2KTb-XXXV 2M +?Bz`2b b�Mb 7�B`2 BMi2`p2MB` H� bm#D2+iBpBiû /2b BM/BpB@
/mbX

.2p�Mi H� i`ĕb ;`�M/2 2{+�+Biû /2 H� K2bm`2 /�Mb H2 /ûp2HQTT2K2Mi /2b
b+B2M+2b /Bi2b Ŀ /m`2b ŀ- H2b b+B2M+2b ?mK�BM2b QMi Ĝ MQi�KK2Mi bQmb HǶBK@
TmHbBQM /Ƕ�/QHT?2 Zm2i2H2i URdNe@R3d9V Ĝ +?2`+?û ¨ �/QTi2` H� ~2tB#BHBiû /2b
MQK#`2bX J�Bb H2b 7Q`K2b /2 [m�MiB}+�iBQM `2M+QMi`û2b 2M b+B2M+2b ?mK�BM2b
2i bQ+B�H2b T�bb2Mi Ĝ �m +QMi`�B`2 /2 H� K2bm`2 Ĝ T�` H� /û}MBiBQM /2 +H�bb2b
/ǶQ#b2`p�iBQM U[m�MiBiû /Bb+`ĕi2V- [mB /�Mb H2 T`Q+2bbmb /2 [m�MiB}+�iBQM T`û@
+ĕ/2 H� i`�/m+iBQM /2 HǶ2tTû`B2M+2 2M +?Bz`2bX AH v � /QM+ mM2 ûi�T2 /2 i`�p�BH
+QMp2MiBQMM2H BMi`BMbĕ[m2 ¨ +2b 7Q`K2b /2 [m�MiB}+�iBQM c +2HH2@+B BMi`Q/mBi
BKK�M[m�#H2K2Mi /2b ûHûK2Mib /2 bm#D2+iBpBiû , H2b BM/B+2bfBM/B+�i2m`b bQMi
+QMbi`mBib bm` /2b +?QBt 2i �KĕM2Mi- 2M [m2H[m2 bQ`i2- ¨ BMiû;`2` HǶQ#b2`p�i2m`
¨ b2b Q#b2`p�iBQMbX



*2b i`�Mb7Q`K�iBQMb 2M +?Bz`2b T`Q/mBb2Mi /2b BM7Q`K�iBQMb /QMi H� p�H2m`
/2 pû`Biû MǶ2bi T�b H� KāK2 /m 7�Bi /2 H2m`b /Bzû`2M+2b ûTBbiûKQHQ;B[m2b ,
H� K2bm`2 2bi mM i`�Mb+Q/�;2 }/ĕH2 /2b T`QT`Bûiûb T?vbB[m2b /m KQM/2 2M
MQK#`2b 2i Qz`2 /2b BM7Q`K�iBQMb +2`i�BM2b U#B2M [m2 T�`7QBb BKT`û+Bb2bV-
[m�M/ H2b BM/B+2bfBM/B+�i2m`b T`Q/mBb2Mi /2b +?Bz`2b [mB MǶQMi iQmDQm`b [mǶmM
`�TTQ`i T`Q#�#H2 ¨ H� pû`Biû 2i `2~ĕi2Mi mM +2`i�BM TQBMi /2 pm2X *2H� p2mi
/B`2 [m2 H2b MQK#`2b Bbbmb /2 +2b /2mt 7Q`K2b MǶ�m`�B2Mi T�b pQ+�iBQM ¨ āi`2
miBHBbûb /2 H� KāK2 K�MBĕ`2 /�Mb H� T`Q/m+iBQM /ǶBM7Q`K�iBQMX

GǶ�M�Hvb2 /ǶmM +Q`Tmb /2 THmb /2 e ?2m`2b /2 iûHûDQm`M�mt- MQmb T2`K2i /2
K2ii`2 2M HmKBĕ`2 [m2 H2b Q#D2ib [m�MiB}ûb /�Mb /2b +?�KTb /2b b+B2M+2b ?m@
K�BM2b Ĝ MQi�KK2Mi 2M û+QMQKB2 Ĝ bQMi bQmp2Mi i`�Biûb- /�Mb H2 /Bb+Qm`b
/2 HǶBM7Q`K�iBQM- +QKK2 bǶBHb ûi�B2Mi Q#i2Mmb T�` mM2 Kûi`QHQ;B2 `û�HBbi2 , H�
K2bm`2X *Ƕ2bi +2 [m2 MQmb �pQMb MQKKû H2 T`ûbmTTQbû /2 K2bm`2 c BH �TT�@
`�ŗi HQ`b[m2 /2b MQK#`2b Q#i2Mmb T�` mM2 [m�MiB}+�iBQM BM+Hm�Mi /2b ûi�T2b
+QMp2MiBQMM2HH2b /2 /û}MBiBQM bQMi i`�Biûb +QKK2 bǶBHb ûi�B2Mi /2b 2MiBiûb Q#@
D2+iBp2b 2i M2mi`2b- ¨ KāK2 /2 T`Q/mB`2 /2b BM7Q`K�iBQMb +2`i�BM2bX



h�#H2 /2b K�iBĕ`2b

A AMi`Q/m+iBQM Rj

R _�BbQMb 2i H2 +�/`2 /2 H� T`ûb2Mi2 ûim/2 R8
RXR GǶQKMBT`ûb2M+2 /2b +?Bz`2b X X X X X X X X X X X X X X X X X X X X R8
RXk lM2 +`BiB[m2 /ûKQ+`�iBbû2 /2 HǶmiBHBb�iBQM /2b bi�iBbiB[m2b X X X R3

k S`Q#HûK�iBb�iBQM 2i ?vTQi?ĕb2b /2 i`�p�BH kR
kXR *Q/�;2 +QMp2MiBQMM2H 2i K2bm`2 X X X X X X X X X X X X X X X X X kR
kXk J2bm`�#BHBiû \ X X X X X X X X X X X X X X X X X X X X X X X X X X X k8
kXj G2 T`ûbmTTQbû /2 K2bm`2 X X X X X X X X X X X X X X X X X X X X X kN
kX9 lM2 ûpQHmiBQM /2b KQ/�HBiûb /2 `2+Qm`b ¨ HǶ�`;mK2Mi bi�iBbiB[m2 j8
kX8 6B�#BHBiû 2i p�HB/Biû /2b BM/B+�i2m`b +?Bz`ûb X X X X X X X X X X X je
kXe GǶQKMB+QMp2M�M+2 /2b MQK#`2b X X X X X X X X X X X X X X X X X j3
kXd G2 `ƬH2 /m /Bb+Qm`b /2 HǶBM7Q`K�iBQM X X X X X X X X X X X X X X X jN

AA S�`iB2 i?ûQ`B[m2 9R

j G� bûKBQiB[m2 , mM2 b+B2M+2 +Q;MBiBp2 \ 9j

9 G� bûKBQiB[m2 +Q;MBiBp2 88

8 G� bûKBQiB[m2 /2b MQK#`2b e8
8XR *H�bbB}+�iBQM /2b bvbiĕK2b /2 MmKû`�iBQM X X X X X X X X X X X dy

d



3 h�"G1 .1a J�hAĔ_1a

8XRXR G2b MmKû`�iBQMb �M�HQ;B[m2b Ĝ 1D X X X X X X X X X X X dy
8XRXk G2b MmKû`�iBQMb bvK#QHB[m2b Ĝ 1× 1D X X X X X X X X X dk
8XRXj G2b MmKû`�iBQMb bvK#QHB[m2b ¨ #�b2 /Qm#H2 Ĝ (1×1)×1D dd

8Xk GǶQKMB+QMp2M�M+2 /2b MQK#`2b 2i /2b +?Bz`2b X X X X X X X X X 3y

e G� `2T`ûb2Mi�iBQM /2b MQK#`2b 2M 7`�M+QT?QMB2 38
eXR G� `2T`ûb2Mi�iBQM /2b MQK#`2b T�` H2 bvbiĕK2 /û+BK�H 2i H�

MmKû`�iBQM �`�#Q@BM/B2MM2 /2 TQbBiBQM X X X X X X X X X X X X X 38
eXk G� MmKû`�iBQM Q`�H2fp2`#�H2 2M 7`�MÏ�Bb X X X X X X X X X X X X Ny
eXj G� `2T`ûb2Mi�iBQM /2b MQK#`2b T�` /2b pBbm�HBb�iBQMb ;`�T?B[m2b Nj

eXjXR G2b p�`B�#H2b pBbm2HH2b 2i H2b ivT2b /ǶBKTH�Mi�iBQM X X X Nd
eXjXk S`Q#HĕK2b HBûb ¨ H� `2T`ûb2Mi�iBQM ;`�T?B[m2 /2b p�@

`B�#H2b [m�HBi�iBp2b X X X X X X X X X X X X X X X X X X X X NN
eXjXj S`Q#HĕK2b HBûb ¨ H� `2T`ûb2Mi�iBQM ;`�T?B[m2 /2b p�@

`B�#H2b [m�MiBi�iBp2b X X X X X X X X X X X X X X X X X X X Ryk
eXjX9 .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X Ryj

eX9 LmKû`�iBQMb 2i bûKBQb2 X X X X X X X X X X X X X X X X X X X X X Ry9

d G2b MQK#`2b 2i HǶBM7Q`K�iBQM �m/BQ@pBbm2HH2 RyN
dXR S`Q#HĕK2 /2 +Q``2bTQM/�M+2 X X X X X X X X X X X X X X X X X X X RRR
dXk S`Q#HĕK2 /2 bB;MB}+�iBQM X X X X X X X X X X X X X X X X X X X X X RRj
dXj S`Q#HĕK2 /ǶBM7û`2M+2 X X X X X X X X X X X X X X X X X X X X X X X RR9
dX9 S`Q#HĕK2 /Ƕ�/û[m�iBQM /2b `2T`ûb2Mi�iBQMb X X X X X X X X X X X Rkk
dX8 avMi?ĕb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj9

3 G� +Q;MBiBQM MmKû`B[m2 Rjd
3XR 1im/2b TQ`i�Mi bm` H� T2`+2TiBQM 2i H2 +QKTQ`i2K2Mi X X X X X R9y

3XRXR avMi?ĕb2 X X X X X X X X X X X X X X X X X X X X X X X X X X R88
3Xk G2b 2Mb2B;M2K2Mib /2 HǶûim/2 /2 HǶ�+iBpBiû +û`û#`�H2 X X X X X X R8e
3Xj .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rej
3X9 LmKû`�iB2 2i miBHBb�iBQM /2b MQK#`2b X X X X X X X X X X X X X X Ree



h�"G1 .1a J�hAĔ_1a N

N G� K2bm`2 Red
NXR .û}MBiBQM �m b2Mb bi`B+i /m p2`#2 K2bm`2` X X X X X X X X X X X Rdy

Ry G� [m�MiB}+�iBQM R38

RR >BbiQ`B[m2 /2b T`�iB[m2b /2 [m�MiB}+�iBQM RNj
RRXR G� bi�iBbiB[m2 +QKK2 b+B2M+2 /2 HǶúi�i X X X X X X X X X X X X X RN8
RRXk .2 Zm2i2H2i ¨ HǶûK2`;2M+2 /ǶmM2 /Bb+BTHBM2 /2b K�i?ûK�iB[m2b kyy
RRXj lM KûH�M;2 ûTBbiûKQHQ;B[m2 X X X X X X X X X X X X X X X X X X X kRj

RRXjXR G2b b+B2M+2b /2 H� M�im`2 , H� K2bm`2 X X X X X X X X X X kR9
RRXjXk G2b b+B2M+2b /2 H� pB2 , H2b BM/B+2b 2i BM/B+�i2m`b X X X X kR8
RRXjXj G2b b+B2M+2b Dm`B/B[m2b 2i TQHBiB[m2b , H2b +H�bb2b /Ƕû[mB@

p�H2M+2 X X X X X X X X X X X X X X X X X X X X X X X X X X kRd

Rk lM i`�Bi +�`�+iû`BbiB[m2 /ǶmM2 bQ+Bûiû MûQHB#û`�H2 \ kkR
RkXR :2Mĕb2 /2 H� T2Mbû2 MûQHB#û`�H2 X X X X X X X X X X X X X X X X X kkk
RkXk .2 GBTTK�MM ¨ 6`B2/K�M X X X X X X X X X X X X X X X X X X X X kjR

RkXkXR G2 MûQHB#û`�HBbK2 2M 1m`QT2 2i T�` HǶ1m`QT2 X X X X X X kj8
RkXj G� };m`2 /Ƕ2tT2`i 2i HǶ�`;mK2Mi /Ƕ�miQ`Biû T�bb�Mi T�` H2 MQK#`2kje
RkX9 G2 MQmp2�m bi�imi `?ûiQ`B[m2 /2b +?Bz`2b X X X X X X X X X X X X k9R

RkX9XR .2mt 2t2KTH2b iQTB[m2b X X X X X X X X X X X X X X X X X k9j
RkX9Xk .2 HǶQmiBH /2 T`Bb2 /2 /û+BbBQM ¨ HǶQ#D2i /2 ;Qmp2`M2@

K2Mi�HBiû X X X X X X X X X X X X X X X X X X X X X X X X X k8k
RkX8 G2b Kû/B�b , /2b �+i2m`b /m bvbiĕK2 MûQHB#û`�H X X X X X X X X X k8d
RkXe G� bBim�iBQM �+im2HH2 2M amBbb2 2i 2M 6`�M+2 X X X X X X X X X X kej

RkXeXR G2b MQmp2�mt Kû/B�b X X X X X X X X X X X X X X X X X X X k3y

Rj G2 T`ûbmTTQbû 2M T`�;K�iB[m2 k3d
RjXR S`ûbmTTQbû 2i p�H2m` /2 pû`Biû X X X X X X X X X X X X X X X X X X k33
RjXk G2b T`ûbmTTQbûb /2 K2bm`2 X X X X X X X X X X X X X X X X X X X X k33
RjXj o�H2m` /2 pû`Biû /2b ûMQM+ûb 7QM/ûb bm` mM T`ûbmTTQbû /2 K2bm`2kNj
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R9 o�HB/Biû /ǶmM BM/B+�i2m` bi�iBbiB[m2 kN8
R9XR o�HB/Biû /2 H� K2bm`2 X X X X X X X X X X X X X X X X X X X X X X X kNe
R9Xk G2 /ûMQK#`2K2Mi /ǶQ#D2ib MQM@+QMp2MiBQMM2Hb X X X X X X X X X kNe
R9Xj G2 /ûMQK#`2K2Mi /ǶQ#D2ib +QMp2MiBQMM2Hb X X X X X X X X X X X kN3
R9X9 AM/B+�i2m`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X jyy

R9X9XR AM/B+�i2m`b 2i M2mi`�HBiû �tBQHQ;B[m2 X X X X X X X X X X jyj
R9X8 .2b+`BTiBQM /2 HǶûi�i T`ûb2Mi Qm /ǶmM 7mim` TQbbB#H2 , /2b+`BT@

iBQM- BM7û`2M+2 2i T`QD2+iBQM X X X X X X X X X X X X X X X X X X X jy9
R9Xe avMi?ĕb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jye

AAA S�`iB2 2KTB`B[m2 jyN

R8 *Q`Tmb 2i +?QBt /Ƕ�MMQi�iBQM jRR
R8XR .2b+`BTiBQM /m +Q`Tmb X X X X X X X X X X X X X X X X X X X X X X jRR
R8Xk P#D2+iB7b /2 HǶ�M�Hvb2 /2 +Q`Tmb X X X X X X X X X X X X X X X X X jRk
R8Xj 1ti`�+iBQM /m +Q`Tmb X X X X X X X X X X X X X X X X X X X X X X X jRj
R8X9 �MMQi�iBQM /m +Q`Tmb X X X X X X X X X X X X X X X X X X X X X X jR9

R8X9XR úK2ii2m` X X X X X X X X X X X X X X X X X X X X X X X X X jR8
R8X9Xk *�M�H X X X X X X X X X X X X X X X X X X X X X X X X X X X jR8
R8X9Xj 6Q`K2 /m K2bb�;2 X X X X X X X X X X X X X X X X X X X X jRe
R8X9X9 hvT2 /2 `2T`ûb2Mi�iBQM ;`�T?B[m2 X X X X X X X X X X X X jRe
R8X9X8 *QM+Q`/�M+2 2i �/û[m�iBQM /2b `2T`ûb2Mi�iBQMb X X X X jRe
R8X9Xe .Bb+`2i Qm +QMiBMm- HBMû�B`2 Qm MQM X X X X X X X X X X X jRd
R8X9Xd ai�iBbiB[m2b /2b+`BTiBp2b- BM7û`2MiB2HH2b Qm T`QD2+iBp2b X jRd
R8X9X3 S`Q+2bbmb /2 [m�MiB}+�iBQM X X X X X X X X X X X X X X X jR3
R8X9XN o�HB/Biû /2 H� [m�MiB}+�iBQM X X X X X X X X X X X X X X X jR3
R8X9XRy o�HB/Biû /2 H� +QKT�`�BbQM X X X X X X X X X X X X X X X X jRN
R8X9XRR S`ûbmTTQbû /2 K2bm`2 X X X X X X X X X X X X X X X X X X jRN
R8X9XRk SQ`iû2 2i i?ûK�iB[m2 X X X X X X X X X X X X X X X X X X X jRN

R8X8 _û+�TBimH�iB7 /2b �ii`B#mib /Ƕ�MMQi�iBQM X X X X X X X X X X X X jky
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R8X8XR 1t2KTH2 /2 KBb2 2M �TTHB+�iBQM X X X X X X X X X X X X X jkk

Re _ûbmHi�ib jk8
ReXR PmiBHb /Ƕ�M�Hvb2 X X X X X X X X X X X X X X X X X X X X X X X X X X jkd

ReXk h?ûK�iB[m2b T`ûb2Mi2b /�Mb H2 +Q`Tmb X X X X X X X X X X X X X X jkd

ReXj G2b MQK#`2b /m +Q`Tmb X X X X X X X X X X X X X X X X X X X X X X jkN

ReX9 *�M�H 2i 7Q`K2 /m K2bb�;2 X X X X X X X X X X X X X X X X X X X X jjj

ReX8 o�HB/Biû 2i T`ûbmTTQbû /2 K2bm`2 X X X X X X X X X X X X X X X X jj3

ReX8XR S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B+�i2m`b
+QKTQbûb /2 /ûMQK#`2K2Mib TQbbB#H2b /ǶQ#D2ib +QMp2M@
iBQMM2Hb X X X X X X X X X X X X X X X X X X X X X X X X X X j9k

ReX8XRXR GǶûpQHmiBQM /m i�mt /2 +?ƬK�;2 2M amBbb2 �m
/û#mi /2 kykk X X X X X X X X X X X X X X X X X j9k

ReX8Xk S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B+�i2m`b
+QKTQbûb /2 /ûMQK#`2K2Mib BKTQbbB#H2b /ǶQ#D2ib +QMp2M@
iBQMM2Hb X X X X X X X X X X X X X X X X X X X X X X X X X X j93

ReX8XkXR G2b +?Bz`2b /Bb+miûb ¨ HǶQ++�bBQM /2 H� CQm`@
Mû2 KQM/B�H2 +QMi`2 HǶ?QKQT?Q#B2 2i H� i`�Mb@
T?Q#B2 X X X X X X X X X X X X X X X X X X X X X j9N

ReX8Xj S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B+�i2m`b
+QKTQbûb /2 /ûMQK#`2K2Mib BKTQbbB#H2b /ǶQ#D2ib MQM@
+QMp2MiBQMM2Hb X X X X X X X X X X X X X X X X X X X X X X j89

ReX8XjXR G2b 2z2ib /m +QpB/@RN 2M amBbb2 �T`ĕb H� 82
p�;m2 X X X X X X X X X X X X X X X X X X X X X X j89

ReX8X9 S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B+�i2m`b
KûH�M;ûb X X X X X X X X X X X X X X X X X X X X X X X X X j83

ReX8X9XR G� 7mbBQM /2 6B`K2MB+? �p2+ H2 ;`QmT2 .aJ j83
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Ao .Bb+mbbBQM � *QM+HmbBQM jej

Rd .Bb+mbbBQM je8
RdXR GǶQKMBT`ûb2M+2 /2b MQK#`2b 2i QKMB+QMp2M�M+2 /2b +?Bz`2b X je8
RdXk 1ti`�MûBiû /2 H� T`Q/m+iBQM /2b bi�iBbiB[m2b X X X X X X X X X X jed
RdXj JQ/�HBiûb /2 `2+Qm`b ¨ HǶ�`;mK2Mi bi�iBbiB[m2 X X X X X X X X X jdy
RdX9 �M�Hvb2 bQmb HǶ�M;H2 bûKBQiB[m2 X X X X X X X X X X X X X X X X X jdk

R3 aǶû[mBT2` 7�+2 �m T`ûbmTTQbû /2 K2bm`2 jdd
R3XR U_2V/û}MB` H� K2bm`2 2i H� /BbiBM;m2` /Ƕ�mi`2b 7Q`K2b /2 [m�M@

iB}+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd3
R3Xk A/2MiB}2` +2 [mB +QMbiBim2 H� p�HB/Biû /ǶmM2 [m�MiB}+�iBQM X X X jdN

R3XkXR G� +QMp2MiBQMM�HBiû /2b Q#D2ib [m�MiB}ûb X X X X X X X X j3y
R3XkXk G2 +�`�+iĕ`2 /ûMQK#`�#H2 /2b Q#D2ib [m�MiB}ûb X X X X j3R
R3XkXj *QK#BM�BbQM /2 p�`B�#H2b X X X X X X X X X X X X X X X X j3k
R3XkX9 G2 ivT2 /2 bi�iBbiB[m2 X X X X X X X X X X X X X X X X X X j3j

R3Xj A/2MiB}2` H2b T`ûbmTTQbûb /2 K2bm`2 X X X X X X X X X X X X X X X j38
R3X9 _2+QMM�ŗi`2 HǶ�#b2M+2 /2 p�H2m` /2 pû`Biû /2b ûMQM+ûb +QMi2@

M�Mi mM T`ûbmTTQbû /2 K2bm`2 X X X X X X X X X X X X X X X X X X j3e
R3X8 G� [m�MiB}+�iBQM /�Mb HǶ2Mb2B;M2K2Mi /2b K�i?ûK�iB[m2b X X X j3d

RN *QM+HmbBQM j3N



S`2KBĕ`2 T�`iB2

AMi`Q/m+iBQM

Rj





*?�TBi`2 R

_�BbQMb 2i H2 +�/`2 /2 H�
T`ûb2Mi2 ûim/2

RXR GǶQKMBT`ûb2M+2 /2b +?Bz`2b

AH 2bi BM/ûMB�#H2 [mǶ�m ssA2 bBĕ+H2 H2b +?Bz`2b QMi �+[mBb mM bi�imi /2 T`2KB2`
TH�M /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQMX AH bm{i /Ƕ2M+H2M+?2` mM iûHûpBb2m`
¨ HǶ?2m`2 /2b MQmp2HH2b TQm` bǶ2M `2M/`2 +QKTi2 , H� THmT�`i /2b +QMi2Mmb
bǶ�TTmB2Mi �mDQm`/Ƕ?mB bm` /2b bi�iBbiB[m2bX oQB+B mM �T2`Ïm /m ivT2 /ǶûMQM+ûb
�mt[m2Hb MQmb bQKK2b +QM7`QMiûb [mQiB/B2MM2K2Mi , Ŀ H2 i�mt /2 +?ƬK�;2 �
�m;K2Miû /2 yXjW �m T`2KB2` i`BK2bi`2 ŀ c Ŀ H2b i2KTû`�im`2b KQv2MM2b /2
+2 KQBb /2 7ûp`B2` bQMi H2b THmb ?�mi2b K2bm`û2b /2TmBb ey �Mb ŀ c Ŀ �ii2MiBQM ¨
H� ;`BTT2 b�BbQMMBĕ`2 , QM 2biBK2 ¨ THmb /2 jyy H2 MQK#`2 /2 +�b TQm` RyyǶyyy
?�#Bi�Mib TQm` +2 b2mH KQBb /2 D�MpB2` ŀ c Ŀ H2b T�vb MQ`/B[m2b 2i H� amBbb2
KQMQTQHBb2Mi H� iāi2 /m +H�bb2K2Mi qQ`H/ >�TTBM2bb _2TQ`i [mB +�H+mH2 H2
#B2M@āi`2 /2b +BiQv2Mb ŀ c Ŀ mM bûBbK2 /2 K�;MBim/2 eXd bm` HǶû+?2HH2 /2 _B+?i2`
� b2+Qmû H� pBHH2 /2 hQFvQ /�Mb H� MmBi ŀ c Ŀ mM2 2tTHQbBQM � 7�Bi j3 pB+iBK2b

R8
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2i Rk #H2bbûb ;`�p2b /�Mb H2 +2Mi`2 /2 E�#QmH ŀ c 2i /2`MBĕ`2K2Mi- MǶ�pQMb@
MQmb T�b ûiû #QK#�`/ûb /2 bi�iBbiB[m2b 2M iQmb ;2M`2b `2M/�Mi +QKTi2 /2
HǶûpQHmiBQM /2 H� T�M/ûKB2 /m +Q`QM�pB`mb U+QpB/@RNV \

hQmi +2H� T�`iB+BT2 /2 +2 [m2 H2 T?BHQbQT?2 PHBpB2` _2v (kek) �TT2HH2 H�
MQK#`B}+�iBQM /m KQM/2X AH /Bi /m `ĕ;M2 �+im2H /2 H� bi�iBbiB[m2 [mǶBH Ŀ 2bi
BMiBK2K2Mi HBû- bm` H2 TH�M T`�iB[m2- ¨ H� M�im`2 2i �m 7QM+iBQMM2K2Mi /2b
bQ+Bûiûb KQ/2`M2b ŀ 2i [mǶĿ BH `2Hĕp2- bm` H2 TH�M +QM+2Tim2H- /2 HǶûTBbiûKĕ
/2 MQi`2 i2KTb Ĝ +Ƕ2bi ¨ /B`2- b2HQM H2 b2Mb [m2 JB+?2H 6Qm+�mHi URNke@RN39V
� /QMMû ¨ +2 i2`K2- /ǶmM2 7�ÏQM /2 T2Mb2`- /2 T�`H2`- /2 MQmb `2T`ûb2Mi2`
H2 KQM/2 /QMi iQmi /Bb+Qm`b /2 +QMM�Bbb�M+2 TQ`i2 H� K�`[m2 ŀ UTX RyVX
GǶ?BbiQ`B2M �HH2K�M/ E�`H >2BMx J2ix (kyk) pQBi /2 bQM +Ƭiû /�Mb HǶûK2`;2M+2
/2 +2 `ĕ;M2 H2 bB;M2 /ǶmM2 MQmp2HH2 �TT`û?2MbBQM /m KQM/2 UTX jjN c i`�/mBi
/2 HǶ�M;H�BbV ,

G� i2Mi�iBp2 /Ƕûi�#HB` mM2 b+B2M+2 bQ+B�H2 #�bû2 bm` /2b bi�iBb@
iB[m2b T�`i /2 HǶ?vTQi?ĕb2 [m2 b2mH +2 [mB T2mi āi`2 +QKTiû 2bi
mM2 +�`�+iû`BbiB[m2 /2 H� bQ+Bûiû KQ/2`M2X *2b /Bzû`2Mib KQ/2b
/2 /2b+`BTiBQM 2Mi`2 HǶĕ`2 T`ûbi�iBbiB[m2 2i HǶĕ`2 bi�iBbiB[m2 7QMi
�TT�`�ŗi`2 mM2 MQmp2HH2 +QKT`û?2MbBQM /2b ǳ7�BibǴX

GǶQKMBT`ûb2M+2 /2b +?Bz`2b /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM �TT�`�ŗi /QM+
+QKK2 mM i`�Bi /2 H� +mHim`2 /2 MQi`2 i2KTbX G2b DQm`M�HBbi2b bQMi 7Q`Kûb 2i
QMi- TQm` H� THmT�`i /Ƕ2Mi`2 2mt- +QMb+B2M+2 /2b /B{+mHiûb [m2 TQb2Mi HǶBMi2`@
T`ûi�iBQM /2b +?Bz`2bX *Ƕ2bi /Ƕ�BHH2m`b mM ûHûK2Mi `û;mHBĕ`2K2Mi i?ûK�iBbûX
G� _�/BQ@iûHûpBbBQM bmBbb2 `QK�M/2 U_haV +QMb�+`�Bi- T�` 2t2KTH2- mM2 K�@
iBM�H2 H2 k9 K�`b kyky (k99) ¨ H� [m2biBQM /2 H� p�HB/Biû /2b +?Bz`2b /BbTQMB#H2b
bm` H2 +Q`QM�pB`mb- KQMi`�Mi �BMbB mM2 +QMb+B2M+2 /2 +2 T`Q#HĕK2 �m b2BM /m
b2`pB+2 Tm#HB+X GQ`b /2 +2ii2 ûKBbbBQM- HǶûTB/ûKBQHQ;Bbi2 CmHB2M _BQm �iiB`�Bi
MQi�KK2Mi HǶ�ii2MiBQM /2b �m/Bi2m`b bm` H2 7�Bi [m2 H2b +QKT�`�BbQMb BMi2`M�@
iBQM�H2b MǶQMi [m2 i`ĕb T2m /2 b2Mb- +�` H2b +?Bz`2b bQMi 7Q`i2K2Mi BM~m2M+ûb
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T�` H2b TQHBiB[m2b KBb2Mi 2M TH�+2 /�Mb +?�[m2 T�vbX *2H� MǶ2KTā+?2 T�b H2b
DQm`M�HBbi2b /2b KāK2b +�M�mt /2 7�B`2 +2 ivT2 /2 +QKT�`�BbQMb DQm` �T`ĕb
DQm`- 7�Bb�Mi �BMbB /2 +2b bi�iBbiB[m2b +QKT�`û2b mM +QMi2Mm /ǶBM7Q`K�iBQMX

.2b +?Bz`2b bQMi /QM+ +QMbi�KK2Mi miBHBbûb TQm` +QKTi2`- ûp�Hm2`- +2`iB@
}2`- K2bm`2`- +H�bb2`- +�iû;Q`Bb2`-XXX 2i BH 2bi Hû;BiBK2 /2 b2 /2K�M/2` bB H� +QK@
TH2tBiû p�`B�#H2 /2 +2b 7Q`K2b /2 [m�MiB}+�iBQM 2bi bvbiûK�iB[m2K2Mi T`Bb2
2M +QKTi2 /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQMX G2b +?Bz`2b Bbbmb /2b ûMQM+ûb
/QMMûb 2M 2t2KTH2b +B@�p�Mi QMi@BHb iQmb H2b KāK2b T`QT`Bûiûb Qm bQMi@BHb /2b
bB;M2b /ǶmM KāK2 H�M;�;2 �TTHB[mûb ¨ H� /2b+`BTiBQM /2 T?ûMQKĕM2b /2 /Bzû@
`2Mi2b M�im`2b \ lM +QKK2Mi�B`2 bm` H� i2KTû`�im`2 KQv2MM2 �m +Qm`b /ǶmM
KQBb `ûTQM/@BH- T�` 2t2KTH2- �mt KāK2b +QM/BiBQMb /2 pû`Biû [mǶmM2 �M�Hvb2
7QM/û2 bm` HǶûpQHmiBQM /m i�mt /2 +?ƬK�;2 \ G2b iûHûbT2+i�i2m`b `û�HBb2Mi@BHb
¨ [mQB +Q``2bTQM/ mM bûBbK2 /2 K�;MBim/2 eXd \ G2 +�H+mH /m #B2M@āi`2 /2b
+BiQv2Mb /ǶmM úi�i T2mi@BH �K2M2` mM `ûbmHi�i �mbbB Q#D2+iB7 [m2 H2 +QKTi�;2
/2b pB+iBK2b /ǶmM �ii2Mi�i \

AMimBiBp2K2Mi- BH �TT�`�ŗi [m2 +2b +?Bz`2b /QMMûb 2M BHHmbi`�iBQM b2 `2b@
b2K#H2Mi �p�Mi iQmi T�` H2m` 7Q`K2X *2T2M/�Mi- iQmb M�Bbb2Mi /2 T`Q+2bbmb /2
[m�MiB}+�iBQM /Bzû`2Mib 2i T`QT`2b �m ivT2 /ǶBM7Q`K�iBQMb i`�MbKBb2bX .�Mb
+2 i`�p�BH MQmb 2tTHQ`2`QMb +2ii2 /Bp2`bBiû /ǶmiBHBb�iBQM /2b bi�iBbiB[m2b /�Mb H2
/Bb+Qm`b /2 HǶBM7Q`K�iBQM �m/BQpBbm2HH2 2i /ûi2`KBM2`QMb H2b +QM/BiBQMb /�Mb
H2b[m2HH2b H2b MQK#`2b 2KTHQvûb T2`K2ii2Mi 2z2+iBp2K2Mi /2 /û+`B`2 HǶ2tBb@
i2M+2 /ǶmM T?ûMQKĕM2 +QMbiBim�Mi mM2 BM7Q`K�iBQM MQmp2HH2 c 2M /Ƕ�mi`2b
i2`K2b- MQmb [m2biBQMM2`QMb [m2Hb ivT2b /2 +?Bz`2b T2mp2Mi Q#D2+iBp2K2Mi
�TTmv2` HǶ2tBbi2M+2 /2 7�Bib MQmp2�mt /ǶBMiû`āi ;ûMû`�HX

SQm` 2tTHQ`2` +2ii2 T`Q#HûK�iB[m2- MQmb MQmb �TTmB2`QMb bm` mM +Q`Tmb
/2 R9 DQm`M�mt iûHûpBbûb /2 H� _ha- bûH2+iBQMMûb �Hû�iQB`2K2Mi �m +Qm`b /2b
bBt T`2KB2`b KQBb /2 kykkX G� i`�Mb+`BTiBQM /2 +2b +QMi2Mmb �m/BQ@pBbm2Hb
2bi `2M/m2 TQbbB#H2 T�` HǶ2ti`�+iBQM �miQK�iB[m2 /2b bQmb@iBi`2b KBb ¨ H� /Bb@
TQbBiBQM /2b T2`bQMM2b bQm`/2b 2i K�H@2Mi2M/�Mi2bX GǶ�M�Hvb2 [m�MiBi�iBp2
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2i [m�HBi�iBp2 /m +Q`Tmb 2bi 2z2+imû2 ¨ HǶ�B/2 /Ƕ�MMQi�iBQMb /2b+`BTiBp2b 2i
BMi2`T`ûi�iBp2b /m i2ti2X G2 /ûi�BH /2b Kûi?Q/2b 2i /2b +?QBt /2 `2+?2`+?2
b2`QMi T`ûb2Miûb 2M T`û�K#mH2 /2 H� T�`iB2 2KTB`B[m2 /2 +2 i`�p�BH UR8V 2i
bQMi bmBpBb /2b `ûbmHi�ib UReVX

RXk lM2 +`BiB[m2 /ûKQ+`�iBbû2 /2 HǶmiBHBb�iBQM
/2b bi�iBbiB[m2b

*2 MǶ2bi T�b mM2 BMimBiBQM , /2b 7Q`KmH2b +QKK2 Ŀ QM T2mi 7�B`2 /B`2 MǶBKTQ`i2
[mQB �mt +?Bz`2b ŀ Qm 2M+Q`2 Ŀ BH MǶv � T�b THmb ;`�M/ K2MbQM;2 [m2 H2b
bi�iBbiB[m2b ŀ 7QMi T�`iB2b /m `2;Bbi`2 +Qm`�MiX 6�+2 ¨ +2ii2 +`BiB[m2 7�Bi2 �mt
+?Bz`2b H2 bi�iBbiB+B2M 2i û+QMQKBbi2 C2�M@GQmBb "2bbQM (k3) `û�;Bi UTX RNyV ,

Ŀ PM T2mi 7�B`2 /B`2 +2 [mǶQM p2mi �mt bi�iBbiB[m2b ŀ- 2Mi2M/@QM
bQmp2MiX "B2M bȿ`- 2i +2 MǶ2bi MB T`QT`2 �mt bi�iBbiB[m2b MB H2m`
7�mi2X PM T2mi 7�B`2 /B`2 +2 [mǶQM p2mi ¨ MǶBKTQ`i2 [mQB- /ĕb HQ`b
[mǶQM v � mM BMiû`āi Qm [mǶQM 2bi BK�;BM�iB7X

AH TQb2 �BMbB H� [m2biBQM /2 HǶBMi2MiBQM- 2i BH 2bi Hû;BiBK2 /2 b2 /2K�M/2` bB
/2b bi�iBbiB[m2b miBHBbû2b ¨ /2b }Mb `?ûiQ`B[m2b- T�` 2t2KTH2 T�` mM TQHBiB+B2M
bQmi2M�Mi mM2 HB;M2 T`Q;`�KK�iB[m2- 2i +2HH2b �K2Mû2b T�` H2 /Bb+Qm`b /2
HǶBM7Q`K�iBQM M2 bQMi T�b bBM;mHBĕ`2K2Mi /Bzû`2Mi2bX

aB /�Mb H2 T`2KB2` +�b- HǶQ#D2i [m�MiBi�iB7 TH�+û /�Mb H2 +QMi2ti2 T�`iB+mHB2`
/m /Bb+Qm`b �`;mK2Mi�iB7- T`2M/`� T�`7QBb H� 7Q`K2 /ǶmM bQT?BbK2 Ĝ +2ii2
7Q`K2 /Ƕ�`;mK2Mi ¨ H� HQ;B[m2 7�HH�+B2mb2 HmB p�H�Mi b�Mb /Qmi2 b� K�mp�Bb2
`ûTmi�iBQM Ĝ H2 +�b /m /Bb+Qm`b /2 HǶBM7Q`K�iBQM 2bi- Qm /2p`�Bi āi`2- #B2M
/Bzû`2Mi �m `2;�`/ /2 bQM `�TTQ`i ¨ H� pû`BiûX G2 DQm`M�HBbi2 2i mMBp2`bBi�B`2
bmBbb2 `QK�M/ .�MB2H *Q`Mm (dR) û+`Bi UTX 3RV ,
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PM b2 bQmpB2Mi /2b T�`QH2b /2 *�Kmb , Ŀ H� T`2bb2- HQ`b[mǶ2HH2
2bi HB#`2- T2mi āi`2 #QMM2 Qm K�mp�Bb2 c K�Bb �bbm`ûK2Mi- b�Mb
H� HB#2`iû 2HH2 M2 T2mi āi`2 [m2 K�mp�Bb2X ŀ G2 /2pQB` T`2KB2`
/m DQm`M�HBbi2 2bi /2 `2bT2+i2` H� pû`Biû Ŀ [m2HH2b [mǶ2M TmBbb2Mi
āi`2 H2b +QMbû[m2M+2b TQm` HmB@KāK2- 2i +2- 2M `�BbQM /m /`QBi
[m2 H2 Tm#HB+ � /2 +QMM�ŗi`2 H� pû`BiûX ŀ (XXX) aB BM7Q`K2` +QMbBbi2
¨ /QMM2` mM `2Mb2B;M2K2Mi- +2 `2Mb2B;M2K2Mi /QBi āi`2 2t�+iX
aBMQM HǶBM7Q`K�iBQM MǶ2M 2bi T�b mM2X 1HH2 2bi H2m``2- i`QKT2`B2-
K2MbQM;2X aB BM7Q`K2` +QMbBbi2 ¨ K2ii`2 2M 7Q`K2- +2ii2 KBb2
2M 7Q`K2 M2 /QBi T�b i`�?B` H2 +QMi2MmX aBMQM HǶBM7Q`K�iBQM 2bi
K�MBTmH�iBQM /m K2bb�;2 2i /2 HǶ2bT`Bi [mB H2 `2ÏQBiX 1HH2 b2 7�Bi
T`QT�;�M/2X

� bQM ûTQ[m2- H2 i2`K2 /2 7�F2 M2rb M2 bǶmiBHBb�Bi T�b 2M+Q`2- K�Bb *�Kmb
T�`H�Bi #2H 2i #B2M /m `2KT�`i [m2 /QBp2Mi +QMbiBim2` H2b DQm`M�HBbi2b +QMi`2
H2b 7�mbb2b MQmp2HH2bX G� pû`Biû MǶ2bi +2`i2b T�b mM +QM+2Ti mMBpQ[m2 , 2HH2 2bi
T�`7QBb BM+2`i�BM2 c Mû�MKQBMb- +2`i�BM2b BM7Q`K�iBQMb bǶ�pĕ`2Mi BM/Bb+mi�#H2@
K2Mi 7�mbb2bX *Ƕ2bi �mt DQm`M�HBbi2b [mǶBH `2pB2Mi /ǶBM7Q`K2` H2 Tm#HB+ �m THmb
T`ĕb /2 H� `û�HBiû 2i HQ`b[mǶBHb miBHBb2Mi /2b +?Bz`2b TQm` T�`H2` /m KQM/2-
BHb /QBp2Mi bǶ�ii2H2` ¨ M2 T�b H2m` 7�B`2 /B`2 THmb [m2 +2 [mǶBHb T2`K2ii2Mi
2z2+iBp2K2Mi /Ƕ�{`K2`X

_2v (kek) +QKTHĕi2 H2 +QMbi�i bǶ�;Bbb�Mi /2 H� +`BiB[m2 7�Bi2 �mt +?Bz`2b
Ŀ bǶ2M T`2M/`2 ¨ H� bi�iBbiB[m2 +QKK2 bB 2HH2 ûi�Bi mM ûHûK2Mi BbQH�#H2 2i
7�+mHi�iB7 MǶ� T�b ;`�M/ b2MbX ŀ aB MQmb bQm?�BiQMb `2i`Qmp2` mM2 K�`;2 /2
K�Mƾmp`2 T�` `�TTQ`i ¨ HǶ2KTB`2 bi�iBbiB[m2- Ŀ H� T`2KBĕ`2 Mû+2bbBiû 2bi
/Ƕ�KûHBQ`2` MQi`2 BMi2HHB;2M+2 /2b +?Qb2bX 1i TQm` +2H�- BH 7�mi bǶBMi2``Q;2` bm`
H� 7�ÏQM /QMi H� bi�iBbiB[m2 2M 2bi p2Mm2 ¨ Q++mT2` H� TH�+2 +2Mi`�H2 [mB 2bi
�mDQm`/Ƕ?mB H� bB2MM2- bǶ2zQ`+2` /2 +QKT`2M/`2 ¨ [m2HH2b 7Q`K2b /2 H� pB2 2M
bQ+Bûiû bQM QKMBT`ûb2M+2 `ûTQM/ ŀ UTX RR@RkVX
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AH +QMpB2Mi /QM+ /2 bǶBMiû`2bb2` �m 7QM+iBQMM2K2Mi /2b Kû+�MBbK2b /2
[m�MiB}+�iBQM- /2 +QMM�ŗi`2 HǶ?BbiQB`2 [mB �KĕM2 H2b T`�iB[m2b �+im2HH2b /2 H�
bi�iBbiB[m2 2i /2 H2b /û+`vTi2` , +Ƕ2bi +2 [m2 MQmb +?2`+?2`QMb ¨ 7�B`2 /�Mb H2
/2mtBĕK2 +?�TBi`2 /2 +2 i`�p�BH +QMb�+`û- 2Mi`2 �mi`2b- �mt MQiBQMb /2 K2bm`2
UNV 2i /2 [m�MiB}+�iBQM URyV- ¨ HǶ?BbiQB`2 /2 +2b T`�iB[m2b URRV- ¨ H2m` `ƬH2 /�Mb
MQi`2 ûTQ[m2 URkV 2i THmb ;ûMû`�H2K2Mi ¨ +2 [mB 2tTHB[m2 [m2 /Bt bvK#QH2b
Ĝ H2b +?Bz`2b �`�#2b Ĝ bQMi /ûbQ`K�Bb TQi2MiB2HH2K2Mi miBHBbûb 2M HB2M �p2+
MǶBKTQ`i2 [m2H bmD2i- [m�M/ #B2M KāK2 +?�[m2 i?ĕK2 +QMb2`p2 T�` �BHH2m`b
b2b T`QT`2b +?�KTb H2tB+�mt 2i bûK�MiB[m2b U8VX



*?�TBi`2 k

S`Q#HûK�iBb�iBQM 2i ?vTQi?ĕb2b
/2 i`�p�BH

kXR *Q/�;2 +QMp2MiBQMM2H 2i K2bm`2

.�Mb bQM �`iB+H2 1Mi`2 `û�HBbK2 Kûi`QHQ;B[m2 2i +QMp2MiBQMb /Ƕû[mBp�H2M+2 H2
bQ+BQHQ;m2- bi�iBbiB+B2M 2i ?BbiQ`B2M /2b bi�iBbiB[m2b �H�BM .2b`QbBĕ`2b URN9y@
kyRjV (Nk) +QMbi�i2 H2b �K#B;mśiûb /2b b+B2M+2b bQ+B�H2b [m�MiBi�iBp2bX lM
TQBMi +2Mi`�H /2 bQM i2ti2 +QMbBbi2 ¨ bQmHB;M2` [m2 H2b T`�iB[m2b 2i H2 H�M;�;2
[mB 2MiQm`2Mi H2b T`Q+2bbmb /2 [m�MiB}+�iBQM `ûbmHi2Mi /ǶmM KûH�M;2 ûTBbiû@
KQHQ;B[m2- 2M +2 b2Mb [mǶBHb T`QpB2MM2Mi /2 THmbB2m`b i?ûQ`B2b Qm /QK�BM2b
/2 H� +QMM�Bbb�M+2X .2b`QbBĕ`2b Q#b2`p2- /�Mb H� +QMbi`m+iBQM /2b /QMMû2b
bi�iBbiB[m2b- H� +Q2tBbi2M+2 /2 Ŀ H� K2bm`2- Bbbm2 /m H�M;�;2 /2b b+B2M+2b /2
H� M�im`2 ŀ 2i /m Ŀ +Q/�;2 +QMp2MiBQMM2H- BMbTB`û- b2HQM H2b +�b- /m /`QBi-
/2b b+B2M+2b TQHBiB[m2b- Qm /2b b+B2M+2b +Q;MBiBp2b ŀ UTX RRkV c BH B/2MiB}2-
+QKK2 bQm`+2 /2 +QM7mbBQM- H2 7�Bi [m2 +2ii2 +`û�iBQM /ǶBM7Q`K�iBQMb bQmb

kR
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7Q`K2 /2 MQK#`2b- /ǶmM +Ƭiû- 2i bQM BMi2`T`ûi�iBQM- /2 HǶ�mi`2- bǶ2z2+im2Mi
¨ /2mt 2ti`ûKBiûb /ǶmM2 +?�ŗM2 T�` /2b BM/BpB/mb [mB M2 +QKKmMB[m2Mi T�b
Mû+2bb�B`2K2Mi UTX RRkV ,

GǶ2tT`2bbBQM KāK2 /2 Ŀ Kûi?Q/QHQ;B2 bi�iBbiB[m2 ŀ BKTHB[m2 mM2
/BpBbBQM /m i`�p�BH 2Mi`2- /ǶmM2 T�`i- /2b Ŀ 2tT2`ib ŀ /2 HǶQmiBH
bi�iBbiB[m2 2M i�Mi [m2 i2H 2i- /Ƕ�mi`2 T�`i- /2b Ŀ mb�;2`b ŀ /2
+2HmB@+B , û+QMQKBbi2b- bQ+BQHQ;m2b- ?BbiQ`B2Mb Qm Tbv+?QHQ;m2bX

.�Mb +2ii2 +?�ŗM2- H2b DQm`M�HBbi2b b2 TH�+2Mi /m +Ƭiû /2b mb�;2`b , BHb bQMi 2M
+?�`;2 /2 HǶBMi2`T`ûi�iBQM 2i /m +QKK2Mi�B`2- 2i MQM T�b /2 H� +QMbi`m+iBQM
/2 H� THmT�`i /2b bi�iBbiB[m2b [mǶBHb T`ûb2Mi2Mi �m ;`�M/ Tm#HB+ c BHb /QBp2Mi-
T�` H� 7Q`+2 /2b +?Qb2b- 7�B`2 +QM}�M+2 �mt bQm`+2b /QMi BHb bQMi 2M T�`iB2
i`B#mi�B`2b (dR) UTX kd3 bbXVX SQm` +2ii2 `�BbQM- H2b �K#B;mśiûb bQmH2pû2b T�`
.2b`QbBĕ`2b bǶûi2M/2Mi �m DQm`M�HBbK2 /ǶBM7Q`K�iBQM- [mB 2bi- /2 7�Bi- ûHQB;Mû
/2 H� +QMbi`m+iBQM /2b QmiBHb bi�iBbiB[m2b 2i /2b /QK�BM2b /2 +QMM�Bbb�M+2b
[mB b2 `2M+QMi`2Mi /�Mb +2ii2 +`û�iBQMX

*QKK2 MQmb H2 p2``QMb- +2b [m2biBQMb bQMi �m +Q2m` /2 +2 i`�p�BHX GǶmM2 /2
MQb ?vTQi?ĕb2b 2bi [m2 H2b T`Q+2bbmb /2 K2bm`2 2i /2 [m�MiB}+�iBQM KĕM2Mi
¨ 2tT`BK2` /2b `û�HBiûb /Bp2`b2b /�Mb mM KāK2 H�M;�;2 Ĝ +2HmB /2b K�i?ûK�@
iB[m2bX § /2b +?�KTb /Bb+BTHBM�B`2b /Bzû`2Mib M2 T2mp2Mi T�b iQmDQm`b bǶ�T@
THB[m2` H2 KāK2 ivT2 /2 `�BbQMM2K2Mib bm` H2 i2``�BM /2b KQibX *2T2M/�Mi-
+2ii2 i`�Mb7Q`K�iBQM 2M +?Bz`2b T`Q/mBi H� TQbbB#BHBiû �#bi`�Bi2 /Ƕ2z2+im2` H2b
KāK2b QTû`�iBQMb Ĝ +Ƕ2bi@¨@/B`2 �TTHB[m2` /2b `�BbQMM2K2Mib �M�HQ;m2b Ĝ bm`
H2 i2``�BM /2b MQK#`2b- ¨ +2b +?�KTb /Bb+BTHBM�B`2b TQm`i�Mi /Bzû`2Mib , H�
`û/m+iBQM �m H�M;�;2 K�i?ûK�iB[m2 T2`K2i +2`i�BM2b QTû`�iBQMb BKTQbbB#H2b
b�Mb 2HH2X

lM bBKTH2 2t2KTH2 T2`K2i /2 b2 `2M/`2 +QKTi2 /m ivT2 /2 `û/m+iBQM [m2
T2mi QTû`2` H� [m�MiB}+�iBQM , BK�;BMQMb mM ûim/B�Mi �m MBp2�m ;vKM�bB�H
UH2 Hv+û2 2M amBbb2V �v�Mi Q#i2Mm- HQ`b /2 i`QBb i2bib /ǶmM2 KāK2 /Bb+BTHBM2-
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H2b MQi2b /2 8X8- j 2i j c BH b2 `2i`Qmp2 2M }M /2 b2K2bi`2 �p2+ mM2 KQv2MM2
/2 jX3j �``QM/B2 ¨ 9 , mM2 ûp�Hm�iBQM bm{b�Mi2 /�Mb +2 bvbiĕK2 /2 MQi�iBQMX
aB H� MQi2 9 +Q``2bTQM/ ¨ H� bB;MB}+�iBQM bm{b�Mi- H2b �mi`2b MQi2b 2tT`BK2Mi
û;�H2K2Mi /2b �/D2+iB7b , 8X8 +Q``2bTQM/ ¨ i`ĕb #B2M 2i j ¨ Kû/BQ+`2X G� bm7@
}b�M+2 b2 i`Qmp2 BM/Bb+mi�#H2K2Mi 2Mi`2 H� T2`7Q`K�M+2 Kû/BQ+`2 2i H� i`ĕb
#QMM2 T2`7Q`K�M+2 c +2T2M/�Mi- b2mH H2 T�bb�;2 /ǶmM2 ûp�Hm�iBQM T�` H2b �/@
D2+iB7b i`ĕb #B2M 2i Kû/BQ+`2 Ĝ [mB 7QMi �TT2H �m Dm;2K2Mi T`Q72bbBQMM2H /ǶmM
2Mb2B;M�Mi Ĝ ¨ mM2 ûp�Hm�iBQM T�` H2b MQi2b +Q``2bTQM/�Mi2b Ĝ 8X8 2i j Ĝ T2`@
K2i /Ƕ�#QmiB` ¨ H� +QM+HmbBQM [m2 /2mt 7QBb Kû/BQ+`2 2i mM2 7QBb i`ĕb #B2M
p�H2Mi bm{b�MiX

*2ii2 T`Bb2 2M K�BM /2 HǶûp�Hm�iBQM }M�H2 T�` HǶQTû`�iBQM K�i?ûK�iB[m2 /2
KQv2MM2 2bi +QKKQ/2 c +2T2M/�Mi iQmi 2Mb2B;M�Mi +QMpB2M/`� /m 7�Bi [mǶmM
ûim/B�Mi }MBbb�Mi bQM b2K2bi`2 T�` mM2 i`ĕb #QMM2 MQi2 2bi KB2mt �`Kû TQm`
�z`QMi2` H� bmBi2 /2 bQM T�`+Qm`b b+QH�B`2- K�H;`û /2mt T`2KBĕ`2b ûp�Hm�iBQMb
Kû/BQ+`2b- �HQ`b [m2 H2 +QMi`�B`2 2bi THmb T`ûQ++mT�MiX J�Bb- /ĕb HQ`b [m2 +2b
ûp�Hm�iBQMb bQMi i`�Mb7Q`Kû2b 2M MQi2b- HǶBKTQ`i�M+2 /2 H2m` Q`/`2 /BbT�`�ŗi-
TmBb[m2 b2mH2 H� p�H2m` �`Bi?KûiB[m2 /2 H� KQv2MM2 2bi T`Bb2 2M +QKTi2 TQm`
/û+B/2` /m MBp2�m /2 HǶûim/B�MiX

G2 T�bb�;2 /ǶmM2 �TT`û+B�iBQM T�` /2b KQib ¨ H� MQi�iBQM Ĝ HǶ�TT�`BiBQM
/2b T`2KBĕ`2b 7Q`K2b /2 MQi2b M2 bǶQ#b2`p2 [mǶ�m soA2 bBĕ+H2 (RNd) UTX 8V
Ĝ �@i@BH `2M/m HǶûp�Hm�iBQM /2 HǶ2Mb2B;M�Mi THmb Q#D2+iBp2 \ G2 +?QBt /2 7�B`2
T�bb2` mM ûim/B�Mi [mB Q#iB2Mi- /�Mb +2i Q`/`2- H2b MQi2b /2 8X8- j 2i j 2i /2
7�B`2 û+?Qm2` mM �mi`2 [mB `2ÏQBi- /�Mb +2i �mi`2 Q`/`2- H2b MQi2b /2 k- jX8 2i
8X8 UKQv2MM2 BMbm{b�Mi2 /2 jX8 K�H;`û H� M2ii2 T`Q;`2bbBQMV- 2bi@BH p`�BK2Mi
THmb Dmbi2 2i `B;Qm`2mt \

AH bǶ�;Bi /ǶmM KQ/ĕH2 /Ƕûp�Hm�iBQM 7QM/û bm` H2b HQBb `û+QM7Q`i�Mi2b /2b
K�i?ûK�iB[m2b (kjk)X AH 2bi +2`i2b 7QM+iBQMM2H- K�Bb MQmb 7�BbQMb HǶ?vTQi?ĕb2
[mǶBH M2 b2 bm#biBim2 T�b iQi�H2K2Mi ¨ mM KQ/ĕH2 /Ƕûp�Hm�iBQM M2 T�bb�Mi
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[m2 T�` H2b KQib 2i T�` HǶ�M�Hvb2 /2 H� T`Q;`2bbBQM /ǶmM �TT`2M�MiX 1M +2
b2Mb- H� MQi�iBQM- +QKK2 /Ƕ�mi`2b 7Q`K2b /2 T�bb�;2 /2b KQib �mt MQK#`2b-
i`�Mb7Q`K2 HǶ2tTû`B2M+2 ?mK�BM2X

*2i 2t2KTH2 BHHmbi`2 H2 ivT2 /2 i`�Mb7Q`K�iBQMb [mǶQTĕ`2 H2 +Q/�;2 +QMp2M@
iBQMM2H c H2b `�BbQMM2K2Mib /2 ivT2 K�i?ûK�iB[m2 [mB bǶv �TTHB[m2Mi T2mp2Mi
b2 `2i`Qmp2` /�Mb iQmi2b H2b bBim�iBQMb /�Mb H2b[m2HH2b /2b T?ûMQKĕM2b bQMi
[m�MiB}ûbX PHBpB2` _2v (kek) û+`Bi ¨ +2 bmD2i , Ŀ �m +QKK2M+2K2Mi ûi�Bi H2
p2`#2- BH b2K#H2 [mǶ¨ H� }M iQmi /QBp2 /2p2MB` MQK#`2X G¨ Qɍ ûi�B2Mi H2b KQib-
H2b +?Bz`2b �/pB2MM2Mi UQm H2b +Qm`#2b- H2b +�`i2b- H2b /B�;`�KK2b [mB 2M bQMi
iB`ûbV (XXX) G2b MQK#`2b /2pB2MM2Mi H2b mHiBK2b ;�`�Mib /2 H� `û�HBiû 2i MQM
b2mH2K2Mi +�HB#`2Mi H2 KQM/2- K�Bb +QHQMBb2Mi Dmb[mǶ¨ HǶBMiBK2 ŀ UTX 3VX G�
[m�MiB}+�iBQM Ĝ H2 T`Q+2bbmb T2`K2ii�Mi H2 T�bb�;2 /m p2`#�H �m +?Bz`û Ĝ b2`�
H2 bmD2i +2Mi`�H /m +?�TBi`2 Ry /2 +2 i`�p�BHX

AH +QMpB2Mi /Ƕ�MMQM+2` B+B [m2 H2 +QMi2ti2 /2 `û/�+iBQM /2 +2ii2 i?ĕb2 MQmb
TQmbb2 ¨ THmbB2m`b `2T`Bb2b p2`b H2 i?ĕK2 /m +?ƬK�;2 RX *2i 2t2KTH2 miBHBbû
7`û[m2KK2Mi 2M BHHmbi`�iBQM T2`K2i /2 b2 `2M/`2 +QKTi2 [m2 H� [m�MiB}+�iBQM
2bi mM i`�p�BH �mt MQK#`2mb2b 7�+2ii2b +QKK2 H2 KQMi`2Mi a�H�Bb 2i �HX (keN)
/�Mb H2m` 2tTHB+�iBQM /2 +2 [mǶBKTHB[m2 HǶ�TT`û?2MbBQM /ǶmM2 +H�bb2 +?ƬK2m`
UTX kyV ,

AH bǶ�;Bi /2 +QKT`2M/`2 +QKK2Mi- /�Mb mM T�vb /QMMû (XXX) bǶ2bi
+QMbi`mBi2 H� +QMM�Bbb�M+2 /2b `û�HBiûb /m i`�p�BH 2i /m MQM@i`�p�BH ,
b2HQM [m2HH2b �M�Hvb2b 2i [m2Hb �;2M+2K2Mib \ .�Mb [m2HH2 +QMDQM+@
im`2 û+QMQKB[m2 2i ?BbiQ`B[m2 \ S�` [m2Hb �+i2m`b bQ+B�mt 2i T�`
[m2HH2b Mû;Q+B�iBQMb \ Zm2HH2b bQMi H2b T`Q+2bbmb T�` H2b[m2Hb +2b
`2T`ûb2Mi�iBQMb QMi ûiû Q#D2+iBpû2b 2M T`Q/mBi bQ+B�mt /m`�#H2b
2i �v�Mi mM2 2{+�+Biû T`QT`2 \

RX *Ƕ2bi H2 +�b �mbbB #B2M TQm` H� T�`iB2 i?ûQ`B[m2 [m2 TQm` H� T�`iB2 2KTB`B[m2X



kXkX J1al_�"AGAhú \ k8

.�Mb H2m` Qmp`�;2 a�H�Bb 2i �HX KQMi`2Mi MQi�KK2Mi [m2 H2 KQ/ĕH2 bi�iBbiB[m2
/m +?ƬK�;2 MǶ� +2bbû /ǶûpQHm2` 2M 6`�M+2 /2TmBb R3Ne UTX jy@89VX 1M +2H�- H2
+?ƬK�;2 2bi Ĝ MQmb H2 p2``QMb Ĝ mM Q#D2i [mB bǶBMbĕ`2 T�`iB+mHBĕ`2K2Mi #B2M
/�Mb MQi`2 T`Q#HûK�iB[m2X

kXk J2bm`�#BHBiû \

aB +QKK2 H2 /Bi _2v- Ŀ BH b2K#H2 [m2 iQmi /QBp2 /2p2MB` MQK#`2 ŀ- 2bi@+2 TQm`
�mi�Mi [m2 iQmi 2bi K2bm`�#H2 \

6Q`+2 2bi- /�Mb iQmb H2b +�b- /Ƕ�/K2ii`2 [m2 H2 T`Q+2bbmb /2 MQK#`B}+�iBQM
iQmb@�xBKmib- /QMi BH bQmHB;M2 HǶ2tBbi2M+2- M2 +QMbiBim2 T�b mM 7�Bi MQmp2�mX
AH bǶ�;Bi 2M 2z2i /ǶmM2 i2M/�M+2 �KQ`+û2 BH v � THmb /2 /2mt bBĕ+H2b /ûD¨- ¨
2M +`QB`2 HǶ?BbiQ`B2M /2b b+B2M+2b h?QK�b Em?M URNkk@RNNeV (ReN)- [mB û+`Bi
2M RNeR- [m2 /�Mb H2 /ûp2HQTT2K2Mi /2b /Bzû`2Mi2b /Bb+BTHBM2b [mǶBH ûim/B2 Ĝ
H� T?vbB[m2- H� +?BKB2 Qm /2b +?�KTb /2b b+B2M+2b ?mK�BM2b Ĝ H2b Kûi?Q/2b
[m�MiBi�iBp2b QMi ;�;Mû mM2 TH�+2 +2Mi`�H2 /2TmBb Ŀ �m KQBMb mM bBĕ+H2 2i
/2KB ŀ UTX ReRVX AH �DQmi2- MQM b�Mb bûpû`Biû , Ŀ D2 bmBb +QMp�BM+m [m2 MQb MQ@
iBQMb H2b THmb +Qm`�Mi2b- i�Mi bm` H� 7QM+iBQM /2 H� K2bm`2 [m2 bm` H� bQm`+2 /2
bQM 2{+�+Biû T�`iB+mHBĕ`2- T`QpB2MM2Mi 2M ;`�M/2 T�`iB2 /2 Kvi?2b ŀ UTX ReR c
i`�/mBi /2 HǶ�M;H�BbVX

LQK#`2mt bQMi +2mt [mB QMi +`BiB[mû H2 +`û/Bi BKTQ`i�Mi �++Q`/û �mt
+?Bz`2b /2TmBb THmb /2 /2mt bBĕ+H2bX *BiQMb MQi�KK2Mi H2 bQ+BQHQ;m2 TQbBiB@
pBbi2 7`�MÏ�Bb �m;mbi2 *QKi2 URdN3@R38dV- `27mb�Mi +Qȿi2 [m2 +Qȿi2 HǶĿ �#2`@
`�iBQM `�/B+�H2 /2 HǶ2bT`Bi K�i?ûK�iB[m2- /ûTQm`pm2 /2 /Bb+BTHBM2 T?BHQbQ@
T?B[m2 5 ŀ (dk) UTX RyV GQ`b[m2 HǶ�bi`QMQK2 �/QHT?2 Zm2i2H2i URdNe@R3d9V Ĝ
/QMi MQmb `2T�`H2`QMb 2M `2i`�Ï�Mi HǶ?BbiQB`2 /2 H� bi�iBbiB[m2 Ĝ HmB bm#iBHBb�-
�m iQm`M�Mi /2b �MMû2b R3jy- H� i2`KBMQHQ;B2 T?vbB[m2 bQ+B�H2 TQm` 2z2+im2`-
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bQmb +2ii2 �mi`2 �TT2HH�iBQM- /2b bi�iBbiB[m2b TQ`i�Mi bm` /2b T?ûMQKĕM2b /2
bQ+Bûiû- *QKi2 `û�;Bi 2M 7QM/�Mi H� bQ+BQHQ;B2 bQmb +2ii2 /ûMQKBM�iBQM [mB
bǶ2bi BKTQbû2 �mDQm`/Ƕ?mB (dj) UTX keVX

G� +`BiB[m2 /2 H� i`�/m+iBQM /m KQM/2 2M +?Bz`2b b2 i`Qmp2 +QMbi�KK2Mi
`2MQmp2Hû2 /2TmBb H2 /û#mi /m sAs2 bBĕ+H2 c ¨ iûKQBM +2 T�bb�;2 /�Mb H2[m2H
H2 T?BHQbQT?2 7`�MÏ�Bb _2Mû :mûMQM UR33e@RN8RV (Rj9) 2z2+im2 2M RN98 mM
+QMbi�i bBKBH�B`2 ¨ +2HmB 7Q`KmHû T�` _2v UTX NV ,

S�`KB H2b i`�Bib +�`�+iû`BbiB[m2b /2 H� K2Mi�HBiû KQ/2`M2- MQmb
T`2M/`QMb B+B iQmi /Ƕ�#Q`/- +QKK2 TQBMi +2Mi`�H /2 MQi`2 ûim/2-
H� i2M/�M+2 ¨ iQmi `û/mB`2 �m b2mH TQBMi /2 pm2 [m�MiBi�iB7- i2M@
/�M+2 bB K�`[mû2 /�Mb H2b +QM+2TiBQMb Ŀ b+B2MiB}[m2b ŀ /2 +2b
/2`MB2`b bBĕ+H2b- 2i [mB /Ƕ�BHH2m`b b2 `2K�`[m2 T`2b[m2 �mbbB M2i@
i2K2Mi /�Mb /Ƕ�mi`2b /QK�BM2b- MQi�KK2Mi /�Mb +2HmB /2 HǶQ`;�@
MBb�iBQM bQ+B�H2- bB #B2M [m2- b�m7 mM2 `2bi`B+iBQM /QMi H� M�im`2
2i H� Mû+2bbBiû �TT�`�ŗi`QMi T�` H� bmBi2- QM TQm``�Bi T`2b[m2 /û@
}MB` MQi`2 ûTQ[m2 +QKK2 ûi�Mi 2bb2MiB2HH2K2Mi 2i �p�Mi iQmi H2
Ŀ `ĕ;M2 /2 H� [m�MiBiû ŀX

§ H� H2+im`2 /2 +2 T�bb�;2- BH �TT�`�ŗi +H�B`2K2Mi [m2 H� KBb2 2M MQK#`2
/m KQM/2 bQ+B�H 2bi HQBM /Ƕāi`2 mM 7�Bi MQmp2�mX LQmb 2z2+im2`QMb- �m +?�@
TBi`2 RR- mM `2iQm` 2M �``Bĕ`2 bm` H2b T`�iB[m2b bi�iBbiB[m2b /2 [m�MiB}+�iBQM
/2 HǶ�+iBpBiû ?mK�BM2- T`2M�Mi +QKK2 TQBMi /2 /ûT�`i /2 +2ii2 +?`QMQHQ;B2-
H� [m2biBQM [mB � TQmbbû �/QHT?2 Zm2i2H2i (kjN) UTX N8V ¨ 2Mi`2T`2M/`2- /ĕb
H� }M /2b �MMû2b R3ky (k9y- k9k)- Ŀ H� `û�HBb�iBQM /m T`Q;`�KK2 i`�+û T�`
*QM/Q`+2i k 2i G�TH�+2 , HǶ�TTHB+�iBQM /m +�H+mH /2b T`Q#�#BHBiûb ¨ HǶûim/2 /2
HǶmMBp2`b bQ+B�H ŀ (R3k) , Ŀ G2b �+iBQMb /2 HǶ?QKK2 bQMi@2HH2b bQmKBb2b ¨ /2b
HQBb \ ŀ

kX J�i?ûK�iB+B2M- T?BHQbQT?2- ?QKK2 TQHBiB[m2 7`�MÏ�Bb /2b GmKBĕ`2bX
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aB- +QKK2 H2 bQmb@2Mi2M/ Zm2i2H2i- H2b HQBb �TTHB+�#H2b �mt b+B2M+2b /2 H�
M�im`2 bQMi 2ti2MbB#H2b �mt b+B2M+2b ?mK�BM2b 2i bQ+B�H2b- 2bi@+2 ¨ /B`2 [m2
iQmi 2bi K2bm`�#H2 \ SQm` `ûTQM/`2 ¨ +2ii2 [m2biBQM- BH +QMpB2Mi- /2 T`BK2
�#Q`/- /2 bǶ2Mi2M/`2 bm` H� /û}MBiBQM /m p2`#2 K2bm`2`X .2b`QbBĕ`2b (Nk)
+QMbi�i2 [m2 H2 KQi K2bm`2 2bi bQmp2Mi T`û7û`û ¨ /Ƕ�mi`2b +QKK2 BM/B+2-
bvKTiƬK2- Qm +QMp2MiBQM /Ƕû[mBp�H2M+2 UTX RR3VX G2 Kûi`QHQ;Bbi2 2i T?vbB+B2M
7`�MÏ�Bb J�`+ >BK#2`i (R9e) bQmHB;M2 ¨ +2 iBi`2 [m2 H� bB;MB}+�iBQM /2 K2bm`2
MǶ2bi �#bQHmK2Mi T�b H� KāK2 /�Mb /2b +?�KTb /Bb+BTHBM�B`2b /Bzû`2Mib 2i [m2
H� HBKBi2 /m K2bm`�#H2 � ûpQHmû �m }H /m i2KTb UTX k8 c i`�/mBi /2 HǶ�M;H�BbVX

a2HQM oQHF2M (jyk)- H� T`ûb2M+2 /�Mb H� H�M;m2 7`�MÏ�Bb2 /2b KQib /ǶQ`B;BM2
H�iBM2 Ŀ K2bm`2 ŀ- Ŀ /ûK2bm`2 ŀ- Ŀ K2bm`�#H2 ŀ- Ŀ BKK2Mb2 ŀ- Ŀ /BK2MbBQM ŀ-
Ŀ +QKK2Mbm`�#H2 ŀ- Ŀ K2Mbm`�iBQM ŀ �BMbB [m2 H2b KQib /ǶQ`B;BM2 ;`2+[m2
Ŀ Kĕi`2 ŀ- Ŀ /B�Kĕi`2 ŀ- Ŀ bvKûi`B2 ŀ- Ŀ Kûi`QHQ;B2 ŀ 2i Ŀ ;ûQKûi`B2 ŀ- /û@
+QmH�Mi iQmi2b /2 H� `�+BM2 BM/Q@2m`QTû2MM2  K2- Ŀ K2bm`2` ŀ- �ii2bi2- /ǶmM2
T�`i- /2 HǶ�M+B2MM2iû /2 HǶB/û2 /2 K2bm`2- Ŀ K�Bb �mbbB /2 bQM 2M`�+BM2K2Mi
/�Mb /Bp2`b2b `û;BQMb /2 MQi`2 pQ+�#mH�B`2 +Qm`�Mi 2i /2 MQi`2 pQ+�#mH�B`2
b+B2MiB}[m2 ŀ UTX 9kVX

G2 `û~2t2 ?�#Bim2H /m HBM;mBbi2 b2`�Bi /2 +QMbi�i2` H2b /Bzû`2Mi2b miBHBb�@
iBQMb /m p2`#2 K2bm`2` 2i /Ƕ2M �++2Ti2` HǶ2tBbi2M+2 +QKK2 mM 7�BiX *2T2M@
/�Mi- HǶmM2 /2b ?vTQi?ĕb2b +2Mi`�H2b /2 +2 i`�p�BH 2bi bTû+B}[m2K2Mi [mǶBH
2tBbi2 mM2 i`�MbTQbBiBQM T`Q#HûK�iB[m2 �mt +?Bz`2b 2M b+B2M+2b ?mK�BM2b /2b
`�BbQMM2K2Mib K�i?ûK�iB[m2b �TTHB[mûb p�H�#H2K2Mi �mt K2bm`2b 2M b+B2M+2b
/2 H� K�iBĕ`2X �BMbB +2ii2 2ti2MbBQM /m i2`K2 K2bm`2` TQb2 mM T`Q#HĕK2 [mB
2t+ĕ/2 HǶmiBHBb�iBQM /m KQi HmB@KāK2X

a2HQM qBHHB�K G�#Qp (Rdj) Ĝ b�Mb /Qmi2 HǶmM /2b bQ+BQHBM;mBbi2b H2b THmb
ûKBM2Mib Ĝ BH 2tBbi2 /2b bBim�iBQMb /�Mb H2b[m2HH2b mM HBM;mBbi2 T2mi BMi2`p2MB`
/2 7�ÏQM T`2b+`BTiBp2 /�Mb H2 /û#�iX GǶmM2 /2 +2b bBim�iBQMb 2bi +2HH2 [mǶBH
[m�HB}2 /2 Ŀ +Q``2+iBQM /2b 2``2m`b ŀ UTX Rdk c i`�/mBi /2 HǶ�M;H�BbV ,
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lM b+B2MiB}[m2 [mB T`2M/ +QMb+B2M+2 /ǶmM2 B/û2 `ûT�M/m2 Qm /ǶmM2
T`�iB[m2 bQ+B�H2 �mt +QMbû[m2M+2b BKTQ`i�Mi2b- BMp�HB/û2 T�` b2b
T`QT`2b /QMMû2b- 2bi Q#HB;û /2 TQ`i2` +2ii2 2``2m` ¨ HǶ�ii2MiBQM /m
Tm#HB+ H2 THmb H�`;2 TQbbB#H2X

SQm` +2ii2 `�BbQM- BH MQmb T�`�ŗi 2bb2MiB2H /ǶBMbBbi2` bm` H� bB;MB}+�iBQM /2
K2bm`2 �m b2Mb bi`B+i- ¨ b�pQB` +2HH2 T`�iB[mû2 2M b+B2M+2b M�im`2HH2b ¨ HǶ�B/2
/ǶmMBiûb T`û/û}MB2b- 2i /2 bQmHB;M2` H2 +�`�+iĕ`2 i`QKT2m` /2b �mi`2b �++2T@
iBQMb /m i2`K2X

.�Mb +2ii2 QTiB[m2- MQmb T�bb2`QMb 2M `2pm2- /�Mb H2 +?�TBi`2 N- H2b ûHû@
K2Mib [mB +�`�+iû`Bb2Mi H� K2bm`2 /�Mb mM2 /û}MBiBQM �m b2Mb ûi`QBi /m i2`K2X
LQmb KQMi`2`QMb TQm`[mQB MQmb �``BpQMb ¨ H� KāK2 +QM+HmbBQM [m2 H2 K�i?û@
K�iB+B2M bmBbb2 >2M`B oQHF2M (jyk) /�Mb +2 T�bb�;2 UTX 8k@8jV /2 bQM �`iB+H2
+QMb�+`û �mt 7QM/2K2Mib /2 H� K2bm`2 ,

AH 2tBbi2 mM2 MQiBQM T`û+Bb2 /2 +2 [mǶ2bi mM2 K2bm`2X *2ii2 MQiBQM
b2 #�b2 bm` HǶB/û2 /2 [m�MiBiû 2i bm` H� +2`iBim/2 [m2 +2 bQMi H2b
�ii`B#mib [m�MiB}�#H2b [mB bQMi K2bm`�#H2b /�Mb mM b2Mb bi`B+iX AH
2tBbi2 /2b +`Biĕ`2b T`û+Bb /2 +2 [mǶ2bi mM2 [m�MiBiûX G� pû`B}+�iBQM
2KTB`B[m2 /2 +2b +`Biĕ`2b /2p`�Bi /QM+ āi`2 mM2 �+iBpBiû T`ûHBKB@
M�B`2 ¨ iQmi2 K2bm`2X P` +2ii2 �TT`Q+?2 `B;Qm`2mb2 MǶ2bi TQbbB#H2
[m2 /�Mb +2`i�BMb +�b 2i b2 HBKBi2 �mt b+B2M+2b 2t�+i2bX

aB MQmb MQmb TQbBiBQMM2`QMb +H�B`2K2Mi /m +Ƭiû /2 +2mt [mB- +QKK2 oQHF2M-
T2Mb2Mi [m2 iQmi MǶ2bi T�b K2bm`�#H2- MQmb p2``QMb- /�Mb H2 +?�TBi`2 +QMbû+m@
iB7 URyV- [m2 H� MQiBQM /2 [m�MiB}+�iBQM 2M;HQ#2 #2�m+QmT THmb /2 T`�iB[m2b
[mB QMi- 2HH2b �mbbB- TQm` #mi /2 i`�/mB`2 H2 `û2H 2M +?Bz`2bX
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kXj G2 T`ûbmTTQbû /2 K2bm`2

hQmDQm`b b2HQM oQHF2M (jyk)- Ŀ H� K2bm`2 2bi +2ii2 QTû`�iBQM [mB MQmb 7�Bi
T�bb2` /ǶmM �ii`B#mi +QMiBMm- [m�MiB}�#H2- ¨ bQM 2tT`2bbBQM MmKû`B[m2- MQmb
T2`K2ii�Mi /ǶmiBHBb2` H� bBKTHB+Biû 2i H� ~2tB#BHBiû QTû`�iBQMM2HH2 /2b MQK#`2b
TQm` ûi2M/`2 2i i`�MbK2ii`2 MQi`2 b�pQB` bm` H� `û�HBiû ŀ UTX 9RVX AH /û+QmH2
/2 +2ii2 `û~2tBQM [m2 +Ƕ2bi �mt MQK#`2b Q#i2Mmb T�` /2b K2bm`2b �m b2Mb
bi`B+i [m2 T2mp2Mi Hû;BiBK2K2Mi bǶ�TTHB[m2` H2b `ĕ;H2b 2i H2b `�BbQMM2K2Mib
/ûp2HQTTûb /�Mb H2 +�/`2 i?ûQ`B[m2 /2b K�i?ûK�iB[m2bX

LQmb p2``QMb /�Mb H� b2+iBQM +QMb�+`û2 ¨ H� K2bm`2 UNV [m2 +2ii2 TQbbB@
#BHBiû /Ƕ2tTHQBi2` Hû;BiBK2K2Mi H2b `�BbQMM2K2Mib HQ;B[m2b 2i H2b QTû`�iBQMb
/2b K�i?ûK�iB[m2b 2M b+B2M+2b M�im`2HH2b M2 7mi ?BbiQ`B[m2K2Mi TQbbB#H2 [m2
;`�+2 ¨ i`QBb ;`�M/b /ûp2HQTT2K2Mib [mB BMi2`pBM`2Mi ¨ /2b KQK2Mib /Bzû@
`2Mib /2 HǶ>BbiQB`2 , BV H� /û+Qmp2`i2 /2 H� MmKû`�iBQM /2 TQbBiBQM- ¨ T�`iB` /m
o2 bBĕ+H2 /2 MQi`2 ĕ`2- Qz`�Mi H� TQbbB#BHBiû i?ûQ`B[m2 /Ƕ2tT`BK2` H2b MQK#`2b
bm` mM bT2+i`2 +QMiBMm- �HH�Mi /2 HǶBM}MBK2Mi T2iBi ¨ HǶBM}MBK2Mi ;`�M/ 2M
T�bb�Mi T�` HǶBM}MBK2Mi T`û+Bb c BBV H2 /ûp2HQTT2K2Mi /2b Kûi?Q/2b K�i?û@
K�iB[m2b 2i MQi�KK2Mi /2 H� i?ûQ`B2 /2b T`Q#�#BHBiûb �m soAA2 bBĕ+H2 c BBBV H2
/ûp2HQTT2K2Mi /ǶBMbi`mK2Mib 2i /ǶmMBiûb /2 K2bm`2 T2`K2ii�Mi /Ƕ�ii2BM/`2
mM2 T`û+BbBQM 2i mM2 `ûTHB+�#BHBiû bm{b�Mi2 2i- T�` 2ti2MbBQM- /2b K�`;2b /Ƕ2`@
`2m`b K�ŗi`Bbû2b c +2b /2`MBĕ`2b �p�M+û2b MǶ�``Bpĕ`2Mi- TQm` +2`i�BM2b b+B2M+2b-
[m2 /�Mb H2 +Qm`�Mi /m sAs2 bBĕ+H2X

aB H2b /2mt T`2KB2`b /2b /ûp2HQTT2K2Mib ûpQ[mûb +B@/2bbmb QMi /B`2+i2@
K2Mi i`�Bi �m H�M;�;2 2i �mt i2+?MB[m2b K�i?ûK�iB[m2b- H2 i`QBbBĕK2 2bi- HmB-
iQmi ¨ 7�Bi �M+`û /�Mb H2 T�`�/B;K2 /2b b+B2M+2b M�im`2HH2bX LQmb p2``QMb THmb
2M /ûi�BH �m +?�TBi`2 N +QKK2Mi Ĝ +Ƕ2bi H� i?ĕb2 /2 HǶ?BbiQ`B2M 2i T?BHQbQT?2
/2b b+B2M+2b w2MQ arBDiBMF (kNj) Ĝ H2b �p�M+û2b i2+?MB[m2b /�Mb HǶûpQHmiBQM /2b
BMbi`mK2Mib /2 K2bm`2 2i HǶ�{M2K2Mi /2 H� i?ûQ`B2 /2b T`Q#�#BHBiûb +QMbiB@
im�B2Mi /2b +QM/BiBQMb T2`K2ii�Mi /2 `û/mB`2 HǶ�+iBpBiû /2 K2bm`2 ¨ H� H2+im`2
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/ǶmM2 û+?2HH2 2i /QM+ /2 HBKBi2` 7Q`i2K2Mi H2 `ƬH2 /m Dm;2K2Mi T2`bQMM2H /�Mb
HǶ2M`2;Bbi`2K2Mi /2 +2 [mB 2bi Q#b2`pû UTX kedVX *2ii2 T`û+BbBQM MQmp2HH2 Ĝ `2M@
/m2 TQbbB#H2- TQm` +2`i�BMb /QK�BM2b- �m +Qm`b /m sAs2 b2mH2K2Mi Ĝ /QMM2-
2M [m2H[m2 bQ`i2- mM +QMiQm` }M�H ¨ H� /û}MBiBQM �m b2Mb bi`B+i /m p2`#2 K2@
bm`2`X G� K2bm`2 T2`K2i �BMbB- /�Mb H2 +�/`2 /2 +2ii2 /û}MBiBQM �m b2Mb ûi`QBi-
/Ƕ�/QTi2` Ŀ H� bBKTHB+Biû 2i H� ~2tB#BHBiû QTû`�iBQMM2HH2 /2b MQK#`2b ŀ (jyk)
UTX 9RV TQm` KB2mt +QKT`2M/`2 H2 KQM/2 [mB MQmb 2MiQm`2X

*2T2M/�Mi- HǶ�/QTiBQM /2 +2b Kûi?Q/2b K�i?ûK�iB[m2b /�Mb H2b b+B2M+2b
T?vbB[m2b T`ûbmTTQb2 H� TQbbB#BHBiû /Ƕ2z2+im2` /2b K2bm`2b �p2+ /2b /2;`ûb /2
T`û+BbBQM K�ŗi`Bbûb 2i /QM+ HǶ2tBbi2M+2 /2b BMbi`mK2Mib /2 K2bm`2 T2`K2ii�Mi
/Ƕ�ii2BM/`2 +2ii2 T`û+BbBQMX P`- MQmb KQMi`2`QMb [m2 H2b b+B2M+2b ?mK�BM2b
M2 bQMi T�b /Qiû2b /ǶBMbi`mK2Mib /2 K2bm`2b +QKT�`�#H2b ¨ +2mt /2b b+B2M+2b
M�im`2HH2bX *2H� /û+QmH2 T`BM+BT�H2K2Mi /m 7�Bi [m2 `B2M /�Mb +2 [m2 /û+`Bp2Mi
H2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b M2 b2 +QKTQb2 /Ƕ�ii`B#mib +QMiBMmbX G2b
7�Bib bQ+B�mt +QKK2 H2 +`BK2- H2 +?ƬK�;2- H� b+QH�`Bb�iBQMXXX T�`i2Mi 2M 2z2i
iQmDQm`b /2b Q#D2ibfBM/BpB/mb j Ĝ H2b +`BKBM2Hb Qm H2m`b �+i2b- H2b +?ƬK2m`b-
H2b ûHĕp2b Ĝ [mB M2 T2mp2Mi- T�` /û}MBiBQM- T�b āi`2 /BpBbûb- +QMi`�B`2K2Mi ¨
H� /Bbi�M+2- ¨ H� K�bb2-XXX [mB bQMi- 2HH2b- iQmDQm`b /BpBbB#H2b ¨ HǶBM}MB 9X

1M Qmi`2- +QKK2 H2 bQmHB;M2Mi H2b TQHBiQHQ;m2b "�+Qi 2i �HX (Rd)- H2b T?û@
MQKĕM2b ?mK�BMb M2 T2mp2Mi T�b pû`Bi�#H2K2Mi āi`2 K2bm`ûb +�` Ĝ /�Mb +2
+?�KTb Ĝ Ŀ K2ii`2 2M +?Bz`2b- +Ƕ2bi 2M [m2H[m2 bQ`i2 +?�M;2` /2 H�M;�;2
TmBb[m2 HǶQM +?QBbBi /2 i`�/mB`2 2M bB;M2b K�i?ûK�iB[m2b /2b /QMMû2b /Ƕ2t@
Tû`B2M+2 [m2 HǶQM TQm``�Bi 2tT`BK2` T�` /2b KQib ŀ UTX dVX *2ii2 i`�Mb7Q`@
K�iBQM BKTHB[m2 7�i�H2K2Mi /2b +?QBt /2 Ŀ i`�/m+iBQM ŀ [mB 2Mi`�ŗM2Mi mM2
T2`i2 /ǶBM7Q`K�iBQMX 1M i`�/m+iQHQ;B2- H� /ûT2`/BiBQM BM/mBi2 T�` HǶ�+iBpBiû /2
i`�Mb+Q/�;2 2bi MQKKû2 HǶ2Mi`QTB2 (33) UTX Ry3VX 1M +QMbû[m2M+2- H2b +H�bb2b
/ǶQ#b2`p�iBQM /2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b Ĝ +`BK2- +?ƬK�;2- b+QH�`Biû-
BMp�HB/Biû- `B+?2bb2- i`�p�BHXXX Ĝ bQMi ¨ H� 7QBb bm#D2+iBp2b 2i ûpQHmiBp2b- [m2

jX .m H�iBM BM/BpB/mmK- Ŀ +2 [mB 2bi BM/BpBbB#H2 ŀX
9X 1M i?ûQ`B2 /m KQBMbX
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+2 bQBi T�` H2m` /û}MBiBQM Qm T�` H� K�MBĕ`2 /2 H2b +QKTi2`X *Ƕ2bi iQmi H2
+QMi`�B`2 /2b mMBiûb /2 K2bm`2 /2b b+B2M+2b M�im`2HH2b- +QKK2 H2 +2MiBKĕi`2-
H2 FBHQ;`�KK2 Qm H2 /2;`û *2HbBmb- [mB bQMi iQmi ¨ 7�Bi bi�#H2b 2i mMBpQ[m2b 8X

*QKK2 MQmb H2 /û72M/`QMb THmb HQBM- H2b `�BbQMM2K2Mib K�i?ûK�iB[m2b
7m`2Mi p�H�#H2K2Mi �TTHB[mûb �mt `ûbmHi�ib /2b K2bm`2b /�Mb HǶ2Mb2K#H2 /2b
b+B2M+2b /2 H� K�iBĕ`2- b2mH2K2Mi ¨ T�`iB` /m sAs2 bBĕ+H2X G2b �MMû2b R3yy ¨
R38y 7m`2Mi- /Ƕ�T`ĕb HǶûTBbiûKQHQ;m2 +�M�/B2M A�M >�+FBM; (RjN)- H2 i?û�i`2
/2 ;`�M/b /ûp2HQTT2K2Mib [mB T2`KB`2Mi H� K�i?ûK�iBb�iBQM- MQM@THmb b2mH2@
K2Mi /2b b+B2M+2b bT�iB�H2b +QKK2 HǶ�bi`QMQKB2 Qm HǶ�`+?Bi2+im`2- K�Bb û;�@
H2K2Mi /2b b+B2M+2b /Bi2b #�+QMB2MM2b- [mB `2+QmT2Mi +2 [m2 MQmb �TT2HQMb
�mDQm`/Ƕ?mB H� T?vbB[m2- H� #BQHQ;B2 2i H� +?BKB2 UTX 93VX *Ƕ2bi- 2M 2z2i- ¨
T�`iB` /2 +2ii2 ûTQ[m2 [m2 H2b T`Q;`ĕb /�Mb H� +QM+2TiBQM /2b QmiBHb /2 K2@
bm`2 2i H2 T2`72+iBQMM2K2Mi /2b i2+?MB[m2b T`Q#�#BHBbi2b `2M/B`2Mi TQbbB#H2
mM2 `ûTHB+�#BHBiû 2i mM2 K�ŗi`Bb2 bm{b�Mi2 /2b K�`;2b /Ƕ2``2m` TQm` [m2 H2b
K2bm`2b bQB2Mi +QMbB/û`û2b +QKK2 Q#D2+iBp2b (kNj)X *Ƕ2bi �BMbB [m2- p2`b H�
}M /m sAs2 bBĕ+H2- Ŀ H� T?BHQbQT?B2 Q{+B2HH2 ûi�Bi [mǶmM Q#D2i M2 TQmp�Bi āi`2
+QKT`Bb [m2 HQ`b[mǶBH TQmp�Bi āi`2 K2bm`û ŀ (RjN) UTX 93- i`�/mBi /2 HǶ�M;H�BbVX

*2ii2 Q#D2+iBpBiû 2bi mM2 +QKTQb�Mi2 2bb2MiB2HH2 /2 H� K2bm`2- TmBb[m2
+Ƕ2bi 2HH2 [mB `2M/ TQbbB#H2 HǶ�TTHB+�iBQM /2b QTû`�iBQMb K�i?ûK�iB[m2b ¨ /2b
/QMMû2b `û+QHiû2b bm` H2 i2``�BMX P`- H� i`�MbTQbBiBQM /2 +2 KāK2 ivT2 /2
`�BbQMM2K2Mib p2`b H2b b+B2M+2b ?mK�BM2b TQb2- ¨ #B2M /2b û;�`/b- T`Q#HĕK2X
*2H� 2bi /ȿ T`BM+BT�H2K2Mi ¨ HǶBKTQbbB#BHBiû /2 [m�MiB}2` /2b T?ûMQKĕM2b
?mK�BMb b�Mb T�bb2` T�` mM i`�p�BH- bm#D2+iB7 2i +QMp2MiBQMM2H- /2 +H�bbB}@
+�iBQMX �BMbB- bB H2b K2bm`2b 2z2+imû2b 2M b+B2M+2b M�im`2HH2b T`Q/mBb2Mi /2b
/QMMû2b Q#D2+iBp2b Ĝ 2HH2b M2 7QMi THmb BMi2`p2MB` H2 Dm;2K2Mi ?mK�BM /�Mb
H� /û}MBiBQM /2b mMBiûb /ǶQ#b2`p�iBQM e- MB /�Mb H� T`Q/m+iBQM /2b MQK#`2b
Ĝ H2 `ûbmHi�i /2b 7Q`K2b /2 [m�MiB}+�iBQMb T`�iB[mû2b 2M b+B2M+2b ?mK�BM2b

8X JāK2 bǶBH 7�mi `2+QMM�ŗi`2 [mǶ2HH2b bQMi- 2HH2b �mbbB- H2 `ûbmHi�i /ǶmM i`�p�BH /2 +QMp2M@
iBQMbX

eX G2b mMBiûb /2 K2bm`2X
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T`Q/mBb2Mi /2b +?Bz`2b [mB +�+?2Mi /2b ûi�T2b bm#D2+iBp2b /�Mb H2m` T`Q+2bbmb
/ǶûH�#Q`�iBQM 2i /�Mb H� +QMbiBimiBQM /2 +H�bb2b /ǶQ#b2`p�iBQMX 1M /Ƕ�mi`2b
i2`K2b- 2i +Ƕ2bi HǶmM2 /2 MQb i?ĕb2b +2Mi`�H2b- BH MǶ2bi T�b bvbiûK�iB[m2K2Mi
TQbbB#H2 /Ƕ�/QTi2` /2b `�BbQMM2K2Mib K�i?ûK�iB[m2b ¨ /2b /QMMû2b Bbbm2b
/2b T`Q+2bbmb /2 [m�MiB}+�iBQM /2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2bX

AH 2bi 7�+BH2 /2 b2 +QMp�BM+`2 /2 +2i ûi�i /2 7�Bi T�` mM 2t2KTH2 i`BpB�H ,
/�Mb H2 H�M;�;2 K�i?ûK�iB[m2- 9 2bi BM/Bb+mi�#H2K2Mi THmb ;`�M/ [m2 j-NX
GQ`b[mǶmM DQm` H2 i?2`KQKĕi`2 �{+?2 9 /2;`ûb �HQ`b [mǶBH 2M �{+?�Bi j-N H2
DQm` T`û+û/2Mi- BH 2bi Hû;BiBK2 2i Q#D2+iB7 /Ƕ�{`K2` [mǶBH 7�Bi THmb +?�m/ ,
BH bǶ�;Bi /ǶmM2 K2bm`2X J�Bb bB H2 i�mt /2 +?ƬK�;2 T�bb2 /2 9W �m T`2KB2`
i`BK2bi`2 ¨ j-NW �m /2mtBĕK2 i`BK2bi`2- BH MǶ2bi T�b TQbbB#H2 /2 +QM+Hm`2 [m2
THmb /2 KQM/2 i`�p�BHH2X 1M 2z2i- H� /û}MBiBQM /2 H� +H�bb2 +?ƬK2m` T2mi
�pQB` ûpQHmû bmBi2 ¨ mM2 /û+BbBQM �/KBMBbi`�iBp2- mM +?�M;2K2Mi /m /`QBi Qm
/2 H� Dm`BbT`m/2M+2 c Qm �HQ`b THmb /2 T2`bQMM2b TQm``�B2Mi āi`2 �``Bpû2b 2M }M
/2 /`QBi 2i b2`�B2Mi �BMbB bQ`iB2b /2 +2ii2 bi�iBbiB[m2 b�Mb TQm` �mi�Mi �pQB`
`2i`Qmpû /m i`�p�BH c 2i #B2M /Ƕ�mi`2b `�BbQMb TQm``�B2Mi 2tTHB[m2` mM2 i2HH2
#�Bbb2X .2b`QbBĕ`2b (N8) û+`Bi ¨ T`QTQb /2 +2 ivT2 /2 +QM7mbBQMb BM/mBi2b T�`
H2 `�BbQMM2K2Mi K�i?ûK�iB[m2 , Ŀ H� [m2biBQM `û+m``2Mi2 /2 b�pQB` bB mM2
bi�iBbiB[m2 ǳ`2~ĕi2 THmb Qm KQBMb #B2M H� `û�HBiûǴ 2bi mM `�++Qm`+B i`QKT2m`-
+QMi�KBMû T�` H2 `û�HBbK2 Kûi`QHQ;B[m2 /2b b+B2M+2b /2 H� M�im`2 d ŀ UTX jN@
9yVX

AH v � mM2 /Bzû`2M+2 QMiQHQ;B[m2 2Mi`2 H2b MQK#`2b Q#D2+iB7b Q#i2Mmb T�` H�
K2bm`2 2i H2b MQK#`2b T`Q/mBib T�` /Ƕ�mi`2b 7Q`K2b /2 [m�MiB}+�iBQM , [m�M/
#B2M KāK2 H2b /2mt T`�iB[m2b T`Q/mBb2Mi /2b +?Bz`2b- H2m`b `ûbmHi�ib M2 bQMi
T�b /2b Q#D2ib bBKBH�B`2b �mt[m2Hb /2b KāK2b `�BbQMM2K2Mib T2mp2Mi iQm@
DQm`b āi`2 �TTHB[mûbX GǶmM2 K2i 2M +?Bz`2b /2b ;`�M/2m`b +QMiBMm2b ¨ T�`iB`

dX LQmb T`û7û`QMb H� i2`KBMQHQ;B2 b+B2M+2b /2 H� K�iBĕ`2 TQm` T�`H2` /2b b+B2M+2b +QM+2`@
Mû2b T�` +2 [m2 MQmb �TT2HH2`QMb H� K2bm`2 �m b2Mb bi`B+i c +2T2M/�Mi .2b`QbBĕ`2b /BbiBM;m2
`û;mHBĕ`2K2Mi b+B2M+2b /2 H� pB2 2i b+B2M+2b /2 H� M�im`2- +2 [mB bm;;ĕ`2- T�` 2t2KTH2- [m2
H� #BQHQ;B2 M2 b2`�Bi T�b pû`Bi�#H2K2Mi ¨ +H�bb2` /�Mb H2b b+B2M+2b /2 H� M�im`2 c +Ƕ2bi mM
T`Q#HĕK2 i2`KBMQHQ;B[m2 [m2 MQmb M2 TQmpQMb T�b 2MiBĕ`2K2Mi `ûbQm/`2X
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/Ƕûi�HQMb BMp�`B�#H2b- HǶ�mi`2 K2i 2M +?Bz`2b /2b +H�bb2b /Bb+`ĕi2b /ǶQ#D2i /û@
MQK#`ûbX G2b /2mt T`�iB[m2b M2 b2 `2bb2K#H2Mi- 2M bQKK2- [m2 T�`+2 [mǶ2HH2b
T`Q/mBb2Mi /2b `ûbmHi�ib `2T`ûb2Miûb T�` /2b +?Bz`2b , 9 @ j-NX *Ƕ2bi +2ii2 bB@
KBHBim/2 /2b `ûbmHi�ib /2 +2b /2mt 7Q`K2b i`ĕb /Bzû`2Mi2b /2 [m�MiB}+�iBQM
[mB BM/mBi +2 [m2 MQmb �TT2HQMb H2 T`ûbmTTQbû /2 K2bm`2X

*2H� Kû`Bi2 mM2 2tTHB+�iBQMX G2 T`ûbmTTQbû UQm H� T`ûbmTTQbBiBQMV /ǶmM
ûMQM+û 2bi /û}MB T�` H2 HBM;mBbi2 7`�MÏ�Bb Pbr�H/ .m+`Qi (RyR) +QKK2 mM2
BM7Q`K�iBQM BKTHB+Bi2 T�`i�;û2 T�` H2b K2K#`2b /ǶmM2 bBim�iBQM +QKKmMB+�@
iBQMM2HH2X *2 b�pQB`- #B2M [mǶ�Miû`B2m` ¨ HǶ�+i2 /ǶûMQM+B�iBQM- �TT�`�ŗi +QKK2
mM Ŀ �TTQ`i T`QT`2 /2 HǶûMQM+û ŀ UTX kRVX lM 2t2KTH2 +H�bbB[m2 2bi +2HmB /2
HǶûMQM+û Ŀ C�+[m2b � �``āiû /2 7mK2` ŀX JāK2 bB +2H� MǶ�TT�`�ŗi T�b 2tTHB+B@
i2K2Mi- +2ii2 �bb2`iBQM T`ûbmTTQb2 [m2 C�+[m2b 7mK�Bi T�` H2 T�bbûX

LQmb HǶ�pQMb /Bi , T�`+2 [mǶ2HH2 T`Q/mBi /2b +?Bz`2b Q#D2+iB7b- H� K2bm`2
2bi HǶmM2 /2b `�`2b 7Q`K2b /2 [m�MiB}+�iBQM �miQ`Bb�Mi HǶ�/QTiBQM b�Mb `û@
b2`p2 /2b HQ;B[m2b K�i?ûK�iB[m2bX 1M +QMbû[m2M+2- HQ`b[mǶmM `�BbQMM2K2Mi
K�i?ûK�iB[m2 2bi �TTHB[mû ¨ /2b +?Bz`2b Q#i2Mmb T�` mM �mi`2 T`Q+2bbmb /2
[m�MiB}+�iBQM- +2H� H�Bbb2 T`ûbmTTQb2` [m2 +2ii2 [m�MiB}+�iBQM 2bi mM2 K2@
bm`2X 1M /Ƕ�mi`2b i2`K2b- iQmi2 T`ûi2MiBQM /Ƕ2z2+im2`- 2M b+B2M+2b ?mK�BM2b
2i bQ+B�H2b- /2b `�BbQMM2K2Mib �M�HQ;m2b ¨ +2mt `2M/mb TQbbB#H2b T�` H� K2@
bm`2 2M b+B2M+2b /2 H� K�iBĕ`2 2bi /QM+ +QMi�KBMû2 T�` +2 [m2 MQmb MQKKQMb
mM T`ûbmTTQbû /2 K2bm`2- +Ƕ2bi@¨@/B`2- T�` HǶB/û2 [m2 iQmi2 Q#b2`p�iBQM +?B7@
7`û2 b2`�Bi TQ`i2mb2 /2 HǶQ#D2+iBpBiû `2M/m2 TQbbB#H2 T�` H� K2bm`2 �m b2Mb
bi`B+i 2i H� Kûi`QHQ;B2 `û�HBbi2 /2b b+B2M+2b /2 H� M�im`2X

GǶmiBHBb�iBQM ;ûMû`�HBbû2 /m p2`#2 K2bm`2` �BMbB [m2 HǶ�TTHB+�iBQM /2 HQ@
;B[m2b K�i?ûK�iB[m2b ¨ iQmi2b bQ`i2b /ǶBM/B+�i2m`b +?Bz`ûb MQmb �miQ`Bb2Mi ¨
+QM+Hm`2 [m2 HǶ2tBbi2M+2 /ǶmM2 K2bm`2 2bi bQmp2Mi T`ûbmTTQbû2 ¨ iQ`iX LQmb
H2 p2``QMb- +2i ûi�i /2 7�Bi 2Mi`�ŗM2 mM2 BMp�HB/�iBQM /2b +QM+HmbBQMb /2 MQK@
#`2mt ûMQM+ûb [mB +QMiB2MM2Mi /2b +?Bz`2bX
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aǶBH 2bi 7�+BH2 /2 b2 `2M/`2 +QKTi2 [mǶBH v � mM T`Q#HĕK2 �p2+ H� T?`�b2 ,
Ŀ C�+[m2b � �``āiû /2 7mK2` ŀ- bB C�+[m2b MǶ� 2M `û�HBiû D�K�Bb ûiû mM 7mK2m`-
BH 2bi #B2M THmb �`/m /2 pQB` H2 T`Q#HĕK2 HBû ¨ +2i �mi`2 ûMQM+û , Ŀ THmb /2 ;2Mb
QMi /m i`�p�BH- TmBb[m2 H2 i�mt /2 +?ƬK�;2 � #�Bbbû ŀX AH 2bi +2T2M/�Mi /ǶmM2
M�im`2 bBKBH�B`2 , H2 i�mt /2 +?ƬK�;2 MǶ2bi T�b mM Q#D2i K�i?ûK�iBb�#H2 b�Mb
+QM/BiBQMb- [m�M/ #B2M KāK2 BH b2`�Bi 2tT`BKû 2M +?Bz`2b , H2 `�BbQMM2K2Mi
K�i?ûK�iB[m2 +QMbBbi�Mi ¨ iB`2` mM2 +QM+HmbBQM /ǶmM MQK#`2 THmb T2iBi [mǶmM
�mi`2 2bi BM�/�Tiû ¨ +2ii2 bBim�iBQM 2i T`ûbmTTQb2 mM2 Kûi`QHQ;B2 `û�HBbi2-
Q#D2+iBp2 , H� K2bm`2X P` +2ii2 T`ûbmTTQbBiBQM 2bi 7�mbb2 2i HǶ�{`K�iBQM [m2
THmb /2 ;2Mb QMi /m i`�p�BH HQ`b[m2 H2 i�mt /2 +?ƬK�;2 #�Bbb2 � mM2 p�H2m`
/2 pû`Biû �mbbB BM+2`i�BM2 [m2 Ŀ C�+[m2b � �``āiû /2 7mK2` ŀ bB C�+[m2b MǶ�
2M `û�HBiû D�K�Bb ûiû 7mK2m`X

LQmb H2 p2``QMb �m +?�TBi`2 Rj +QMb�+`û �m T`ûbmTTQbû 2M T`�;K�iB[m2 ,
H2b ûMQM+ûb /QMi mM T`ûbmTTQbû 2bi 7�mt MǶQMi 2M T`�iB[m2 �m+mM2 p�H2m` /2
pû`BiûX .m+`Qi +QMbB/ĕ`2 2M 2z2i Ŀ [m2- bB mM T`ûbmTTQbû HBû ¨ mM ûMQM+û 2bi
7�mt- +2i ûMQM+û MǶ2bi MB p`�B MB 7�mt- K�Bb bBKTH2K2Mi /ûTQm`pm /2 b2Mb ŀ
(9y) UTX R8RVX � +2 iBi`2- mM i`ĕb ;`�M/ MQK#`2 /ǶBM7Q`K�iBQMb #�bû2b bm` /2b
bi�iBbiB[m2b û+?�TT2Mi ¨ iQmi2 p�H2m` /2 pû`BiûX *2b BM7Q`K�iBQMb M2 bQMi T�b
Mû+2bb�B`2K2Mi 7�mbb2b- K�Bb H2 T`ûbmTTQbû bm` H2b[m2HH2b 2HH2b `2TQb2Mi Ĝ [m2
H2b +?Bz`2b T`ûb2Miûb bQMi Q#i2Mmb T�` /2b K2bm`2b Ĝ 2bi 7�mtX

AH /û+QmH2 /2 +2H� [m2- /�Mb H2 /Bb+Qm`b [mQiB/B2M /2 HǶBM7Q`K�iBQM- mM i`ĕb
;`�M/ MQK#`2 /ǶûMQM+ûb #�bûb bm` /2b bi�iBbiB[m2b MǶ� mM2 p�H2m` /2 pû`Biû
[mǶBM+2`i�BM2X *2b BM7Q`K�iBQMb M2 T2mp2Mi D�K�Bb āi`2 THmb [m2 T`Q#�#H2K2Mi
p`�B2bX
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kX9 lM2 ûpQHmiBQM /2b KQ/�HBiûb /2 `2+Qm`b ¨
HǶ�`;mK2Mi bi�iBbiB[m2

LQmb H2 `2H2pBQMb �m /û#mi /2 +2 i`�p�BH , BH MǶ2bi T�b `�`2 /Ƕ2Mi2M/`2 [mǶBH
2bi TQbbB#H2 /2 7�B`2 /B`2 iQmi 2i bQM +QMi`�B`2 �mt bi�iBbiB[m2bX GǶ?vTQi?ĕb2
[m2 MQmb �p�MÏQMb +QMi`�bi2 �p2+ +2ii2 B/û2 , ¨ MQi`2 b2Mb +2 [mǶ2tT`BK2 H2b
bi�iBbiB[m2b MQmb �KĕM2 #B2M bQmp2Mi ¨ iB`2` /2b +QM+HmbBQMb [mB M2 bQMi 2M
`û�HBiû [mǶBM+2`i�BM2bX *2b +?Bz`2b `2TQb2Mi 2M 2z2i #B2M bQmp2Mi bm` /2b T`Q@
+2bbmb /2 [m�MiB}+�iBQM [mB M2 bQMi T�b /2b K2bm`2bX *Ƕ2bi �BMbB [m2 +?�+mM
T2mi T`Q/mB`2 /2b +?Bz`2b [mB /û+`Bp2Mi mM2 `û�HBiû [mB /ûT2M/ H�`;2K2Mi /2b
/û}MBiBQMb /2 +H�bb2b /ǶQ#b2`p�iBQM +?QBbB2bX aB- /�Mb H2 /Bb+Qm`b- H2 MQK#`2
T`QpQ[m2 mM2 �bbQ+B�iBQM �p2+ H2b b+B2M+2b /Bi2b Ŀ /m`2b ŀ 2i mM2 BKT`2bbBQM
+QMbi�Mi2 /2 Hû;BiBK�iBQM /2b T`QTQb- +Ƕ2bi T�`+2 [m2 H2 /ûp2HQTT2K2Mi /2b
i2+?MB[m2b /2 K2bm`2 �bbm`2 /2TmBb THmb /2 /2mt bBĕ+H2b mM ;`�M/ `û�HBbK2
Kûi`QHQ;B[m2 �mt b+B2M+2b /2 H� K�iBĕ`2 c +2ii2 BKT`2bbBQM /ǶQ#D2+iBpBiû 2i /2
M2mi`�HBiû /m +?Bz`2 /û+QmH2 /m `�TT`Q+?2K2Mi 2Mi`2 H2b +?�KTb b+B2MiB}[m2b
T�` HǶmiBHBb�iBQM /m H�M;�;2 +QKKmM /2b K�i?ûK�iB[m2b c +2ii2 miBHBb�iBQM
H�Bbb2 T`ûbmTTQb2` H� K2bm`2X

LQmb p2``QMb �m +?�TBi`2 Rk [m2 H2b bQ+BQHQ;m2b 7`�MÏ�Bb .QKBMB[m2 *�`@
/QM (8y)- SB2``2 "Qm`/B2m URNjy@kyykV (je) 2i �H�BM .2b`QbBĕ`2b (N8)- 2Mi`2
�mi`2b- bQmHB;M2Mi [m2 /2b BM/B+�i2m`b bi�iBbiB[m2b- BMBiB�H2K2Mi +QMÏmb TQm`
K2M2` /2b Q#b2`p�iBQMb bm` H� bQ+Bûiû T�` /2b bTû+B�HBbi2b +QMb+B2Mib /2b HB@
KBi2b /2 +2b Q#D2ib- QMi- /2TmBb H2b �MMû2b RN3y- û+?�TTûb ¨ H2m` 7QM+iBQM
T`2KBĕ`2X *2mt@+B M2 bQMi- 2M 2z2i- THmb 2t+HmbBp2K2Mi miBHBbûb TQm` T`2M/`2
/2b /û+BbBQMb û+H�B`û2b- BHb /2pB2MM2Mi /2b �`;mK2Mib T2`K2ii�Mi /Ƕ2tTHB[m2`
H2b �+iBQMb /m TQmpQB`- K�Bb �mbbB /2 DmbiB}2` H2b +?QBt /2b �+i2m`b T`BpûbX
�BMbB- H2b BM/B+�i2m`b bi�iBbiB[m2b Ĝ /QMi MQmb KQMi`2`QMb [mǶBHb `2TQb2Mi i`ĕb
bQmp2Mi bm` /2b #�b2b +QMp2MiBQMM2HH2b 2i /2b +�iû;Q`B2b bm#D2+iBp2b Ĝ /2@
pB2MM2Mi /2b �`;mK2Mib /Ƕ�miQ`Biû 2i /2b DmbiB}+�iB7bX LQmb /û72M/`QMb HǶB/û2
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[m2 +2 MQmp2�m bi�imi `?ûiQ`B[m2 /m +?Bz`2 Ĝ +QKK2 KQv2M /2 +QMpB+iBQM
Ĝ bǶBMb+`Bi /�Mb HǶûTQ[m2 /Bi2 MûQHB#û`�H2 /QMi 6Qm+�mHi (R8y) `2Hĕp2 [m2 HǶmM
/2b i`�Bib T`BM+BT�mt 2bi H2 ;Qmp2`M2K2Mi T�` H2 +QMb2Mi2K2MiX

kX8 6B�#BHBiû 2i p�HB/Biû /2b BM/B+�i2m`b +?B7@
7`ûb

G� [m2biBQM /2 H� }�#BHBiû 2i /2 H� p�HB/Biû /2b QmiBHb bi�iBbiB[m2b 2bi +2Mi`�H2-
TmBb[mǶBHb T`2MM2Mi mM2 TH�+2 /2 THmb 2M THmb BKTQ`i�Mi2 /�Mb H2 /Bb+Qm`b
pBb�Mi ¨ T`Q/mB`2 /m +QMb2Mi2K2MiX LQmb +?2`+?2`QMb MQi�KK2Mi ¨ +QK@
T`2M/`2 +QKK2Mi 2i TQm`[mQB mM MQK#`2 [mB +`Qŗi Qm /û+`Qŗi /2pB2Mi Ĝ /�Mb
H2 /Bb+Qm`b �bbQ+Bû Ĝ mM2 T`2mp2 /2 H� T`Q;`2bbBQM Qm `û;`2bbBQM /ǶmM T?ûMQ@
KĕM2X

a2HQM iQmi2 p`�Bb2K#H�M+2- BH 2tBbi2 mM2 2ti2MbBQM /2 HǶB/û2 /2 Kûi`QHQ;B2
`û�HBbi2 /2b b+B2M+2b /2 H� K�iBĕ`2 Ĝ b2b K2bm`2b Q#D2+iBp2b �mt[m2HH2b T2mp2Mi
p�H�#H2K2Mi bǶ�TTHB[m2` /2b `�BbQMM2K2Mib K�i?ûK�iB[m2b Ĝ p2`b H2b b+B2M+2b
?mK�BM2b Ĝ 2i b2b +QMbi`m+iBQMb /ǶBM/B+�i2m`b [mB M2 bQMi H2 THmb bQmp2Mi [m2
/2b �TT`QtBK�iBQMb MǶ�miQ`Bb�Mi T�b 7Q`+ûK2Mi mM2 �TTHB+�iBQM /2b HQ;B[m2b
K�i?ûK�iB[m2b Ĝ T�` H2 #B�Bb /2 +2 [m2 MQmb �pQMb MQKKû H2 T`ûbmTTQbû /2
K2bm`2X

lM2 �mi`2 ?vTQi?ĕb2 [m2 MQmb 7Q`KmHQMb 2bi [m2 H� [m�MiB}+�iBQM iQmb
�xBKmib `2M/ H2 i`�p�BH /2b DQm`M�HBbi2b THmb �`/mX *?�[m2 /Bb+BTHBM2 TQbbĕ/2
2M 2z2i bQM H�M;�;2- /û}MBi b2b +H�bb2b- b2b Q#D2+iB7b- b2b û+?2HH2b- 2i b2b BM@
/B+�i2m`b K�i?ûK�iB[m2b 2i /�Mb +2b HB2mt QT�[m2b /2 H� [m�MiB}+�iBQM b2
i�TBbb2Mi pQHQMiB2`b /2b BM7Q`K�iBQMb /B{+BH2b ¨ BMi2`T`ûi2`X LQmb H2 p2``QMb-
BH 2bi 7�+BH2 /2 7�B`2 T�`H2` H2b +?Bz`2b �m@/2H¨ /2 +2 [mǶBHb /Bb2Mi pû`Bi�#H2@
K2MiX G2b 7�F2 M2rb [mB TQm``�B2Mi �TT�`�ŗi`2 2M /2 i2Hb HB2mt M2 i`�?Bbb2Mi
T�b mM2 pQHQMiû /2 /ûbBM7Q`K�iBQM /2 H� T�`i /2b DQm`M�HBbi2b- K�Bb bQMi THm@
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iƬi H2 `ûbmHi�i /ǶmM2 +QKTH2tBiû [mB M2 T2mi āi`2 �z`QMiû2 b�Mb +QKK2ii`2
/Ƕ2``2m`b /�Mb H2 i2KTb +Qm`i /QMi /BbTQb2Mi �mDQm`/Ƕ?mB H2b i`�p�BHH2m`b /2
HǶBM7Q`K�iBQMX

§ iBi`2 /Ƕ2t2KTH2- iQmi2 H� T`2bb2 û+`Bi2 2i �m/BQpBbm2HH2 bmBbb2 �MMQMÏ�Bi
2M Q+iQ#`2 kyRd mM2 �m;K2Mi�iBQM �H�`K�Mi2 /m MQK#`2 /ǶBM72+iBQMb /2 bv@
T?BHBb 2i /2 oA>X .�Mb H2 KāK2 i2KTb- HǶP{+2 7û/û`�H /2 H� b�Miû Tm#HB[m2
UP6aSV BM/B[m�Bi /�Mb bQM #mHH2iBM 9jfkyRd (kky) [m2 H2b �m;K2Mi�iBQMb Q#@
b2`pû2b /�Mb H2b +?Bz`2b TQmp�B2Mi bǶ2tTHB[m2` T�` H2 7�Bi [m2- /�Mb H2b �MMû2b
T`û+û/2Mi2b- /2b 2zQ`ib +QMbB/û`�#H2b �p�B2Mi ûiû +QMb2MiBb TQm` 2M+Qm`�;2`
mM /ûTBbi�;2 THmb 7`û[m2Mi 2i KB2mt +B#HûX GǶP6aS û+`Bi ¨ T`QTQb /2 HǶ2M@
b2K#H2 /2 +2b ûHûK2Mib- [mǶBHb Ŀ b2K#H2Mi /ûKQMi`2` [m2 i�Mi H� T`Q;`2bbBQM
/m MQK#`2 /ǶBM72+iBQMb oA> (XXX) [m2 HǶ�m;K2Mi�iBQM /2b /B�;MQbiB+b /2 H�
bvT?BHBb (XXX) T2mp2Mi bǶ2tTHB[m2` 2M ;`�M/2 T�`iB2 T�` H2 7�Bi [mǶmM THmb ;`�M/
MQK#`2 /2 i2bib QMi ûiû `û�HBbûb ŀ UTX jjVX

.2 +2 7�Bi- HǶ�m;K2Mi�iBQM Ŀ �H�`K�Mi2 ŀ /QMi � 7�Bi ûi�i H� T`2bb2 M2
bǶ2tTHB[m�Bi T�b- +QMi`�B`2K2Mi ¨ +2 [mǶ2HH2 �{`K�Bi- T�` mM2 /û;`�/�iBQM b�@
MBi�B`2- K�Bb T`BM+BT�H2K2Mi T�` /Ƕ�mi`2b 7�+i2m`b [mB MǶ�p�B2Mi T�b û+?�TTûb
�mt bTû+B�HBbi2b /2 H� /Bb+BTHBM2X AH ûi�Bi 7�+BH2 /2 bǶv i`QKT2` , H2b +?Bz`2b BM@
/B[m�B2Mi mM2 �m;K2Mi�iBQM MQi�#H2 /m MQK#`2 /2 +�b /B�;MQbiB[mûb- 2i MQmb
M2 /QmiQMb T�b /2 H� #QMM2 7QB /2 H� T`2bb2- HQ`b[mǶ2HH2 �MMQMÏ�Bi mM bû`B2mt
T`Q#HĕK2 b�MBi�B`2X *2T2M/�Mi- BH MQmb �TT�`�ŗi [m2 +2ii2 BM7Q`K�iBQM H�`;2@
K2Mi `2H�vû2 M2 `2~ûi�Bi T�b H� `û�HBiû 2i MQmb �ii`B#mQMb +2 ivT2 /Ƕ2``2m`b �m
T`ûbmTTQbû /2 K2bm`2 , H2b +?Bz`2b BM/B[m�B2Mi mM2 �m;K2Mi�iBQM 2i H� T`2bb2
2M � /û/mBi HǶ2tBbi2M+2 /ǶmM T`Q#HĕK2X

*2 [m2 MQmb [m2biBQMMQMb- +Ƕ2bi /QM+ H� p�HB/Biû /2 +2`i�BMb BM/B+�i2m`b
bi�iBbiB[m2b T�`7QBb `2H�vûb T�` H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQMX LQmb HǶ�pQMb pm ¨
i`�p2`b +2i 2t2KTH2 , mM2 �m;K2Mi�iBQM Q#b2`pû2 /2 HǶBM+B/2M+2 /m oA> 2i /2
H� bvT?BHBb Ĝ +�` +Ƕ2bi mM 7�Bi , THmb /2 +�b QMi ûiû /B�;MQbiB[mûb Ĝ MǶû[mBp�mi
T�b Mû+2bb�B`2K2Mi ¨ mM2 �;;`�p�iBQM /2 H� bBim�iBQM b�MBi�B`2X *2H� p2mi
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/B`2 [m2 +2i BM/B+�i2m`- TQm`i�Mi miBHBbû TQm` BM7Q`K2`- T`ûb2Mi2 /2b /û7�mib ,
/ǶmM2 7�ÏQM Qm /ǶmM2 �mi`2- BH 2bi BMp�HB/û- bQBi T�` bQM +QMi2Mm- bQBi T�`
H2b +QM+HmbBQMb [mB 2M bQMi iB`û2bX *2b [m2biBQMb �v�Mi i`�Bi ¨ H� p�HB/Biû /2
+2`i�BMb BM/B+�i2m`b bi�iBbiB[m2b b2`QMi i`�Biû2b �m +?�TBi`2 R9 /2 +2i Qmp`�;2X

kXe GǶQKMB+QMp2M�M+2 /2b MQK#`2b

PKMB+QMp2M�M+2 2bi mM bm#bi�MiB7 `�`2 [mB /ûbB;M2 H2 7�Bi /Ƕāi`2 �TT`QT`Bû
¨ iQmi- miBH2 TQm` iQmi (8j)X G2b MQK#`2b T`ûb2Mi2Mi +2ii2 [m�HBiû- TmBb[mǶBHb
bQMi miBHBbûb TQm` [m�MiB}2` Qm MmKû`Qi2` iQmi2b bQ`i2b /ǶûHûK2Mib /2 M�im`2b
i`ĕb /Bp2`b2b , BHb T2`K2ii2Mi /2 /ûMQK#`2` H2b 2MiBiûb /m `û2H U/2b Q#D2ib- /2b
āi`2b pBp�MibXXXV K�Bb �mbbB /2b 2MiBiûb +QMp2MiBQMM2HH2b p�`B�#H2b +QKK2 /2b
Q#D2ib /2 +H�bb2b /û}MB2b T�` H2 /`QBi U+BiQv2M- +?ƬK2m`XXXVX AHb b2`p2Mi /2 KmH@
iBTHB+�i2m`b bm` /2b û+?2HH2b +QMiBMm2b- BMp�`B�#H2b 2i HBMû�B`2b Qm MQM@HBMû�B`2b
UH2b mMBiûb /2 K2bm`2V- K�Bb �mbbB bm` /2b û+?2HH2b HBMû�B`2b BMbi�#H2b `2TQb�Mi
bm` /2b BM/B+�i2m`b /2 +QMbi`m+iBQM +QMp2MiBQMM2HH2 Ui2bi /2 ZA- BM/B+2 /2 T`Q@
/m+iBpBiûXXXVX AHb T2mp2Mi û;�H2K2Mi b2`pB` /2 MmKû`Q ¨ /2b }Mb /2 /BbiBM+iBQM
UMmKû`Qi�iBQM /2b #mb- /2b +?�K#`2b /ǶmM ?Ƭi2H-XXXV Qm TQm` /ûi2`KBM2` mM
Q`/`2 UMmKû`Qb /2 /Qbb�`/- +?�TBi`2b /ǶmM HBp`2-XXXV Qm mM +H�bb2K2MiX hQmi
b2K#H2- /2 7�Bi- [m�MiB}�#H2 bQmb THmbB2m`b `�TTQ`ibX

GǶ2K#ȿ+?2 [mǶBMi`Q/mBi /2 +2ii2 i`ĕb ;`�M/2 p2`b�iBHBiû `ûbB/2 /�Mb H2 7�Bi
[m2 H2b MQK#`2b �TT�`iB2MM2Mi �m H�M;�;2 /2b K�i?ûK�iB[m2b 2i [m2 H2m`
miBHBb�iBQM b2K#H2 BM/B[m2` H� K�i?ûK�iBb�#BHBiû /2b Q#D2ib �mt[m2Hb BHb bQMi
�bbQ+BûbX AH 2bi i`ĕb 7�+BH2 /2 b2 `2M/`2 +QKTi2 [mǶBH bǶ�;Bi /ǶmM2 BHHmbBQM- T�`
2t2KTH2 2M +QMbB/û`�Mi +2`i�BM2b 7Q`K2b /2 MmKû`Qi�iBQM , T`2M/`2 H2 #mb R-
TmBb H2 #mb 9- MǶû[mBp�mi T�b ¨ 2KT`mMi2` H� HB;M2 8 U¨ KQBMb /ǶmM ?�b�`/VX
GǶ�#bm`/Biû /ǶmM `�BbQMM2K2Mi K�i?ûK�iB[m2 �TTHB[mû ¨ +2ii2 BHHmbi`�iBQM
b�mi2 �mt v2mtX *Ƕ2bi KQBMb ûpB/2Mi /�Mb mM 2t2KTH2 +QKK2 +2HmB /2b BM72+@
iBQMb b2tm2HH2K2Mi i`�MbKBbbB#H2b ûpQ[mû +B@/2bbmb- 2i Qɍ MQmb �pQMb +QMbi�iû
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[m2 H� b2mH2 +QKT�`�BbQM /2b MQK#`2b M2 T2`K2ii�Bi T�b /2 iB`2` mM2 +QM+Hm@
bBQM p�HB/2X LQmb `û7miQMb- ¨ +2 iBi`2- HǶB/û2 [m2 /2b T?ûMQKĕM2b /Bb+`2ib-
+QKK2- /�Mb +2i 2t2KTH2- HǶBM+B/2M+2 /ǶmM2 BM72+iBQM- TmBbb2Mi āi`2 K2bm`ûb
�m b2Mb bi`B+iX

LQmb �pQMb miBHBbû +2ii2 BHHmbi`�iBQM TQm` bQmHB;M2` +QKK2Mi HǶQKMB+QMp2@
M�M+2 /2b +?Bz`2b �KĕM2 mM2 +QKTHB+�iBQM [mB +QM+2`M2 /B`2+i2K2Mi H2 /Bb@
+Qm`b DQm`M�HBbiB[m2X "2�m+QmT /2 +?Bz`2b bQMi T`Q/mBib /�Mb /2b /QK�BM2b
bTû+B�HBbûb , +2b +?Bz`2b +Q``2bTQM/2Mi T�`7QBb ¨ /2b TQbBiBQMb bm` /2b û+?2HH2b
+QMp2MiBQMM2HH2b- Qm /û+QmH2Mi /2 +H�bb2b /û}MB2b T�` /2b bTû+B�HBbi2b- K�Bb
/2K2m`2Mi Q#b+m`2b TQm` H2 iQmi@p2M�MiX .2b +?Bz`2b T2mp2Mi 2M 2z2i āi`2
�bbQ+Bûb ¨ MǶBKTQ`i2 [m2HH2 mMBiû +QMp2MiBQMM2HH2 , 8X8 T2mi āi`2 ¨ H� 7QBb
mM2 p�H2m` bm` mM2 û+?2HH2 bBbKB[m2 MQM@HBMû�B`2- mM2 T`2bbBQM- mM2 /Bbi�M+2-
mM2 KQv2MM2 b+QH�B`2 BMbm{b�Mi2 Qm 2t+2HH2Mi2 Ub2HQM H2 bvbiĕK2 /2 MQi�iBQM
+?QBbBV 2i �BMbB /2 bmBi2X § H� [m2biBQM Ŀ 8X8 [mQB \ ŀ- mM2 BM}MBiû /2 `ûTQMb2b
bQMi TQbbB#H2b c 8X8 T2mi- /2 +2 7�Bi- /2p2MB` T�`7�Bi2K2Mi Q#b+m` HQ`b[m2 H2
[mQB �m[m2H +2ii2 p�H2m` b2 `�TTQ`i2 MǶ2bi T�b Qm K�H +QMMmX

LQmb �#Q`/2`QMb H� [m2biBQM /2 H� bûKBQiB[m2 /2b MQK#`2b Ĝ +Ƕ2bi@¨@/B`2
HǶ�M�Hvb2 /2 H� T`Q/m+iBQM /m b2Mb T�` H2b bvK#QH2b [m2 MQmb miBHBbQMb TQm`
2tT`BK2` /2b [m�MiBiûb Ĝ /�Mb H2 +�/`2 /m +?�TBi`2 8 c H� [m2biBQM /2 HǶQKMB@
+QMp2M�M+2 /2b MQK#`2b 2i /2b +?Bz`2b b2`� i`�Biû2 THmb /B`2+i2K2Mi /�Mb H�
b2+iBQM 8XkX

kXd G2 `ƬH2 /m /Bb+Qm`b /2 HǶBM7Q`K�iBQM

JāK2 bǶBH T2mi +QM+2`M2` iQmi2b bQ`i2b /2 /Bb+Qm`b- MQmb MǶûim/B2`QMb H2 T`û@
bmTTQbû /2 K2bm`2 [mǶ2M HB2M �p2+ HǶBM7Q`K�iBQM /�Mb H2 +�/`2 /2 +2 i`�p�BHX
*2 i2``�BM T�`iB+mHB2` �TT�`�ŗi /QM+ 2M }HB;`�M2 iQmi �m HQM; /m i2ti2X �m



9y kX S_P"GúJ�hAa�hAPL 1h >uSPh>Ĕa1a .1 h_�o�AG

+?�TBi`2 d- MQmb KQMi`2`QMb- 2M KQ#BHBb�Mi MQi�KK2Mi S�i`B+F *?�`�m/2�m 3

(88) 2i SB2``2 "Qm`/B2m (jd) [m2 H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM 2bi +QMbi�KK2Mi
T`Bb /�Mb mM2 i2MbBQM 2Mi`2 mM2 pBbû2 /ǶBM7Q`K�iBQM Ĝ H� T`Q/m+iBQM /ǶmM /Bb@
+Qm`b /2 pû`Biû Ĝ 2i mM2 pBbû2 /2 +�Ti�iBQM Ĝ H� T`Q/m+iBQM /ǶmM /Bb+Qm`b [mB
T2`K2i ¨ mM2 +?�ŗM2 Qm mM iBi`2 /2 7�B`2 /2 HǶ�m/BK�iX LQmb p2``QMb [m2 H2b
bi�iBbiB[m2b DQm2Mi- /�Mb +2 +QMi2ti2- mM `ƬH2 /Qm#H2 , 2HH2b bQMi /2b Q#D2ib /2
/2b+`BTiBQM- K�Bb `ûTQM/2Mi û;�H2K2Mi ¨ mM2 /2K�M/2 /2b bT2+i�i2m`b [mB
H2b T2`ÏQBp2Mi +QKK2 /2b ûHûK2Mib 2bb2MiB2Hb /2 H� /2b+`BTiBQM 2i /2 HǶ�TT`û@
?2MbBQM /2b 7�Bib bQ+B�mtX

1M b2+iBQM RkX8 MQmb bQmHB;M2`QMb [m2 H� bBim�iBQM �+im2HH2 /2b Kû/B�b Ĝ
MQi�KK2Mi 7`�MÏ�Bb 2i bmBbb2b Ĝ 2bi +QKT�`�#H2 ¨ +2HH2 /û+`Bi2 T�` H2 HBM;mBbi2
LQ�K *?QKbFv 2i HǶû+QMQKBbi2 1/r�`/ >2`K�M URNk8@kyRdV (R98) /�Mb H2b
�MMû2b RN3y �mt úi�ib@lMBb- ¨ b�pQB` [mǶBH v 2tBbi2 mM2 ;`�M/2 +QM+2Mi`�iBQM
/2b TmBbb�M+2b û+QMQKB[m2bX *2ii2 bBim�iBQM K2i ¨ K�H H� i?ĕb2 B/û�HBbi2-
bQmp2Mi KQ#BHBbû2- /ǶmM DQm`M�HBbK2 [mB DQm2`�Bi H2 `ƬH2 /2 +QMi`2 TQmpQB` 2i
/2 ;�`�Mi /2 H� /ûKQ+`�iB2X .�Mb +2ii2 �mi`2 T2`bT2+iBp2- MQmb p2``QMb [m2
H2b +?Bz`2b TQm``�B2Mi DQm2` mM `ƬH2 /Ƕ�`;mK2Mi /Ƕ�miQ`Biû [mB bǶBMb+`Bi /�Mb
H2 +�/`2 MûQHB#û`�H /ǶmM ;Qmp2`M2K2Mi T�` H2 +QMb2Mi2K2MiX

3X GBM;mBbi2 7`�MÏ�BbX



.2mtBĕK2 T�`iB2

S�`iB2 i?ûQ`B[m2

9R





*?�TBi`2 j

G� bûKBQiB[m2 , mM2 b+B2M+2
+Q;MBiBp2 \

AMimBiBp2K2Mi- BH MQmb �TT�`�ŗi [m2 H2b +?Bz`2b 2i HǶ2tT`2bbBQM p2`#�H2 /2b
MQK#`2b bQMi /2b bB;M2b /m H�M;�;2- [mB T2`K2ii2Mi /2 `2T`ûb2Mi2` /2b [m�M@
iBiûb- /2b ;`�M/2m`b- /2b TQbBiBQMb bm` /2b û+?2HH2b- 2i+X G� T`2KBĕ`2 [m2biBQM
[mB bǶBKTQb2 ¨ MQmb 2bi �BMbB /2 b�pQB` [m2H /QK�BM2 2bi H2 THmb �TT`QT`Bû TQm`
ûim/B2` H� `2T`ûb2Mi�iBQM /2b MQK#`2b T�` H2b +?Bz`2b- H2b KQib Qm /Ƕ�mi`2b
7Q`K2bX

G2b +?�KTb `2i2M�Mi MQi`2 �ii2MiBQM bQMi +2mt [mB b2 bQMi T`QTQbûb /Ƕûim@
/B2` H2b bB;M2b- bQmb HǶBKTmHbBQM /m HBM;mBbi2b bmBbb2 62`/BM�M/ /2 a�mbbm`2
UR38d@RNRjV (3j) bQmb H2 MQK /2 bûKBQHQ;B2 2i /m T?BHQbQT?2 2i bûKBQiB@
+B2M *?�`H2b a�M/2`b S2B`+2 UR3jN@RNR9V (kke) bQmb H2 MQK /2 bûKBQiB[m2
Ub2KBQiB+b 2M �M;H�BbVX oQB+B H2 T�bb�;2- /�Mb H2 +Qm`b /2 /2 a�mbbm`2 (3j)-
[mB- 2M [m2H[m2 bQ`i2- +QMb�+`2 H� M�Bbb�M+2 /2 H� /Bb+BTHBM2 bQmb HǶ�TT2HH�iBQM
bûKBQHQ;B2 UTX jjV ,

9j
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PM T2mi /QM+ +QM+2pQB` mM2 b+B2M+2 [mB ûim/B2 H� pB2 /2b bB;M2b �m
b2BM /2 H� pB2 bQ+B�H2 (XXX) c MQmb H� MQKK2`QMb bûKBQHQ;B2 U/m ;`2+
b2K2ŗQM- Ŀ bB;M2 ŀVX 1HH2 MQmb �TT`2M/`�Bi 2M [mQB +QMbBbi2Mi H2b
bB;M2b- [m2HH2b HQBb H2b `û;Bbb2MiX SmBb[mǶ2HH2 MǶ2tBbi2 T�b 2M+Q`2-
QM M2 T2mi /B`2 +2 [mǶ2HH2 b2`� c K�Bb 2HH2 � /`QBi ¨ HǶ2tBbi2M+2- b�
TH�+2 2bi /ûi2`KBMû2 /Ƕ�p�M+2X G� HBM;mBbiB[m2 MǶ2bi [mǶmM2 T�`iB2
/2 +2ii2 b+B2M+2 ;ûMû`�H2- H2b HQBb [m2 /û+Qmp`B`� H� bûKBQHQ;B2
b2`QMi �TTHB+�#H2b ¨ H� HBM;mBbiB[m2X

.�Mb +2 +?�TBi`2- MQmb �#Q`/2`QMb /2 7�ÏQM i`ĕb i?ûQ`B[m2 H2b `�BbQMb TQm`
H2b[m2HH2b MQmb QTi2`QMb- /�Mb H2 +�/`2 /2 +2 i`�p�BH- TQm` mM2 �TT`Q+?2 KQ@
/2`M2 /2 HǶûim/2 /2b bB;M2b [mB T`2M/ 2M +QKTi2 b2b �bT2+ib +Q;MBiB7bX LQmb
T�`iB`QMb /2b i2ti2b 7QM/�i2m`b /2 HǶ�TT`Q+?2 +H�bbB[m2 /2 H� bûKBQHQ;B2- 2M
T`2M�Mi H2 bQBM /Ƕ2tTHB[m2` TQm`[mQB +2 T�`�/B;K2 MǶ2bi THmb �/�Tiû ¨ mM2
ûim/2 �+im2HH2 /ǶmM bvbiĕK2 /2 bB;M2- K�Bb T`QTQb2 /2b KQ/ĕH2b 2i mM pQ+�@
#mH�B`2 [mǶBH 2bi TQbbB#H2 /2 `ûBMp2biB`X

AH +QMpB2Mi /QM+- TQm` +QKK2M+2`- /2 b2 /2K�M/2` bB HǶQM T2mi- +QM7Q`@
KûK2Mi ¨ MQi`2 BMimBiBQM- +QMbB/û`2` H2b MQK#`2b 2i H2m`b bvbiĕK2b /2 `2@
T`ûb2Mi�iBQM +QKK2 /2b bB;M2b /m H�M;�;2 ?mK�BMX GǶû+`Bp�BM 2i bûKBQHQ;m2
Bi�HB2M lK#2`iQ 1+Q URNjk@kyReV (Rye) +QMbi�i2 [mǶ2M /ûTBi /2b /Bzû`2M+2b
i�tQMQKB[m2b 2i T?BHQbQT?B[m2b 2Mi`2 H2b /Bzû`2Mib +Qm`�Mib /2 H� bûKBQHQ;B2
2i /2 H� bûKBQiB[m2- BH 2tBbi2 mM +QMb2Mbmb �miQm` /2 H� /û}MBiBQM /m bB;M2
/QMMû2 T�` S2B`+2 (kke) , Ŀ bQK2i?BM; r?B+? bi�M/b iQ bQK2#Q/v 7Q` bQK2@
i?BM; BM bQK2 `2bT2+i Q` +�T�+Biv ŀ- +Ƕ2bi@¨@/B`2 Ŀ [m2H[m2 +?Qb2 [mB iB2Mi HB2m
TQm` [m2H[mǶmM /2 [m2H[m2 +?Qb2 bQmb [m2H[m2 `�TTQ`i Qm ¨ [m2H[m2 iBi`2 ŀ
(Rye) UTX j9VX 1+Q ûi2M/ +2ii2 /û}MBiBQM- HǶ�TTHB[m�Mi ¨ H� +QKKmMB+�iBQM ?m@
K�BM2 2M T�`iB+mHB2` , Ŀ H2 bB;M2 2bi miBHBbû TQm` i`�MbK2ii`2 mM2 BM7Q`K�iBQM-
TQm` /B`2 Qm BM/B[m2` mM2 +?Qb2 [m2 [m2H[mǶmM +QMM�Bi 2i p2mi [m2 H2b �mi`2b
+QMM�Bbb2Mi û;�H2K2MiX AH bǶBMbĕ`2 /�Mb mM T`Q+2bbmb /2 +QKKmMB+�iBQM /2
ivT2 , bQm`+2 Ĝ ûK2ii2m` Ĝ +�M�H Ĝ K2bb�;2 Ĝ /2biBM�i�B`2 ŀ UTX kdVX
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G2b /Bzû`2Mi2b K�MBĕ`2b /2 `2T`ûb2Mi2` /2b MQK#`2b bǶBMb+`Bp2Mi /�Mb H�
/û}MBiBQM /2 1+Q , [m2H [m2 bQBi H2m` +QMi2ti2 /ǶmiBHBb�iBQM- BHb T`û2tBbi2Mi ¨
HǶûMQM+û bQmb 7Q`K2 /2 bQm`+2- TmBb bQMi ûMQM+ûb ¨ HǶQ`�H Qm `2T`ûb2Miûb bQmb
mM2 7Q`K2 pBbB#H2- bQBi û+`Bi2 2M +?Bz`2b Qm 2M H2ii`2b- bQBi `2T`ûb2Miû2 �M�HQ@
;B[m2K2Mi- /2 i2HH2 bQ`i2 [mǶBHb pû?B+mH2Mi mM2 BM7Q`K�iBQM ¨ mM /2biBM�i�B`2X
S`2MQMb mM 2t2KTH2 bBKTH2 , bB HQ`b /ǶmM2 bQ`iB2 MQ+im`M2 �p2+ pQi`2 2M7�Mi
pQmb bQm?�Bi2x HmB T`ûb2Mi2` H� +QMbi2HH�iBQM /ǶP`BQM- +�`�+iû`Bbû2 T�` H2b i`QBb
ûiQBH2b 2M HB;M2 H�Bbb�Mi /2pBM2` b� +2BMim`2- pQmb TQm``2x HmB /B`2 ,

_2;�`/2 H¨ , +Ƕ2bi P`BQMX G2b i`QBb ûiQBH2b 2M HB;M2 ?Q`BxQMi�H2
7Q`K2Mi b� +2BMim`2

oQmb b2`2x �HQ`b H� bQm`+2 /ǶmM K2bb�;2- ûKBb T�` H2 +�M�H �+QmbiB[m2 ¨ HǶ�i@
i2MiBQM /ǶmM /2biBM�i�B`2 , pQi`2 2M7�MiX G2 KQi i`QBb /�Mb +2i ûMQM+û 7�Bi
T�`iB2 BMiû;`�Mi2 /m K2bb�;2- +�`- T�` HmB- pQmb 2tTHB[m2x ¨ pQi`2 BMi2`HQ+m@
i2m` [mǶBH /QBi +?2`+?2`    2i MQM     Qm      X :`�+2 ¨ HǶ2tT`2bbBQM /2
+2 MQK#`2- BH b�m`� +QK#B2M /ǶûiQBH2b +?2`+?2`- +2 [mB MǶ�m`�Bi T�b ûiû H2 +�b
�p2+ HǶûMQM+û bmBp�Mi ,

_2;�`/2 H¨ , +Ƕ2bi P`BQMX G2b ûiQBH2b 2M HB;M2 ?Q`BxQMi�H2 7Q`K2Mi
b� +2BMim`2

G2 KQi i`QBb 2bi /QM+ #B2M TQ`i2m` /ǶmM2 BM7Q`K�iBQMX aB HǶQM bQm?�Bi2 û+`B`2
+2ii2 KāK2 BM7Q`K�iBQM �m bmD2i /ǶP`BQM ¨ HǶ�ii2MiBQM /2 [m2H[mǶmM- Ŀ i`QBb ŀ
T2mi āi`2 `2KTH�+û T�` Ŀ j ŀ b�Mb [m2 +2H� MǶ�Hiĕ`2 H2 b2Mb /2 HǶûMQM+û Q`B;BM�H ,

G2b j ûiQBH2b 2M HB;M2 ?Q`BxQMi�H2 7Q`K2Mi H� +2BMim`2 /ǶP`BQM

LQmb M2 T�bbQMb THmb T�` H2 +�M�H �+QmbiB[m2- K�Bb H2 b2Mb /2 Ŀ j ûiQBH2b ŀ
2bi H2 KāK2 [m2 +2HmB /2 Ŀ i`QBb ûiQBH2b ŀ , H2 /2biBM�i�B`2 /2 +2i ûMQM+û b�m`�
[mǶBH TQm``� `2+QMM�ŗi`2 P`BQM 2M i`Qmp�Mi    X
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*2i 2t2KTH2 i`BpB�H BHHmbi`2 [m2 H2b MQK#`2b 2i H� K�MBĕ`2 /2 H2b `2T`ûb2Mi2`
Ĝ H2 +?Bz`û , Ŀ j ŀ- Qm bQM û[mBp�H2Mi 2M 7`�MÏ�Bb , Ŀ i`QBb ŀ Ĝ +QMbiBim2Mi /2b
ûHûK2Mib /m K2bb�;2 [mǶmM2 bQm`+2 i`�MbK2i ¨ mM /2biBM�i�B`2 2i `ûTQM/2Mi
¨ +2 iBi`2 ¨ H� /û}MBiBQM /m bB;M2 +QKK2 ûHûK2Mi /m T`Q+2bbmb /2 +QKKmMB@
+�iBQM T`QTQbû2 T�` 1+Q c H2b bvK#QH2b p�H�Mi TQm` H2b MQK#`2b bQMi /QM+ /2b
bvbiĕK2b /2 bB;M2b /m H�M;�;2 ?mK�BM 2i T�`iB+BT2Mi ¨ H� +QKKmMB+�iBQMX

G� bûKBQHQ;B2 UQm H� bûKBQiB[m2V Ĝ b+B2M+2 /2b bB;M2b Ĝ 2bi b�Mb /Qmi2 H�
/Bb+BTHBM2 H� THmb ¨ KāK2 /2 7Qm`MB` /2b /û}MBiBQMb 2i /2b Kûi?Q/2b T2`@
K2ii�Mi HǶ�M�Hvb2 /m ;`QmT2 /2 bB;M2b [mB MQmb BMiû`2bb2 2M T�`iB+mHB2` , H2b
MmKû`�iBQMbX *2T2M/�Mi- +2 +?�KT �- /2TmBb /2 a�mbbm`2 2i S2B`+2- +QMbB/û`û
[mǶBH 2tBbi�Bi mM2 bûT�`�iBQM 2Mi`2 H2 KQM/2 2i H2b bvbiĕK2b +QMp2MiBQMM2Hb /2
bB;M2bX �BMbB- HǶmM2 /2b +QM+HmbBQMb /2 /2 a�mbbm`2 (3j) 2bi [m2 Ŀ H� HBM;mBb@
iB[m2 � TQm` mMB[m2 2i pû`Bi�#H2 Q#D2i H� H�M;m2 2MpBb�;û2 2M 2HH2@KāK2 2i
TQm` 2HH2@KāK2 ŀX *2ii2 �{`K�iBQM û`B;2 mM2 #�``Bĕ`2 2Mi`2- /ǶmM +Ƭiû- mM2
H�M;m2 2i- /2 HǶ�mi`2- bQM miBHBb�iBQM T�` H2b HQ+mi2m`b UT�`QH2 /�Mb H� i2`KB@
MQHQ;B2 b�mbbm`B2MM2VX 1HH2 B;MQ`2 H2 7�Bi [m2 +2 bQMi �mbbB H2b bmD2ib T�`H�Mib-
[mB T�` H2m`b T`�iB[m2b- H2m` 2MpB`QMM2K2Mi 2i H2m`b #2bQBMb- 7QMi ûpQHm2` H�
H�M;m2X

*2ii2 /û}MBiBQM /2 H� HBM;mBbiB[m2 /�Mb H2 +�/`2 /2 H� bûKBQHQ;B2 +H�bbB[m2
MǶ2bi T�b b�iBb7�Bb�Mi2 TQm` H2b +?2`+?2m`b KQ/2`M2b TQm` THmbB2m`b `�BbQMb ,
/ǶmM2 T�`i- 2HH2 B;MQ`2 H2 /vM�KBbK2 /2b H�M;m2b 2M +2H� [mǶ2HH2 M2 T2`K2i
T�b /Ƕ2tTHB[m2` H2m`b p�`B�iBQMb c /Ƕ�mi`2 T�`i- 2HH2 MǶ�/K2i T�b H� T`�iB[m2
/2 H� H�M;m2 T�` b2b mb�;2`b +QKK2 Q#D2i /Ƕûim/2 c 2HH2 2t+Hmi /2 +2 7�Bi iQmi2
7Q`K2 /Ƕ2KTB`BbK2 bm` H2b T?ûMQKĕM2b Q#b2`p�#H2b HBûb ¨ HǶmiBHBb�iBQM +QM+`ĕi2
/2b H�M;m2b T�` H2b HQ+mi2m`bX
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*2ii2 B/û2 [m2 H2b bvbiĕK2b bvK#QHB[m2b- +QKK2 H2b H�M;m2b- /QBp2Mi āi`2
+QMbB/û`ûb 2M /2?Q`b /m +�/`2 BMi2MiBQMM2H /2b HQ+mi2m`b b2 +QMDm;m2 �p2+
H2 +Qm`�Mi /2 H� Tbv+?QHQ;B2 #û?�pBQ`Bbi2 [mB- Dmb[m2 /�Mb H2b �MMû2b RNdy-
bQmi2M�Bi H� i?ĕb2 Ŀ [mǶ�m+mM2 i?ûQ`B2 b+B2MiB}[m2 /2 HǶ2bT`Bi M2 T2mi �/K2ii`2
[m2 H2 +QKTQ`i2K2Mi � /2b +�mb2b K2Mi�H2b ŀ (RRd) UTX e8VX

*Ƕ2bi �p2+ mM i`BTH2 +QMbi�i [m2 LQ�K *?QKbFv (8e) R K2i }M ¨ HǶBM~m2M+2
/m #û?�pBQ`BbK2 bm` H� HBM;mBbiB[m2 2M i?ûQ`Bb�Mi Ŀ HǶ�bT2+i +`û�i2m` /m H�M@
;�;2 ŀ , BH bQmHB;M2- T`2KBĕ`2K2Mi- [m2 /2b bmD2ib T�`H�Mib bQMi +�T�#H2b /2
T`Q/mB`2 iQmi2b bQ`i2b /ǶûMQM+ûb Q`B;BM�mt [mB- K�H;`û H2m` MQmp2�miû- bQMi
T�`7�Bi2K2Mi BMi2HHB;B#H2b c BH KQMi`2 �BMbB [m2 H2 +QKTQ`i2K2Mi HBM;mBbiB[m2
/2b HQ+mi2m`b M2 /ûT2M/ T�b 2bb2MiB2HH2K2Mi /2b biBKmHB `2Ïmb Dmb[mǶ�HQ`b 2i
/QBi �pQB` mM2 �bbBb2 K2Mi�H2 UTX keVX

aQM /2mtBĕK2 +QMbi�i 2bi [m2 /Bzû`2Mib HQ+mi2m`b T2mp2Mi T`Q/mB`2- /�Mb
mM2 KāK2 bBim�iBQM- /2b ûMQM+ûb i`ĕb p�`B�#H2b H2b mMb T�` `�TTQ`i �mt �mi`2b-
K�Bb û;�H2K2Mi `û�;B` /2 7�ÏQMb i`ĕb +QMi`�biû2b ¨ mM KāK2 ûMQM+û , 2M +2H�
BH bQmHB;M2 mM2 HB#2`iû Ŀ TQi2MiB2HH2K2Mi BM}MB2 ŀ /2 T2Mbû2 2i /Ƕ2tT`2bbBQM
BM/BpB/m2HH2 ?Q`b /2 iQmi +QMi`ƬH2 T�` /2b biBKmHB UTX ke@kdVX

6BM�H2K2Mi- *?QKbFv 2biBK2 [m2 H� +Q?û`2M+2 2i H� +Q?ûbBQM /2b /Bb+Qm`b
?mK�BMb M2 T2mp2Mi āi`2 2tTHB[mû2b [mǶ2M �/K2ii�Mi [mǶBHb bQMi HǶ2tT`2b@
bBQM /2 H� T2Mbû2 /2b bmD2ib T�`H�Mib c +2`i�BMb Kû+�MBbK2b /m /Bb+Qm`b M2
T2mp2Mi 2M 2z2i T�b āi`2 2tTHB[mûb T�` H� b2mH2 �M�Hvb2 /m +Q/2 HBM;mBbiB[m2
2i i`Qmp2Mi- /2 +2 7�Bi- mM2 2tTHB+�iBQM ¨ HǶ2tiû`B2m` /2b H�M;m2b UTX kdVX

�p2+ b� +`BiB[m2 /m #û?�pBQ`BbK2- *?QKbFv � T2`KBb H� +`û�iBQM /2 MQK@
#`2mt +Qm`�Mib /2 H� HBM;mBbiB[m2X GǶmM /Ƕ2Mi`2 2mt 2bi H� HBM;mBbiB[m2 +Q;@
MBiBp2 T�`i�Mi /2b +QMbi�i�iBQMb /m T?BHQbQT?2 ûi�bmMB2M C2``v 6Q/Q` URNj8@
kyRdV (RRd) bm` H� M�im`2 bvK#QHB[m2 /2 H� T2Mbû2X AH bQmHB;M2 iQmi /Ƕ�#Q`/-
bǶ�TTmv�Mi bm` H2b /û+Qmp2`i2b /2b H�#Q`�iQB`2b /2 Tbv+?QHQ;B2- [m2- +QMi`�B@
`2K2Mi ¨ +2 [mB ûi�Bi 7Q`KmHû T�` H2b #û?�pBQ`Bbi2b- H2b +`Qv�M+2b 2i H2b /ûbB`b

RX P2mp`2 Q`B;BM�H2 /2 RNe3
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?mK�BMb QMi mM +QMi2Mm BMi2MiBQMM2HX 6Q/Q` +QMbi�i2 [m2 H2b ûMQM+ûb 2i H2b
`û�HBiûb [mǶBHb /û+`Bp2Mi QMi iQmb /2mt mM2 p�H2m` /2 pû`Biû , H� T`2KBĕ`2 HBû2
�mt +`Qv�M+2b pû?B+mHû2b T�` H2b ûMQM+ûb- H� b2+QM/2 �m KQM/2 T?vbB[m2 c 2i
[m2 +2b /2mt p�H2m`b /2 pû`Biû bQMi HBû2bX AH bǶ�TTmB2 bm` HǶ2t2KTH2 bmBp�Mi
TQm` HǶBHHmbi`2` UTX edV ,

amTTQbQMb (XXX) [m2 DǶû+`Bp2 bm` H2 i�#H2�m mM2 +2`i�BM2 T?`�b2 , H2
+?�i 2bi bm` H2 T�BHH�bbQMX *QMbB/û`QMb K�BMi2M�Mi H2b T`QT`Bûiûb
/2 +2ii2 BMb+`BTiBQMX .ǶmM2 T�`i- +Ƕ2bi mM Q#D2i T?vbB[m2- mM TQB/b
K2bm`�#H2 /2 TQmbbBĕ`2 /2 +`�B2 `ûT�M/m2 b2HQM mM2 +QM};m`�@
iBQM ;ûQKûi`B[m2K2Mi +�`�+iû`Bb�#H2X 1M i�Mi [mǶQ#D2i T?vbB[m2-
2HH2 TQbbĕ/2 mM MQK#`2 BM/û}MB /2 T`QT`Bûiûb +�mb�H2b UH�`;2K2Mi
/BbTQbBiBQMM2HH2bVX S�` 2t2KTH2- +2HH2 /Ƕ2t2`+2` mM2 7Q`+2 ;`�pBi�@
iBQMM2HH2 bm` H� HmM2- /2 `û~û+?B` H� HmKBĕ`2 /2 7�ÏQMb /Bzû`2Mi2b
2i +QKTHB[mû2b- /ǶQz`B` 2M T`BM+BT2 mM2 `ûbBbi�M+2 /ûi2+i�#H2 ¨
HǶQTû`�iBQM /2b #`Qbb2b ¨ 2z�+2` H2b i�#H2�mt- 2i+X J�Bb- /Ƕ�mi`2
T�`i- +2ii2 bQ`i2 /ǶQ#D2i T?vbB[m2 T`ûb2Mi2 H� T�`iB+mH�`Biû /2 TQb@
bû/2` mM 7�Bb+2�m /2 T`QT`Bûiûb BMi2MiBQMM2HH2b iQmi +QKK2 H2b
+`Qv�M+2b 2i H2b /ûbB`bX AH b2K#H2 MQi�KK2Mi [m2 +2i Q#D2i TQ`i2
bm` [m2H[m2 +?Qb2 U¨ b�pQB` H2 +?�i- Qm HǶ2M/`QBi Qɍ b2 i`Qmp2 H2
+?�i- Qm H2 7�Bi [m2 H2 +?�i 2bi bm` H2 T�BHH�bbQMV c 2i BH � +2+B /2
+QKKmM �p2+ H� +`Qv�M+2 [m2 H2 +?�i 2bi bm` H2 T�BHH�bbQM- [mǶBH
2bi p`�B /�Mb +2`i�BM2b +QM/BiBQMb 2i 7�mt /�Mb /Ƕ�mi`2b c 2M T�`@
iB+mHB2`- +Ƕ2bi mM2 BMb+`BTiBQM [mB 2bi p`�B2 bB 2i b2mH2K2Mi bB H�
+`Qv�M+2 HǶ2bi c 2i iQmi2b H2b /2mt bQMi p`�B2b bB 2i b2mH2K2Mi bB H2
+?�i +QMi2tim2HH2K2Mi T2`iBM2Mi 2bi bm` H2 T�BHH�bbQM +QMi2tim2H@
H2K2Mi T2`iBM2MiX

*2i 2t2KTH2 T2mi āi`2 �M�Hvbû ¨ i`�p2`b mM T`BbK2 b�mbbm`B2M , HǶûMQM+û i`�+û
¨ H� +`�B2 �m i�#H2�m +QMbiBim2 H� 7�+2 T?vbB[m2 /m bB;M2 Ĝ H2 bB;MB}�Mi Ĝ
p�H�Mi TQm` HǶB/û2 /m +?�i bm` H2 T�BHH�bbQM , H2 bB;MB}ûX *2 [m2 `û7mi2 6Q/Q`-
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+Ƕ2bi HǶB/û2 [m2 H2b p�H2m`b /2 pû`Biû /2 +2i ûMQM+û 2i /2 H� +`Qv�M+2 [mB
v 2bi �bbQ+Bû2 bQB2Mi BM/ûT2M/�Mi2b HǶmM2 /2 HǶ�mi`2X .�Mb b2b i2`K2b- Ŀ H2
T�`�HHûHBbK2 2Mi`2 H2b bvK#QH2b 2i H2b ûi�ib K2Mi�mt BMi2MiBQMM2Hb 2bi iQmi
bBKTH2K2Mi i`QT 7`�TT�Mi TQm` [mǶQM TmBbb2 H2 +QMbB/û`2` +QKK2 Tm`2K2Mi
�++B/2Mi2H ŀ UTX e3VX S�` +2 +QMbi�i- BH `û7mi2 H� 7Q`KmH2 b�mbbm`B2MM2 b2HQM
H�[m2HH2 H� HBM;mBbiB[m2 �m`�Bi TQm` b2mH Q#D2i Ŀ H� H�M;m2 2MpBb�;û2 2M 2HH2@
KāK2 2i TQm` 2HH2@KāK2 ŀ- TmBb[mǶBH KQMi`2 [m2- +QKK2 H2b +`Qv�M+2b 2i H2b
/ûbB`b- H2b bvK#QH2b QMi û;�H2K2Mi /2b T`QT`Bûiûb +�mb�H2b 2i BMi2MiBQMM2HH2bX

6Q/Q` TQmbb2 b� `û~2tBQM THmb HQBM , MQmb HǶ�pQMb /Bi- BH KQMi`2 [mǶ�mbbB
#B2M H2b +`Qv�M+2b 2i H2b /ûbB`b [m2 H2b bvK#QH2b HBM;mBbiB[m2b T`ûb2Mi2Mi /2b
T`QT`Bûiûb BMi2MiBQMM2HH2b 2i +�mb�H2b c /�Mb H� bmBi2 /2 bQM `�BbQMM2K2Mi- BH
bQmiB2Mi [m2 H2b T`QT`Bûiûb bûK�MiB[m2bfHBM;mBbiB[m2b /2b ûMQM+ûb bQMi /û@
`Bpû2b /2 +2b T`QT`Bûiûb 7QM/�K2Mi�H2b BMi2MiBQMM2HH2b 2i +�mb�H2bX P` Ĝ 2i
+Ƕ2bi 2M +2H� [m2 H� TQbBiBQM /2 6Q/Q` 2bi pû`Bi�#H2K2Mi Q`B;BM�H2 Ĝ TQm` 2t@
THB[m2` H2 T�`�HHûHBbK2 2Mi`2 H� T2Mbû2 2i H2b ûMQM+ûb [m2 MQmb T`Q/mBbQMb-
BH 7�Bi HǶ?vTQi?ĕb2 [m2 H� T2Mbû2 TQbbĕ/2 2HH2@KāK2 mM +�`�+iĕ`2 bvK#QHB[m2
UTX dkV ,

*2b `2T`ûb2Mi�iBQMb K2Mi�H2b bQMi- T�` ?vTQi?ĕb2- /2b bvK#QH2b c
2i 2M i�Mi [m2 bvK#QH2b- 2HH2b bQMi /Qiû2b /2 T`QT`Bûiûb bûK�M@
iB[m2bX SmBb[m2 H2b ûi�ib K2Mi�mt BMi2MiBQMM2Hb bQMi BMi2`T`û@
iûb +QKK2 /2b `2H�iBQMb ¨ /2b bvK#QH2b K2Mi�mt- MQmb TQmpQMb
+QMbB/û`2` [m2 H2b /ûbB`b 2i H2b +`Qv�M+2b ?û`Bi2Mi H2m`b T`QT`Bû@
iûb bûK�MiB[m2b /2 +2HH2b /2b `2T`ûb2Mi�iBQMb K2Mi�H2b- /2 KāK2
[m2 MQmb �pQMb +QMbB/û`û [m2 H2b bvK#QH2b HBM;mBbiB[m2b ?û`Bi�B2Mi
H2m`b T`QT`Bûiûb BMi2MiBQMM2HH2b /2b +`Qv�M+2b [mǶBHb b2`p2Mi ¨ 2t@
T`BK2`X .�Mb +2ii2 T2`bT2+iBp2- H2b T`QT`Bûiûb bûK�MiB[m2b /2b
`2T`ûb2Mi�iBQMb K2Mi�H2b b2 i`Qmp2Mi ¨ H� #�b2 /2 HǶû/B}+2X *2
bQMi H2b `2T`ûb2Mi�iBQMb K2Mi�H2b [mB bQMi /Qiû2b /2 H� T`QT`Bûiû
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/2 TQ`i2` bm` 2M T`2KBĕ`2 BMbi�M+2 c iQmi +2 [mB 2bi BMi2MiBQM@
M2H ?û`Bi2 bQM BMi2MiBQMM�HBiû- /B`2+i2K2Mi Qm BM/B`2+i2K2Mi- /2
HǶBMi2MiBQMM�HBiû /2b `2T`ûb2Mi�iBQMb K2Mi�H2bX

1M TQbimH�Mi H2 +�`�+iĕ`2 bvK#QHB[m2 /2 H� T2Mbû2 6Q/Q` TH�+2 HǶûim/2 /m
H�M;�;2 bm` H2 TH�M +Q;MBiB7X *2 TQBMi /2 pm2 T2`K2i /2 b2 /û7�B`2 /2 H�
+QM+2TiBQM /ǶmM +Q/2 HBM;mBbiB[m2 [mB b2`�Bi /ûi�+?û /2 bQM mb�;2 T�` /2b
bmD2ib T�`H�Mib- +�` BH �/K2i [m2 H� p�H2m` bûK�MiB[m2 /2b ûMQM+ûb [mǶBHb
T`Q/mBb2Mi `ûbB/2 /2 7�ÏQM T`BKBiBp2 /�Mb H2m` T2Mbû2X G� bûKBQb2 Ĝ ¨ b�pQB` H2
T`Q+2bbmb /2 +`û�iBQM /2 b2Mb [m2 K2i 2M Q2mp`2 Ŀ iQmi āi`2 [mB +QKKmMB[m2
�p2+ /Ƕ�mi`2b āi`2b bm` H� #�b2 /ǶmM [m2H+QM[m2 bvbiĕK2 /2 +QKKmMB+�iBQM ŀ
(Rye) UTX k8V Ĝ /2p`�Bi- bB HǶQM bmBi 6Q/Q`- āi`2 +QMbB/û`û +QKK2 mM T`Q+2bbmb
+Q;MBiB7X *Ƕ2bi �BMbB [m2 bǶQmp`2 ¨ MQmb H2 +?�KT /2 H� bûKBQiB[m2 +Q;MBiBp2X

a2 TH�+2` /�Mb H2 /QK�BM2 /2 H� bûKBQiB[m2 +Q;MBiBp2 T2`K2i- /Ƕ�T`ĕb H2
HBM;mBbi2 2i bûKBQHQ;m2 #2H;2 C2�M@J�`B2 EHBMF2M#2`; (Re3)- /2 b2 /Bbi�M+2`
/2b /2mt T`BM+BT�mt +Qm`�Mib /2 T2Mbû2 /2 H� bûKBQiB[m2 , /ǶmM +Ƭiû- H2b `�iBQ@
M�HBbi2b /2 i`�/BiBQM b�mbbm`B2MM2 Ĝ H� bûKBQHQ;B2 Ĝ /û72M/�Mi mM2 �miQMQKB2
/2b bB;M2b T�` `�TTQ`i �m KQM/2- +?�[m2 bB;M2 b2 /û}MBbb�Mi b2mH2K2Mi T�`
QTTQbBiBQM- +Ƕ2bi@¨@/B`2 [mǶmM ûHûK2Mi /m bvbiĕK2 b2 /ûi2`KBM2 2bb2MiB2HH2@
K2Mi T�` iQmi +2 [mǶBH MǶ2bi T�b c /2 HǶ�mi`2- H� T2Mbû2 T`�;K�iB[m2 /2 S2B`+2
UbûKBQiB[m2V �++Q`/�Mi THmb /2 TH�+2 ¨ HǶ2tTû`B2M+2 /�Mb HǶûH�#Q`�iBQM /m
b2Mb- KāK2 bB- H¨ û;�H2K2Mi- Ŀ H2b Q#D2ib bQMi ǳ`û2HbǴX *Ƕ2bi@¨@/B`2 BM/ûT2M@
/�Mib /2 HǶB/û2 [m2 MQmb MQmb 2M 7�BbQMbX ŀ *2 bQMi 2mt [mB- Ŀ bǶBKTQb�Mi ¨
MQmb- /û+H2M+?2Mi H2 T`Q+2bbmb /2 bûKBQb2 ŀ UTX jVX

*QKK2 MQmb HǶ�pQMb bQmHB;Mû- H2b /2mt i`�/BiBQMb Ĝ bûKBQHQ;B2 2i bûKBQ@
iB[m2 Ĝ bǶ�++Q`/2Mi /QM+ bm` mM2 bûT�`�iBQM 2Mi`2 H2 KQM/2 2tiû`B2m` 2i H2b
bvK#QH2b [mB- T�` H2 T`Q+2bbmb /2 bûKBQb2- H2 /ûMQi2MiX .m 7�Bi /2 +2ii2 bû@
T�`�iBQM- BH �TT�`�ŗi [m2 H2b T?�b2b /ǶûH�#Q`�iBQM 2i /2 i`�Mb7Q`K�iBQM /ǶmM
bvbiĕK2 /2 bB;M2b bQB2Mi `2M/m2b BM2tTHB+�#H2b /�Mb +2 +�/`2 i`�/BiBQMM2HX
Ŀ *QKK2Mi H2 b2Mb ûK2`;2@i@BH /2 HǶ2tTû`B2M+2 \ S`Q#HĕK2 B``Bi�MiX AH TQb2 2M
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2z2i H� [m2biBQM /m HB2M [mB b2 MQm2 2Mi`2 mM b2Mb [mB b2K#H2 M2 T�b �pQB`
/2 7QM/2K2Mi T?vbB[m2 2i H2b biBKmH�iBQMb T?vbB[m2b T`Qp2M�Mi /m KQM/2
2tiû`B2m`- biBKmH�iBQMb [mB- +QKK2 i2HH2b- M2 b2K#H2Mi T�b �pQB` /2 b2Mb ŀ
UTX RVX

*2i �TT2H /2 EHBMF2M#2`; Ĝ SQm` mM2 bûKBQiB[m2 +Q;MBiBp2 Ĝ 7�Bi �BMbB
û+?Q �m +QMbi�i /2 6Q/Q` (RRd) bm` H2 T�`�HHûHBbK2 Ŀ iQmi bBKTH2K2Mi i`QT
7`�TT�Mi ŀ 2Mi`2 H2b ûi�ib K2Mi�mt 2i H2b bvK#QH2b [mB H2b 2tT`BK2Mi- +QMbi�i
`2H�vû /�Mb H� +`BiB[m2 /m KQ/ĕH2 /m +Q/2 7Q`KmHû2 /�Mb H2b �MMû2b 3y T�`
H2 HBM;mBbi2 7`�MÏ�Bb .�M aT2`#2` 2i H� HBM;mBbi2 #`Bi�MMB[m2 .2B`/`2 qBHbQM
(k38) 2i /QMi pQB+B mM H�`;2 2ti`�Bi UTX R33@RN3V ,

G� +QKKmMB+�iBQM 2bi mM T`Q+2bbmb [mB 7�Bi BMi2`p2MB` /2mt /BbTQ@
bBiB7b /2 i`�Bi2K2Mi /2 HǶBM7Q`K�iBQMX G2 T`2KB2` KQ/B}2 HǶ2MpB`QM@
M2K2Mi T?vbB[m2 /m b2+QM/X AH 2M `ûbmHi2 [m2 H2 b2+QM/ Kû+�MBbK2
+QMbi`mBi /2b `2T`ûb2Mi�iBQMb b2K#H�#H2b ¨ +2HH2b [mB bQMi /ûD¨ biQ@
+Fû2b /�Mb H2 T`2KB2` Kû+�MBbK2X G� +QKKmMB+�iBQM Q`�H2- T�`
2t2KTH2- +QMbBbi2 2M mM2 KQ/B}+�iBQM T�` H2 HQ+mi2m` /2 HǶ2MpB`QM@
M2K2Mi �+QmbiB[m2 /2 bQM �m/Bi2m` [mB /û#Qm+?2 bm` H� 7Q`K�iBQM
T�` HǶ�m/Bi2m` /2 T2Mbû2b b2K#H�#H2b ¨ +2HH2b /m HQ+mi2m`X
G� [m2biBQM [mB b2 TQb2 2bi H� bmBp�Mi2 , +QKK2Mi mM biBKmHmb
T?vbB[m2 T2mi@BH Q++�bBQMM2` H� bBKBH�`Biû `2[mBb2 2Mi`2 `2T`ûb2M@
i�iBQMb- �HQ`b [mǶBH MǶv � /2 bBKBH�`Biû /Ƕ�m+mM2 bQ`i2 2Mi`2 H2 biB@
KmHmb /ǶmM2 T�`i U/2b QM/2b bQMQ`2bV 2i H2b `2T`ûb2Mi�iBQMb [mǶBH
Q++�bBQMM2 /Ƕ�mi`2 T�`i U/2b T2Mbû2b ?mK�BM2bV \ .Ƕ�`BbiQi2 �mt
bûKBQiB[m2b KQ/2`M2b- iQmi2b H2b i?ûQ`B2b /2 H� +QKKmMB+�iBQM
b2 bQMi 7QM/û2b bm` mM KQ/ĕH2 mMB[m2- [m2 MQmb �TT2HH2`QMb H2
KQ/ĕH2 /m +Q/2X lM +Q/2 2bi mM bvbiĕK2 [mB ûi�#HBi mM2 +Q``2b@
TQM/�M+2 2Mi`2 /2b K2bb�;2b BMi2`M2b 2i /2b bB;M�mt 2ti2`M2b-
+2 [mB T2`K2i ¨ /2mt /BbTQbBiB7b /2 i`�Bi2K2Mi /2 HǶBM7Q`K�iBQM
U[mǶBH bǶ�;Bbb2 /ǶQ`;�MBbK2b Qm /2 K�+?BM2bV /2 +QKKmMB[m2`X
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G2b ûMQM+ûb HBM;mBbiB[m2b- [mB bQMi H2b KQv2Mb H2b THmb BKTQ`i�Mib
/2 H� +QKKmMB+�iBQM ?mK�BM2- T�`pB2MM2Mi ¨ +QKKmMB[m2` /2b
T2Mbû2b c HǶ?vTQi?ĕb2 b2HQM H�[m2HH2 H2b ûMQM+ûb bQMi /2b bB;M�mt
[mB 2M+Q/2Mi /2b T2Mbû2b b2K#H2 2tTHB[m2` +2 7�BiX *2T2M/�Mi- 2HH2
M2 /û+`Bi T�b H2b /QMMû2b /2 7�ÏQM �/û[m�i2 , H� +QKT`û?2MbBQM
BKTHB[m2 THmb [m2 H2 /û+Q/�;2 /m K2bb�;2 HBM;mBbiB[m2X "B2M [mǶQM
TmBbb2 pQB` mM H�M;�;2 +QKK2 mM +Q/2 �bbQ+B�Mi /2b `2T`ûb2Mi�@
iBQMb T?QMûiB[m2b /2 T?`�b2b ¨ /2b `2T`ûb2Mi�iBQMb bûK�MiB[m2b
/2 +2b T?`�b2b- mM2 H�`;2 T�`i /2b i`�p�mt 2M Tbv+?QHBM;mBbiB[m2-
2M T`�;K�iB[m2 2i 2M T?BHQbQT?B2 /m H�M;�;2 KQMi`2 [mǶBH v �
mM ;Qmz`2 2Mi`2 H2b `2T`ûb2Mi�iBQMb bûK�MiB[m2b /2b T?`�b2b 2i
H2b T2Mbû2b `û2HH2K2Mi +QKKmMB[mû2b T�` H2b ûMQM+ûbX *2 ;Qmz`2
MǶ2bi T�b +QK#Hû T�` THmb /2 +Q/�;2- K�Bb T�` HǶBM7û`2M+2X

G� bB;MB}+�iBQM M2 `ûbB/2 /QM+ T�b 2bb2MiB2HH2K2Mi /�Mb H2b +Q/2b [m2 MQmb
miBHBbQMb TQm` +QKKmMB[m2` K�Bb bǶBMb+`Bi û;�H2K2Mi /�Mb H2 +QMi2ti2 /ǶmiB@
HBb�iBQM /2 +2 +Q/2X *QMi2ti2 /QBi B+B bǶ2Mi2M/`2 ¨ H� 7QBb +QKK2 HǶ2Mb2K#H2
/m i2ti2 [mB 2MiQm`2 HǶûMQM+û U�m[m2H bǶBMiû`2bb2 H� T`�;K�iB[m2V K�Bb �mbbB
+QKK2 iQmb H2b T�`�Kĕi`2b �v�Mi i`�Bi ¨ H� bBim�iBQM /ǶûMQM+B�iBQM [mB bQMi-
2mt- /m `2bbQ`i /2 H� bQ+BQHBM;mBbiB[m2X G2 b2Mb /ǶmM ûMQM+û- pQB`2 /ǶmM i2`K2-
T2mi 2M 2z2i p�`B2` 2M 7QM+iBQM /2 +2 [mB pB2Mi /Ƕāi`2 /Bi- K�Bb �mbbB 2M 7QM+@
iBQM /2 HǶB/2MiBiû /m HQ+mi2m`- /2 b� K�MBĕ`2 /2 bǶ2tT`BK2`- /2 b2b BMi2MiBQMb-
/2 HǶ2M/`QBi Qɍ BH b2 i`Qmp2- /m KQK2Mi /�Mb H2[m2H BH bǶ2tT`BK2 2i /2 HǶB/2MiBiû
/2 bQM Qm b2b BMi2`HQ+mi2m`bX

�BMbB- b2mH mM /û+HQBbQMM2K2Mi i?ûQ`B[m2 2Mi`2 H2b bvbiĕK2b /2 bB;M2b 2i
H2 KQM/2 T2`K2i /Ƕ2tTHB[m2` H2b T?ûMQKĕM2b /2 p�`B�iBQM /2b H�M;m2b- p�`B�@
iBQM TQm`i�Mi BM?û`2Mi2 ¨ +2b bvbiĕK2b (Rd9- Rj8)X *Ƕ2bi TQm`[mQB EHBMF2M#2`;
(Re3) 2M �TT2HH2 ¨ mM2 MQmp2HH2 �TT`Q+?2 /2 H� bûKBQiB[m2X SQm` HmB Ŀ BH bǶ�;Bi
/2 T`2M/`2 �m bû`B2mt H� 7Q`KmH2 b2HQM H�[m2HH2 H� bûKBQiB[m2 bǶQ++mT2 /2 H�
ǳT`Q/m+iBQM /m b2MbǴ (XXX) +QKK2Mi H2 b2Mb 2bi@BH T`Q/mBi \ +QKK2Mi p�`B2@i@
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BH \ +QKK2Mi +?�M;2@i@BH \ ŀ UTX RkVX G2 bûK�MiB+B2M 7`�MÏ�Bb 6`�MÏQBb _�biB2`
(k89) � mM2 �bTB`�iBQM bBKBH�B`2 2i bQmHB;M2 [mǶĿ BH +QMpB2Mi /2 `2TH�+2` H�
[m2biBQM /2 H� bûKBQbBb �m +2Mi`2 /2 H� `2+?2`+?2- �HQ`b [m2 H� `û~2tBQM T`Q@
T`2K2Mi bûKBQiB[m2 � T`�iB[m2K2Mi /BbT�`m /2 H� HBM;mBbiB[m2 ŀ (dN) UTX eVX
*Ƕ2bi #B2M H2 T`Q+2bbmb [mB HB2 MQi`2 +QKKmMB+�iBQM ¨ MQb b2Mb [mB /QBi- /2
HǶ�pBb /2 +2b �mi2m`b āi`2 `2TH�+û �m +Q2m` /2 H� `2+?2`+?2X

S�`�HHĕH2K2Mi- EHBMF2M#2`; (Re3) `�TT2HH2 [mǶmM2 /2b �K#BiBQMb /2 H� bû@
KBQiB[m2- 7Q`KmHû2 MQi�KK2Mi T�` JQ``Bb 2i S2B`+2- ûi�Bi /Ƕ�K2M2` mM /B�@
HQ;m2 2Mi`2 H2b b+B2M+2bX AH pQBi /�Mb H� bûKBQiB[m2 +Q;MBiBp2 H� TQbbB#BHBiû
/ǶĿ �#�ii`2 H� Km`�BHH2 [m2 H2 bi`m+im`�HBbK2 �p�Bi û/B}û2 2Mi`2 H2b +Q/2b 2i
H2b bmD2ib bQ+B�mtX J�Bb bQM BMiû`āi T`BM+BT�H 2bi T2mi@āi`2 /Ƕ2M �#�ii`2 mM2
�mi`2- ¨ T`2KBĕ`2 pm2 THmb BM7`�M+?Bbb�#H2 , +2HH2 [mB bûT�`2 H2b b+B2M+2b ?m@
K�BM2b /2b b+B2M+2b /2 H� M�im`2 ŀ UTX RkVX

*QKK2 MQmb H2 /û+`B`QMb B+B Ĝ MQi�KK2Mi /�Mb H2b +?�TBi`2b +QMb�+`ûb
¨ H� K2bm`2b UNV 2i ¨ HǶ?BbiQB`2 /2b T`�iB[m2b /2 [m�MiB}+�iBQM URRV Ĝ /2b
KQ/ĕH2b /2 b+B2M+2b ?mK�BM2b QMi T�`7QBb i`Qmpû /2b �TTHB+�iBQMb 2M b+B2M+2b
/2 H� M�im`2 c ¨ HǶBMp2`b2 , /2b KQ/ĕH2b T`QT`2b �mt b+B2M+2b /2 H� M�im`2 QMi
ûiû 2i bQMi miBHBbûb 2M b+B2M+2b ?mK�BM2b c H� bi�iBbiB[m2 2bi mM 2t2KTH2 iQmi ¨
7�Bi ivTB[m2 /2 +2 KûH�M;2 ûTBbiûKQHQ;B[m2 c MQmb HǶ�#Q`/2`QMb THmb 2M /ûi�BH
2M b2+iBQM RRXjX

aB +2 ivT2 T`Q}i�#H2 /2 KûH�M;2b � Tm b2 +QM+`ûiBb2` T�` H2 T�bbû- EHBMF2M@
#2`; pQBi- bQmb HǶBM~m2M+2 /m +Qm`�Mi /û+QMbi`m+iBpBbi2- H2 `Bb[m2 /ǶmM /BpQ`+2
iQi�H 2Mi`2 +2b +?�KTb b+B2MiB}[m2b c +Ƕ2bi H� `�BbQM [mB HǶ�KĕM2 ¨ /û72M/`2
mM2 bûKBQiB[m2 +Q;MBiBp2 Ŀ #`�M+?û2 ¨ H� 7QBb bm` H2b b+B2M+2b ?mK�BM2b 2i bm`
H2b b+B2M+2b /2 H� M�im`2 T�` HǶBMi2`Kû/B�B`2 /2b b+B2M+2b +Q;MBiBp2b ŀX SQm` HmB-
Ŀ bmb+Bi2` +2 /B�HQ;m2- +2 MǶ2bi T�b b2mH2K2Mi /QMM2` mM2 MQmp2HH2 D2mM2bb2 ¨
H� /Bb+BTHBM2 [mB bǶ2bi +`ûû2 BH v � mM bBĕ+H2X *Ƕ2bi �mbbB HmB /QMM2` +2ii2 ûTBb@
iûKQHQ;B2 bQHB/2 /QMi 2HH2 � #2bQBM ŀ UTX RjV- +Ƕ2bi@¨@/B`2- 2M /Ƕ�mi`2b i2`K2b-
HǶBMb+`B`2 /�Mb mM T�`�/B;K2 KQ/2`M2- `ûbQHmK2Mi iQm`Mû p2`b HǶ2KTB`BbK2X
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*?�TBi`2 9

G� bûKBQiB[m2 +Q;MBiBp2

.�Mb +2 +?�TBi`2- MQmb �HHQMb 2tTHQ`2` H� /û}MBiBQM /2 H� bûKBQiB[m2 +Q;MB@
iBp2X CQ`/�M wH�i2p (jRR) /m *2Mi`2 7Q` *Q;MBiBp2 a2KBQiB+b /2 HǶmMBp2`bBiû /2
GmM/ 2M amĕ/2 2M #`Qbb2 mM TQ`i`�Bi /�Mb bQM �`iB+H2 *Q;MBiBp2 a2KBQiB+b ,
�M 2K2`;BM; }2H/ 7Q` i?2 i`�Mb/Bb+BTHBM�`v bim/v Q7 K2�MBM;X AH v /û}MBi H�
bûKBQiB[m2 +Q;MBiBp2 +QKK2 mM2 K�i`B+2 BMi2`/Bb+BTHBM�B`2 �v�Mi TQm` #mi /2
/û+`B`2 H2 b2MbX *Ƕ2bi Ŀ mM +?�KT �v�Mi HǶ�K#BiBQM /ǶBMiû;`2` H2b Kûi?Q/2b
2i H2b i?ûQ`B2b /ûp2HQTTû2b /�Mb /2b /Bb+BTHBM2b /2b b+B2M+2b +Q;MBiBp2b 2i /2b
Kûi?Q/2b 2i i?ûQ`B2b Bbbm2b /2 H� bûKBQiB[m2 2i /2b ?mK�MBiûb- �p2+ TQm`
}M�HBiû /2 7Qm`MB` mM MQmp2�m `2;�`/ bm` H� bB;MB}+�iBQM ?mK�BM2 2i /2 b2b
K�MB72bi�iBQMb /�Mb H2b T`�iB[m2b +mHim`2HH2b ŀ UTX R c i`�/mBi /2 HǶ�M;H�BbVX AH
�DQmi2 [m2 +2ii2 /û}MBiBQM TQm``�Bi āi`2 ûi2M/m2 �m /QK�BM2 /2 H� bB;MB}+�@
iBQM MQM@?mK�BM2X

wH�i2p BMbBbi2 bm` H2 7�Bi [mǶBH MǶv � T�b /Ƕû+QH2 Qm /2 +Qm`�Mi /2 bûKBQiB[m2
+Q;MBiBp2 2i 2M+Q`2 KQBMb /2 i?ûQ`B2 T�`iB+mHBĕ`2 c #2�m+QmT /2 +?2`+?2m`b
�TT�`iB2MM2Mi 2M 2z2i- b2HQM HmB- ¨ +2 KQmp2K2Mi b�Mb TQm` �mi�Mi bǶ2M `2@
p2M/B[m2` UTX kVX AH /BbiBM;m2 H� bûKBQiB[m2 +Q;MBiBp2 Ĝ ûK2`;2�Mi /�Mb H2b
�MMû2b RNNy- �p2+ HǶQmp`�;2 TBQMMB2` PM JBM/b �M/ avK#QHb , h?2 _2H2p�M+2
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Q7 *Q;MBiBp2 a+B2M+2 7Q` a2KBQiB+b /2 .�//2bBQ (d8) Ĝ /2b b+B2M+2b +Q;MBiBp2b-
[mB HmB bQMi �Miû`B2m`2b /ǶmM2 [m�`�Mi�BM2 /Ƕ�MMû2b- �{`K�Mi [m2 +2 MQmp2�m
+?�KT 2bi THmb �M+`û /�Mb H2 T�`�/B;K2 /2b b+B2M+2b ?mK�BM2bX wH�i2p (jRR)
7�Bi mM2 bvMi?ĕb2 2M 8 TQBMib T2`K2ii�Mi /2 KB2mt +�`�+iû`Bb2` H� bûKBQiB[m2
+Q;MBiBp2 UTX Rj@R3V ,

RV lM2 +QK#BM�BbQM T`Q/m+iBp2 /2 i?ûQ`B2 UbûKBQiB[m2V 2i /2 `2@
+?2`+?2 2KTB`B[m2 , G2b i?ûQ`B2b bûKBQiB[m2b b2 bQMi 2M T�`iB+mHB2` T2M@
+?û2b bm` /2b +QM+2Tib +QKTH2t2b +QKK2 H2 b2Mb- HǶmiBHBb�iBQM 2i H� +H�bbB}+�@
iBQM /2b bB;M2b- H2b Kû+�MBbK2b /2 `2T`ûb2Mi�iBQM- HǶBMi2`bm#D2+iBpBiû- 2i+X AH
MǶ2bi T�b �Bbû /2 K2M2` /2b `2+?2`+?2b 2KTB`B[m2b [mB +QMi`B#m2Mi ¨ bQmi2@
MB` +2ii2 i?ûQ`B2- iQmi 2M T2`K2ii�Mi /2 H� 7�B`2 ûpQHm2`X *Ƕ2bi +2T2M/�Mi +2
¨ [mQB �bTB`2 H� bûKBQiB[m2 +Q;MBiBp2 2i +Ƕ2bi û;�H2K2Mi +2 [mB T2`K2i ¨ H�
bûKBQiB[m2 +H�bbB[m2 /2 b2 /û+HQBbQMM2` 2M bǶ2ti`�v�Mi /ǶmM2 pBbBQM i`�/BiBQM@
M2HH2 /�Mb H�[m2HH2 H2 KQM/2 /2b bB;M2b 2i H2 KQM/2 2tiû`B2m` bQMi bi`B+i2K2Mi
bûT�`ûbX

kV h`B�M;mH�iBQM Kûi?Q/QHQ;B[m2 2Mi`2 T`�iB[m2b bm#D2+iBp2b- T`�@
iB[m2b BMi2`bm#D2+iBp2b 2i T`�iB[m2b Q#D2+iBp2b , wH�i2p BMbBbi2 bm`
H� THm`�HBiû /2b �TT`Q+?2b Kûi?Q/QHQ;B[m2b B/û�H2K2Mi KBb2b 2M TH�+2 /�Mb
HǶûim/2 /ǶmM2 T`Q#HûK�iB[m2 /2 bûKBQiB[m2 +Q;MBiBp2X AH �TT2HH2 ¨ mM2 i`B�M;m@
H�iBQM 2Mi`2 mM2 T2`bT2+iBp2 /2 T`2KBĕ`2 T2`bQMM2 Ubm#D2+iBp2 , H2 +?2`+?2m`V
+QKK2 HQ`b /ǶmM2 �M�Hvb2 +QM+2Tim2HH2 Qm /ǶmM TQbBiBQMM2K2Mi i?ûQ`B[m2
Qm T?BHQbQT?B[m2 c mM2 T2`bT2+iBp2 /2 /2mtBĕK2 T2`bQMM2 UBMi2`bm#D2+iBp2V
¨ HǶBMbi�` /ǶmM2 �TT`Q+?2 2i?MQKûi?Q/QHQ;B[m2 c 2i mM2 T2`bT2+iBp2 /2 i`QB@
bBĕK2 T2`bQMM2 UQ#D2+iBp2V /�Mb mM2 /ûK�`+?2 2bb2MiB2HH2K2Mi 2KTB`B[m2X AH
bǶ�;Bi- 2M /Ƕ�mi`2b i2`K2b- /ǶmM2 +�/`2 Kûi?Q/QHQ;B[m2 KBb�Mi /ǶmM2 T�`i bm`
H� bm#D2+iBpBiû 2i HǶBM+HmbBQM /ǶmM +�/`2 bQ+BQ@+mHim`2H 2i /Ƕ�mi`2 T�`i bm` /2
HǶ�M�Hvb2 /2 /QMMû2b /2 i2``�BMX *2i �TT2H ¨ mM2 i`B�M;mH�iBQM Kûi?Q/QHQ@



8d

;B[m2 7�Bi 7Q`i2K2Mi û+?Q ¨ +2 T�bb�;2 /2 +2HmB [m2 HǶQM +QMbB/ĕ`2 +QKK2 H2
Tĕ`2 /2 H� bQ+BQHBM;mBbiB[m2 Ĝ qBHHB�K G�#Qp (Rd9) Ĝ /�Mb H2[m2H BH 7Q`KmH2
mM2 +`BiB[m2 /m bi`m+im`�HBbK2 UTX j8y@j8RV ,

(XXX) HǶ�M�Hvb2 /m H�M;�;2 ?Q`b +QMi2ti2- 2M i�Mi [m2 /QK�BM2 �miQ@
MQK2- bm#bBbi2`� b�Mb �m+mM /Qmi2 , +QKK2 iQmDQm`b- BH v �m`� /2b
HBM;mBbi2b TQm` +QMb�+`2` iQmi H2m` i2KTb ¨ HǶ�M�Hvb2 /2 H2m`b BM@
imBiBQMb bm` H� H�M;m2- 2i /Ƕ�mi`2b TQm` ûim/B2` H2b i2ti2b Qm TQm`
+QM/mB`2 /2b 2tTû`B2M+2b /2 H�#Q`�iQB`2X JQM �pBb 2bi [m2- /2 THmb
2M THmb- +2 ;2M`2 /Ƕ�+iBpBiûb b2 p2``� �TT`û+Bû +QKK2 mM T`ûHBKB@
M�B`2 BM/BbT2Mb�#H2 ¨ HǶûH�#Q`�iBQM /ǶmM2 `2+?2`+?2X J�Bb /ûbQ`@
K�Bb- H� i?ûQ`B2 HBM;mBbiB[m2 M2 TQm``� T�b THmb /û/�B;M2` H2 +QK@
TQ`i2K2Mi bQ+B�H /2b bmD2ib T�`H�Mib [m2 H� +?BKB2 M2 T2mi B;MQ`2`
H2b T`QT`Bûiûb Q#b2`p�#H2b /2b ûHûK2MibX PM M2 KûT`Bb2 T�b BKTm@
MûK2Mi H2b /QMMû2b [mǶQz`2 H� +QKKmM�miû HBM;mBbiB[m2 (XXX) .ĕb
HQ`b [m2 MQmb ûH�`;BbbQMb MQi`2 pBbBQM /m H�M;�;2- mM2 TQbbB#BHBiû
bǶQz`2 ¨ MQmb , �pQB` `�BbQM c +Ƕ2bi@¨@/B`2 i`Qmp2` /2b `ûTQMb2b [m2
+QM}`K2 mM MQK#`2 BHHBKBiû /2 K2bm`2b `2T`Q/m+iB#H2b- i2HH2b [m2
H2b /û7Q`K�iBQMb [mǶBMi`Q/mBi BMûpBi�#H2K2Mi HǶQ#b2`p�i2m` bQMi
�MMmHû2b T�` H� +QMp2`;2M+2 2i H� /Bp2`bBiû /2b Kûi?Q/2bX

� #B2M v `2;�`/2`- G�#Qp M2 7�Bi T�b mM2 +`BiB[m2 �#bQHm2 /2b �TT`Q+?2b bm#@
D2+iBp2b 2i BMi2`bm#D2+iBp2b /2 H� `2+?2`+?2 2M HBM;mBbiB[m2 c BH 2biBK2 THmiƬi
[mǶ2HH2b /2p`�B2Mi 7QM+iBQMM2` /2 7�ÏQM +QKTHûK2Mi�B`2 �p2+ H� `2+?2`+?2 2K@
TB`B[m2- BMbBbi�Mi KāK2 bm` H2 7�Bi [mǶ2HH2 2bi H� pQB2 ¨ bmBp`2 TQm` Ŀ �pQB`
`�BbQM ŀX G� i`B�M;mH�iBQM Kûi?Q/QHQ;B[m2 /2 H� bûKBQiB[m2 +Q;MBiBp2 bǶBMb@
+`Bi /QM+ /�Mb H2 T`QHQM;2K2Mi /2 HǶ�TT`Q+?2 /û72M/m2 T�` G�#Qp /2TmBb
H2b �MMû2b RNdy , H� bm#D2+iBpBiû- HǶ2tT2`iBb2 2i H2b BMimBiBQMb /m +?2`+?2m`
/QBp2Mi b2 MQm``B` /Ƕûim/2b 2KTB`B[m2b `2T`Q/m+iB#H2b T2`K2ii�Mi /2 +QM}`@
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K2` 2i `2M7Q`+2` H� i?ûQ`B2 c T�`7QBb- +2b `ûbmHi�ib T2`K2ii`QMi- �m +QMi`�B`2-
/ǶBM}`K2` mM2 ?vTQi?ĕb2 Qm mM2 BMimBiBQM- K2M�Mi �HQ`b ¨ mM2 `27Q`KmH�iBQM
/2 H� i?ûQ`B2X

G� i`B�M;mH�iBQM Kûi?Q/QHQ;B[m2 2bi �m +Q2m` /2 +2 i`�p�BH- MQM b2mH2K2Mi
T�`+2 [m2 MQmb v `2+Qm`QMb- K�Bb û;�H2K2Mi T�`+2 [mǶ2HH2 T`ûb2Mi2 mM HB2M 7Q`i
�p2+ H2 bmD2i [mB MQmb Q++mT2 , HǶBM7Q`K�iBQM bi�iBbiB[m2X *2ii2 BM7Q`K�iBQM 2bi
2bb2MiB2HH2K2Mi 7Qm`MB2 T�` mM2 �TT`Q+?2 2KTB`B[m2 c K�Bb- MQmb H2 p2``QMb- H2b
T2M/�Mib bm#D2+iB7b 2i BMi2`bm#D2+iB7b /2 H� `2+?2`+?2 bQMi i`ĕb BKTQ`i�Mib- +�`
BHb T2`K2ii2Mi �m +?2`+?2m` /2 KB2mt +QKT`2M/`2 H2b i2``�BMb [mǶBH Q#b2`p2
2i /2 b�BbB` [m2Hb �bT2+ib /2 bQM i`�p�BH M2 bQMi T�b K2bm`�#H2b 2i H2b `�BbQMb
TQm` H2b[m2HH2b +2`i�BMb BM/B+�i2m`b /QBp2Mi āi`2 BMi2`T`ûiûb �p2+ T`m/2M+2X

jV AM~m2M+2 /2 H� T?ûMQKûMQHQ;B2 , lM �mi`2 �bT2+i 2bb2MiB2H /2 H�
bûKBQiB[m2 +Q;MBiBp2- i2HH2 [m2 /û+`Bi2 T�` wH�i2p (jRR)- 2bi /Ƕ�TT`û?2M/2` H2
KQM/2 i2H [mǶBH b2 /QMM2- ¨ b�pQB` ¨ i`�p2`b HǶQ#b2`p�iBQM /2b T?ûMQKĕM2bX AH
û+`Bi [m2 H� `2+?2`+?2 /�Mb +2 +?�KT Ŀ T�`i /2 HǶ2tTû`B2M+2 2HH2@KāK2 2i 7Qm`@
MBi /2b /2b+`BTiBQMb /2 T?ûMQKĕM2b /m KQM/2 (XXX) THmiƬi [m2 /2 +QMbi`mB`2
/2b /Q+i`BM2b Kûi�T?vbB[m2b- bmBp�Mi /2b T`QiQ+QH2b 7Q`K2Hb- Qm /2 TQbim@
H2` HǶ2tBbi2M+2 /2 Kû+�MBbK2b BM+QMb+B2Mib [mB ǳT`Q/mB`�B2MiǴ HǶ2tTû`B2M+2 ŀ
UTX R9 c i`�/mBi /2 HǶ�M;H�BbVX *2ii2 +`BiB[m2 `2H�B2 HǶ�pBb /2b bQ+BQHBM;mBbi2b
q2BM`2B+?- G�#Qp 2i >2`xQ; (jy9) [mB 2tTHB[m2Mi /�Mb +2 T�bb�;2 2M [mQB
HǶ�TT`Q+?2 bi`m+im`�HBbi2- 2bb2MiB2HH2K2Mi /û/m+iBp2- b2 ?2m`i2 �m +QMbi�i /2
HǶ2tBbi2M+2 /2 p�`B�iBQMb /�Mb HǶmiBHBb�iBQM /2b H�M;m2b UTX Ryy@RyRV ,

AH v � 2m Dmb[mǶ¨ T`ûb2Mi mM /ûb�++Q`/ 2Mi`2 HǶ?ûiû`Q;ûMûBiû +QMbi�@
iû2 2i HǶ�TT`Q+?2 bi`m+im`�HBbi2 /m H�M;�;2 (XXX)- +�` THmb H2b HBM@
;mBbi2b ûi�B2Mi 7`�TTûb /2 HǶ2tBbi2M+2 /2 bi`m+im`2b /�Mb H2 H�M@
;�;2- THmb BHb ûi�v�B2Mi +2ii2 Q#b2`p�iBQM �m KQv2M /Ƕ�`;mK2Mib
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/û/m+iB7b [m�Mi �mt �p�Mi�;2b 7QM+iBQMM2Hb /ǶmM2 bi`m+im`2- 2i
THmb H2 T�bb�;2 /ǶmM ûi�i /2 H�M;m2 ¨ mM �mi`2 H2m` /2p2M�Bi Kvb@
iû`B2mt RX

*2ii2 BM+�T�+Biû /2b �TT`Q+?2b Tm`2K2Mi /û/m+iBp2b /m +Qm`�Mi bi`m+im@
`�HBbi2 ¨ 2tTHB[m2` H� p�`B�iBQM HBM;mBbiB[m2 BM+Bi2 H2b +?2`+?2m`b KQ/2`M2b
¨ �/QTi2` mM2 �TT`Q+?2 BM/m+iBp2- `2M/�Mi 2z2+iBp2K2Mi +QKTi2 /2b `û�HB@
iûb Q#b2`pû2b �mT`ĕb /2b bmD2ib T�`H�MibX G� bûKBQiB[m2 +Q;MBiBp2- `2+Qm`�Mi-
+QKK2 MQmb HǶ�pQMb K2MiBQMMû �m TQBMi T`û+û/2Mi- ¨ H� i`B�M;mH�iBQM Kû@
i?Q/QHQ;B[m2 Ĝ 2i /QM+ û;�H2K2Mi ¨ HǶûim/2 /2b T?ûMQKĕM2b Q#b2`p�#H2b T�`
HǶ�TT`Q+?2 2KTB`B[m2 Ĝ 7�pQ`Bb2 mM2 �TT`Q+?2 BM/m+iBp2 T�`i�Mi /2b T?ûMQ@
KĕM2b Q#b2`p�#H2b TQm` 7�ÏQMM2` 2i i`�Mb7Q`K2` /2b KQ/ĕH2b i?ûQ`B[m2bX

9V G2 /vM�KBbK2 , G2b ûim/2b 2M bûKBQiB[m2 +Q;MBiBp2 bǶBMiû`2bb2Mi ¨ H�
bB;MB}+�iBQM ¨ iQmb H2b MBp2�mt- 2M BM+Hm�Mi MQi�KK2Mi H2b `2T`ûb2Mi�iBQMb
+mHim`2HH2b [mB bQMi /2b T`Q+2bbmb /vM�KB[m2b 2i MQM /2 bBKTH2b T`Q/mBib
bi�iB[m2b UTX ReVX 1M 2z2i- /Ƕ�T`ĕb wH�i2p (jRR) Ŀ H� THmT�`i /2b +?2`+?2m`b
2M bûKBQiB[m2 +Q;MBiBp2 QMi `2H2pû [m2 +QMbB/û`2` H� bB;MB}+�iBQM 2M i2`K2b
2bb2MiB2HH2K2Mi bi�iB[m2b 2i bi`m+im`2Hb 2bi BMbm{b�Mi TQm` +QKT`2M/`2 H�
M�im`2 /2 H� bûKBQb2 [mB 2bi mM T`Q+2bbmb `�iBQMM2H- bm#D2+iB7 2i bQmp2Mi BM@
i2`T`ûi�iB7 ŀ UTX Re c i`�/mBi /2 HǶ�M;H�BbVX *2ii2 TQbBiBQM T2`K2i /ǶBMb+`B`2
H2b T?ûMQKĕM2b /2 p�`B�iBQMb HBM;mBbiB[m2b /�Mb H2 +�/`2 /2 H� `2+?2`+?2 2M
bûKBQiB[m2X AH M2 bǶ�;Bi T�b mMB[m2K2Mi /2 H� p�`B�iBQM /B�+?`QMB[m2 c H� bQ+BQ@
HBM;mBbiB[m2 MQmb 2Mb2B;M2 [m2 H2 i2KTb MǶ2bi T�b mM2 +�mb2 /2 +?�M;2K2Mi-
K�Bb [m2 /2b +?�M;2K2Mib /mb ¨ /Ƕ�mi`2b /vM�KB[m2b /2 p�`B�iBQM /2b H�M;m2b
Ĝ /B�bi`�iB[m2- /B�iQTB[m2- 2i+X Ĝ H�Bbb2Mi /2b i`�+2b /�Mb H2 i2KTbX

RX h`�/mBi T�` 1M+`2pû 2i EB?K /�Mb (Rd8) UTX 9yV
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8V G� i`�Mb/Bb+BTHBM�`Biû , wH�i2p pQBi H� bûKBQiB[m2 +Q;MBiBp2 +QKK2
mM2 2MiBiû T`2M�Mi b2b `�+BM2b /�Mb THmbB2m`b /Bb+BTHBM2bX AH H� /û}MBi- /�Mb
mM T`2KB2` i2KTb- +QKK2 mM2 Ŀ K�i`B+2 BMi2`/Bb+BTHBM�B`2 ŀ- TmBb miBHBb2
û;�H2K2Mi H2 i2`K2 Ŀ i`�Mb/Bb+BTHBM�B`2 ŀ TQm` BM/B[m2` [mǶ2HH2 M2 b2 i`Qmp2
T�b [mǶ¨ HǶBMi2`b2+iBQM /2 THmbB2m`b +?�KTbX 1M 2z2i- H� bûKBQiB[m2 +Q;MBiBp2
b2 +QMbi`mBi ¨ i`�p2`b THmbB2m`b /Bb+BTHBM2b 2i b2 TH�+2 �m@/2H¨ /2 +2HH2b@+B ,
Ŀ H� bB;MB}+�iBQM M2 +QMbiBim2 T�b mM /QK�BM2 2KTB`B[m2 bTû+B}[m2- K�Bb
b2 bBim2 #B2M THmiƬi ǳ2Mi`2 2i ¨ i`�p2`bǴ H2b /Bb+BTHBM2b ŀ UTX R3 c i`�/mBi /2
HǶ�M;H�BbVX wH�i2p ûMmKĕ`2 H2b +?�KTb bmBp�Mi /�Mb mM2 HBbi2 b�Mb T`ûi2MiBQM
/Ƕ2t?�mbiBpBiû , H� bûKBQiB[m2- H� HBM;mBbiB[m2- H� Tbv+?QHQ;B2- HǶ�Mi?`QTQHQ;B2-
H2b b+B2M+2b +Q;MBiBp2b 2i H� T?BHQbQT?B2X

*2ii2 bvMi?ĕb2 /2 wH�i2p 2bi +QKTHûiû2 T�` EHBMF2M#2`; (Re3) TQm` [mB H�
i?ĕb2 T`BM+BT�H2 /2 H� bûKBQiB[m2 +Q;MBiBp2 2bi [m2 Ŀ bûKBQiB[m2 2i +Q;MBiBQM
bQMi ûi`QBi2K2Mi HBû2b ŀ , H2 b2Mb M�ŗi /ǶmM2 BMi2`�+iBQM 2Mi`2- /ǶmM +Ƭiû- /2b
biBKmHB- 2i /2 HǶ�mi`2- /2b KQ/ĕH2bX �m 7m` 2i ¨ K2bm`2 [m2 HǶ?mK�BM ûpQHm2-
BH i`�Bi2 +Q;MBiBp2K2Mi H2b biBKmHB ¨ H� HmKBĕ`2 /2 +2b KQ/ĕH2b [mB b2 i`Qmp2Mi
2mt@KāK2b KQ/B}ûb T�` H2b biBKmHB +2 [mB- /�Mb Ŀ mM KQmp2K2Mi /Qm#H2-
[mB p� /m KQM/2 �m bmD2i bûKBQiB[m2 2i /2 +2HmB@+B �m KQM/2 ŀ +QMbiBim2
HǶ2tTû`B2M+2 UTX dVX

1M +2H� BH +QMbi�i2 [m2- TQm` +QMbi`mB`2 /m b2Mb- MQmb /ûT2M/QMb /2b
biBKmHB [mB MQmb 2MiQm`2Mi- 2i bQmHB;M2 /�Mb H2 T�bb�;2 [mB bmBi HǶBKTQ`i�M+2
/2 MQb b2Mb UTX d@3V ,

G� bi`m+im`2 bûKBQiB[m2 ûHûK2Mi�B`2 `2~ĕi2 2t�+i2K2Mi MQi`2 �+@
iBpBiû /2 T2`+2TiBQM /2b /QMMû2b KQM/�BM2b , b2MbQ`B�HBiû 2i b2Mb
bQMi ûi`QBi2K2Mi HBûbX *2 [mǶQM `ûbmK2`� /�Mb +2ii2 7Q`KmH2 , H2
b2Mb T`Q+ĕ/2 .1a b2MbX aB 2HH2 BMbBbi2 bm` H2 7�Bi [m2 H2 b2Mb ûK2`;2
/2 HǶ2tTû`B2M+2- HǶQ`B;BM�HBiû /2 H� bûKBQiB[m2 +Q;MBiBp2 2bi �BMbB
/2 K2ii`2 HǶ�++2Mi bm` H� +Q`TQ`ûBiû /2b bB;M2b , MQi`2 +Q`Tb 2bi
+2`i2b mM2 bi`m+im`2 T?vbB[m2- bQmKBb2 �mt HQBb [mǶûim/B2 H� #BQ@
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HQ;B2- K�Bb +Ƕ2bi �mbbB mM2 bi`m+im`2 pû+m2- [mB � mM2 2tBbi2M+2
T?ûMQKûMQHQ;B[m2X *Ƕ2bi HmB [mB- ;`�+2 ¨ bQM �+iBpBiû T2`+2TiBp2-
2bi H2 bBĕ;2 /2b Kû+�MBbK2b +Q;MBiB7b 2i /QM+ bûKBQiB[m2bX

.�Mb +2ii2 BMi`Q/m+iBQM ¨ H� bûKBQiB[m2 +Q;MBiBp2- MQmb �pQMb BM/B[mû 2M [mQB
H2 +?2`+?2m` 2bi �K2Mû ¨ b2 HB#û`2` /m KQ/ĕH2 /m +Q/2 iQmi 2M `ûBMp2biBbb�Mi
H2b i2`K2b 2i H2b +QM+2Tib /ûp2HQTTûb T�` H� bûKBQiB[m2 Qm H� bûKBQHQ;B2X
Ŀ 1HH2 7�Bi mM mb�;2 û;�H /2b B/û2b /2 S2B`+2- /2 a�mbbm`2- C�FQ#bQM- :`2B@
K�b- pQM l2tFɃHH Ĝ Qm /Ƕ�mi`2b Ĝ i�Mi [m2 +2b B/û2b T2`K2ii2Mi HǶûH�#Q`�iBQM
/2 `2+?2`+?2b 2KTB`B[m2b K2M�Mi ¨ mM MQmp2�m `2;�`/ bm` H� M�im`2 U2i H�
+mHim`2V ?mK�BM2 (XXX) ŀ (jRR) UTX RN c i`�/mBi /2 HǶ�M;H�BbVX

.�Mb +2 i`�p�BH- MQmb K2MQMb mM2 `2+?2`+?2 bm` HǶmiBHBb�iBQM 2i H� `2T`û@
b2Mi�iBQM /2b MQK#`2b- [m2 +2 bQBi T�` H2b +?Bz`2b- T�` H2b H�M;m2b Qm T�`
/Ƕ�mi`2b 7Q`K2bX G2b +?Bz`2b- +2b bB;M2b QKMBT`ûb2Mib /�Mb HǶ2tT`2bbBQM [mQ@
iB/B2MM2- MǶQMi `2Ïm [m2 T2m /Ƕ�ii2MiBQM /2 H� T�`i /2 H� bûKBQiB[m2- +2 [mB
M2 p2mi T�b TQm` �mi�Mi /B`2 [mǶBHb M2 bB;MB}2Mi `B2MX �m +QMi`�B`2- BH b2K@
#H2`�Bi [mǶBHb TmBbb2Mi bB;MB}2` /�Mb MǶBKTQ`i2 [m2H /QK�BM2- +�` 7Q`+2 2bi /2
`2K�`[m2` [mǶBH MǶv � T`2b[m2 THmb /2 bmD2i /Ƕ�+im�HBiû [mB TmBbb2 û+?�TT2` ¨
mM +QKK2Mi�B`2 DQm`M�HBbiB[m2 û+H�B`û T�` [m2H[m2b +?Bz`2bX

.�Mb mM T`2KB2` i2KTb- BH MQmb b2K#H�Bi +Q?û`2Mi- TQm` ûim/B2` H2b MmKû@
`�iBQMb- /2 MQmb BMb+`B`2 /�Mb HǶmM /2b +�/`2b i?ûQ`B[m2b /2 H� bûKBQHQ;B2 Qm /2
H� bûKBQiB[m2- T�`i�Mi /ǶmM2 B/û2 bi`m+im`�HBbi2 2i /2b i2`K2b /2 /2 a�mbbm`2 ,
mM bvK#QH2 T?vbB[m2- T�` 2t2KTH2 H2 +?Bz`2- 2bi H2 bB;MB}�Mi p�H�Mi TQm` mM2
[m�MiBiû- mM2 TQbBiBQM Qm mM2 ;`�M/2m` `2T`ûb2Miû2 K2Mi�H2K2Mi , H2 bB;MB}ûX
*Ƕ2bi 2M T�`+Qm`�Mi /2b �`iB+H2b b+B2MiB}[m2b Bbbmb /m /QK�BM2 /2 H� +Q;MB@
iBQM MmKû`B[m2 Ĝ /QMi BH b2`� [m2biBQM +B@�T`ĕb Ĝ [m2 MQmb �pQMb `û�HBbû [m2
H2b i2`K2b /2 +2 T`BbK2 bi`m+im`�HBbi2 MǶûi�B2Mi T�b BM+QKT�iB#H2b �p2+ H2b
`ûbmHi�ib /2 H� `2+?2`+?2 2KTB`B[m2 bm` H2b Kû+�MBbK2b /2 `2T`ûb2Mi�iBQM /2b
+?Bz`2bX
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� +2 +QMbi�i bǶ�DQmi2 H2 7�Bi [m2 H� bB;MB}+�iBQM /2b MQK#`2b 2bi 7Q`i2K2Mi
HBû2 �m +QMi2ti2 /2 H2m` miBHBb�iBQM c +2H� MQmb BM+Bi2 ¨ T2Mb2` [mǶBHb M2 T2mp2Mi
bǶBMb+`B`2 2bb2MiB2HH2K2Mi /�Mb H2 +�/`2 72`Kû /ǶmM +Q/2- K�Bb /QBp2Mi āi`2
2MpBb�;ûb /�Mb mM +QMi2ti2 THmb H�`;2 , /ǶmM2 T�`i H2 +QMi2ti2 i2tim2H- `2H2p�Mi
/2 H� T`�;K�iB[m2 c /Ƕ�mi`2 T�`i HǶ2MpB`QMM2K2Mi bQ+BQ+mHim`2H /2b ûMQM+ûb-
�M�Hvbû T�` H� bQ+BQHBM;mBbiB[m2X

*2H� 7�Bi û+?Q �mt ûHûK2Mib ûMmKû`ûb T�` wH�i2p , MQi`2 i?ûQ`B2 /2b MmKû@
`�iBQMb +QKK2 TQ`i2mb2b /2 bB;MB}+�iBQM b2 MQm``Bi /2 H� `2+?2`+?2 2KTB`B[m2
2M +Q;MBiBQM MmKû`B[m2 c MQmb K2iiQMb 2M T`�iB[m2 mM2 i`B�M;mH�iBQM Kûi?Q@
/QHQ;B[m2- �p�MÏ�Mi /ǶmM2 T�`i MQb BMimBiBQMb- iQmi 2M MQmb �TTmv�Mi bm` mM2
i?ûQ`B2 2tBbi�Mi2- 2z2+im�Mi /Ƕ�mi`2 T�`i mM i`�p�BH 2KTB`B[m2 /Ƕ�M�Hvb2 bm`
mM +Q`Tmb MQmb T2`K2ii�Mi /2 pû`B}2` MQb ?vTQi?ĕb2bX *2H� MQmb �B/2 û;�H2@
K2Mi ¨ K2ii`2 2M HmKBĕ`2 /2b T?ûMQKĕM2b i2Hb [mǶBHb b2 /QMM2Mi ¨ pQB` 2i ¨
�M�Hvb2` H2 /vM�KBbK2 2i H� p2`b�iBHBiû /2b MQK#`2bX 6BM�H2K2Mi- H� i`�Mb/Bb@
+BTHBM�`Biû 2bi �m +ƾm` /2 +2 i`�p�BH- ûi�Mi /QMMû [mǶBH KāH2 K�i?ûK�iB[m2b
Ubi�iBbiB[m2bV- b+B2M+2b +Q;MBiBp2b- bQ+BQHQ;B2- HBM;mBbiB[m2 UT`�;K�iB[m2- bû@
K�MiB[m2 2i bQ+BQHBM;mBbiB[m2V 2i bûKBQiB[m2 kX SQm` H2b `�BbQMb ûMmKû`û2b
+B@/2bbmb- BH MQmb �TT�`�ŗi [m2 MQmb MQmb BMb+`BpQMb /�Mb H2 +�/`2 /2 H� bû@
KBQiB[m2 +Q;MBiBp2X

*Ƕ2bi H� `�BbQM TQm` H�[m2HH2 H� T�`iB2 i?ûQ`B[m2 /2 +2i Qmp`�;2 bmBp`� H2
+?2KBM2K2Mi bmBp�Mi , MQmb p2``QMb- /�Mb mM T`2KB2` i2KTb- +QKK2Mi H�
`2T`ûb2Mi�iBQM /2b MQK#`2b T2mi āi`2 /û+`Bi2 �p2+ H2b QmiBHb 2i H2 H�M;�;2 /2
H� bûKBQiB[m2 UbûKBQHQ;B2V +H�bbB[m2 U8V c MQmb K2ii`QMb 2MbmBi2 +2 KQ/ĕH2
i?ûQ`B[m2 2M T2`bT2+iBp2 T�` H� +QM7`QMi�iBQM �p2+ H2b +QMM�Bbb�M+2b /BbTQ@
MB#H2b /�Mb H2 /QK�BM2 /2 H� +Q;MBiBQM MmKû`B[m2 U3V- mM2 bQmb@/Bb+BTHBM2
/2b b+B2M+2b +Q;MBiBp2b [mB ûim/B2 H2b #�b2b +Q;MBiBp2b- /ûp2HQTT2K2Mi�H2b 2i

kX LQmb M2 b�pQMb T�b #B2M bB H� bûKBQiB[m2fbûKBQHQ;B2 /QBi āi`2 `�M;û2 /�Mb H2b /Bb@
+BTHBM2b /2 H� HBM;mBbiB[m2- +2 /û#�i MǶ2bi T�b H2 MƬi`2 2i /2b Qmp`�;2b +QKTH2ib v bQMi
+QMb�+`ûb
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M2m`QHQ;B[m2b /2b MQK#`2b 2i /2b K�i?ûK�iB[m2bX G2b 2Mb2B;M2K2Mib /2 +2
/QK�BM2 /2b b+B2M+2b /2 H� M�im`2 T2`K2ii2Mi /2 Hû;BiBK2` H2 KQ/ĕH2 i?ûQ`B[m2
T`ûb2Miû 2M T`2KBĕ`2 T�`iB2 2M HmB /QMM�Mi mM2 �bbBb2 2KTB`B[m2X

LQmb MQmb ûHQB;M2`QMb 2MbmBi2 /m +Q/2 TQm` �#Q`/2` mM �bT2+i +2Mi`�H
/2 +2 i`�p�BH , H� MQiBQM /2 K2bm`2 UNV 2i H2b �mi`2b 7Q`K2b /2 [m�MiB}+�iBQM
URyV c TmBb MQmb �p�M+2`QMb p2`b HǶ?vTQi?ĕb2 /2 HǶ2tBbi2M+2 /ǶmM T`ûbmTTQbû
/2 K2bm`2 URjV /û+QmH�Mi /m Ŀ KQ/ĕH2 Kûi`QHQ;B[m2 `û�HBbi2 /2b b+B2M+2b /2
H� M�im`2 ŀ (Nk) UTX RRdVX LQmb 2tTHB[m2`QMb 2M [mQB- bǶBH 2tBbi2- +2 T`ûbmT@
TQbû �z2+i2 H� p�H2m` /2 pû`Biû /2 +2`i�BMb ûMQM+ûb +QMi2M�Mi /2b MQK#`2b-
MQi�KK2Mi /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM c +2ii2 +QMbB/û`�iBQM MQmb Kĕ@
M2`� ¨ TQb2` H� [m2biBQM /2 H� p�HB/Biû /2 +2`i�BMb QmiBHb bi�iBbiB[m2b UR9VX
LQmb MQmb i`Qmp2`QMb �HQ`b +QMDQBMi2K2Mi bm` H2 i2``�BM /2 H� T`�;K�iB[m2 Ĝ
/QK�BM2 bǶQ++mT�Mi /m +QMi2ti2 i2tim2H Qm /Bb+m`bB7 /2 HǶûMQM+û Ĝ 2i /2 H� bû@
K�MiB[m2 Ĝ [mB bǶBMiû`2bb2 ¨ H� p�H2m` /2 pû`Biû /2b ûMQM+ûbX 1M +?2KBM- MQmb
2tTHQ`2`QMb- 2Mi`2 �mi`2b- HǶ?BbiQB`2 2i H2b +QMi2ti2b +mHim`2Hb /2 HǶ�TT�`BiBQM
iQmb �xBKmib /2b +?Bz`2b 2i /2 H2m` T`Q/m+iBQM URRV 2i H2b [m2biBQMb HBû2b �m
/Bb+Qm`b /2 HǶBM7Q`K�iBQMX
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G� bûKBQiB[m2 /2b MQK#`2b

GǶ?mK�MBiû � KBb /2b KBHHûM�B`2b TQm` T�bb2` /2 H� [m�MiBiû �mt
MQK#`2bX GǶB/û2 /2 MQK#`2- [mB MQmb T�`�ŗi bB ûpB/2Mi2- 2bi HǶ�#Qm@
iBbb2K2Mi /ǶmM HQM; i`�p�BH /Ƕ�#bi`�+iBQM /2 H� T2Mbû2X *QKK2Mi
Ŀ 7�B`2 MQK#`2 ŀ \ 1M M2 pQv�Mi /�Mb +?�[m2 Q#D2i [mǶmM2 mMBiû
2i `B2M /Ƕ�mi`2X 1M T`2M�Mi Ŀ 2M +QKTi2 ŀ HǶ2tBbi2M+2 bBM;mHBĕ`2
/2b +?Qb2b- iQmi 2M `2D2i�Mi H2m`b /Bzû`2M+2b T�`iB+mHBĕ`2bX

*Ƕ2bi T�` +2b KQib [m2 HǶû+`Bp�BM 2i K�i?ûK�iB+B2M 7`�MÏ�Bb .2MBb :m2/D
URN9y@kyRyV (Rjj) BMi`Q/mBi bQM HBp`2 GǶ2KTB`2 /2b MQK#`2bX AH 7�Bi �TT�`�ŗi`2
[m2 H2 H�M;�;2 ?mK�BM bǶ2bi /Qiû �m }H /m i2KTb /ǶmM QmiBH- /2 T`BK2 �#Q`/
T2m BMimBiB7- T2`K2ii�Mi /2 `ûmMB` /2b 2MiBiûb 2M H2b /ûMQK#`�MiX �BMbB- T�`
2t2KTH2- H2 7�Bi /2 TQmpQB` +QMbB/û`2` mM2 TB2``2- mM2 72mBHH2 2i mM +Q[mBHH�;2
+QKK2 i`QBb Q#D2ib M2 p� T�b /2 bQBX

GǶ2tBbi2M+2 /2 +2b Q#D2ib 2i H2 7�Bi [mǶBHb bQMi T`ûb2Mib �m MQK#`2 /2 i`QBb
T`û2tBbi2 ¨ H� TQbbB#BHBiû /2 H2b MQKK2` 2i /2 H2b /ûMQK#`2`X *Ƕ2bi H� +�T�+Biû
TQm` HǶ?mK�BM /ǶBMiû;`2` /�Mb H2b +QMp2MiBQMb /2 bQM H�M;�;2 H� TQbbB#BHBiû
MQM THmb b2mH2K2Mi /2 MQKK2`- K�Bb û;�H2K2Mi /2 +`û2` /2b +H�bb2b +QKK2
Q#D2ib 2i /2 H2b /ûMQK#`2` [mB +QMbiBim2 B+B Ŀ HǶ�#QmiBbb2K2Mi /ǶmM HQM; i`�@

e8
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p�BH /Ƕ�#bi`�+iBQM ŀ /QMi T�`H2 :m2/DX G2b i`QBb 2MiBiûb Ĝ TB2``2- 72mBHH2 2i
+Q[mBHH�;2 Ĝ bQMi � T`BQ`B /Bzû`2Mi2b- K�Bb T2mp2Mi āi`2 `ûmMB2b 2i /ûMQK@
#`û2b- /ĕb HQ`b mM2 +H�bb2 +QKKmM2 H2m` 2bi i`Qmpû2- B+B Q#D2iX

GǶQ#D2+iB7 /2 +2 +?�TBi`2 2bi /2 +QKT`2M/`2 +QKK2Mi 7QM+iBQMM2 2i +QK@
K2Mi bǶ2bi +QMbiBimû H2 bvbiĕK2 /2 bB;M2b [m2 MQmb miBHBbQMb /ûbQ`K�Bb iQmb
H2b DQm`b +QKK2 bǶBH �HH�Bi /2 bQB , H� MmKû`�iBQM T�` H2b +?Bz`2b �`�#2bX lM2
T`2KBĕ`2 ûi�T2 2bi /2 +QKT`2M/`2 +QKK2Mi H� `2T`ûb2Mi�iBQM /2b MQK#`2b �
ûpQHmû Dmb[mǶ¨ mM T`Q/mBi [m2 HǶQM T2mi +QMbB/û`2` +QKK2 T`2b[m2 }MB- TmBb@
[mǶBH T2`K2i �mDQm`/Ƕ?mB ¨ T`�iB[m2K2Mi iQmb H2b ?mK�BMb /ǶmM i`ĕb ;`�M/
MQK#`2 /2 bQ+Bûiûb /2 `2T`ûb2Mi2` mM2 BM}MBiû /2 MQK#`2b ¨ HǶ�B/2 /2 b2mH2@
K2Mi /Bt bvK#QH2bX

1M �KQMi /2 +2ii2 +�T�+Biû ¨ `2T`ûb2Mi2` /2b [m�MiBiûb T�` H2b +?Bz`2b
Qm T�` /Ƕ�mi`2b bvK#QH2b- BH b2K#H2 [m2 H2b ?mK�BMb- �BMbB [m2 /2 MQK#`2mt
�MBK�mt- TQbbû/�B2Mi H� +�T�+Biû /2 b2 `2T`ûb2Mi2` K2Mi�H2K2Mi /2b ;`�M@
/2m`bX G2b M2m`Qb+B2MiB}[m2b #2H;2b a�Mi2Mb 2i �HX (kdR) HǶ2tTHB[m2Mi , H2b
�MBK�mt- �}M /2 bǶ�/�Ti2` ¨ /2b 2MpB`QMM2K2Mib +QMbi�KK2Mi +?�M;2�Mib-
QMi #2bQBM /ǶQmiBHb TQm` +�Tim`2` /Bzû`2Mi2b ;`�M/2m`b +QKK2 H2 i2KTb- H�
HQM;m2m`- H� i�BHH2- HǶ�B`2 2i H2 pQHmK2X *2 MǶ2bi [m2 `û+2KK2Mi /�Mb HǶ?BbiQB`2
/2 HǶûpQHmiBQM /m KQM/2 [mǶ2bi �TT�`m2 H� [m�MiBiû �#bi`�Bi2- +2HH2 T�bb�Mi
T�` H� `2T`ûb2Mi�iBQM bvK#QHB[m2 UTX dd@d3VX G2 +?2`+?2m` 2i Tbv+?QHQ;m2 Bi�@
HB2M *?`BbiB�M �;`BHHQ (j) T�bb2 2M `2pm2 /Bzû`2Mi2b ûim/2b KQMi`�Mi [m2 /2b
K�KKB7ĕ`2b- K�Bb �mbbB /2b QBb2�mt- /2b �KT?B#B2Mb- /2b TQBbbQMb 2i KāK2
+2`i�BMb BMp2`iû#`ûb b2K#H2Mi /BbTQb2` /2 Kû+�MBbK2b `m/BK2Mi�B`2b T2`K2i@
i�Mi /2 /BbiBM;m2` /2b [m�MiBiûbX

G2b b+B2MiB}[m2b +Q;MBiB7b Bb`�ûHB2Mb hx2H;Qp 2i �HX (kNN) /û+`Bp2Mi /Bzû@
`2Mib bvbiĕK2b /2 `2T`ûb2Mi�iBQM /2b MQK#`2bX G2b ?mK�BMb T�`i�;2Mi �p2+
+2`i�BMb �MBK�mt mM bvbiĕK2 �M�HQ;B[m2 /2 `2T`ûb2Mi�iBQM /2b Q`/`2b /2 ;`�M@
/2m` /2b [m�MiBiûbX �M�HQ;B[m2 bǶ2Mi2M/ T�` QTTQbBiBQM ¨ mM2 `2T`ûb2Mi�iBQM
bvK#QHB[m2 UT�` 2t2KTH2 T�` H2b +?Bz`2bV , +Ƕ2bi@¨@/B`2 [m2 /2b ;`�M/2m`b T?v@
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bB[m2b bQMi bm#biBimû2b T�` /Ƕ�mi`2b `2T`ûb2Mi�iBQMb 2M ;`�M/2m`b û;�H2K2Mi
T?vbB[m2b bm` H2b[m2HH2b bǶ�TTHB[m2 mM `�BbQMM2K2Mi T�` �M�HQ;B2X oQB+B i`QBb
2t2KTH2b BHHmbi`�Mi H2 T`BM+BT2 /2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 /2b ;`�M/2m`b ,
i`QBb /QB;ib T2mp2Mi āi`2 miBHBbûb TQm` +QKTi2` Qm BM/B[m2` H� T`ûb2M+2 /2
i`QBb ûHûK2Mib c H2 KQmp2K2Mi /2 HǶQK#`2 /2 HǶ�B;mBHH2 /ǶmM [m�/`�Mi bQH�B`2
2bi mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 /m i2KTb [mB bǶû+QmH2 c 2i H� ?�mi2m` /m
~mB/2 /ǶmM i?2`KQKĕi`2 `2T`ûb2Mi2 H2b p�`B�iBQMb /2 i2KTû`�im`2- /2 bQ`i2
[m2 H2 HB[mB/2 b2`� �m KāK2 MBp2�m ¨ i2KTû`�im`2 û;�H2- 2i ¨ mM MBp2�m THmb
ûH2pû Qm THmb #�b 2M +�b /2 p�`B�iBQMX

G� +`û�iBQM /ǶmM bvbiĕK2 /2 +?Bz`2b- +Ƕ2bi@¨@/B`2 /2b bB;M2b T2`K2ii�Mi
/2 `2T`ûb2Mi2` H2b MQK#`2b /2 7�ÏQM bvK#QHB[m2- ûK2`;2 bm` H� #�b2 /2 +2
bvbiĕK2 �M�HQ;B[m2 #B2M THmb �M+B2M UTX 98VX G2b +?Bz`2b +Q2tBbi2Mi /Ƕ�BHH2m`b
�mDQm`/Ƕ?mB �p2+ /2b bvbiĕK2b /2 `2T`ûb2Mi�iBQM �M�HQ;B[m2b , H2b ?2m`2b bQMi
T�` 2t2KTH2 7`û[m2KK2Mi BMb+`Bi2b 2M +?Bz`2b bm` H2 +�/`�M /2b KQMi`2b ¨
�B;mBHH2b c K�Bb H2 KQmp2K2Mi /2 +2b �B;mBHH2b /�Mb HǶ2bT�+2 MǶ2M /2K2m`2 T�b
KQBMb mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 /m i2KTb [mB T�bb2X lM �mi`2 2t2KTH2
2bi +2HmB /2 H� i2KTû`�im`2 BM/B[mû2 T�` /2b +?Bz`2b bm` mM2 û+?2HH2 2M *2HbBmb-
E2HpBM Qm 6�?`2M?2Bi bm` H2b i?2`KQKĕi`2b �M�HQ;B[m2bX

G2 T`Q+2bbmb bûKBQiB[m2 T2mi bǶ2t2`+2` �mbbB #B2M bm` mM2 `2T`ûb2Mi�iBQM
�M�HQ;B[m2 [m2 bvK#QHB[m2 U+?Bz`û2VX 1+Q (Rye) /Bi /2 +2 T`Q+2bbmb [mǶBH � ûiû
2tTQbû TQm` H� T`2KBĕ`2 7QBb /2 7�ÏQM bvbiûK�iB[m2 T�` H2b aiQś+B2Mb UTX jyV-
2i [mǶBH `2TQb2 bm` i`QBb 2MiBiûb ,

RV G2 b2BK�BMQM- [m2 HǶQM MQKK2 H2 THmb bQmp2Mi bB;MB}�Mi 2M
7`�MÏ�Bb U/�Mb H� i2`KBMQHQ;B2 b�mbbm`B2MM2V- 2bi mM2 Ŀ 2tT`2bbBQM
T2`Ïm2 +QKK2 2MiBiû T?vbB[m2 ŀ UTX jRVX .�Mb MQi`2 +�b- BH T2mi
T�` 2t2KTH2 bǶ�;B` /m HB[mB/2 /ǶmM i?2`KQKĕi`2 �M�HQ;B[m2- Qm
/2 HǶBM/B+�iBQM +?Bz`û2 /2 H� i2KTû`�im`2 bm` mM i?2`KQKĕi`2
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MmKû`B[m2 KQ/2`M2X *2b /2mt `2T`ûb2Mi�iBQMb bQMi /2b 2MiBiûb
T?vbB[m2b 2M +2 b2Mb [mǶ2HH2b bQMi T2`Ïm2b T�` HǶBMi2`Kû/B�B`2 /2
HǶmM /2 MQb b2Mb , H� pm2X

kV G2 b2K�BMQK2MQM- Qm bB;MB}û- 2bi H� `2T`ûb2Mi�iBQM K2Mi�H2
[m2 bmb+Bi2 H2 bB;MB}�MiX G2 bB;MB}û /ûT2M/ /2 MQi`2 +�T�+Biû ¨ BM@
i2`T`ûi2` H2 bB;MB}�Mi +�` H2m` `2H�iBQM 2bi bQmp2Mi +QMp2MiBQMM2HH2
2i /QM+ �TT`Bb2X �BMbB- mM2 T2`bQMM2 MǶ�v�Mi D�K�Bb pm Qm �TT`Bb
¨ HB`2 H2 +�/`�M /ǶmM2 KQMi`2 �M�HQ;B[m2 Ĝ [m�M/ #B2M KāK2 2HH2
b2`�Bi +�T�#H2 /2 +QKT`2M/`2 mM2 KQMi`2 ¨ +�/`�M MmKû`B[m2
BM/B[m�Mi 0:00 ¨ KBMmBi 2i 12:00 ¨ KB/B Ĝ M2 b2`� T�b +�T�#H2 /2
/B`2 [m2- HQ`b[m2 H2b /2mt �B;mBHH2b TQBMi2Mi p2`b H2 ?�mi- BH 2bi
KB/B Qm KBMmBiX G2 bB;MB}û- +QMi`�B`2K2Mi �m bB;MB}�Mi- MǶ2bi T�b
mM2 2MiBiû T?vbB[m2 K�Bb mM2 `2T`ûb2Mi�iBQM K2Mi�H2X

jV G2 ivM+?�MQM- Qm `û7û`2Mi- 2bi Ŀ HǶQ#D2i �m[m2H H2 bB;M2 b2
`û7ĕ`2 ŀX AH T2mi bǶ�;B` /ǶmM2 2MiBiû T?vbB[m2 U`û2HH2 Qm }+iBp2V-
/ǶmM ûpûM2K2Mi Qm /ǶmM2 �+iBQM UTX jRVX G2b /2mt Q#D2ib T`Bb 2M
2t2KTH2 T`ûb2Mi2Mi mM `û7û`2Mi /Bzû`2Mi , H2 i?2`KQKĕi`2 /ûMQi2
mM2 /BK2MbBQM T?vbB[m2 Ĝ H� i2KTû`�im`2 Ĝ [m2 HǶQM T2mi T2`+2@
pQB` T�` H2 b2Mb /m iQm+?2`X Zm�Mi ¨ H� KQMi`2- 2HH2 `û7ĕ`2- T�` H�
`2T`ûb2Mi�iBQM bm` bQM +�/`�M- ¨ mM KQK2Mi T`û+Bb /ǶmM2 DQm`Mû2X

G2 T`Q+2bbmb bûKBQiB[m2 /û+`Bi +B@/2bbmb M2 /ûT2M/ T�b /2 H� M�im`2 �M�HQ@
;B[m2 Qm bvK#QHB[m2 /2 H� `2T`ûb2Mi�iBQM , H2b /2mt bQMi ¨ KāK2 /Ƕ2tT`BK2` H�
KāK2 `û�HBiû TQm` �mi�Mi [m2 HǶmb�;2` bQBi 2M TQbb2bbBQM /m +Q/2 HmB T2`K2i@
i�Mi /2 T�bb2` /m bB;MB}�Mi �m bB;MB}ûX G2b i`QBb 2MiBiûb /m T`Q+2bbmb /û+`Bi
+B@/2bbmb Ĝ H2 bB;MB}�Mi- H2 bB;MB}û 2i H2 `û7û`2Mi Ĝ QMi bQmp2Mi ûiû `2T`ûb2Miû2b
;`�T?B[m2K2Mi /�Mb mM i`B�M;H2 UTX jRV ,
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bB;MB}�Mi

bB;MB}û

`û7û`2Mi

1+Q 2tTHB[m2 [m2 H2b bûKBQiB+B2Mb 2i H2b bûKBQHQ;m2b bǶ2Mi2M/2Mi bm` HǶ2tBb@
i2M+2 /2 +2b i`QBb TƬH2b K�Bb [m2 /ǶBKTQ`i�Mi2b /Bzû`2M+2b i2`KBMQHQ;B[m2b
bǶQ#b2`p2Mi /ǶmM �mi2m` ¨ HǶ�mi`2X *2b /Bzû`2M+2b +�+?2Mi T�`7QBb /2b /Bp2`@
;2M+2b +QM+2Tim2HH2b BKTQ`i�Mi2b UTX jjVX G2 KQ/ĕH2 /m bB;M2 /2 /2 a�mbbm`2
MǶ2bi T�` 2t2KTH2 T�b mM i`B�M;H2- K�Bb mM +2`+H2 /BpBbû 2M /2mt M2 +QMi2M�Mi
[m2 H2 bB;MB}�Mi 2i H2 bB;MB}ûX LQmb HǶ�pQMb /Bi , TQm` a�mbbm`2 H2 `û7û`2Mi M2
T`ûb2Mi2 T�b /ǶBMiû`āi TQm` H� HBM;mBbiB[m2 2i /2 bQM TQBMi /2 pm2- +2HmB@+B
b2 i`Qmp2 ?Q`b /m bB;M2X SQm`i�Mi H� i2`KBMQHQ;B2 b�mbbm`B2MM2 Ĝ bB;MB}�Mi-
bB;MB}û- `û7û`2Mi Ĝ bǶ2bi BKTQbû2 2M 7`�M+QT?QMB2 [m2H [m2 bQBi H2 KQ/ĕH2 /m
bB;M2 +?QBbBX 1+Q- [mB û+`Bi 2M Bi�HB2M- �/�Ti2 /Ƕ�BHH2m`b H� i2`KBMQHQ;B2 b�mb@
bm`B2MM2 ¨ b� H�M;m2- K�Bb TH�+2 bB;MB}+�Mi2- bB;MB}+�iQ 2i `272`2Mi2 /�Mb mM
i`B�M;H2 +QKK2 +2HmB [m2 MQmb �pQMb BKT`BKû +B@/2bbmb /�Mb H2[m2H HǶBKTQ`@
i�M+2 /2 HǶQ#D2i U/m `û7û`2MiV 2bi �mbbB ;`�M/2 [m2 +2HH2 /2b /2mt �mi`2b TƬH2b c
+2ii2 `2T`ûb2Mi�iBQM i`B�M;mH�B`2 �ii`B#mû2 �mt HBM;mBbi2b #`Bi�MMB[m2b P;/2M
� _B+?�`/b (kkk) 2bi �bbQ+Bû2 ¨ H� i`�/BiBQM T2B`+B2MM2 /m bB;M2X

_2p2MQMb ¨ H� [m2biBQM /2 H� `2T`ûb2Mi�iBQM /2b ;`�M/2m`b 2M M2 b2 7Q@
+�HBb�Mi- TQm` HǶBMbi�Mi- [m2 bm` H2b MQK#`2b 2MiB2`b M�im`2Hb RX LQmb HǶ�pQMb
pm- +2HH2@+B T2mi āi`2 �M�HQ;B[m2 2ifQm bvK#QHB[m2- 2i- /�Mb H2b /2mt +�b- 2HH2
�+iBp2 H2 T`Q+2bbmb /2 bB;MB}+�iBQM #�bû bm` i`QBb TƬH2b [m2 MQmb �pQMb /û+B/û
/Ƕ�TT2H2` bB;MB}�Mi- bB;MB}û 2i `û7û`2Mi Ĝ H2 T`Q+2bbmb /2 bûKBQb2X GǶ?mK�BM
MǶ2bi T�b T�bbû BMbi�Mi�MûK2Mi /m bi�/2 /2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 /2b
;`�M/2m`b ¨ mM2 `2T`ûb2Mi�iBQM T�` H2b +?Bz`2b �`�#2b , MQmb +QMM�BbbQMb /2
MQK#`2mt bvbiĕK2b /2 MmKû`�iBQM [mB QMi T�`iB+BTû ¨ +2ii2 i`�Mb7Q`K�iBQM
2i /QMi +2`i�BMb bQMi 2M+Q`2 miBHBbûbX G2 #BQHQ;Bbi2 +?BMQBb CB�DB2 w?�M; 2i H2

RX G2b 2MiB2`b +QKT`Bb 2Mi`2 y 2i HǶBM}MB
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Tbv+?QHQ;m2 +Q;MBiBpBbi2 ûi�bmMB2M .QM�H/ LQ`K�M (jyN) �M�Hvb2Mi +2b Mm@
Kû`�iBQMb 2i 7QMi mM2 /BbiBM+iBQM 2Mi`2 H2b bvbiĕK2b bvK#QHB[m2b 2ti2`M2b 2i
BMi2`M2b- +Ƕ2bi@¨@/B`2 /ǶmM2 T�`i- H� T�`iB2 b2MbQ`B2HH2 /m bB;M2 2i /Ƕ�mi`2 T�`i
H� `2T`ûb2Mi�iBQM K2Mi�H2 /ǶmM2 [m�MiBiû Qm /ǶmM2 ;`�M/2m`X AH bǶ�;Bi /2 H�
/BbiBM+iBQM +H�bbB[m2 2Mi`2 H2 bB;MB}�Mi 2i H2 bB;MB}û [m2 MQmb �pQMb /û+`Bi2
+B@/2bbmbX

G2b /2mt �mi2m`b T�bb2Mi 2M `2pm2 /Bzû`2Mi2b MmKû`�iBQMb �}M /2 /ûi2`@
KBM2` +QKK2Mi /2b bvbiĕK2b /2 bB;M2b �v�Mi iQmb H� pQ+�iBQM /2 `2T`ûb2Mi2`
H2b MQK#`2b T2mp2Mi bǶ�++QKT�;M2` /2 Kû+�MB[m2b /2 bB;MB}+�iBQM �mbbB /B7@
7û`2Mi2bX AHb bǶBMiû`2bb2Mi MQi�KK2Mi ¨ H� K�MBĕ`2 T�` H�[m2HH2 H2b bi`m+im`2b
/2 `2T`ûb2Mi�iBQMb 2ti2`M2b Ĝ H2b bvbiĕK2b bvK#QHB[m2b +QKK2 H2b +?Bz`2b
Ĝ BM~m2M+2Mi H� 7�ÏQM /2 T2`+2pQB` 2i /2 i`�Bi2` H2b MQK#`2b K2Mi�H2K2Mi
2i +QKK2Mi +2b `2T`ûb2Mi�iBQMb Ĝ BMi2`M2b 2i 2ti2`M2b Ĝ bQMi BMiû;`û2b �mt
i�+?2b /2 i`�Bi2K2Mi /2b MQK#`2b UTX kdjVX LQmb �HHQMb `2biBim2` B+B H2m` `û@
~2tBQM 2M T�bb�Mi 2M `2pm2 +2`i�BMb bvbiĕK2b /2 +?Bz`2bX GǶQ#D2+iB7 MǶ2bi T�b
/Ƕāi`2 2t?�mbiB7- K�Bb /2 KB2mt +QKT`2M/`2 H2 7QM+iBQMM2K2Mi /2 MQb T`QT`2b
+?Bz`2b 2M H2b +QKT�`�Mi ¨ /Ƕ�mi`2b MmKû`�iBQMb T`ûb2Mi2b 2i T�bbû2bX

8XR *H�bbB}+�iBQM /2b bvbiĕK2b /2 MmKû`�iBQM

8XRXR G2b MmKû`�iBQMb �M�HQ;B[m2b Ĝ 1D

w?�M; 2i LQ`K�M /BbiBM;m2Mi i`QBb /BK2MbBQMM�HBiûb , H2b MmKû`�iBQMb ¨ mM2
/BK2MbBQM Ĝ 1D Ĝ bQMi /2b bvbiĕK2b �M�HQ;B[m2b /2 `2T`ûb2Mi�iBQM- Qm +?�[m2
mMBiû /ǶmM Q#D2i Ĝ mM2 TB2``2- mM #�iQM- mM i`�Bi Ĝ b2`i ¨ `2T`ûb2Mi2` HǶmMBiû
/2 H� +?Qb2 /ûMQK#`û2X �BMbB mM i`�Bi +Q``2bTQM/ ¨ mM2 mMBiû- /2mt i`�Bib ¨
/2mt mMBiûb- 2i+X *2 ivT2 /2 MmKû`�iBQM 2bi i`ĕb �M+B2M Ĝ /2b +QKTi�;2b T�`
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2M+Q+?2b /�Mb /2b Qb /�i�Mi /2 THmb jyǶyyy QMi ûiû `2i`Qmpûb Ĝ K�Bb HǶ�TT2H@
H�iBQM 1D 2bi �/�Tiû2 �mbbB #B2M ¨ /2b `2T`ûb2Mi�iBQMb /2 ivT2 �M�HQ;B[m2
�M+2bi`�H2b [mǶ�+im2HH2b UTX kd9VX

w?�M; 2i LQ`K�M bQmHB;M2Mi [m2 +2b bvbiĕK2b bQMi i`ĕb 2{+�+2b TQm` H2b
T2iBi2b [m�MiBiûb 2i [mǶBH 2bi KāK2 THmb 7�+BH2 /2 7�B`2 +2`i�BM2b +QKT�`�BbQMb
[mǶ�p2+ /2b bvbiĕK2b bvK#QHB[m2b /2 `2T`ûb2Mi�iBQMX .2 7�Bi- /�Mb mM bvbiĕK2
+QKK2 +2HmB /2b +?Bz`2b �`�#2b Ĝ mM2 `2T`ûb2Mi�iBQM bvK#QHB[m2 Ĝ +2 MǶ2bi
[m2 T�` +QMp2MiBQM [m2 H2 bB;M2 k Ŀ j ŀ 2bi THmb ;`�M/ [m2 H2 bB;M2 Ŀ k ŀ c
`B2M /�Mb H� 7Q`K2 /ǶmM Ŀ j ŀ M2 bm;;ĕ`2 [m2 +2 bB;M2 TQm``�Bi p�HQB` THmb [m2
Ŀ k ŀX 1M `2p�M+?2- mM bvbiĕK2 /2 +QKTi�;2 `2T`ûb2Mi�Mi /2b mMBiûb ¨ HǶ�B/2
/2 i`�Bib p2`iB+�mt T`ûb2Mi2 mM2 �M�HQ;B2 �p2+ H� [m�MiBiû 2z2+iBp2 , Ŀ AA ŀ 2i
Ŀ AAA ŀ bQMi 7�+BH2K2Mi +QKT�`�#H2b 2i Ŀ AAA ŀ 2bi pBbB#H2K2Mi THmb [m2 Ŀ AA ŀX

.�Mb mM2 MmKû`�iBQM ¨ mM2 /BK2MbBQM- H2 HB2M 2Mi`2 mM2 p�H2m` UbB;MB}û2V
2i b� `2T`ûb2Mi�iBQM UH2 bB;MB}�MiV MǶ2bi T�b �`#Bi`�B`2- ûi�Mi /QMMû [mǶmM2
p�H2m` 2bi `2T`ûb2Miû2 T�` mM2 �mi`2 [mB HmB `2bb2K#H2 T�` �M�HQ;B2X *2b `2@
T`ûb2Mi�iBQMb bQMi /QM+ THmb BMimBiBp2b [m2 H2b `2T`ûb2Mi�iBQMb bvK#QHB[m2bX
*Ƕ2bi b�Mb /Qmi2 HǶmM2 /2b `�BbQMb TQm` H2b[m2HH2b 2HH2b MǶQMi D�K�Bb `û2HH2@
K2Mi /BbT�`m , BH MQmb �``Bp2 T�` 2t2KTH2 /ǶmiBHBb2` MQb /QB;ib TQm` +QKTi2`
Qm BM/B[m2` /2b MQK#`2b c 2M Qmi`2- #2�m+QmT /2 D2mt `2+Qm`2Mi 2M+Q`2 ¨
HǶmiBHBb�iBQM /2 i`�Bib Qm /2 D2iQMb TQm` H2 +QKTi�;2 /2 TQBMib `û+QHiûb T�`
H2b DQm2m`bX lM �mi`2 2t2KTH2- /QMi BH � /ûD¨ ûiû [m2biBQM B+B- 2bi +2HmB /2b
KQMi`2b �M�HQ;B[m2b M2 T`ûb2Mi�Mi- bm` H2m` [m�/`�Mi- �m+mM2 �mi`2 BM/B+�@
iBQM [m2 H2b �B;mBHH2b , BH bǶ�;Bi /ǶmM2 K�MBĕ`2 /2 `2T`ûb2Mi2` H2 i2KTb ¨ HǶ�B/2
/ǶmM bvbiĕK2 ¨ mM2 /BK2MbBQM 1DX

kX lK#2`iQ 1+Q (Rye) MQi2 [m2 Ŀ /�Mb H2 /Bb+Qm`b T?BHQbQT?B[m2- ǳbB;M2Ǵ 2bi T`2b[m2
iQmDQm`b miBHBbû +QKK2 bvMQMvK2 /2 ǳbB;MB}�MiǴ ŀ Uj9V c LQmb +QKK2iiQMb B+B H� KāK2
Ŀ BKT`û+BbBQM ŀ K�Bb TH�ÏQMb +2b bB;MB}�Mib 2Mi`2 ;mBHH2K2ib TQm` H2 bB;M�H2`XXX



dk 8X G� aúJAPhAZl1 .1a LPJ"_1a

LQmb HǶ�pQMb /Bi- +2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b bQMi miBH2b 2i 2{+�+2b
TQm` /2 T2iBi2b [m�MiBiûbX *2T2M/�Mi- THmb H2b MQK#`2b ¨ `2T`ûb2Mi2` bQMi
;`�M/b- THmb H� `2T`ûb2Mi�iBQM ¨ mM2 b2mH2 /BK2MbBQM /2pB2Mi QT�[m2X AH 2bi
7�+BH2 /2 bǶ2M +QMp�BM+`2 2M i2Mi�Mi /2 /ûMQK#`2` H2b i`�Bib B+B `2T`ûb2Miûb ,

AAAAAAAAAAAAAAAAAAAAAA

AH MǶv 2M � [m2 kk- K�Bb 7Q`+2 2bi /2 +QMbi�i2` [m2 HǶ2{+�+Biû /2 +2 bvbiĕK2-
`2TQb�Mi bm` H� b2mH2 /BK2MbBQM /2 H� [m�MiBiû- 2bi /ûD¨ H�`;2K2Mi `û/mBi2X
AH 2bi BM/Bb+mi�#H2 [m2 H� H2+im`2 2i HǶBMi2`T`ûi�iBQM /m bB;M2 Ŀ kk ŀ Ĝ bB
i�Mi 2bi [m2 H� +QMp2MiBQM T2`K2ii�Mi /2 b2 `2T`ûb2Mi2` H� [m�MiBiû 2tT`BKû2
2bi +QMMm2 Ĝ 2bi #B2M THmb �Bbû2X 1M HǶûi�i /2b +QMM�Bbb�M+2b �+im2HH2b- BH
b2K#H2`�Bi 2M 2z2i [m2 HǶ?mK�BM- Ŀ ?Q`b /2 iQmi T`û@�TT`2MiBbb�;2 U+QKK2
+2HmB [mB MQmb 7�Bi `2+QMM�ŗi`2 /Ƕ2K#Hû2 H2 8- H2 e Qm H2 N /2b /QKBMQb 2i /2b
+�`i2b ¨ DQm2`V- MǶ� /2 T2`+2TiBQM /B`2+i2 2i BKKû/B�i2 Ĝ b�Mb T�bb�;2 T�`
H2 bvK#QHB[m2 Ĝ [m2 /2b MQK#`2b /2 R ¨ 9X �m /2H¨- BH /QBi ǳ+QKTi2`Ǵ Qm
�TT`2M/`2 ¨ H2 7�B`2 bǶBH MǶ� T�b 2M+Q`2 `2Ïm /Ƕ2Mb2B;M2K2Mi ŀ (R88) UTX NVX

8XRXk G2b MmKû`�iBQMb bvK#QHB[m2b Ĝ 1× 1D

LQi`2 MmKû`�iBQM Ĝ H� `2T`ûb2Mi�iBQM /2b MQK#`2b T�` H2b +?Bz`2b �`�#2b Ĝ
2bi mM bvbiĕK2 ¨ /2mt /BK2MbBQMb- ¨ b�pQB` 1 × 1D /�Mb H� i2`KBMQHQ;B2 /2
w?�M; 2i LQ`K�M (jyN)X *2b bvbiĕK2b bQMi THmb 2{+�+2b TQm` H2 i`�Bi2K2Mi
/2b MQK#`2b THmb ;`�M/b j- /û+QKTQb2Mi mM MQK#`2 2M ;`QmT2b ?Bû`�`+?B[m2b
`2TQb�Mi bm` mM2 #�b2 +QKKmM2 [mB T2mi āi`2 ûH2pû2 ¨ THmbB2m`b TmBbb�M+2bX
G2b /2mt /BK2MbBQMb /2 1 × 1D bQMi �BMbB H� #�b2 2i H� TmBbb�M+2X .�Mb H2b
MmKû`�iBQMb /2 +2 ivT2- +2b /2mt /BK2MbBQMb T2mp2Mi āi`2 `2T`ûb2Miû2b T�`
/Bzû`2Mi2b T`QT`Bûiûb T?vbB[m2b , H� 7Q`K2- H� [m�MiBiû 2i H� TQbBiBQMX

jX *2ii2 �{`K�iBQM /QBi āi`2 +QKT`Bb2 �m b2Mb ;ûMû`�H , bǶBH 2bi �bb2x �Bbû /2 /ûi2`KBM2`
[m2 AAAAAAAAAAAAAAA 2bi KQBMb [m2 AAAAAAAAAAAAAAAAAAAAAAAAAA ¨ HǶQ2BH Mm- MQmb �pQMb pm +B@/2bbmb
[m2 HǶû+`Bim`2 Ŀ kk ŀ 2M +?Bz`2b T2`K2ii�Bi /Ƕ2tT`BK2` THmb 2{+�+2K2Mi Ŀ pBM;i@/2mt ŀ
[m2 Ŀ AAAAAAAAAAAAAAAAAAAAAA ŀX



8XRX *G�aaA6A*�hAPL .1a auahĔJ1a .1 LlJú_�hAPL dj

G2b MmKû`�iBQM /2 TQbBiBQM , G2 bvbiĕK2 /2b +?Bz`2b �`�#2b- T�` 2t2KTH2-
`2+Qm`i �mt b2mH2b T`QT`Bûiûb /2 7Q`K2 2i /2 TQbBiBQM , /ǶmM2 T�`i- H2b /Bt
+?Bz`2b /2 H� #�b2 /2 MQi`2 bvbiĕK2 y- R- k- j- 9- 8- e- d- 3 2i N QMi mM2 p�H2m`
+QMp2MiBQMM2HH2 /û}MB2 T�` H2m` 7Q`K2 , BH bǶ�;Bi /2 H� T`2KBĕ`2 /BK2MbBQMX
.Ƕ�mi`2 T�`i- H� TQbBiBQM /2 +2b +?Bz`2b /�Mb mM MQK#`2 BM/B[m2 T�` [m2HH2
TmBbb�M+2 /2 Ry +?�[m2 +?Bz`2 2bi KmHiBTHBû , H� TQbBiBQM +QMbiBim2 H� b2+QM/2
/BK2MbBQMX �BMbB j8e 2i e8j +QMiB2MM2Mi H2b KāK2b +?Bz`2b- K�Bb MǶQMi T�b
H� KāK2 p�H2m`X G2 j /2 j8e p�mi 3× 102 = 300 �HQ`b [m2 H2 j /2 e8j M2 p�mi
[m2 3× 100 = 3 c +Ƕ2bi H� TQbBiBQM /2 +2 bvK#QH2 [mB HmB /QMM2 b� p�H2m` /�Mb
H2 MQK#`2X

�M�HvbQMb T�` 2t2KTH2 H2 MQK#`2 Rj8e c BH b2 +QMbi`mBi /2 H� 7�ÏQM bmB@
p�Mi2 , +QMp2MiBQMM2HH2K2Mi H2b bB;M2b Ŀ R ŀ- Ŀ j ŀ- Ŀ 8 ŀ 2i Ŀ e ŀ p�H2Mi T�`
H2m` 7Q`K2 A- AAA- AAAAA 2i AAAAAA /�Mb mM bvbiĕK2 /2 `2T`ûb2Mi�iBQM �M�HQ;B[m2X
*2b p�H2m`b M2 bǶ�//BiBQMM2Mi T�b c 2HH2b bQMi KmHiBTHBû2b T�` mM2 TmBbb�M+2
/2 Ry +Q``2bTQM/�Mi ¨ H2m` TQbBiBQM /�Mb H2 MQK#`2 Rj8eX G2 +?Bz`2 H2 THmb
¨ /`QBi2 2bi KmHiBTHBû T�` 100- 2i TQm` +?�[m2 /ûTH�+2K2Mi p2`b H� ;�m+?2 H�
TmBbb�M+2 /2 Ry bǶBM+`ûK2Mi2 /2 R +QKK2 BHHmbi`û /�Mb H2 i�#H2�m bmBp�Mi ,

× R j 8 e
100 e
101 8y
102 jyy
103 Ryyy

h2M�Mi +QKTi2 /2 H2m` TQbBiBQM- MQmb �pQMb H¨ +2 [m2 p�H2Mi 2z2+iBp2K2Mi H2b
+?Bz`2b miBHBbûb /�Mb +2 MQK#`2 ,ǦǦǦe 4 e-ǦǦ8Ǧ4 8y-ǦjǦǦ4 jyy 2i RǦǦǦ4 Ryyy
U6 + 50 + 300 + 1000 = 1356VX LQmb HǶ�pQMb /Bi- H� 7Q`K2 /2 +2b bvK#QH2b Ĝ
H2b +?Bz`2b Ĝ +QMbiBim2 mM2 p�H2m` [m2 HǶQM KmHiBTHB2 T�` mM2 TmBbb�M+2 /2 Ry
/ûi2`KBMû2 T�` b� TQbBiBQM /�Mb H2 MQK#`2X *2H� T2mi T�`�ŗi`2 i`BpB�H- K�Bb
+2 T`BM+BT2 /2 TQbBiBQM M2 p� T�b /2 bQBX :m2/D (Rjj) û+`Bi ¨ +2 T`QTQb ,
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*2 [mB TQm` MQmb 2bi mM2 ûpB/2M+2 , û+`B`2 mM +�H+mH- 2z2+im2`
/B`2+i2K2Mi /2b QTû`�iBQMb �p2+ HǶû+`Bim`2 /2b MQK#`2b- b2 `ûpĕH2
mM2 T`�iB[m2 i�`/Bp2 2i 2t+2TiBQMM2HH2 /�Mb HǶ?BbiQB`2 /2b ?QKK2bX
*2 +�H+mH T�` HǶû+`Bi- 2i T�` HǶû+`Bi b2mH- MǶ� Tm b2 `û�HBb2` TH2BM2@
K2Mi [m2 T�` H� MmKû`�iBQM BM/B2MM2 /2 TQbBiBQM KmMB2 /ǶmM
xû`Q- p2`b H2 o2 bBĕ+H2 /2 MQi`2 ĕ`2X .Bt };m`2b b2mH2K2Mi TQm`
`2T`ûb2Mi2` iQmb H2b MQK#`2b /m KQM/2X

1M 2z2i- Ŀ H� /û+Qmp2`i2 /2 H� MmKû`�iBQM /2 TQbBiBQM � û+?�TTû ¨ H� K�DQ`Biû
/2b T2mTH2b /2 HǶ?BbiQB`2 ŀ UTX R8V û+`Bi HǶ?BbiQ`B2M /m MQK#`2 :2Q`;2b A7`�?
URN9d@kyRNV (R88)X 1M HǶûi�i /2b +QMM�Bbb�M+2b �+im2HH2b- BH b2K#H2 [mǶ2HH2 MǶ�Bi
ûiû BK�;BMû2 [m2 [m�i`2 7QBb , BH v � 2MpB`QM [m�i`2 KBHHûM�B`2b +?2x H2b b�p�Mib
/2 "�#vHQM2 c T2m �p�Mi H2b /û#mib /2 HǶĕ`2 +?`ûiB2MM2 T�` H2b K�i?ûK�iB+B2Mb
+?BMQBb c 2Mi`2 H2 AAA2 2i H2 Ao2 bBĕ+H2 T�` H2b �bi`QMQK2b J�v�b c TmBb T�` H2b
K�i?ûK�iB+B2Mb /ǶAM/2 �miQm` /m o2 bBĕ+H2 �T`ĕb C*X

.2 +2b MmKû`�iBQMb /2 TQbBiBQM- b2mH H2 bvbiĕK2 BM/B2M +QM+2p�Bi H2 xû`Q
+QKK2 mM MQK#`2X *Ƕ2bi@¨@/B`2 [m2 H� T`2KBĕ`2 MmKû`�iBQM �v�Mi miBHBbû mM
bvK#QH2 Ĝ H2 y Ĝ ¨ H� 7QBb +QKK2 MQK#`2- 2i +QKK2 +?Bz`2 b2`p�Mi ¨ BM/B[m2`
mM 2bT�+2 pB/2 /�Mb mM bvbiĕK2 /2 TQbBiBQM 2bi H2 bvbiĕK2 BM/B2M [mB MQmb
2bi T�`p2Mm T�` HǶBMi2`Kû/B�B`2 /2b �`�#2b 2i H2b +?Bz`2b TQ`i�Mi H2m` MQK
UTX R8VX

:m2/D (Rjj) BMbBbi2 bm` HǶBKTQ`i�M+2 /m Ŀ y ŀ- +2 bB;M2 b2`p�Mi ¨ `2T`ûb2Mi2`
¨ H� 7QBb HǶ�#b2M+2 2i mM2 TQbBiBQM pB/2 /�Mb H2 bvbiĕK2 /2 TQbBiBQM [m2 MQmb
p2MQMb /2 /û+`B`2X G2 KQi +?Bz`2 pB2Mi /2 HǶ�`�#2 țB7` [mB p2mi /B`2 Ŀ pB/2 ŀ 9X
*2ii2 ûivKQHQ;B2 MǶ2bi T�b mM ?�b�`/ c +Ƕ2bi #B2M H� TQbbB#BHBiû /2 `2T`ûb2Mi2`
/2mt TQbBiBQMb pB/2b /�Mb mM MQK#`2 +QKK2 Ryyk [mB 7�Bi HǶQ`B;BM�HBiû /2
MQi`2 bvbiĕK2 2i [mB MQmb T2`K2i /2 /ûi2`KBM2` T�` b� b2mH2 TQbBiBQM [m2 H2

9X G2 KQi xû`Q � /Ƕ�BHH2m`b H� KāK2 Q`B;BM2 , BH /û+QmH2 /2 Ŀ i`�Mb+`BTiBQMb THmb Qm KQBMb
H�iBMBbû2b /m MQK �`�#2 țB7` ŀ , bB7`�- +B7`�- +v7`�- +vT?`�- xvT?`�- ixvT?`�- x2T?B`mK- x2}`Q-
xû`Q (R88) UAA- TXjeNVX
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R /2 Ryyk p�mi Ry 7QBb THmb [m2 H2 R /2 Ryk 2i Ryy 7QBb THmb [m2 H2 R /2 RkX G�
MmKû`�iBQM BM/B2MM2 /2 TQbBiBQM 2bi ¨ H� #�b2 /m 7QM+iBQMM2K2Mi /2 +2 [m2
MQmb �TT2HQMb H2b +?Bz`2b �`�#2b 2i `2TQb2 bm` i`QBb ;`�M/2b B/û2b /QMi MQmb
�pQMb T�`Hû 2i `ûbmKû2b T�` A7`�? (R88) /�Mb +2 T�bb�;2 UTX dd3V ,

@ HǶB/û2 /2 /QMM2` �mt +?Bz`2b /2 #�b2 /2b bB;M2b ;`�T?B[m2b /ûi�@
+?ûb /2 iQmi2 BMimBiBQM b2MbB#H2- MǶûpQ[m�Mi /QM+ T�b pBbm2HH2K2Mi
H2 MQK#`2 /2b mMBiûb `2T`ûb2Miû2b c
@ +2HH2 /Ƕ�/QTi2` H2 T`BM+BT2 b2HQM H2[m2H H2b +?Bz`2b /2 #�b2 QMi
mM2 p�H2m` [mB p�`B2 bmBp�Mi H� TH�+2 [mǶBHb Q++mT2Mi /�Mb H2b
`2T`ûb2Mi�iBQMb MmKû`B[m2b c
@ 1i 2M}M +2HH2 /2 b2 /QMM2` mM xû`Q iQi�H2K2Mi Ŀ QTû`�iQB`2 ŀ-
+Ƕ2bi@¨@/B`2 T2`K2ii�Mi /2 `2KTH�+2` H2 pB/2 /2b mMBiûb K�M[m�Mi2b
2i �v�Mi bBKmHi�MûK2Mi H2 b2Mb /m Ŀ MQK#`2 MmH ŀX

G� ;`�T?B2 [m2 MQmb +QMM�BbbQMb �mDQm`/Ƕ?mB M2 bm#Bi [m2 T2m /2 KQ/B}+�@
iBQMb /2TmBb H2 so2 bBĕ+H2 2i H2b /û#mib /2 HǶBKT`BK2`B2 /QMi H� Ŀ /û+Qmp2`i2
}t2`� (XXX) H� 7Q`K2 /2 +2b +?Bz`2b (XXX) mM2 7QBb TQm` iQmi2b ŀ (R88) UAA- TXjeRVX
*2 MǶ2bi T�b TQm` �mi�Mi [m2 HǶmiBHBb�iBQM /2b +?Bz`2b �`�#2b bǶ2bi BKTQbû2
BKKû/B�i2K2MiX A7`�? û+`Bi- 2M 2z2i- [mǶ Ŀ BH � 7�HHm H� _ûpQHmiBQM 7`�MÏ�Bb2
TQm` i`�M+?2` /�Mb H2 pB7 2i bǶ�T2`+2pQB` 2M}M- +QKK2 H2 /Bi mM2 T2`bQMM2
�pBbû2 /2 HǶûTQ[m2- [m2 ǳiQmi HǶ�p�Mi�;2 [mǶ� mM TBûiQM HB#`2 2i b�Mb +?�`;2
bm` +2HmB [mB 2bi HQm`/2K2Mi +?�`;û- H2 +�H+mH ¨ H� THmK2 HǶ� bm` H2 +�H+mH ¨
D2iQMb 8Ǵ ŀ UTX jdjVX

G2b MmKû`�iBQMb �//BiBp2b , LQmb HǶ�pQMb pm- HǶmiBHBb�iBQM /m +?Bz`2 y
MQmb T2`K2i /2 `2T`ûb2Mi2` iQmb H2b MQK#`2b �p2+ /Bt bvK#QH2b b2mH2K2MiX
G2b bvbiĕK2b /2 `2T`ûb2Mi�iBQM /2b MQK#`2b M2 /BbTQb�Mi T�b /2 H� TQbbB#BHBiû
/2 `2T`ûb2Mi2` /2b TQbBiBQMb pB/2b `2+Qm`2Mi ¨ /Ƕ�mi`2b bvK#QH2b [m2 +2mt /2

8X *2 T`QTQb 2bi �ii`B#mû ¨ aBKQM C�+Q#- mM K�i?ûK�iB+B2M �HH2K�M/ /m soA2 bBĕ+H2X
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H2m` #�b2 TQm` 2tT`BK2` H2b TmBbb�M+2bX *Ƕ2bi@¨@/B`2 [m2 +2b �mi`2b bvbiĕK2b
¨ /2mt /BK2MbBQMb Ĝ 1× 1D Ĝ MǶmiBHBb2Mi T�b H� TQbBiBQM- K�Bb H� 7Q`K2- TQm`
K�`[m2` H� /2mtBĕK2 /BK2MbBQMX GQ`b[m2 /2b +?Bz`2b /Bzû`2Mib /2 +2mt /2 H�
#�b2 bQMi miBHBbûb TQm` BM/B[m2` H� TmBbb�M+2- QM T�`H2 /2 bvbiĕK2b �//BiB7bX
*Ƕ2bi T�` 2t2KTH2 H2 +�b /2b MmKû`�iBQMb /Ƕú;vTi2 �M+B2MM2- `QK�BM2 2i
;`2+[m2X

G� MmKû`�iBQM û;vTiB2MM2 2bi +2HH2 /2b i`QBb [mB TQ`i2 H2 THmb H� K�`[m2
/2b �M+B2MM2b MmKû`�iBQMb �M�HQ;B[m2b /2 ivT2 1DX G2b MQK#`2b R ¨ N bQMi
2M 2z2i `2T`ûb2Miûb T�` /2b i`�Bib p2`iB+�mt U|- ||- |||XXXVX AH bǶ�;Bi iQmi27QBb /ǶmM
bvbiĕK2 ¨ /2mt /BK2MbBQMb U1×1DV TmBb[m2 H2b TmBbb�M+2b /2 Ry- +Ƕ2bi@¨@/B`2
Ry- Ryy- RyyyXXX- bQMi `2T`ûb2Miûb T�` /2b TB+iQ;`�KK2b /Bzû`2Mib `QKT�Mi
�p2+ H� HQ;B[m2 , mM i`�Bi p�mi mM2 mMBiûX �BMbB H2b p�H2m`b Ry 4 2- Ryy 4 3-
Ryyy 4 4- Ryyyy 4 5- Ryyyyy 4 6 2i Ryyyyyy 4 7 QMi iQmi2b mM TB+iQ@
;`�KK2 TQm` H2b `2T`ûb2Mi2`X *2b bvK#QH2b M2 bQMi T�b /2b +QK#BM�BbQMb /ǶmM
bB;M2 p�H�Mi R 2i /2 bB;M2b p�H�Mi y- K�Bb bQMi ¨ +?�[m2 7QBb /2b bB;M2b mMB[m2b
TQmp�Mi āi`2 `ûTHB[mûb Dmb[mǶ¨ N 7QBb- +QKK2 HǶmMBiû |X �BMbB ky 2bi `2T`ûb2Miû
22- ¨ b�pQB` /2mt 7QBb H2 bvK#QH2 p�H�Mi RyX 1i pQB+B kNye , 44333333333||||||-
bQBi /2mt 7QBb H2 TB+iQ;`�KK2 p�H�Mi Ryyy , 4- M2m7 7QBb H2 bB;M2 TQm` Ryy , 3- 2i
bBt mMBiûb , |X � MQi2` [m2 +2b +?Bz`2b û;vTiB2Mb bǶû+`Bp�B2Mi T�` +QMp2MiBQM /2
;�m+?2 ¨ /`QBi2 2M +QKK2MÏ�Mi T�` H2b bvK#QH2b �v�Mi H� THmb ;`�M/2 p�H2m`X
lM �mi`2 Q`/`2 /Ƕû+`Bim`2 �m`�Bi Tm āi`2 miBHBbû- H� TQbBiBQM /ǶmM TB+iQ;`�KK2
MǶ�z2+i�Mi T�b b� p�H2m` +QMi`�B`2K2Mi �m bvbiĕK2 /2b +?Bz`2b �`�#2b Qɍ MQM
b2mH2K2Mi H� 7Q`K2- K�Bb �mbbB H� TQbBiBQM /2b +?Bz`2b 2bi /ûi2`KBM�Mi2X

G2b MmKû`�iBQMb ?v#`B/2b G� MmKû`�iBQM +?BMQBb2 2bi mM 2t2KTH2 /2
bvbiĕK2 ?v#`B/2X 1HH2 2bi Ŀ H� THmb �M+B2MM2 /2b 7Q`K2b mbm2HH2b +QMi2KTQ@
`�BM2b ŀ TmBb[mǶ2HH2 Ŀ 2bi 2KTHQvû2 i2HH2 [m2HH2 /2TmBb H2 Ao2 bBĕ+H2 /2 HǶĕ`2
+?`ûiB2MM2 ŀ (R88) UTX ejyVX *2ii2 MmKû`�iBQM TQbbĕ/2 û;�H2K2Mi mM2 #�b2 Ry-
2i /BbTQb2- +QKK2 H2 bvbiĕK2 /Ƕ1;vTi2 �M+B2MM2- /ǶB/ûQ;`�KK2b bTû+B}[m2b
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TQm` H2b TmBbb�M+2b /2 RyX § H� /Bzû`2M+2 /m bvbiĕK2 û;vTiB2M- H2b bvK#QH2b
p�H�Mi Ry- Ryy- Ryyy 2i+X M2 bQMi T�b `ûTHB[mûb THmbB2m`b 7QBb- K�Bb bQMi T`û@
+û/ûb /2b mMBiûb /2 #�b2 UR@NV �;Bbb�Mi +QKK2 KmHiBTHB+�i2m`b 2i T2`K2ii�Mi
�BMbB mM2 û+QMQKB2 /2 bB;M2bX oQB+B mM 2t2KTH2 BHHmbi`�Mi +2 T`BM+BT2 , R bǶû+`Bi
⼀ 2i Ryy bǶû+`Bi ⼀百 , /QM+ Ŀ R ŀ Ŀ Ryy ŀ , 9 bǶû+`Bi 四 2i 9yy bǶû+`Bi 四百 ,
Ŀ 9 ŀ Ŀ Ryy ŀ c ReyN bǶû+`Bi , ⼀千六百〇九 - +Ƕ2bi@¨@/B`2 /2b bB;M2b +Q``2b@
TQM/�Mi ¨ Ŀ R ŀ Ŀ Ryyy ŀ Ŀ e ŀ Ŀ Ryy ŀ Ŀ y ŀ 2i Ŀ N ŀX G2 y T`ûb2Mi B+B Ĝ 〇

Ĝ T2`K2i /Ƕ2tT`BK2` /�Mb H� MmKû`�iBQM +?BMQBb2 mM2 Qm THmbB2m`b TQbBiBQMb
pB/2b c BH M2 +Q``2bTQM/ T�b 2t�+i2K2Mi �m y /2b +?Bz`2b �`�#2b +QKK2 H2
KQMi`2 HǶ2t2KTH2 /2b MQK#`2b Rjye , ⼀千三百〇六 2i Rjyye , ⼀萬三千〇

六 [mB MǶQMi iQmi /2mt [mǶmM b2mH bvK#QH2 yX

8XRXj G2b MmKû`�iBQMb bvK#QHB[m2b ¨ #�b2 /Qm#H2 Ĝ (1×
1)× 1D

G2 bvbiĕK2 /2b +?Bz`2b `QK�BMb TQbbĕ/2 /2b bBKBHBim/2b �p2+ H2 bvbiĕK2 û;vT@
iB2MX G2 T`BM+BT2 2bi H2 KāK2 K�Bb H2b bvK#QH2b /2 TmBbb�M+2 bQMi /BpBbûb 2M
/2mtX �BMbB- ¨ HǶmMBiû Ŀ A ŀ- bm++ĕ/2 H2 bB;M2 Ŀ o ŀ TQm` 8- TmBb Ŀ s ŀ TQm`
Ry- Ŀ G ŀ TQm` 8y- Ŀ * ŀ TQm` RyyXXX AH bǶ�;Bi /QM+ /ǶmM bvbiĕK2 2M #�b2
Ry �p2+ mM2 bQmb #�b2 8X w?�M; 2i LQ`K�M (jyN) T�`H2Mi �HQ`b /2 bvbiĕK2
(1× 1)× 1DX lM �mi`2 �bT2+i- Q#b2`p�#H2 /�Mb H� p2`bBQM H� THmb `û+2Mi2 /2
+2ii2 MmKû`�iBQM- 2bi [m2 +?�[m2 bB;H2 M2 T2mi āi`2 `ûTHB[mû [m2 Dmb[mǶ¨ i`QBb
7QBbX >BbiQ`B[m2K2Mi- 9 bǶû+`Bp�Bi AAAA- �p2+ H2 i2KTb H� ;`�T?B2 Ao (5−1) bǶ2bi
BKTQbû2X *2ii2 HQ;B[m2 bQmbi`�+iBp2 bǶ�TTHB[m2 ¨ iQmi2 H2b #�b2b c �BMbB- s*
(100−10 = 90) sG (50−10 = 40)- *J (1000−100 = 900)- 2i+X H� MmKû`�iBQM
`QK�BM2 b2 /Bzû`2M+B2 /QM+ /m bvbiĕK2 û;vTiB2M 2M /2mt TQBMib , /ǶmM2 T�`i
2HH2 TQbbĕ/2 mM2 bQmb #�b2 8 2i- /Ƕ�mi`2 T�`i- 2HH2 T`ûpQBi mM T`BM+BT2 bQmb@
i`�+iB7 ûpBi�Mi H� `ûTHB+�iBQM /ǶmM bB;M2 THmb /2 i`QBb 7QBbX .�Mb +2ii2 KāK2
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+H�bb2 (1×1)×1D- MQmb K2MiBQMM2`QMb û;�H2K2Mi H� MmKû`�iBQM +mMûB7Q`K2
#�#vHQMB2MM2 /2 #�b2 ey �p2+ /2b bQmb@#�b2b /2 Ry 2i H2 bvbiĕK2 K�v� /2
#�b2 ky �p2+ mM bQmb@/û+QmT�;2 T�` #HQ+b /2 8X

G2 i�#H2�m 8XR `û+�TBimH2 H2b [m�i`2 MmKû`�iBQMb [m2 MQmb �pQMb +QK@
T�`û2b +B@/2bbmbX GǶBM~m2M+2 /2b bvbiĕK2b /2 ivT2 1D Ĝ �M�HQ;B[m2b Ĝ 2bi
2M+Q`2 `2+QMM�Bbb�#H2 /�Mb H2b `2T`ûb2Mi�iBQMb /2b MQK#`2b R- k 2i j /�Mb H2b
MmKû`�iBQMb `QK�BM2- +?BMQBb2 2i û;vTiB2MM2X

LQmb HǶ�pQMb /ûD¨ û+`Bi- H� bB;MB}+�iBQM M2 `ûbB/2 T�b 2bb2MiB2HH2K2Mi /�Mb H2b
+Q/2b [m2 MQmb miBHBbQMb TQm` +QKKmMB[m2`- K�Bb bǶBMb+`Bi û;�H2K2Mi /�Mb H2
+QMi2ti2 /ǶmiBHBb�iBQM /2 +2b +Q/2bX *2 +QMi2ti2 T2mi āi`2 2Mi2M/m +QKK2 H2
i2ti2 [mB T`û+ĕ/2 2i bmBi mM ûMQM+û- K�Bb û;�H2K2Mi +QKK2 HǶ2Mb2K#H2 /2b
T�`�Kĕi`2b �v�Mi i`�Bi ¨ H� bBim�iBQM /ǶûMQM+B�iBQMX *QKK2 H2 KQMi`2 1+Q
(Rye) /�Mb HǶ2ti`�Bi bmBp�Mi- H� bB;MB}+�iBQM /ǶmM i2`K2 MǶ2bi �m+mM2K2Mi };û2
UTX 99V ,

S2MbQMb (XXX) �m b2Mb /m KQi f+?2p�Hf /�Mb H2 +QMi2ti2 bmBp�Mi ,
f+2i �pB�i2m` 2bi i`ĕb ¨ +?2p�H bm` H2b `ĕ;H2K2Mib /m +Hm# c +2H�
M2 HǶ� T�b 2KTā+?û /2 7�B`2 mM +?2p�H /2 #QBb ?B2`fX .�Mb �m+mM2
/2 +2b /2mt Q++m``2M+2b- f+?2p�Hf M2 /ûbB;M2 HǶ�MBK�H [m2 MQmb
+QMM�BbbQMb #B2MX 1i +2T2M/�Mi BH M2 bǶ�;Bi T�b /2 bBKTH2b ?QKQ@
MvKB2b- +QKK2 [m�M/ QM miBHBb2 fbQMf /�Mb H2 b2Mb /2 Ŀ b2Mb�iBQM
�m/BiBp2 ŀ Qm /�Mb H2 b2Mb /2 Ŀ KQmim`2 /2 +û`û�H2b ŀX C2 /QBb
+QKT�`2` H2 bB;M2 �mt �mi`2b bB;M2b /m +QMi2ti2- 2i +?QBbB` mM /2b
/2mt b2Mb TQbbB#H2b 2i �BMbB 7Qm`MB` mM i`�p�BH /ǶBMi2`T`ûi�iBQMX

.�Mb +2i 2t2KTH2- 1+Q KQMi`2 [m2 H2 b2Mb T`Bb T�` H2 KQi +?2p�H /ûT2M/
/m +QMi2ti2X LQmb TQmpQMb i`�MbTQb2` +2ii2 `û~2tBQMb �mt MQK#`2b 2tT`BKûb
T�` /2b +?Bz`2bX G2b +?Bz`2b �+[mB2`i mM2 p�H2m` /û}MB2 T�` H2m` TQbBiBQM /�Mb
mM MQK#`2 c �BMbB- H2 9 /2 98 p�mi THmb [m2 H2 9 /2 89X
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RyǶyyy 5 s ⼀萬

RyyǶyyy 6 * ⼗萬

RǶyyyǶyyy 7 %s% ⼀百萬

h�#H2 8XR Ĝ *QKT�`�iB7 /2b MmKû`�iBQMb �`�#2- û;vTiB2MM2- `QK�BM2 2i +?B@
MQBb2

J�Bb �m /2H¨ /2 H� p�`B�iBQM /2 H� p�H2m` /ǶmM +?Bz`2 /�Mb H� ;`�KK�B`2
/2b MQK#`2b- +Ƕ2bi H2 b2Mb KāK2 /2b MQK#`2b [mB T2mi �mbbB p�`B2` 2M 7QM+iBQM
/2 H2m` +QMi2ti2 /ǶmiBHBb�iBQMX LQmb �#Q`/QMb- /�Mb H� b2+iBQM bmBp�Mi2- HǶB/û2
[m2 H2b MQK#`2b Ĝ [m2HH2 [m2 bQBi H� K�MBĕ`2 /2 H2b `2T`ûb2Mi2` Ĝ T2mp2Mi
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bǶ�/�Ti2` ¨ iQmi2b bQ`i2b /2 +QMi2ti2b- 2i T`2MM2Mi �BMbB /2b bB;MB}+�iBQMb
i`ĕb /Bzû`2Mi2b /2 H2m` p�H2m` TQm`i�Mi mMBpQ[m2 ¨ HǶBMiû`B2m` /m H�M;�;2 /2b
K�i?ûK�iB[m2bX

8Xk GǶQKMB+QMp2M�M+2 /2b MQK#`2b 2i /2b +?Bz`2b

LQmb HǶû+`BpBQMb 2M T`û�K#mH2- QKMB+QMp2M�M+2 2bi mM bm#bi�MiB7 `�`2 [mB
/ûbB;M2 H2 7�Bi /Ƕāi`2 �TT`QT`Bû ¨ iQmi- miBH2 TQm` iQmi (8j)X 1+Q (Rye) HǶ2tTHB[m2
/2 H� K�MBĕ`2 bmBp�Mi2 bǶ�;Bbb�Mi /2b MQK#`2b 2i /2b bvK#QH2b K�i?ûK�iB[m2b
bQmb HǶ�M;H2 /2 H� bûKBQiB[m2 UTX 8dV ,

AH v � 2M 7�Bi /2b bB;M2b [mB b2K#H2Mi �#bQHmK2Mi mMBpQ[m2b-
+QKK2 +2`i�BMb QTû`�i2m`b K�i?ûK�iB[m2b- Qm H2b MQK#`2b 2i
H2b bvK#QH2b �H;û#`B[m2b , 2M pû`Biû +2b bvK#QH2b M2 bQMi [m2
bvMi�tB[m2K2Mi mMBpQ[m2b ¨ HǶBMiû`B2m` /ǶmM2 +QMp2MiBQM /QMMû2
UQTû`�iBQMb 2Mi`2 7`�+iBQMb Qm QTû`�iBQMb 2Mi`2 MQK#`2b 2MiB2`b-
2i+XV- K�Bb bûK�MiB[m2K2Mi T�`H�Mi- BHb bQMi Qmp2`ib ¨ iQmi2b H2b
bB;MB}+�iBQMb TQbbB#H2b- 2i 2M HQ;B[m2 bvK#QHB[m2 BHb p�H2Mi KāK2
+QKK2 p�`B�#H2b HB#`2bX G2 K�tBKmK /ǶmMBpQ+Biû +Q``2bTQM/ �BMbB
�m K�tBKmK /ǶQmp2`im`2X

G2b MQK#`2b bQMi �BMbB Qmp2`ib ¨ iQmi2b H2b bB;MB}+�iBQMb TQbbB#H2b /ĕb HQ`b
[mǶBHb bQMi 2ti`�Bib /m H�M;�;2 /2b K�i?ûK�iB[m2bX AH 2bi �Bbû /2 b2 `2M/`2
+QKTi2 /2 +2ii2 �#bQHm2 /Bp2`bBiû 2M +QMbi�i�Mi H� KmHiBTHB+Biû /2b miBHBb�iBQMb
[mB MQmb 2MiQm`2Mi �m [mQiB/B2M , H2b MQK#`2b T2`K2ii2Mi /2 /ûMQK#`2` H2b
2MiBiûb /m `û2H U/2b Q#D2ib- /2b āi`2b pBp�MibXXXV K�Bb û;�H2K2Mi /2b 2MiBiûb
+QMp2MiBQMM2HH2b- +QKK2 T�` 2t2KTH2 /2b Q#D2ib /û}MBb T�` H2 /`QBi , mM
+BiQv2M- mM +?ƬK2m` Qm mM 7QM+iBQMM�B`2 M2 T`û2tBbi2Mi T�b ¨ H2m` /û}MBiBQM
T�` H2b BMbiBimiBQMb /ǶmM úi�iX
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S�` �BHH2m`b- H2b MQK#`2b b2`p2Mi T�`7QBb /2 KmHiBTHB+�i2m`b bm` /2b û+?2HH2b
+QMiBMm2b- BMp�`B�#H2b 2i HBMû�B`2b Qm MQM@HBMû�B`2b UH2b mMBiûb /2 K2bm`2V- K�Bb
�mbbB bm` /2b û+?2HH2b BMbi�#H2b `2TQb�Mi bm` /2b BM/B+�i2m`b /2 +QMbi`m+iBQM
+QMp2MiBQMM2HH2 Ui2bi /2 ZA- BM/B+2 /2 T`Q/m+iBpBiûXXXVX AHb T2mp2Mi û;�H2K2Mi
b2`pB` /2 MmKû`Q UMmKû`Qi�iBQM /2b #mb- MmKû`Q /2 iûHûT?QM2V- Qm TQm` /û@
i2`KBM2` mM Q`/`2 UT�;BM�iBQM- Q`/`2 /2 /ûT�`i- +H�bb2K2MiVX LQi`2 KQM/2 2bi
[m�MiB}�#H2 2i [m�MiB}û bQmb /2 KmHiBTH2b `�TTQ`ib `2TQb�Mi TQm` H� THmT�`i
bm` /2b `ĕ;H2b +QMp2MiBQMM2HH2bX

lM2 2K#ȿ+?2 �K2Mû2 T�` +2ii2 QKMB+QMp2M�M+2 `ûbB/2 /�Mb H2 7�Bi [m2
H2b +?Bz`2b �TT�`iB2MM2Mi 2M T`2KB2` HB2m �m H�M;�;2 /2b K�i?ûK�iB[m2b Ĝ
/�Mb H2[m2H BHb bQMi Ŀ �#bQHmK2Mi mMBpQ[m2b ŀ Ĝ 2i [m2 H2m` miBHBb�iBQM b2K#H2
BM/B[m2` H� K�i?ûK�iBb�#BHBiû /2b Q#D2ib �mt[m2Hb BHb bQMi �bbQ+BûbX P`- +2 i`�@
p�BH pBb2 MQi�KK2Mi ¨ /û72M/`2 HǶB/û2 [m2 H2b `�BbQMM2K2Mib K�i?ûK�iB[m2b
M2 T2mp2Mi āi`2 p�H�#H2K2Mi �/QTiûb [m2 bm` mM2 T�`iB2 /2b Q#D2ib [m�MiB@
}ûbX G� MQiBQM /2 K2bm`2 2i H� T`QK2bb2 /ǶQ#D2+iBpBiû [mB H� bQmb@i2M/ bQMi
�m +Q2m` /2 +2ii2 i?ûK�iB[m2 [m2 MQmb �TT`Q7QM/BbbQMb /�Mb H2b +?�TBi`2b N
2i RyX 1M i`�/mBb�Mi HǶ2tTû`B2M+2 ?mK�BM2 Ĝ [mB T2mi b2 /B`2 T�` /2b KQib /2
H�M;�;2b +QKTH2t2b 2i `û~2tB7b Ĝ 2M +?Bz`2b- MQmb QTû`QMb mM2 i`�Mb7Q`K�@
iBQM +QMp2MiBQMM2HH2- ¨ H� bmBi2 /2 H�[m2HH2- /Ƕ�mi`2b 7Q`K2b /2 `�BbQMM2K2Mib
Ĝ K�i?ûK�iB[m2b Ĝ bQMi TQbbB#H2b c +2ii2 i`�Mb7Q`K�iBQM bǶ�++QKT�;M2 /ǶmM2
T2`i2 /ǶBM7Q`K�iBQM , HǶ2Mi`QTB2 eX 1M +QMbû[m2M+2- /2b ûMQM+ûb ¨ H� p�H2m` /2
pû`Biû BM+2`i�BM2 `ûbmHi2Mi /2 +2`i�BMb T`Q+2bbmb /2 [m�MiB}+�iBQMX

lM2 �mi`2 +QKTHB+�iBQM �K2Mû2 T�` H� i`ĕb ;`�M/2 p2`b�iBHBiû /2b +?Bz`2b
+QM+2`M2 /B`2+i2K2Mi H2 /Bb+Qm`b DQm`M�HBbiB[m2X "2�m+QmT /2 /QMMû2b bQMi
7Qm`MB2b T�` /2b /QK�BM2b bTû+B�HBbûb , +2b +?Bz`2b +Q``2bTQM/2Mi T�`7QBb ¨ /2b
TQbBiBQMb bm` /2b û+?2HH2b +QMp2MiBQMM2HH2b- Qm /û+QmH2Mi /2 +H�bb2b /û}MB2b T�`
/2b bTû+B�HBbi2b- K�Bb /2K2m`2Mi Q#b+m`2b TQm` H2 iQmi@p2M�MiX lM2 bi�iBbiB[m2

eX G2 MQK /QMMû ¨ H� T2`i2 /ǶBM7Q`K�iBQM 2M;2M/`û2 T�` H2 T�bb�;2 /ǶmM2 H�M;m2 ¨
HǶ�mi`2 2M i`�/m+iQHQ;B2X
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`2TQb2 �BMbB bQmp2Mi bm` /2b +QMp2MiBQMb Qm bm` /2b /û+BbBQMb T`Bb2b /�Mb mM
/QK�BM2 bTû+B�HBbû +2 [mB `2M/ b� H2+im`2 /B{+BH2 TQm` H2b MQM@BMBiBûb 2i T�`
2ti2MbBQM TQm` H2b DQm`M�HBbi2b /QMi H2 `ƬH2 2bi /ǶBM7Q`K2` H� TQTmH�iBQMX

SQm` T`2M/`2 mM 2t2KTH2 +QM+`2i- /2b bBbKQHQ;m2b b�m`QMi 2t�+i2K2Mi ¨
[mQB +Q``2bTQM/ mM bûBbK2 /2 K�;MBim/2 eXdX *2b bTû+B�HBbi2b b2 b2`p2Mi Dmbi2@
K2Mi /Ƕû+?2HH2b +QMp2MiBQMM2HH2b TQm` ûpBi2` /2b 2tT`2bbBQMb �TT`QtBK�iBp2b
+QKK2 Ŀ bûBbK2 /ǶBMi2MbBiû KQv2MM2 ŀ Qm Ŀ bûBbK2 i`ĕb pBQH2Mi ŀ /QMi H2b
HBKBi2b bQMi #B2M T2m +H�B`2b TQm` [mB � #2bQBM /2 /û}MBiBQMb 2i /ǶQmiBHb `B;Qm@
`2mt TQm` /û+`B`2 /2b T?ûMQKĕM2b +QKTH2t2b /�Mb H2 +�/`2 /2 b� /Bb+BTHBM2X
J�Bb �m KQK2Mi /ǶBM7Q`K2` H2 Tm#HB+- 2bi@BH `û2HH2K2Mi û+H�B`�Mi /2 T�`H2` /2
K�;MBim/2 eXd \ G2 Tm#HB+ `û�HBb2@i@BH [mǶmM bûBbK2 /2 K�;MBim/2 e � /2b 2z2ib
/2bi`m+i2m`b- �HQ`b [mǶmM bûBbK2 /ǶmM2 K�;MBim/2 j 2bi ¨ T2BM2 T2`+2TiB#H2
T�` HǶ?mK�BM \ �m }M�H- mM ûMQM+û +QKK2 Ŀ mM 7Q`i bûBbK2 � b2+Qmû hQFvQ
+2ii2 MmBi ŀ 2bi@BH pû`Bi�#H2K2Mi KQBMb BM7Q`K�Mi TQm` H� THmT�`i /2b ;2Mb-
K�H;`û mM +?QBt /ǶûMQM+B�iBQM [mB T�`�ŗi`� BKT`û+Bb �mt bTû+B�HBbi2b /2 H�
#`�M+?2 \

GǶû+?2HH2 miBHBbû2 TQm` /û+`B`2 +2b T?ûMQKĕM2b M�im`2Hb MǶ� 2M `û�HBiû `B2M
/ǶûpB/2Mi2X *2T2M/�Mi- ¨ H� /Bzû`2M+2 /Ƕ�mi`2b ûHûK2Mib /m H�M;�;2 i2+?MB[m2
/2b bBbKQHQ;m2b Ĝ T�` 2t2KTH2 H2b i2`K2b �xBKmi- T2M/�;2- �M;H2 /2 ;HBbb2@
K2Mi- `�F2- 2i+X Ĝ H2b DQm`M�HBbi2b MǶ?ûbBi2Mi T�b ¨ bǶ2M b2`pB`X G2 bB;M2 Ŀ eXd ŀ
MǶ2bi BM?�#Bim2H TQm` T2`bQMM2- �m +QMi`�B`2 /m bB;M2 �xBKmi [m2 b2mH2 mM2
TQ`iBQM +QM;`m2 /2 H� TQTmH�iBQM �m`� /ûD¨ `2M+QMi`û /�Mb +2 +QMi2ti2X *2
MǶ2bi T�b eXd 2M bQB [mB TQb2 T`Q#HĕK2- +Ƕ2bi HǶû+?2HH2 ¨ H�[m2HH2 +2ii2 p�H2m` b2
`�TTQ`i2 , HǶ2tT`2bbBQM Ŀ eXd bm` HǶû+?2HH2 /2 _B+?i2` ŀ /ûMQi2 /ǶmM T?ûMQKĕM2
[mB MǶ2bi /û}MB T`û+BbûK2Mi [m2 TQm` H2b bTû+B�HBbi2bX

*Ƕ2bi H¨ [m2 `ûbB/2 HǶûHûK2Mi i`Qm#H�Mi [mB 2MiQm`2 H2b MQK#`2b , BHb bQMi
+QKTQbûb /2 +?Bz`2b 2i /ǶûHûK2Mib /2 TQM+im�iBQM 7�KBHB2`b ¨ iQmi H2 KQM/2-
K�Bb H2m` +QMi2Mm- bQmp2Mi +QMp2MiBQMM2H- MǶ�TT�`�ŗi T�b , T�` 2t2KTH2 eXd
TQm``�Bi- /�Mb mM �mi`2 +QMi2ti2- `û7û`2` ¨ mM iQmi �mi`2 +QMi2Mm , BH TQm``�Bi
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bǶ�;B` /ǶmM i�mt /2 T�mp`2iû 2tT`BKû 2M W- /m MQK#`2 /2 KBHHBQMb 2M D2m TQm`
H2 T`Q+?�BM iB`�;2 /2 H� HQi2`B2- /m MmKû`Q /ǶmM +?�TBi`2 /ǶQmp`�;2- 2i+X *Ƕ2bi
mM �bT2+i T�`�/Qt�H /2b MQK#`2b , eXd T2mi āi`2 `�TTQ`iû ¨ mM2 [m�MiBiû
BHHBKBiû2 /Ƕû+?2HH2b Qm /2 bBim�iBQMb 2i T2mi �BMbB +QMi`B#m2` ¨ mM MQK#`2
BM/ûi2`KBMû /2 b2Mb- �HQ`b [m2 /�Mb H2 +�/`2 /m H�M;�;2 /2b bTû+B�HBbi2b Ĝ B+B
/2b bBbKQHQ;m2b Ĝ +2 MQK#`2 T`2M/ mM b2Mb �#bQHmK2Mi mMBpQ[m2 2i T`û+BbX
*2 eXd MǶ2M /2K2m`2 T�b KQBMb iQmi �mi`2 +?Qb2 [m2 H2 eXd /m H�M;�;2 /2b
K�i?ûK�iB[m2b- TmBb[mǶBH [m�HB}2- /�Mb +2 +QMi2ti2- mM2 BMi2MbBiû +QKK2 H2
72`�Bi mM �/D2+iB7X

.2 7�ÏQM bBKBH�B`2- H2b MQK#`2b T2mp2Mi āi`2 miBHBbûb TQm` 2tT`BK2` H�
[m�MiBiû T`ûb2Mi2 /ǶQ#D2ib MQM@+QMp2MiBQMM2Hb- +QKK2 /2b �`#`2b- /2b �MB@
K�mt-XXX K�Bb û;�H2K2Mi /ǶQ#D2ib +QMp2MiBQMM2Hb +QKK2 /2b +?ƬK2m`b- /2b
+`BK2b-XXX /QMi H� /û}MBiBQM T2mi p�`B2` /�Mb H2 i2KTb- /�Mb HǶ2bT�+2- K�Bb
�mbbB 2Mi`2 H2 `2;Bbi`2 +QKKmM 2i H2 `2;Bbi`2 BMbiBimiBQMM2HX lM ûMQM+û i2H [m2
Ŀ BH v � Ryyy +?ƬK2m`b /2 THmb [mǶ�m i`BK2bi`2 T`û+û/2Mi ŀ T2mi@āi`2 +QKT`Bb
/2 7�ÏQMb i`ĕb /Bp2`b2b 2M 7QM+iBQM /2 H� `2T`ûb2Mi�iBQM [mǶmM2 T2`bQMM2 �
/ǶmM +?ƬK2m`- /m +QMi2ti2 2i /m T�vb /�Mb H2[m2H +2i ûMQM+û 2bi 7Q`KmHûX

G2b MQK#`2b- T�` H2m` QKMB+QMp2M�M+2- T2mp2Mi �BMbB b2 `û7û`2` ¨ /2b Q#@
D2ib Qm ¨ /2b û+?2HH2b /2 M�im`2b 2i /Ƕûi�ib i`ĕb /Bp2`b- +2 [mB � Mû+2bb�B`2K2Mi
mM BKT�+i bm` H� TQbbB#BHBiû /2 H2b miBHBb2` 2MbmBi2 /�Mb H2 +�/`2 7Q`K2H /2b
K�i?ûK�iB[m2b- Qɍ H2m` p�H2m` /2pB2Mi iQmi ¨ 7�Bi mMBpQ[m2X
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*?�TBi`2 e

G� `2T`ûb2Mi�iBQM /2b MQK#`2b
2M 7`�M+QT?QMB2

.�Mb +2 +?�TBi`2 MQmb �#Q`/2`QMb H2b i`QBb 7Q`K2b T`BM+BT�H2b /2 `2T`ûb2Mi�@
iBQM /2b MQK#`2b /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM 2M 7`�MÏ�Bb , H2 bvbiĕK2
/2b +?Bz`2b �`�#2b- H� MmKû`�iBQM Q`�H2fp2`#�H2 2M H�M;m2 7`�MÏ�Bb2 2i H2b
`2T`ûb2Mi�iBQMb ;`�T?B[m2b U�M�HQ;B[m2bVX

eXR G� `2T`ûb2Mi�iBQM /2b MQK#`2b T�` H2 bvb@
iĕK2 /û+BK�H 2i H� MmKû`�iBQM �`�#Q@BM/B2MM2
/2 TQbBiBQM

G2 7�Bi [m2 H2 `2+Qm`b �mt +?Bz`2b �`�#2b bQBi /2p2Mm T`�iB[m2K2Mi mMBp2`b2H-
#B2M [m2 +2b bvK#QH2b ;`�T?B[m2b bQB2Mi Ŀ `2H�iBp2K2Mi i�`/B7b 2i M2 +QMbiB@
im2Mi [m2 HǶmM2 /2b BMMQK#`�#H2b `2T`ûb2Mi�iBQMb TQbbB#H2 /2b MQK#`2b ŀ
(R88) UTX R8V- MQmb BM+Bi2 ¨ T2Mb2` [m2 +2 +Q/2 TQm` `2T`ûb2Mi2` H2b [m�MiBiûb

38
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� �ii2BMi mM TQBMi /Ƕû[mBHB#`2X 1M +2H�- BH /Bzĕ`2 /2b bi`m+im`2b HBM;mBbiB[m2b
[mB MǶQMi `B2M /ǶmMBp2`b2HH2b 2i /QMi H2b p�`B�iBQMb Ĝ Q#D2i /Ƕûim/2 /2 H� bQ@
+BQHBM;mBbiB[m2 Ĝ bQMi ¨ H� 7QBb +QMbi�Mi2b 2i BMûpBi�#H2bX

*2H� M2 p2mi T�b /B`2 [mǶBH MǶv � T�b /Ƕ�Hi2`M�iBp2 �mt +?Bz`2b �`�#2b- MB
KāK2 [m2 +2 bvbiĕK2 b2`�Bi BMi`BMbĕ[m2K2Mi THmb T2`7Q`K�Mi [mǶmM �mi`2X
G2b /Bzû`2Mi2b H�M;m2b- T�`Hû2b Qm û+`Bi2b- DQmBbb2Mi iQmi2b /2 HǶQKMBTQi2M+2
bûKBQiB[m2- +Ƕ2bi@¨@/B`2 [mǶ2HH2b bQMi 2M +�T�+Biû /Ƕ2tT`BK2` iQmi2b H2b `û�@
HBiûb c /2 7�ÏQM bBKBH�B`2- H2b /Bzû`2Mi2b MmKû`�iBQMb 2tBbi�Mi2b bQMi iQmi2b
+�T�#H2b /Ƕ2tT`BK2` iQmb H2b MQK#`2bX AH 2tBbi2 /Ƕ�BHH2m`b /Ƕ�mi`2b bvbiĕK2b-
THmb û+QMQKB[m2b [m2 +2HmB /2b +?Bz`2b �`�#2b- �v�Mi mM2 +�T�+Biû û;�H2 ¨
/ûbB;M2` iQmb H2b MQK#`2bX

lM 2t2KTH2 2bi H2 bvbiĕK2 ?2t�/û+BK�H- miBHBbû MQi�KK2Mi 2M BM7Q`K�@
iB[m2 , BH bǶ�;Bi /ǶmM bvbiĕK2 /2 TQbBiBQM- miBHBb�Mi mM2 #�b2 Re- +QKTQbû /2b
+?Bz`2b �`�#2b 2i /2b bBt T`2KBĕ`2b H2ii`2b /2 HǶ�HT?�#2iX G2 7QM+iBQMM2K2Mi
2bi H2 KāK2 [m2 +2HmB /2 MQi`2 bvbiĕK2 /û+BK�H- �p2+ mM y miBHBbû TQm` K�`@
[m2` mM2 TQbBiBQM pB/2X 1M ?2t�/û+BK�H- Ŀ 6 ŀ p�mi [mBMx2 2i Ŀ Ry ŀ p�mi
b2Bx2 c 2M +QMbû[m2M+2 Ŀ Ryy ŀ p�mi /2mt@+2Mi@+BM[m�Mi2@bBt- bQBi H� #�b2 ûH2@
pû2 �m +�``û , RekX *2H� p2mi /B`2 [m2 +2 bvbiĕK2 T2`K2i /Ƕ2tT`BK2` THmb /2
MQK#`2b /2 7�ÏQM THmb û+QMQKB[m2 , � iBi`2 /Ƕ2t2KTH2- H2b MQK#`2b /2 Ryy
¨ k88 bQMi 2tT`BKûb T�` j bvK#QH2b /�Mb H� MmKû`�iBQM /û+BK�H2 �HQ`b [m2
/2mt bvK#QH2b b2mH2K2Mi bm{b2Mi 2M ?2t�/û+BK�HX

AH b2`�Bi bBKTH2 /2 +`û2` mM2 �mi`2 MmKû`�iBQM ¨ /2mt /BK2MbBQMb U1×1DV-
iQmi ¨ 7�Bi 7QM+iBQMM2HH2- bm` mM2 �mi`2 #�b2 2i �p2+ /2b bvK#QH2b /Bzû`2Mib
2i [m2 HǶQM û+`B`�Bi T�` 2t2KTH2 /2 #�b 2M ?�miX �BMbB- H2 bvbiĕK2 [m2 MQmb
�pQMb �/QTiû `2TQb2 bm` /2b 7QM/2K2Mib H�`;2K2Mi +QMp2MiBQMM2Hb , H� 7Q`K2
/2b +?Bz`2b- H� #�b2 Ry 2i �mbbB #B2M HǶQ`/`2 [m2 H2 b2Mb 2i H� /B`2+iBQM /�Mb
H2[m2H b2 HBb2Mi H2b +?Bz`2b M2 `ûTQM/2Mi ¨ �m+mM2 `ĕ;H2 /B+iû2 T�` H� M�im`2 RX

RX >Q`KBb T2mi@āi`2 H� #�b2 Ry [mB TQm``�Bi /û+QmH2` /m 7�Bi [m2 MQmb TQbbû/QMb Ry
/QB;ibX
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*2T2M/�Mi- +QKK2 MQmb HǶ�pQMb /Bi- H2 bvbiĕK2 /û+BK�H miBHBb�Mi H2b +?Bz`2b
�`�#2b bǶ2bi mMBp2`b2HH2K2Mi ûi�#HB +QKK2 H2 bvbiĕK2 /2 `û7û`2M+2 TQm` H�
`2T`ûb2Mi�iBQM /2b MQK#`2b 2i TQm` H2 +�H+mHX

AH 2tBbi2 T`Q#�#H2K2Mi THmbB2m`b `�BbQMb T2`K2ii�Mi /Ƕ2tTHB[m2` +2 bi�imi
?û;ûKQMB[m2 /2b +?Bz`2b �`�#2bX LQmb û+`BpBQMb +B@/2bbmb- +QKT�`�Mi MQi`2
MmKû`�iBQM ¨ /2b `2T`ûb2Mi�iBQMb /2 ivT2 1D- [m2 `B2M /�Mb H� 7Q`K2 /ǶmM
Ŀ j ŀ M2 bm;;ĕ`2 [m2 +2 bB;M2 TQm``�Bi p�HQB` THmb [m2 Ŀ k ŀ +QMi`�B`2K2Mi ¨
Ŀ AAA ŀ [mB 2bi pBbB#H2K2Mi THmb [m2 Ŀ AA ŀX *2ii2 i2M/�M+2 bǶBMp2`b2 THmb H2b
MQK#`2b /2pB2MM2Mi ;`�M/b , /�Mb H2b MmKû`�iBQMb /2 TQbBiBQM Ĝ ¨ HǶBMbi�` /2
+2HH2 /2b +?Bz`2b �`�#2b Ĝ THmb mM MQK#`2 +QMiB2Mi /2 bvK#QH2b- THmb BH 2bi
;`�M/X LǶv �@i@BH T�b- �BMbB- mM2 �M�HQ;B2 2Mi`2 H2 MQK#`2 /2 bvK#QH2b miBHBbûb
2i H� ;`�M/2m` 2tT`BKû2 \ LQmb 7Q`KmHQMb HǶ?vTQi?ĕb2 [m2 H� MmKû`�iBQM /2
TQbBiBQM T2`K2i mM2 `2T`ûb2Mi�iBQM K2Mi�H2 `�TB/2 /ǶmM Q`/`2 /2 ;`�M/2m`-
+�` H2 MQK#`2 /2 bvK#QH2b miBHBbûb 2tT`BK2 mM 2Mb2K#H2 /2 MQK#`2b +QMbû@
+miB7bX AH 2bi T�` 2t2KTH2 7�+BH2 /2 b2 `2M/`2 +QKTi2 [m2 Ryyy 2bi THmb ;`�M/
[m2 333- TmBb[m2 [m2 H2 T`2KB2` /2 +2b MQK#`2b +QMiB2Mi [m�i`2 +�`�+iĕ`2b-
+QMi`2 i`QBb b2mH2K2Mi TQm` H2 b2+QM/X

LQmb +QMbi�iQMb [m2 +2ii2 BKKû/B�i2iû /2 HQ;B[m2 Ĝ mM MQK#`2 �p2+ THmb
/2 bvK#QH2b p�mi THmb Ĝ MǶ2bi T�b /BbTQMB#H2 /�Mb +2`i�BM2b /2b �mi`2b MmKû`�@
iBQMb T`ûb2Miû2b B+BX G2 +�b /m MQK#`2 333 2bi T�`iB+mHBĕ`2K2Mi `2T`ûb2Mi�iB7
/2 +2i ûi�i /2 7�Bi , BH 7�mi `2bT2+iBp2K2Mi k9 TB+iQ;`�KK2b û;vTiB2Mb- Rk
+?Bz`2b `QK�BMb Qm 8 B/ûQ;`�KK2b +?BMQBb TQm` HǶû+`B`2- �HQ`b [mǶmM Qm /2mt
bvK#QH2b bm{b2Mi /�Mb +2b MmKû`�iBQMb TQm` 2tT`BK2` RyyyX 1M /Ƕ�mi`2b
i2`K2b- T�`KB H2b MmKû`�iBQM /m ;`QmT2 1× 1D- b2mH H2 bvbiĕK2 /2 TQbBiBQM
/QMM2- T�` H2 MQK#`2 /2 bvK#QH2b miBHBbûb- mM BM/B+2 b2MbB#H2 Ĝ M2 `2TQb�Mi
T�b mMB[m2K2Mi bm` H� p�H2m` +QMp2MiBQMM2HH2 /2b bvK#QH2b miBHBbûb Ĝ T2`K2i@
i�Mi /2 /ûi2`KBM2` H2[m2H /2 +2b /2mt MQK#`2b U333 2i RyyyV p�mi THmbX
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*2ii2 TQbbB#BHBiû /2 `2T`ûb2Mi2` mM Q`/`2 /2 ;`�M/2m` T�` H� [m�MiBiû /2
bvK#QH2b miBHBbûb Ĝ mM bvK#QH2 +Q``2bTQM/ ¨ H� 7Qm`+?2ii2 y ¨ N c /2mt bvK@
#QH2b , Ry ¨ NN c i`QBb bvK#QH2b , Ryy ¨ NNN 2i �BMbB /2 bmBi2 Ĝ MǶ2tBbi2 T�b /�Mb
H2b �mi`2b MmKû`�iBQMb [m2 MQmb �pQMb T`ûb2Miû2b c 2M 2z2i- /�Mb +2b bvbiĕK2b-
+2ii2 BM7Q`K�iBQM 2bi /QMMû2b T�` H� 7Q`K2 /m T`2KB2` bvK#QH2 Qm /m T`2KB2`
;`QmT2 /2 bvK#QH2bX GǶ�p�Mi�;2 TQbbB#H2 �K2Mû T�` H� TQbbB#BHBiû BKKû/B�i2
/2 /ûi2`KBM2` mM Q`/`2 /2 ;`�M/2m` 2bi 2ti2MbB7 , T�` 2t2KTH2- HQ`b[m2 THm@
bB2m`b MQK#`2b bQMi �//BiBQMMûb- H� +Q``2bTQM/�M+2 pBbm2HH2 2Mi`2 H2m` p�H2m`
2i H2m` Q`/`2 /2 ;`�M/2m` T2`K2i /2 /ûi2`KBM2` `�TB/2K2Mi HǶQ`/`2 /2 ;`�M@
/2m` /m `ûbmHi�iX *2i �p�Mi�;2 2bi `2M/m pBbB#H2 /�Mb H2 i�#H2�m +B@/2bbQmb
�p2+ mM 2t2KTH2 /Ƕ�//BiBQM /2 i`QBb MQK#`2b ,

�`�#2b 1;vTiB2Mb _QK�BMb *?BMQBb

Ry 2 s ⼀⼗

Y 33 22222222|||||||| GsssoAAA ⼋⼗⼋

Y Ny 222222222 s* 九⼗

4 R33 322222222|||||||| *GsssoAAA ⼀百⼋⼗⼋

G� +Q``2bTQM/�M+2 2Mi`2 H� [m�MiBiû /2 bvK#QH2b miBHBbûb TQm` `2T`ûb2Mi2`
mM MQK#`2 2i bQM Q`/`2 /2 ;`�M/2m` 7�pQ`Bb2 T`Q#�#H2K2Mi H� `2T`ûb2Mi�iBQM
K2Mi�H2 /2b Q`/`2b /2 ;`�M/2m`X *2ii2 ?vTQi?ĕb2 M2 T2mi iQmi27QBb T�b āi`2
pû`B}û2 T�`+2 [mǶBH 2bi BKTQbbB#H2 /2 +QKT�`2` H2 +QKTQ`i2K2Mi /2b ?mK�BMb
/�Mb mM bvbiĕK2 [mǶBHb miBHBb2Mi iQmb H2b DQm`b 2i /�Mb mM bvbiĕK2 /QMi BHb
MǶQMi T�b HǶ?�#Bim/2X

G2 bvbiĕK2 /2 TQbBiBQM /2b +?Bz`2b �`�#2b T`ûb2Mi2 /Ƕ�mi`2b +�`�+iû`Bb@
iB[m2b TQmp�Mi 2tTHB[m2` TQm`[mQB BH Ŀ bǶ2bi ûi2M/m /2TmBb T2m ¨ iQmi2 H�
TH�Mĕi2 ŀ (R88) UTX R8VX LQmb �pQMb BHHmbi`û HǶû+QMQKB2 /2 bvK#QH2b +B@/2bbmb-
2M /ûp2HQTT�Mi H2 +�b 2K#HûK�iB[m2 /2 333X *2ii2 i2M/�M+2 û+QMQK2 bǶQ#@
b2`p2 bm` HǶ2Mb2K#H2 /2 H� MmKû`�iBQMX AH 2bi T�` 2t2KTH2 7�+BH2 /2 bǶ2M `2M/`2
+QKTi2 2M M2 T`2M�Mi [m2 H2b MQK#`2b �HH�Mi /2 R ¨ ky 2i 2M /ûMQK#`�Mi
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H� [m�MiBiû KQv2MM2 /2 bvK#QH2b miBHBbûbX G2b +?Bz`2b �`�#2b T2`K2ii2Mi /2
`2T`ûb2Mi2` +2b MQK#`2b 2M miBHBb�Mi RX88 bvK#QH2b 2M KQv2MM2 c 2M +QKT�@
`�BbQM H2 bvbiĕK2 û;vTiB2M 2bi H2 THmb T`Q/B;m2- TmBb[mǶBH 7�mi 2M KQv2MM2
8XR bvK#QH2b- +QMi`2 kXe TQm` H2b +?Bz`2b `QK�BMb 2i k /�Mb H� MmKû`�iBQM
+?BMQBb2X

G2 7�Bi [m2 H2b +?Bz`2b �`�#2b b2 bQB2Mi BKTQbûb T�`iQmi 2i /2 7�ÏQM T2`@
K�M2Mi2 Ĝ BHb +Q2tBbi2Mi T�` 2t2KTH2 �p2+ H� MmKû`�iBQM +?BMQBb2 Ĝ i2M/ ¨
+QM}`K2` [m2 HǶ?mK�BM � T`Q;`2bbBp2K2Mi KB;`û p2`b mM bvbiĕK2 [mB T`ûb2Mi2
TQm` HmB H2 THmb /Ƕ�p�Mi�;2bX A7`�? (R88) bǶ�p�M+2 2M+Q`2 THmb /�Mb H2 T�bb�;2
bmBp�Mi UTX dddV ,

1i iQmi bǶ2bi T�bbû }M�H2K2Mi +QKK2 bB- �m i`�p2`b /2b �;2b 2i
/2b +BpBHBb�iBQMb- HǶ2bT`Bi ?mK�BM �p�Bi 2tTû`BK2Miû iQmi2b H2b bQ@
HmiBQMb TQbbB#H2b �m T`Q#HĕK2 /2 H� MmKû`�iBQM- �p�Mi /2 `2i2MB`
2i /Ƕ�/QTi2` mMBp2`b2HH2K2Mi +2HH2 [mB /2p�Bi �TT�`�ŗi`2 +QKK2 H�
THmb �#bi`�Bi2- H� THmb T2`72+iBQMMû2 2i H� THmb 2{+�+2 /2 iQmi2bX

*2b MQiBQMb /2 T2`72+iBQM 2i /Ƕ2{+�+Biû /QBp2Mi ¨ MQi`2 b2Mb āi`2 TQM/û`û2bX aB
H� MmKû`�iBQM /2 TQbBiBQM /2b +?Bz`2b �`�#2b bǶ2bi 2z2+iBp2K2Mi BKTQbû2- 7Q`+2
2bi /2 +QMbi�i2` /ǶmM2 T�`i [mǶ2HH2 +Q2tBbi2 2M+Q`2 �p2+ /Ƕ�mi`2b bvbiĕK2b
/2 `2T`ûb2Mi�iBQM /2b MQK#`2b- T�` 2t2KTH2 /�Mb +2`i�BMb T�vb /m JQv2M@
P`B2Mi Qm 2M *?BM2 c K�Bb bm`iQmi- BH +QMpB2Mi /2 M2 T�b Qm#HB2` [mǶ2HH2 M2
bǶ2bi BKTQbû2 �m KQM/2 [mǶ�m KQK2Mi 2i ¨ H� bmBi2 /2 H� +QHQMBb�iBQM T�`
H2b 2m`QTû2MbX G2b H�M;m2b 2m`QTû2MM2b QMi ûiû BKTH�Miû2b /2 7Q`+2 /�Mb /2
MQK#`2mb2b `û;BQMb /m ;HQ#2 2i �p2+ 2HH2b H� MmKû`�iBQM /2b +?Bz`2b �`�#2bX
hQmi +QKK2 HǶ�M;H�Bb 2i HǶ2bT�;MQH bQMi /2p2Mm2b H2b /2mt H�M;m2b T`BM+BT�H2b
/2b �Kû`B[m2b- 2z�Ï�Mi T`�iB[m2K2Mi H� THmT�`i /2b H�M;m2b �miQ+?iQM2b- H2b
+?Bz`2b �`�#2b bQMi p2Mmb bmTTH�Mi2` /Ƕ�mi`2b bvbiĕK2b `ûTQM/�Mi Dmb[mǶ�HQ`b
�mt #2bQBMb /2b /Bzû`2Mi2b TQTmH�iBQMbX
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*QMbB/û`2` [m2 H2b +?Bz`2b �`�#2b b2 bQMi BKTQbûb M�im`2HH2K2Mi T�` H2m`
T2`72+iBQM 2i H2m` 2{+�+Biû MQmb b2K#H2 2KT`2BMi /ǶmM 2i?MQ+2Mi`BbK2 bB@
KBH�B`2 ¨ +2HmB [mB � T�`7QBb TQmbbû H2b ?mK�BMb ¨ +QMbB/û`2` H2m`b T`QT`2b
H�M;m2b +QKK2 /2b B/BQK2b bmTû`B2m`b- THmb Tm`b- THmb ¨ KāK2 /2 `2M/`2
+QKTi2 /m KQM/2- THmb HQ;B[m2b- 2i+X P`- MQmb HǶ�pQMb /Bi- iQmi2b H2b H�M;m2b
/BbTQb2Mi /2 HǶQKMBTQi2M+2 bûKBQiB[m2- ¨ b�pQB` /2 H� +�T�+Biû /2 iQmi /B`2X AH
2M p� /2 KāK2 TQm` H2b MmKû`�iBQMb , iQmi2b T2mp2Mi `2T`ûb2Mi2` HǶ2Mb2K#H2
/2b MQK#`2b 2MiB2`b M�im`2HbX

GǶ�`;mK2Mi [m2 H2 bvbiĕK2 /2 TQbBiBQM /2b +?Bz`2b �`�#2b T`ûb2Mi2 MQ@
i�KK2Mi HǶ�p�Mi�;2 /Ƕāi`2 û+QMQK2 2M 2bT�+2 2i 2M bvK#QH2b /2 #�b2 MǶ2M
`2bi2 T�b KQBMb �m/B#H2X AH 2bi û;�H2K2Mi p`�B [m2 H2 bvbiĕK2 /2 TQbBiBQM `2M/
TQbbB#H2 HǶ2tT`2bbBQM /2b MQK#`2b `û2Hb- +Ƕ2bi ¨ /B`2 MQM THmb b2mH2K2Mi /2b
2MiB2`b- K�Bb û;�H2K2Mi /2b MQK#`2b T`ûb2Mi�Mi H� TQbbB#BHBiû i?ûQ`B[m2 /ǶmM
/û+QmT�;2 BM}MBX 1M /Ƕ�mi`2b i2`K2b- +2 bvbiĕK2 bmTTQb�Mi H� Ŀ /û+Qmp2`i2 ŀ
/m y T2`K2i /Ƕ2MpBb�;2` H� /Bzû`2M+2 2Mi`2 H� [m�MiBiû /Bb+`ĕi2 2i H� [m�MiBiû
+QMiBMm2X

AH MǶv � +2T2M/�Mi �m+mM2 `�BbQM /2 T2Mb2` [m2 +2 bvbiĕK2 bǶ2bi BKTQbû bm`
/Ƕ�mi`2b T�`+2 [mǶBH ûi�Bi 7QM+Bĕ`2K2Mi K2BHH2m`X .Ƕ�mi`2b MmKû`�iBQMb #�bû2b
bm` H2 bvbiĕK2 BM/B2M /2 TQbBiBQM T`ûb2Mi�B2Mi- 2M 2z2i- /2b +�`�+iû`BbiB[m2b
i`ĕb bBKBH�B`2b ¨ MQi`2 bvbiĕK2X *2 bQMi /QM+ û;�H2K2Mi /2b `�BbQMb 2ti`BM@
bĕ[m2b �mt +�`�+iû`BbiB[m2b /2 +2ii2 MmKû`�iBQM [mB 2tTHB[m2Mi TQm`[mQB +2ii2
7Q`K2 bǶ2bi H�`;2K2Mi BKTQbû2X

eXk G� MmKû`�iBQM Q`�H2fp2`#�H2 2M 7`�MÏ�Bb

GǶûMQM+B�iBQM /2b MQK#`2b T�` H2b H�M;m2b- 2M T�`iB+mHB2` T�` H2 7`�MÏ�Bb- b2
+�`�+iû`Bb2 T�` H2 7�Bi [mǶ2HH2 MǶûTQmb2 T�b 2t�+i2K2Mi HǶ2{+�+Biû /m bvbiĕK2
/û+BK�H /2b +?Bz`2b �`�#2b (39) UTX RR8VX aB H2 bvbiĕK2 /2b +?Bz`2b �`�#2b
M2 KQ#BHBb2 [m2 Ry +?Bz`2b TQm` 2tT`BK2` iQmb H2b MQK#`2b- H� H�M;m2 7`�M@
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Ï�Bb2 Mû+2bbBi2 2Mi`2 kk 2i k8 KQMĕK2b k /Bzû`2Mib `B2M [m2 TQm` 2tT`BK2` H2b
MQK#`2b +QKT`Bb 2Mi`2 R 2i NNX .Ƕ�mi`2b H�M;m2b- +QKK2 +QKK2 H2 +?BMQBb-
M2 `2+Qm`2Mi [mǶ� Ry mMBiûb /Bzû`2Mi2b TQm` 2tT`BK2` H� KāK2 7Qm`+?2ii2
2i mM b2mH ûHûK2Mi /2 THmb 2bi Mû+2bb�B`2 TQm` +?�[m2 MQmp2HH2 TQbBiBQM /ǶmM
MQK#`2 U/Bx�BM2b- +2Mi�BM2b- KBHHB2`bXXXVX *2ii2 /Bzû`2M+2 bǶ2tTHB[m2 T�` H2 7�Bi
[m2 H2 7`�MÏ�Bb miBHBb2 /2b KQMĕK2b bTû+B}[m2b TQm` 2tT`BK2` H2b MQK#`2b Ry
¨ Re 2i H2b /Bx�BM2b /2 ky ¨ Ny- �HQ`b [m2 /Ƕ�mi`2b H�M;m2b b2 b2`p2Mi bBKTH2@
K2Mi /2b N MQK#`2b /2 #�b2 2i /ǶmM2 mMBiû TQm` 2tT`BK2` H2b /Bx�BM2b Ĝ �BMbB-
T�` 2t2KTH2- �m HB2m /2 /B`2 +BM[m�Mi2@bBt- H2 +?BMQBb `2+Qm`i ¨ mM2 bi`m+im`2
/2 ivT2 , +BM[@/Bt bBt U`2M/�Mi H2 KQi 2tT`BK�Mi Ŀ +BM[m�Mi2 ŀ BMmiBH2VX

LQmb �pQMb pm [m2 H2 bvbiĕK2 /2b +?Bz`2b �`�#2b b2 b2`i /2 H� 7Q`K2 2i /2
H� TQbBiBQM /2b bvK#QH2b /�Mb H2 MQK#`2b TQm` 2tT`BK2` H2b /2mt /BK2MbBQMb
/2 +2ii2 MmKû`�iBQM /2 ivT2 1× 1D (jyN)X GǶ�#b2M+2 /m Kû+�MBbK2 /2 TQbB@
iBQM /�Mb H� K�MBĕ`2 /2 MQKK2` H2b MQK#`2b 2bi mM �mi`2 ûHûK2Mi 2tTHB[m�Mi
H� Mû+2bbBiû /ǶmiBHBb2` THmb /2 KQib [mǶBH MǶv � #2bQBM /2 +?Bz`2b TQm` 2tT`B@
K2` mM MQK#`2X SQm` bǶ2M `2M/`2 +QKTi2 Q#b2`pQMb H2 MQK#`2 Rj9e , BH b2
/Bi Ŀ KBHH2 i`QBb@+2Mi [m�`�Mi2 bBt ŀ 2M `2bT2+i�Mi HǶQ`/`2 /2b +?Bz`2b +QKK2
Q`/`2 /ǶûMQM+B�iBQM , /Ƕ�#Q`/ H2b KBHHB2`b- TmBb H2b +2Mi�BM2b- H2b /Bx�BM2b 2i
H2b mMBiûbX J�Bb BH M2 b2 /Bi T�b Ŀ mM@i`QBb@[m�i`2@bBt ŀ 2i +2i Q`/`2 MǶ2bi- 2M
`û�HBiû- T�b Mû+2bb�B`2 TmBb[m2 H2b KQib Ŀ KBHH2 ŀ Ŀ +2Mi ŀ 2i Ŀ [m�`�Mi2 ŀ
`2Mb2B;M2Mi /ûD¨ bm` H� p�H2m` /2 +2b ûHûK2Mib c �BMbB mM �mi`2 Q`/`2 /ǶûMQM+B�@
iBQM- T�` 2t2KTH2 Ŀ i`QBb@+2Mi bBt [m�`�Mi2 KBHH2 ŀ T2mi b2K#H2` T2`im`#�Mi
/2 T`BK2 �#Q`/- K�Bb M2 +?�M;2 T�b H� p�H2m` 2tT`BKû2 jX *2H� bǶ2tTHB[m2 T�`
H2 7�Bi [m2 H� /2mtBĕK2 /BK2MbBQM /2 +2ii2 `2T`ûb2Mi�iBQM 1×1D /2b MQK#`2b
T�bb2 T�` H� 7Q`K2 2i MQM T�` H� TQbBiBQMX

GǶQ`/`2 /ǶûMQM+B�iBQM Qm /Ƕû+`Bim`2 /2b MQK#`2b T�bb�Mi T�` H� H�M;m2 2bi
/QM+ mM2 +QKKQ/Biû +QMp2MiBQMM2HH2X G� H�M;m2 �HH2K�M/2 BHHmbi`2 /Ƕ�BHH2m`b
+2i ûi�i /2 7�Bi- TmBb[mǶ2HH2 BMp2`b2 +2i Q`/`2 TQm` H2b /Bx�BM2b 2i H2b mMBiûb

kX G2b `û;BQM�HBbK2b b2Ti�Mi2- ?mBi�Mi2fQ+i�Mi2 2i MQM�Mi2 2tTHB[m2Mi +2i û+�`i /2 jX
jX § +QM/BiBQM /ǶmiBHBb2` /2b iB`2ib TQm` bB;M�H2` /2b ûHûK2Mib ;`QmTûb
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b�Mb [m2 +2H� M2 T2`im`#2 H2b HQ+mi2m`b /2 +2ii2 H�M;m2 , H2 KāK2 Rj9e b2 /Bi
�BMbB Ŀ 2BMgi�mb2M/g/`2Bg?mM/2`igb2+?bgmM/gpB2`xB; ŀ UHBiiû`�H2K2Mi mM@KBHH2@i`QBb@
+2Mi@bBt@2i@[m�`�Mi2VX

1M 7`�MÏ�Bb bi�M/�`/- mM2 �mi`2 bTû+B�HBiû- /QMi HǶQ`B;BM2 2t�+i2 2bi BM+2`@
i�BM2- `ûbB/2 /�Mb H2 K�BMiB2M /ǶmM2 bi`m+im`2 pB;ûbBK�H2 TQm` 2tT`BK2` H2b
MQK#`2b dy ¨ dN Ĝ Ŀ bQBt�Mi2@/Bt ŀ- Ŀ bQBt�Mi2@2i@QMx2 ŀ-XXX Ĝ 2i 3y ¨ NN Ĝ
Ŀ [m�i`2@pBM;i ŀ- Ŀ [m�i`2@pBM;i@mM ŀ-XXX Ŀ [m�i`2@pBM;i@/Bt ŀ- Ŀ [m�i`2@pBM;i@
QMx2 ŀ-XXX § +2ii2 û;�`/- H� K�MBĕ`2 /2 MQKK2` H2b MQK#`2b 2M 7`�MÏ�Bb TQ`i2
H2b i`�+2b /ǶmM2 MmKû`�iBQM /2 ivT2 (1 × 1) × 1D /�Mb H� i2`KBMQHQ;B2 /2
w?�M; 2i LQ`K�M TmBb[mǶ2HH2 T`ûb2Mi2- ¨ +2`i�BMb 2M/`QBib- mM2 #�b2 ky 2i
mM2 #�b2 RyX

*2b ûHûK2Mib MQmb T2`K2ii2Mi /Ƕ�p�M+2` [m2- K�H;`û +2`i�BM2b Q`B;BM�@
HBiûb- H� K�MBĕ`2 /2 MQKK2` H2b MQK#`2b T�` H� H�M;m2 7`�MÏ�Bb2 bǶ�TTmB2
;HQ#�H2K2Mi bm` H2b bi`m+im`2b /m bvbiĕK2 /û+BK�HX *2T2M/�Mi Ĝ K�H;`û H2
`2bT2+i /m KāK2 Q`/`2 /ǶûMQM+B�iBQMf�TT�`BiBQM /2b Kv`B�/2b �mt mMBiûb 2M
T�bb�Mi T�` H2b KBHHB2`b- H2b +2Mi�BM2b 2i H2b /Bx�BM2b Ĝ +2 KQ/2 /Ƕ2tT`2bbBQM
/2b MQK#`2b MǶ�/QTi2 T�b H� HQ;B[m2 7QM/�K2Mi�H2 /2b +?Bz`2b �`�#2b [mB
miBHBb2Mi H� 7Q`K2 2i H� TQbBiBQM /2b bvK#QH2b TQm` 2tT`BK2` H2m` p�H2m`X *2
MǶ2bi- ¨ +2 iBi`2- T�b mM ?�b�`/ [m2 H2 KQi Ŀ xû`Q ŀ Ĝ /QMi MQmb �pQMb 2tTHB[mû
H2 `ƬH2 2bb2MiB2H /�Mb H� MmKû`�iBQM /2 TQbBiBQM Ĝ bQBi +QKTHĕi2K2Mi �#b2Mi
/2 +2ii2 MmKû`�iBQM 2M H�M;m2 7`�MÏ�Bb2 9 Ĝ BH 2M 2bi /Ƕ�BHH2m`b /2 KāK2 TQm`
HǶ�M;H�Bb- HǶ�HH2K�M/- HǶ2bT�;MQH 2i HǶBi�HB2MX

9X 1t+2TiBQM 7�Bi2 /m MQK#`2 xû`Q HmB@KāK2X
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eXj G� `2T`ûb2Mi�iBQM /2b MQK#`2b T�` /2b pB@
bm�HBb�iBQMb ;`�T?B[m2b

LQmb �pQMb �#Q`/û +B@�p�Mi /2mt ivT2b /2 `2T`ûb2Mi�iBQMb bvK#QHB[m2b /2b
MQK#`2b , /ǶmM2 T�`i T�` H2b +?Bz`2b- /Ƕ�mi`2 T�`i T�` H2b 7Q`K2b û+`Bi2b 2i
Q`�H2b T2`K2ii�Mi /ǶûMQM+2` H2b 7Q`K2b +?Bz`û2b bQmb mM2 7Q`K2 p2`#�H2 2M
H�M;m2 7`�MÏ�Bb2X AH b2`� ¨ T`ûb2Mi [m2biBQM /2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b
/2b MQK#`2b- +Ƕ2bi@¨@/B`2 /m ivT2 1D /�Mb H� i2`KBMQHQ;B2 /2 w?�M; � LQ`@
K�M (jyN)X *2 ivT2 /2 `2T`ûb2Mi�iBQM 7�Bi BMi2`p2MB` HǶB+QMB+Biû- +Ƕ2bi@¨@/B`2
mM2 `2bb2K#H�M+2 T?vbB[m2 2Mi`2 H2b ;`�M/2m`b 2i H2b Q#D2ib [mB H2b 2tT`BK2MiX
G2 ivT2 1D +QKT`2M/ /2b `2T`ûb2Mi�iBQMb i`ĕb bBKTH2b +QKK2 HǶû[mBp�H2M+2
2Mi`2 mM i`�Bi UAV 2i mM2 mMBiû- K�Bb û;�H2K2Mi /Ƕ�mi`2b 7Q`K2b #2�m+QmT
THmb +QKTH2t2b , MQmb T2MbQMb T�`iB+mHBĕ`2K2Mi �mt ;`�T?B[m2b 2i �mi`2b `2@
T`ûb2Mi�iBQMb 7`û[m2KK2Mi miBHBbû2b TQm` /QMM2` mM2 7Q`K2 B+QMB[m2 ¨ /2b
bi�iBbiB[m2bX

LQmb i`�Bi2`QMb HQM;m2K2Mi /2 H� i`�Mb7Q`K�iBQM Qm `2+QM};m`�iBQM [m2
`2T`ûb2Mi2 H� /2b+`BTiBQM /m KQM/2 2M +?Bz`2b �m +?�TBi`2 Ry- +QMb�+`û ¨ H�
[m�MiB}+�iBQM , 2HH2 2bi 2M [m2H[m2 bQ`i2 mM +?�M;2K2Mi /2 H�M;�;2- Ŀ TmBb[m2
HǶQM +?QBbBi /2 i`�/mB`2 2M bB;M2b K�i?ûK�iB[m2b /2b /QMMû2b /Ƕ2tTû`B2M+2 [m2
HǶQM TQm``�Bi 2tT`BK2` T�` /2b KQib ŀ (Rd) UTX dVX *2 T�bb�;2 /m p2`#�H �m
+?Bz`û +?�M;2 H� M�im`2 /2b Q#D2ib Q#b2`pûb 2i BMi`Q/mBi H� [m2biBQM /2 H� p�@
HB/Biû /2b BM/B+�i2m`b [m2 MQmb ûpQ[m2`QMb /�Mb H2 +?�TBi`2 R9 /2 +2 i`�p�BHX
J�Bb �m@/2H¨ /2 +2ii2 KBb2 2M +?Bz`2b- Ŀ BH v � H� KBb2 2M BK�;2b- 2M b+?ûK�b-
2M ;`�T?B[m2b- 2M +Qm`#2b- 2M i�#H2�mt- 2M +�K2K#2`ib 2i �mi`2b KQ/ûHB@
b�iBQMb /2 iQmi2b bQ`i2bX AH bǶ�;Bi /ǶmM2 b2+QM/2 i`�Mb7Q`K�iBQM bûKBQiB[m2-
+�` H2b +?Bz`2b 2mt@KāK2b bQMi �HQ`b B+QMBbûb ŀ (Rd) UTX 3VX *2ii2 /2mtBĕK2
i`�Mb7Q`K�iBQM 2bi- 2HH2 �mbbB- bmb+2TiB#H2 /ǶBMi`Q/mB`2 /2b #B�Bb- +�` H2b pB@
bm�HBb�iBQMb T`Q/mBi2b M2 `2~ĕi2Mi- ¨ H2m` iQm`- [m2 T�`iB2HH2K2Mi H2b +?Bz`2b
[mǶ2HH2b 2tT`BK2Mi c 2HH2b MǶQz`2Mi 2M 2z2i [mǶmM b2mH `2;�`/ bm` /2b p�H2m`b
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[mB TQm``�B2Mi āi`2 `2T`ûb2Miû2b ;`�T?B[m2K2Mi /ǶmM2 BM}MBiû /2 K�MBĕ`2bX
hQmi2b +2b K�MBĕ`2b QMi 2M +QKKmM H� +QMi`�BMi2 /2 `2T`ûb2Mi2` /2b p�H2m`b
/2 7�ÏQM �M�HQ;B[m2 /�Mb H2 TH�M , /m T�TB2`- mM û+`�M 8X

*2b pBbm�HBb�iBQMb- [m2HH2b [mǶ2HH2b bQB2Mi Ĝ ;`�T?B[m2b- +�`i2b- b+?ûK�bXXX
Ĝ bǶ�++QKT�;M2Mi MQ`K�H2K2Mi /ǶûHûK2Mib /ǶBM7Q`K�iBQM e Ĝ H2 iBi`2- H2b Hû@
;2M/2b- H2b û+?2HH2b- 2i+X [mB T�bb2Mi T�` HǶ2tT`2bbBQM p2`#�H2 2i +?Bz`û2X *2b
ûHûK2Mib T�bb2Mi T�` H2 H�M;�;2 bvK#QHB[m2 2i +QKTHĕi2Mi HǶBM7Q`K�iBQM i`�Mb@
KBb2 T�` H2 pBbm2H B+QMB[m2 c BHb bQMi 2bb2MiB2Hb TQm` T2`K2ii`2 �m H2+i2m` /2
+QKT`2M/`2 iQmb H2b ûHûK2Mib [mB bQMi `2T`ûb2Miûb T�` /2b Ŀ i�+?2b ŀ (kyR)
UTX d9RV /QMi H2 +�`iQ;`�T?2 7`�MÏ�Bb- 2i Tĕ`2 /2 H� bûKBQHQ;B2 ;`�T?B[m2
C�+[m2b "2`iBM URNR3@kyRyV (ke) � KQMi`û [mǶ2HH2b T2mp2Mi p�`B2` bm` ?mBi
�t2b dX

GǶBM7Q`K�iBQM +QM}û2 �m +Q/2 ;`�T?B[m2 Ĝ [mB- bmBi2 ¨ mM2 i`�Mb7Q`K�iBQM-
MǶ2bi THmb i`�MbKBb2 MB T�` /2b KQib MB T�` /2b +?Bz`2b Ĝ /2K2m`2 TQm`i�Mi
Ŀ bmb+2TiB#H2 /2 b2 +QKKmMB[m2` /�Mb mM �mi`2 H�M;�;2- 2i MQi�KK2Mi /�Mb
mM2 H�M;m2 M�im`2HH2 ŀ (kyR) UTX d9RVX *Ƕ2bi H� `�BbQM TQm` H�[m2HH2 +2b /B7@
7û`2Mib +Q/2b Ĝ p2`#�H- +?Bz`û 2i �M�HQ;B[m2 Ĝ +Q2tBbi2Mi ;ûMû`�H2K2Mi , BHb
bQMi +QKTHûK2Mi�B`2b 2i HǶBM7Q`K�iBQM /ûT2M/ /2 iQmb H2b i`QBbX *2 7�Bi 2bi
/Ƕ�BHH2m`b Q#b2`p�#H2 /�Mb H2 /Bb+Qm`b /2 HǶ�m/BQpBbm2H- /�Mb H2[m2H mM2 bi�iBb@
iB[m2 2bi H2 THmb bQmp2Mi ûMQM+û2 2i 2tTHB+Biû2 Q`�H2K2Mi- BMb+`Bi2 2M +?Bz`2b
2i `2T`ûb2Miû2 T�` mM2 pBbm�HBb�iBQM [mB T2mi T`2M/`2 /Bp2`b2b 7Q`K2bX

8X JāK2 bǶBH 7�mi �/K2ii`2 [m2 H2 TH�M [m2 +QMbiBim2 mM û+`�M T2`K2i /2b `2T`ûb2M@
i�iBQMb KQ#BH2b /�Mb mM 2bT�+2 �HQ`b [m2 H2 T�TB2` M2 `2M/ TQbbB#H2b [m2 /2b 2z2ib /2
T2`bT2+iBp2X

eX .�Mb H� i2`KBMQHQ;B2 /2 "2`iBM (ke)X
dX AH +QMpB2Mi /2 K2MiBQMM2` B+B [m2 HǶ?BbiQB`2 /2 H� pBbm�HBb�iBQM /2 /QMMû2b M2 bǶ2bi

T�b �``āiû2 �p2+ "2`iBM c MQmb +?QBbBbbQMb iQmi27QBb /2 MQmb 7QM/2` T`BM+BT�H2K2Mi bm` b�
bûKBQHQ;B2 ;`�T?B[m2 T�`+2 [mǶ2HH2 Qz`2 mM2 #�b2 T2`K2ii�Mi /Ƕ�M�Hvb2` H2b pBbm�HBb�iBQMb
�+im2HH2K2Mi miBHBbû2b /�Mb HǶBM7Q`K�iBQM �m/BQ@pBbm2HH2X SQm` /2b `û7û`2M+2b THmb KQ/2`M2b-
pQB` T�` 2t2KTH2 (kNd- kNe)X
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hQmi ;`�T?B[m2 +QMiB2Mi +2 [m2 "2`iBM (ke) MQKK2 HǶBMp�`B�Mi- ¨ b�pQB`
HǶBM7Q`K�iBQM [mB /2K2m`2 }t2 bm` HǶ2MiBĕ`2iû /m ;`�T?B[m2X *2HH2@+B b2 i`Qmp2
;ûMû`�H2K2Mi /QMMû2 T�` H2 +Q/2 p2`#�H 2M iBi`2 Qm 2M BMi`Q/m+iBQM /ǶmM2
pBbm�HBb�iBQM (kyR) UTX d9kV ,

*2 /2`MB2` MǶ2bi T�b mM T�`�Kĕi`2- K�Bb mM2 /QMMû2 }t2 [m2 H2
H2+i2m` /QBi bBKTH2K2Mi +QMM�ŗi`2 mM2 7QBb TQm` iQmi2b- bQmb T2BM2
/2 M2 KāK2 T�b +QKT`2M/`2 /2 [mQB BH bǶ�;Bi /�Mb H2 ;`�T?B[m2
(XXX) G2 #mi pû`Bi�#H2 /ǶmM ;`�T?B[m2 MǶ2bi T�b /2 MQmb +QKKm@
MB[m2` +2ii2 T�`iB2 /2 HǶBM7Q`K�iBQM (XXX) K�Bb /2 MQmb BM7Q`K2`-
�m +QMi`�B`2- /2b p�`B�iBQMb [mB b2 T`Q/mBb2Mi ¨ HǶBMiû`B2m` /2 +2
+�/`2 }t2X

G� };m`2 eXR T2`K2i /ǶBHHmbi`2` H2 `ƬH2 /2 HǶBMp�`B�MiX 1M `2;�`/�Mi bBKTH2@
K2Mi H2 ;`�T?B[m2- b�Mb T`āi2` �ii2MiBQM �mt BM7Q`K�iBQMb i2tim2HH2b [mB HǶ2M@
iQm`2Mi- BH 2bi TQbbB#H2 /2 pQB` /2b �MMû2b Ĝ RNdk ¨ kyR3 Ĝ 2M �#b+Bbb2 2i /2b
MQK#`2b Ĝ y ¨ jyyy Ĝ 2M Q`/QMMû2X *2b b2mH2b BM7Q`K�iBQMb M2 T2`K2ii2Mi
T�b /2 /û+?Bz`2` 2{+�+2K2Mi +2ii2 pBbm�HBb�iBQM [mB TQm``�Bi- i?ûQ`B[m2K2Mi-
TQ`i2` bm` mM2 KmHiBim/2 /2 bmD2ib /Bzû`2MibX a2mH2 H� H2+im`2 /2 HǶBMp�`B�Mi Ĝ
Ŀ G2b imûb bm` H2b `Qmi2b 2M DmBHH2i 2i �Qȿi /2TmBb RNdk ŀ 2i Ŀ 2M 6`�M+2 Kûi`Q@
TQHBi�BM2 ŀ Ĝ T2`K2i /2 +QMM�ŗi`2 H2 +�/`2 }t2 ¨ HǶBMiû`B2m` /m[m2H �/pB2MM2Mi
H2b p�`B�iBQMb pBbm2HH2b `2T`ûb2Miû2b bm` H2 ;`�T?B[m2X

GǶBMp�`B�Mi 2bi- 2M 2z2i- Ŀ H� b2mH2 T�`iB2 /2 HǶBM7Q`K�iBQM [mB M2 ǳKQ#BHBb2Ǵ
T�b /2 p�`B�iBQM pBbm2HH2 ŀ (kyR) UTX d9kVX lM2 pBbm�HBb�iBQM MǶ� /QM+ T�b TQm`
#mi /2 H2 bmTTH�Mi2`- K�Bb #B2M /ǶBHHmbi`2` /�Mb mM 2bT�+2 ¨ /2mt /BK2MbBQMb
/2b ûHûK2Mib p�`B�Mib /�Mb H2 +�/`2 /2 +2i BMp�`B�Mi c "2`iBM (ke) H2b MQKK2
+QKTQb�Mi2bX aB H2b +QKTQb�Mi2b bQMi û;�H2K2Mi K2MiBQMMû2b /�Mb H2 iBi`2-
2HH2b M2 bQMi �HQ`b [mǶĿ �MMQM+û2b ŀ 2i +Ƕ2bi #B2M H2 ;`�T?B[m2 [mB Ŀ H2b
`2T`2M/`� 2M +?�`;2 T�` H2 D2m /2b p�`B�#H2b pBbm2HH2b ŀ (kyR) UTX d9kVX *Ƕ2bi H2
+QMi`�B`2 TQm` HǶBMp�`B�Mi /QMi HǶBM7Q`K�iBQM iQmi2 2MiBĕ`2 2bi +QMi2Mm2 /�Mb
H2 iBi`2 Qm /�Mb mM2 BMi`Q/m+iBQMX
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6B;m`2 eXR Ĝ G2b imûb bm` H2b `Qmi2b /2 6`�M+2 Kûi`QTQHBi�BM2 2M DmBHH2i 2i
�Qȿi 2Mi`2 RNdk 2i kyR3 (kye)

*?�[m2 +QKTQb�Mi2 /ǶmM ;`�T?B[m2 b2 i`Qmp2 ¨ bQM iQm` /û+QmTû2 2M mM
+2`i�BM MQK#`2 /2 /2;`ûb /Bb+`2ib UT�` QTTQbBiBQM ¨ +QMiBMmbV [m2 HǶQM MQKK2
H2b p�`B�#H2bX �BMbB mM2 +QKTQb�Mi2 Ŀ 7`mBib ŀ TQm``�@2HH2 āi`2 /û+QmTû2 2M
p�`B�#H2b Ŀ TQKK2b ŀ- Ŀ TQB`2b ŀ Qm Ŀ #�M�M2b ŀ 2i �BMbB /2 bmBi2X G2 MQK#`2
/2 p�`B�#H2b /ǶmM2 +QKTQb�Mi2 +Q``2bTQM/ ¨ b� HQM;m2m`X GQ`b[mǶmM2 p�`B�#H2
2bi Q`/BM�H2- T�` 2t2KTH2 TQm` /2b +�iû;Q`B2b ;ûMû`�iBQMM2HH2b b2 bmBp�Mi Ĝ
;ûMû`�iBQMb s- u- w Ĝ H2b p�`B�#H2b T`2MM2Mi H� 7Q`K2 /2 T�HB2`b UTX d9jVX

G2b p�`B�#H2b b2 `ûT�`iBbb2Mi 2M 9 ;`�M/b ;`QmT2b c MQmb �M�Hvb2`QMb +B@
�T`ĕb H2b T`Q#HĕK2b [m2 H2m` pBbm�HBb�iBQM T2mi BM/mB`2 , BV H2b p�`B�#H2b [m�HB@
i�iBp2b MQKBM�H2b [mB bQMi /2b +�iû;Q`B2b b�Mb Q`/`2 T�`iB+mHB2` UT�` 2t2KTH2
Ŀ #�M�M2b ŀ- Ŀ TQKK2b ŀV c BBV H2b p�`B�#H2b [m�HBi�iBp2b Q`/BM�H2b [mB bQMi
/2b p�`B�#H2b +�iû;Q`B2HH2b T`ûb2Mi�Mi mM Q`/`2 UT�` 2t2KTH2 H2b ;ûMû`�iBQMb
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s- u 2i w , /2b +�iû;Q`B2b [mB b2 bm++ĕ/2MiV c 2i H2b p�`B�#H2b [m�MiBi�iBp2b
[mB T2mp2Mi āi`2 BBBV /Bb+`ĕi2b UHǶ�;2V Qm BpV +QMiBMm2b U/2b K2bm`2b Qm /2b
BM/B+2bVX

"2`iBM (ke) T�`H2 /Ƕ2z2+iB7b HQ`b[m2 H2 +?Bz`�;2 T`Q+ĕ/2 T�` MQK#`2b 2MiB2`b
2i /2K2bm`2b HQ`b[m2 /2b /û+BK�H2b bQMi T`Bb2b 2M +QKTi2X LQmb 2tTHB+Bi2`QMb-
�m +?�TBi`2 N- TQm`[mQB MQmb T`û7û`QMb mM2 /û}MBiBQM THmb bi`B+i2 /m i2`K2
K2bm`2 c ¨ MQi`2 b2Mb- H2 bBKTH2 7�Bi [mǶBH bǶ�;Bbb2 /2 [m�MiBiû +QMiBMm2 M2 bm{i
T�b TQm` T�`H2` /2 K2bm`2X

eXjXR G2b p�`B�#H2b pBbm2HH2b 2i H2b ivT2b /ǶBKTH�Mi�iBQM

am` H2 TH�M /2b bB;MB}�Mib Ĝ H� T�`iB2 b2MbB#H2 /ǶmM2 pBbm�HBb�iBQM /2 /QMMû2b
T�bb2 T�` H2 +�M�H pBbm2H Ĝ Ŀ H2 +Q/2 ;`�T?B[m2 /BbTQb2 /2 ?mBi p�`B�#H2b ŀ
7�Bb�Mi ûpQHm2` HǶûHûK2Mi bB;MB}�Mi , H� i�+?2- Ŀ +Ƕ2bi@¨@/B`2 H� K�`[m2 pBbB#H2
bm` H� 72mBHH2 /2 T�TB2` ŀ (kyR) UTX d98VX LQmb /ûi�BHHQMb B+B H2b ?mBi /BK2MbBQMb-
/û}MB2b T�` "2`iBM (ke)- bm` H2b[m2HH2b +2b i�+?2b T2mp2Mi p�`B2` ,

RX@kX o�`B�iBQM p2`iB+�H2 2i ?Q`BxQMi�H2 /�Mb HǶ2KTH�+2K2Mi /2 H�
i�+?2 , HǶûHûK2Mi pBbm2H T2mi b2 bBim2` THmb Qm KQBMb ?�mi Qm #�b /�Mb
HǶ2bT�+2 [mB HmB 2bi /û/BûX .2 7�ÏQM bBKBH�B`2 HǶûHûK2Mi pBbm2H T2mi b2 i`Qmp2`
THmb Qm KQBMb ¨ ;�m+?2 Qm ¨ /`QBi2 /�Mb +2i 2bT�+2X

*2b /2mt T`2KB2`b �t2b /2 p�`B�iBQM /ûi2`KBM2Mi H� TQbBiBQM /2 H� i�+?2
bm` H2 TH�M Qɍ 2HH2 b2 i`Qmp2 `2T`ûb2Miû2X *2 bQMi /2b �t2b +QMi`�BMib T�` H�
M�im`2 KāK2 /2b Q#D2ib bm` H2b[m2Hb /2b pBbm�HBb�iBQMb bQMi T`Q/mBi2b , /2b
72mBHH2b 2i /2b û+`�Mb bQMi 2M 2z2i /2b HB2mt [mB M2 TQbbĕ/2Mi [m2 +2b /2mt
/BK2MbBQMbX
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AH +QMpB2Mi /2 K2MiBQMM2` [m2- +QMi`�B`2K2Mi �m T�TB2`- mM û+`�M Qz`2
/2b TQbbB#BHBiûb Ĝ T�` H� KQ#BHBiû 2i HǶBMi2`�+iBpBiû Ĝ [mB +`û2Mi HǶBHHmbBQM /ǶmM2
i`QBbBĕK2 /BK2MbBQM M2 `2TQb�Mi T�b 2bb2MiB2HH2K2Mi bm` /2b 2z2ib /2 T2`b@
T2+iBp2 `2T`ûb2Miûb bm` mM TH�MX 6Q`+2 2bi iQmi27QBb /2 +QMbi�i2` [m2 H� i`ĕb
;`�M/2 K�DQ`Biû /2b pBbm�HBb�iBQMb T`QTQbû2b /�Mb H2b +QMi2Mmb /ǶBM7Q`K�iBQM
�m/BQpBbm2HH2 b2 `û/mBb2Mi ¨ HǶmiBHBb�iBQM /2 HǶû+`�M +QKK2 mM TH�M ¨ /2mt
/BK2MbBQMbX

jX o�`B�iBQM /2 H� 7Q`K2 /2 H� i�+?2 , H� i�+?2 T2mi T`2M/`2 mM2 BM}MBiû
/2 7Q`K2b /Bzû`2Mi2b c bB H2b +2`+H2b- H2b `2+i�M;H2b 2i H2b HB;M2b bQMi H2b THmb
miBHBbû2b TQm` /2b ;`�T?B[m2b- +2`i�BM2b i�+?2b B+QMB[m2b- +QKK2 H2b +�`i2b
;ûQ;`�T?B[m2b TQbbĕ/2Mi /2b 7Q`K2b [mB M2 bQMi [m2 T�`iB2HH2K2Mi +QMp2M@
iBQMM2HH2bX

9X o�`B�iBQM /2 H� i�BHH2 /2 H� i�+?2 , H� bm`7�+2 /ǶmM2 i�+?2 T2mi p�`B2`
T�`i�Mi /ǶmM bBKTH2 TQBMi Qm /ǶmM TBt2H- Dmb[mǶ¨ /2b TH�;2b ûi2M/m2bX

8X@eX o�`B�iBQM /2 H� +QmH2m` 2i /m iQM /2 H� i�+?2 , H2b i�+?2b T`û@
b2Mi2b /�Mb H2b pBbm�HBb�iBQMb T2mp2Mi p�`B2` T�` H2m` +QmH2m` [mB T2mi- 2HH2@
KāK2- Qb+BHH2` 2Mi`2 THmbB2m`b p�H2m`b �HH�Mi /m THmb Qm KQBMb +H�B` �m THmb
Qm KQBMb 7QM+ûX

dX o�`B�iBQM /m ;`�BM /2 H� i�+?2 , /2 KāK2 [m2 H� i�+?2 T2mi p�`B2`
T�` b� +QmH2m` 2i bQM iQM- 2HH2 T2mi T`ûb2Mi2` /Bzû`2Mib ;`2M�;2b , /m THmb Qm
KQBMb }M �m THmb Qm KQBMb ;`QbX �p2+ H� ;ûMû`�HBb�iBQM /2 H� +QmH2m`- +2ii2
p�`B�iBQM /m ;`�BM MǶ2bi THmb [m2 `�`2K2Mi 2tTHQBiû2 c 2HH2 MǶ2M /2K2m`2 T�b
KQBMb mM2 TQbbB#BHBiû /�Mb H2 ivT2 /2 p�`B�iBQMb pBbm2HH2b 2tBbi�Mi2bX
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3X o�`B�iBQM /2 HǶQ`B2Mi�iBQM /2 H� i�+?2 , }M�H2K2Mi H� i�+?2 T2mi
T`ûb2Mi2` mM2 BM+HBM�BbQM p�`B�#H2 c 2HH2 T2mi TBpQi2` bm` bQM �t2 T`2M�Mi �BMbB
mM �bT2+i /Bzû`2MiX

G2b i�+?2b `2T`ûb2Miû2b /�Mb mM TH�M b2 /û}MBbb2Mi �BMbB ¨ i`�p2`b H2b ?mBi
p�`B�#H2b pBbm2HH2b [m2 MQmb p2MQMb /2 T�bb2` 2M `2pm2X *2b i�+?2b T2mp2Mi
2M Qmi`2 +Q``2bTQM/`2 ¨ i`QBb ivT2b /ǶBKTH�Mi�iBQM /Bzû`2Mib ,

AX AKTH�Mi�iBQM TQM+im2HH2 , H� i�+?2 bǶQ`;�MBb2 ¨ T�`iB` /ǶmM
TQBMiX
AAX AKTH�Mi�iBQM HBMû�B`2 , H� i�+?2 bǶQ`;�MBb2 ¨ T�`iB` /ǶmM2
HB;M2X
AAAX AKTH�Mi�iBQM xQM�H2 , H� i�+?2 bǶQ`;�MBb2 T�` `�TTQ`i ¨
mM2 bm`7�+2X

hQmi2b +2b p�`B�Mi2b Qz`2Mi- 2M i?ûQ`B2- /2b TQbbB#BHBiûb BM}MB2b TQm` `2T`ûb2M@
i2` /2b MQK#`2b /�Mb HǶ2bT�+2X *2`i�BM2b 7Q`K2b bQMi +2T2M/�Mi miBHBbû2b THmb
[m2 /Ƕ�mi`2b 2i iQmi H2 KQM/2 2bi THmb Qm KQBMb 7�KBHB2` �p2+ H2b /B�;`�KK2b
+B`+mH�B`2b- ;`�T?B[m2b 2M #�``2b 2i �mi`2b +Qm`#2bX

eXjXk S`Q#HĕK2b HBûb ¨ H� `2T`ûb2Mi�iBQM ;`�T?B[m2 /2b
p�`B�#H2b [m�HBi�iBp2b

G2b p�`B�#H2b +�iû;Q`B2HH2b Ĝ Q`/BM�H2b Qm MQM Ĝ Ŀ T2mp2Mi i2MB` ¨ H� M�im`2 /2b
+?Qb2b ŀ (kyR) c +Ƕ2bi H2 +�b- T�` 2t2KTH2- /2b +�iû;Q`B2b +QKK2 Ŀ #�M�M2b ŀ
Qm Ŀ TQKK2b ŀ- [mB bQMi /2b ûiB[m2ii2b b�Mb û[mBpQ[m2 3 Qm [mB /ûMQi2Mi /m
KQBMb /ǶQ#D2ib MQM@+QMp2MiBQMM2HbX

3X JāK2 bB +2 MǶ2bi T�b 2MiBĕ`2K2Mi p`�B , H� TQKK2 /2 i2``2 2bi@2HH2 mM2 TQKK2 \
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� HǶBMp2`b2- 2i MQmb H2 p2``QMb THmb 2M /ûi�BH /�Mb H2 +?�TBi`2 Ry- +QMb�@
+`û ¨ H� [m�MiB}+�iBQM- /2b p�`B�#H2b [m�HBi�iBp2b T2mp2Mi �mbbB `û7û`2` Ŀ ¨
/2b +H�bbB}+�iBQMb bQ+BQ@+mHim`2HH2b bmb+2TiB#H2b /2 p�`B2` ŀ /�Mb H2 i2KTb 2i
/�Mb HǶ2bT�+2 UTX d99VX G� +H�bb2 Ŀ +?ƬK2m` ŀ 2bi mM #QM 2t2KTH2 , #B2M
[m2 H� /û}MBiBQM ;ûMû`�H2 /m +?ƬK�;2 bQBi }tû2 T�` H2 "m`2�m BMi2`M�iBQM�H
/m i`�p�BH U"AhV Ĝ mM +?ƬK2m` 2bi mM2 T2`bQMM2 b�Mb 2KTHQB- 7�Bb�Mi /2b
/ûK�`+?2b TQm` 2M i`Qmp2` mM- iQmi 2M ûi�Mi BKKû/B�i2K2Mi /BbTQMB#H2 Ĝ
+?�[m2 úi�i T`ûpQBi- T�` bQM /`QBi 2i HǶ�+iBQM /2 b2b 2tû+miB7b 2i b2b �/KBMBb@
i`�iBQMb- [m2Hb BM/BpB/mb T2mp2Mi 2z2+iBp2K2Mi `2+Qm`B` ¨ mM2 �B/2 }M�M+Bĕ`2
2M +�b /2 +?ƬK�;2 c +2b +QM/BiBQMb p�`B2Mi �mbbB #B2M /ǶmM úi�i ¨ HǶ�mi`2 [mǶ�m
b2BM /ǶmM KāK2 úi�i �m ;`û /2b KQ/B}+�iBQMb BMbiBimiBQMM2HH2b /2 H� +H�bb2
Ŀ +?ƬK2m` ŀ (Nk) UTX RRdVX LQmb �pQMb /Ƕ�BHH2m`b Q#b2`pû 2M amBbb2- bmBi2
¨ H� +`Bb2 b�MBi�B`2 /m *QpB/@RN- mM2 p�`B�iBQM /2 +2ii2 +�iû;Q`B2 �m +Qm`b
/2b �MMû2b kyky 2i kykR- �p2+ MQi�KK2Mi H� KBb2 2M TH�+2 /2 HǶP`/QMM�M+2
*QpB/@RN �bbm`�M+2@+?ƬK�;2 /m ky K�`b kyky (eN) [mB T`ûpQBi mM2 �++2TiBQM
THmb H�`;2 /2 H� +H�bb2 Ŀ +?ƬK2m` ŀ T2M/�Mi +2ii2 Tû`BQ/2 /2 +`Bb2 b�MBi�B`2X

.�Mb H� K2bm`2 Qɍ H2 MQK#`2 /2 +?ƬK2m`b � 2z2+iBp2K2Mi �m;K2Miû bmBi2
¨ mM `�H2MiBbb2K2Mi- pQB`2 mM �``āi- /2 THmbB2m`b /QK�BM2b /Ƕ�+iBpBiû- H� p�@
`B�iBQM Q#b2`p�#H2 /m i�mt /2 +?ƬK�;2 2bi +2`i2b 2ti`BMbĕ[m2 ¨ H� /û}MBiBQM
/2 +2 [mǶ2bi mM Ŀ +?ƬK2m` ŀX 1HH2 2bi +2T2M/�Mi û;�H2K2Mi BMi`BMbĕ[m2 ¨ H�
/û}MBiBQM /2 +2ii2 +�iû;Q`B2 ûi�Mi /QMMû [m2 /2b K2bm`2b QMi ûiû T`Bb2b TQm`
ûH�`;B` /2 7�ÏQM i2KTQ`�B`2 H� /û}MBiBQM BMbiBimiBQMM2HH2 /2 Ŀ +?ƬK2m` ŀ �}M
/2 `ûTQM/`2 ¨ H� +`Bb2 bQ+B�H2 2M;2M/`û2 T�` H2b `2bi`B+iBQMb HBû2b ¨ H� T�M/û@
KB2X AH bǶ�;Bi /QM+ /ǶmM2 p�`B�#H2 [mB � �mbbB +?�M;û /�Mb b� bi`m+im`2 2i MQM
b2mH2K2Mi /�Mb H2 MQK#`2 /ǶBM/BpB/mb [mǶ2HH2 +QMiB2MiX .�Mb H� bmBi2 /2 +2 i`�@
p�BH- MQmb �++Q`/2`QMb mM2 BKTQ`i�M+2 T�`iB+mHBĕ`2 ¨ H� T2`i2 /ǶBM7Q`K�iBQM
[m2 H2 T�bb�;2 �m +?Bz`û 2Mi`�ŗM2 HQ`b[m2 /2b +�iû;Q`B2b bQ+BQ@+mHim`2HH2b bQMi
2M D2mX LQmb T`2M/`QMb û;�H2K2Mi bQBM /Ƕ2tTHB[m2` TQm`[mQB MQmb `û+mbQMb
HǶmiBHBb�iBQM /m p2`#2 K2bm`2` HQ`b[m2 /2b BM/B+�i2m`b /2 HǶ�+iBpBiû ?mK�BM2
bQMi 2M D2m UNVX
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.�Mb /2b `2T`ûb2Mi�iBQMb /2 /QMMû2b bQmb 7Q`K2 ;`�T?B[m2- +2b p�`B�iBQMb
BMi`BMbĕ[m2b �mt +�iû;Q`B2b Q#b2`pû2b M2 bQMi ;ûMû`�H2K2Mi MB 2tTHB+Biû2b �m
MBp2�m /m iBi`2 Ĝ +2i BMp�`B�Mi /QMM2`�- �m +QMi`�B`2- THmiƬi HǶBKT`2bbBQM [m2
H2b +�iû;Q`B2b pBbB#H2b bQMi bi�#H2b Ĝ MB KBb2b 2M ûpB/2M+2 T�` H� H2+im`2 /2b
Ŀ i�+?2b ŀ /m ;`�T?B[m2 Ĝ +2HH2b@+B M2 `2M/�Mi 2M 2z2i T�b +QKTi2 /2 p�`B�@
iBQMb [mB b2`QMi i`ĕb bQmp2Mi �M�Hvbû2b 2bb2MiB2HH2K2Mi bQmb mM �M;H2 2ti`BM@
bĕ[m2 ¨ H� /û}MBiBQM /2b +H�bb2bX 1M /Ƕ�mi`2b i2`K2b- H2b p�`B�iBQMb Q#b2`pû2b
bm` mM ;`�T?B[m2 bQMi T`�iB[m2K2Mi iQmDQm`b �ii`B#mû2b ¨ H� p�`B�iBQM /ǶmM
T?ûMQKĕM2 2i MQM ¨ H� p�`B�iBQM /2 H� /û}MBiBQM /2b Q#D2ib [mB T2`K2ii2Mi
/ǶQ#b2`p2` H2 T?ûMQKĕM2X

.2 +2 7�Bi- /�Mb H2b +�b /2 p�`B�iBQMb BMi`BMbĕ[m2b /2 +2`i�BM2b +�iû;Q`B2b
`2T`ûb2Miû2b- mM2 pBbm�HBb�iBQM /2pB2Mi i`QKT2mb2 TmBb[m2 +2 M2 bQMi THmb
b2mH2K2Mi H2b p�`B�#H2b `2T`ûb2Miû2b /�Mb H2 ;`�T?B[m2 [mB p�`B2Mi K�Bb û;�@
H2K2Mi H2b T�`�Kĕi`2b 2i HǶBMp�`B�Mi [mB- /2 +2 TQBMi /2 pm2- M2 T2mi THmb
pû`Bi�#H2K2Mi āi`2 +QMbB/û`û +QKK2 i2HX

G2b BM7Q`K�iBQMb +QM+2`M�Mi mM +?�M;2K2Mi BMi`BMbĕ[m2 /2 +H�bb2 /QBp2Mi
/QM+ T�bb2` T�` mM �mi`2 +Q/2 Ĝ H2 THmb p`�Bb2K#H�#H2K2Mi H2 +Q/2 p2`#�H Ĝ 2i
mM2 pBbm�HBb�iBQM MǶ2M i2M�Mi T�b +QKTi2 /2p`�Bi �#bQHmK2Mi āi`2 ûpBiû2X lM
;`�T?B[m2 `2T`ûb2Mi�Mi HǶûpQHmiBQM /m i�mt /2 +?ƬK�;2 2Mi`2 H2b �MMû2b kyRN
2i kykR M2 T`ûb2Mi2- T�` 2t2KTH2- T�b ;`�M/ BMiû`āi �m pm /2 +2 [m2 MQmb
�pQMb /Bi +B@/2bbmb- TmBb[mǶBH /QMM2`�Bi ¨ +QKT�`2` /2b +H�bb2b Ŀ +?ƬK�;2 ŀ
BMi`BMbĕ[m2K2Mi /Bzû`2Mi2b 2M /QMM�Mi �m +QMi`�B`2 HǶBHHmbBQM /ǶmM BMp�`B�Mi
bi�#H2X

� +2 iBi`2 J2ix (kyR) bQmHB;M2 [mǶBH bǶ�;Bi /m Ŀ T`Q#HĕK2 /2b `�TTQ`ib 2Mi`2
+mHim`2 2i i2+?MB[m2 , H2 +Q/2 ;`�T?B[m2 2bi mM2 i2+?MB[m2 [mB 2bi 2M mb�;2 (XXX)
/�Mb mM2 +BpBHBb�iBQM #B2M T`û+Bb2 (XXX) 2HH2 b2 /ûp2HQTT2 bm` H2 7QM/ /2 /Bp2`b2b
�mi`2b +Q/B}+�iBQMb KQBMb 2tTHB+Bi2b- THmb H�`;2K2Mi bQ+B�H2b [mB bQMi T`QT`2b
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¨ +2ii2 KāK2 bQ+Bûiû ŀ UTX d99VX S�` +2 +QKK2Mi�B`2- BH 7�Bi 7Q`i2K2Mi û+?Q
�mt T`QTQbBiBQMb /2 .2b`QbBĕ`2b [m2 MQmb /ûp2HQTTQMb /�Mb H2 +?�TBi`2 Ry
+QMb�+`û ¨ H� [m�MiB}+�iBQMX

eXjXj S`Q#HĕK2b HBûb ¨ H� `2T`ûb2Mi�iBQM ;`�T?B[m2 /2b
p�`B�#H2b [m�MiBi�iBp2b

Zm�Mi ¨ H� `2T`ûb2Mi�iBQM ;`�T?B[m2 /2b p�`B�#H2b [m�MiBi�iBp2b- 2HH2 TQb2 /2b
T`Q#HĕK2b /2 /2mt Q`/`2b , /ǶmM2 T�`i- BH v � +2 [m2 MQmb �pQMb �TT2Hû H2 T`û@
bmTTQbû /2 K2bm`2- ¨ b�pQB` H2 7�Bi [mǶmM BM/B+�i2m` bi�iBbiB[m2 `2TQb2 T�`7QBb
bm` /2b ûHûK2Mib bmD2ib ¨ /2b p�`B�iBQMb /ûD¨ `2M/m2b BMpBbB#H2b T�` H2 T�bb�;2
�m +Q/2 +?Bz`ûX *2b BM/B+�i2m`b T`Q/mBb�Mi /2b p�H2m`b [m�MiBi�iBp2b [mB M2
+QMbiBim2Mi T�b /2b K2bm`2b �m b2Mb Qɍ MQmb bQm?�BiQMb HǶ2Mi2M/`2 U+7X +?�@
TBi`2 NVX G2b p�`B�iBQMb BMi2`M2b ¨ +2 ivT2 /ǶQmiBHb bQMi /Ƕ�mi�Mi THmb 2z�+û2b
T�` H2 T�bb�;2 /m +?Bz`û �m pBbm2H , BH bǶ�;Bi /ǶmM2 /2mtBĕK2 i`�Mb7Q`K�iBQM
bûKBQiB[m2 TQm` `2T`2M/`2 H2b i2`K2b /2 "�+Qi 2i �HX (Rd)X

.Ƕ�mi`2 T�`i- MQmb �pQMb /û72M/m HǶB/û2- 2M T�;2 3y- [m2 H2b +?Bz`2b +Q`@
`2bTQM/2Mi T�`7QBb ¨ /2b TQbBiBQMb bm` /2b û+?2HH2b #B2M +QMMm2b T�` /2b bTû@
+B�HBbi2b- K�Bb /2K2m`�Mi i`ĕb Q#b+m`2b TQm` H2 iQmi@p2M�MiX LQmb �pQMb +Biû
1+Q (Rye) [mB bQmHB;M2 [m2 H2b +?Bz`2b bQMi /2b bB;M2b [mB T�`�Bbb2Mi Ŀ �#bQHm@
K2Mi mMBpQ[m2b ŀ K�Bb [mB- 2M i2`K2b bûK�MiB[m2b- Ŀ bQMi Qmp2`ib ¨ iQmi2b
H2b bB;MB}+�iBQMb TQbbB#H2b ŀ UTX 8dVX LQmb 2M �pQMb +QM+Hm [m2 H2b +?Bz`2b
T2mp2Mi āi`2 �bbQ+Bûb ¨ MǶBKTQ`i2 [m2HH2 mMBiû +QMp2MiBQMM2HH2 2i /2pB2MM2Mi
�BMbB T�`7�Bi2K2Mi Q#b+m`b HQ`b[m2 HǶmMBiû 2M [m2biBQM MǶ2bi T�b +QMMm2 /m
/2biBM�i�B`2 /ǶmM2 BM7Q`K�iBQMX *2ii2 /B{+mHiû /2 +QKT`û?2MbBQM bǶûi2M/ ¨
H� `2T`ûb2Mi�iBQM ;`�T?B[m2 /2 +2b p�H2m`b TmBb[m2 HǶû+?2HH2 2i b� bB;MB}+�iBQM
T�`iB+BT2Mi ¨ H� +QKT`û?2MbBQM /ǶmM2 pBbm�HBb�iBQMX
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eXjX9 .Bb+mbbBQM

*QKK2 MQmb HǶ�pQMb pm +B@/2bbmb- H2b `2T`ûb2Mi�iBQMb ;`�T?B[m2b ?û`Bi2Mi
/2b T`Q#HĕK2b HBûb ¨ H� [m�MiB}+�iBQMX S`2KBĕ`2K2Mi- 2HH2b M2 `ûbQHp2Mi T�b H�
[m2biBQM /2 H� T2`i2 /ǶBM7Q`K�iBQM [m2 H2 T�bb�;2 �m +?Bz`û 2Mi`�ŗM2 HQ`b[m2
/2b +�iû;Q`B2b bQ+BQ@+mHim`2HH2b BMi`BMbĕ[m2K2Mi p�`B�#H2b bQMi 2M D2mX 1HH2b
M2 T2`K2ii2Mi T�b MQM THmb /2 `ûTQM/`2 �m T`Q#HĕK2 BM/mBi T�` /2b BM/B@
+�i2m`b +QMp2MiBQMM2Hb T`2M�Mi THmbB2m`b T�`�Kĕi`2b p�`B�#H2b TQm` M2 `2M@
pQv2` [mǶmM2 b2mH2 p�H2m` bm` mM2 û+?2HH2 +QMiBMm2 /QMM�Mi mM2 �TT�`2M+2 /2
K2bm`2X 6BM�H2K2Mi- H2b pBbm�HBb�iBQMb M2 T2`K2ii2Mi T�b /2 `ûbQm/`2 H2b BM@
+QKT`û?2MbBQMb HBû2b ¨ /2b BMbi`mK2Mib bTû+B}[m2b miBHBbûb T�` H2b bTû+B�HBbi2b
/2 /Bzû`2Mib /QK�BM2bX

LQmb +QM+HmQMb /2 +2b Q#b2`p�iBQMb [m2 H2b ;`�T?B[m2b 2i �mi`2b pBbm2Hb
M2 bQMi T�b miBHBbûb TQm` +QKT2Mb2` H� T2`i2 /ǶBM7Q`K�iBQM 2M;2M/`û2 T�`
H� [m�MiB}+�iBQM- K�Bb #B2M THmiƬi TQm` 7�+BHBi2` H� H2+im`2 /2b +?Bz`2b T�`
/2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2bX LQmb H2 p2``QMb /�Mb H� T�`iB2 +QMb�+`û2 ¨
H� +Q;MBiBQM MmKû`B[m2 U+?�TBi`2 3V MQmb /BbTQbQMb p`�Bb2K#H�#H2K2Mi /ǶmM
b2Mb M�im`2HH2K2Mi /ûp2HQTTû TQm` HǶûp�Hm�iBQM /2b ;`�M/2m`b 2i /2 HǶ2bT�+2
2i H2 +?QBt 7`û[m2Mi /2 `2+Qm`B` ¨ /2b i�+?2b /2 /Bzû`2Mi2b 7Q`K2b- i�BHH2b-
+QmH2m`b 2i /B`2+iBQMb b2K#H2 BM/B[m2` mM2 T`û7û`2M+2 TQm` +2b `2T`ûb2Mi�iBQMb
�M�HQ;B[m2b T�` `�TTQ`i ¨ /2b i�#H2�mt #`mi2b /2 bvK#QH2b MmKû`B[m2bX

LQmb H2 p2``QMb T�` H� bmBi2 Ub2+iBQM dX9V , bB- +QKK2 MQmb HǶ�pQMb bQmHB;Mû
B+B- +2b `2T`ûb2Mi�iBQMb ;`�T?B[m2b M2 `ûbQHp2Mi T�b H2b T`Q#HĕK2b BM/mBib T�`
H� [m�MiB}+�iBQM- 2HH2b T2mp2Mi- �m +QMi`�B`2- 2M BMi`Q/mB`2 /Ƕ�mi`2b HQ`b[m2 H�
`2T`ûb2Mi�iBQM +?QBbB2 M2 i`�Mb+Q/2 T�b H2b /QMMû2b /ǶmM2 7�ÏQM miBH2 c +Ƕ2bi@¨@
/B`2 HQ`b[m2 H2 pBbm2H MǶ�B/2 T�b bQM /2biBM�i�B`2 ¨ +QKT`2M/`2 HǶBM7Q`K�iBQM
[mǶBH 2bi TQm`i�Mi +2Mbû BHHmbi`2`X
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eX9 LmKû`�iBQMb 2i bûKBQb2

úi�Mi /QMMû2 H� bBim�iBQM- ¨ b�pQB` H� T`ûb2M+2 /ǶmM bvbiĕK2 [m�bB mMBp2`@
b2HH2K2Mi miBHBbû- BH 2bi THmb 7�+BH2 /2 7�B`2 /2b ?vTQi?ĕb2b bm` H2b +?QBt /2
`2T`ûb2Mi�iBQM T`BpBHû;Bûb T�` H2b ?mK�BMbX *QKK2 K2MiBQMMû- KāK2 /�Mb
H2b bQ+Bûiûb H2b THmb /ûp2HQTTû2b- H2b MmKû`�iBQMb /2 ivT2 �M�HQ;B[m2 1D TQm`
H� `2T`ûb2Mi�iBQM /2 T2iBib MQK#`2b bQMi iQmDQm`b /Ƕmb�;2 c +2b /2`MBĕ`2b T2`@
K2ii2Mi 2M 2z2i H� `2T`ûb2Mi�iBQM BKKû/B�i2 /ǶmM2 [m�MiBiû T�` mM2 �mi`2
[m�MiBiû �M�HQ;m2 U2M+Q+?2b- D2iQMbXXXVX .2b `2T`ûb2Mi�iBQMb /2 ivT2 1D bQMi
û;�H2K2Mi i`ĕb `ûT�M/m2b HQ`b[mǶBH 2bi [m2biBQM /2 `2T`ûb2Mi2` /2b bi�iBbiB[m2bX

G� /Bp2`bB}+�iBQM /2b KQv2Mb /2 `2T`ûb2Mi�iBQM /2b MQK#`2b TQm``�Bi bǶ2t@
THB[m2` T�` MQi`2 T`û7û`2M+2- 2M iQmi2 bBim�iBQM- TQm` mM +?QBt /2 MmKû`�@
iBQMUbV 7�pQ`Bb�Mi H2 T`Q+2bbmb bûKBQiB[m2 Ĝ H� +QMbiBimiBQM /ǶmM2 `2T`ûb2M@
i�iBQM K2Mi�H2 Ĝ H2 THmb `�TB/2 Qm 2{+�+2 , HǶmiBHBb�iBQM /ǶmM2 MmKû`�iBQM
THmiƬi [mǶmM2 �mi`2 b2`�Bi �BMbB DmbiB}û2 �p�Mi iQmi T�` H2 +QMi2ti2 2i T�`
MQi`2 +�T�+Biû ¨ H2 i`�Bi2` 2{+�+2K2MiX

1M /Ƕ�mi`2b i2`K2b- H2 /Qm#H2 +QMbi�i [m2- /ǶmM2 T�`i- H2b +?Bz`2b �`�#2b b2
bQMi BKTQbûb TQm` /2 KmHiBTH2b mb�;2b 2i [m2- /Ƕ�mi`2 T�`i- H2b bvbiĕK2b �M�@
HQ;B[m2b bQMi iQmDQm`b miBHBbûb TQm` H2b T2iBi2b [m�MiBiûb 2i TQm` /2b +QKT�@
`�BbQMb- T2`K2i /Ƕ�p�M+2` [m2 HǶ?mK�BM miBHBb2- 2M 7QM+iBQM /2b bBim�iBQMb- H2b
MmKû`�iBQMb [mB HmB 7�+BHBi2Mi H2 THmb H� `2T`ûb2Mi�iBQM K2Mi�H2 /2b MQK#`2b ,
TQm` H2b i`ĕb T2iBi2b [m�MiBiûb 2i HǶ�//BiBQM /ǶmMBiûb- �BMbB [m2 TQm` /2b +QK@
T�`�BbQMb /2 ;`�M/2b p�H2m`b- MQmb �pQMb i2M/�M+2 ¨ 7�pQ`Bb2` H2b `2T`ûb2Mi�@
iBQMb /2 ivT2 �M�HQ;B[m2b c TQm` iQmi2b H2b i�+?2b THmb +QKTH2t2b- H2 +�H+mH-
2i+X H2 bvbiĕK2 /2 TQbBiBQM /2b +?Bz`2b �`�#2b T`ûb2Mi2 /2b �p�Mi�;2b UK�@
MB�#BHBiû- û+QMQKB2- T`û+BbBQMV [mB 7QMi [m2 MQmb `2+Qm`QMb THmiƬi ¨ +2ii2
7Q`K2@H¨X
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*2ii2 �Hi2`M�M+2 /�Mb H2b MmKû`�iBQMb 2bi mM 7�+i2m` +mHim`2H /ûT2M/�Mi
�mbbB #B2M /2b #2bQBMb /ǶmM2 bQ+Bûiû- [m2 /2b MmKû`�iBQMb /BbTQMB#H2b /�Mb
H2b /Bzû`2Mi2b +mHim`2bX A7`�? (R88) bQmHB;M2 [m2 +2`i�BM2b TQTmH�iBQMb +QMi2K@
TQ`�BM2b /ǶP+û�MB2- /Ƕ�Kû`B[m2b- /Ƕ�bB2 2i /Ƕ�7`B[m2 M2 /BbTQb2Mi /Ƕ�m+mM
KQv2M /2 MQKK2` H2b MQK#`2b �m@/2H¨ /2 /2mtX 1M /ûTBi /2 +2H�- H2b BM/B@
pB/mb /2 +2b bQ+Bûiûb QMi /ûp2HQTTûb /2b bi`�iû;B2b , +2`i�BMb 2KTHQB2Mi /2b
`2T`ûb2Mi�iBQMb �M�HQ;B[m2b +QKK2 /2b 2M+Q+?2b Qm HǶ�HB;M2K2Mi /2 +�BHHQmt
Qm /Ƕ�mi`2b Q#D2ibX Ŀ .Ƕ�mi`2b (XXX) `û7ĕ`2Mi �mt /Bp2`b2b T�`iB2b /2 H2m` +Q`Tb-
7�Bb�Mi �TT2H �mt /QB;ib /2b K�BMb 2i /2b TB2/b- �mt �`iB+mH�iBQMb /2b #`�b
2i /2b D�K#2b- �mt v2mt- �m M2x- ¨ H� #Qm+?2- �mt Q`2BHH2b- �mt b2BMb- �m
i?Q`�t ŀ UTX NVX *2b MmKû`�iBQMb- i�MiƬi �M�HQ;B[m2b- i�MiƬi bvK#QHB[m2b-
`ûTQM/2Mi /2 7�ÏQM bm{b�Mi2 �mt #2bQBMb /2 /ûbB;M2` H2b [m�MiBiûb TQm` +2b
TQTmH�iBQMbX

*2ii2 `û�HBiû T2mi āi`2 `2i`�Mb+`Bi2 /�Mb H2 +�/`2 /m i`B�M;H2 bûKBQiB[m2
TQm` KQMi`2` [m2 /�Mb +2`i�BMb +�b H� bûKBQb2 Ĝ H2 T`Q+2bbmb /ǶûH�#Q`�iBQM /m
b2Mb Ĝ 2bi 7�pQ`Bbû2 T�` H� `2T`ûb2Mi�iBQM /2b MQK#`2b T�` H2b +?Bz`2b 2i /�Mb
/Ƕ�mi`2b +�b T�` mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2X AK�;BMQMb /2mt 2t2KTH2b
BHHmbi`�iB7b , /�Mb mM T`2KB2` i2KTb mM2 [m�MiBiû 2tT`BKû2 2M +?Bz`2b �`�#2b ,
H2 MQK#`2 kdj [mB T2mi T�` 2t2KTH2 +Q``2bTQM/`2 �m MQK#`2 /2 DQm`b [mB
bûT�`2Mi mM BM/BpB/m /2 H� }M /2 HǶ�MMû2X *2 MQK#`2 T`ûb2Mi2 i`QBb +?Bz`2b
2i T2`K2i ¨ +2HmB [mB H2 HBi /2 H2 TH�+2` K2Mi�H2K2Mi /�Mb HǶQ`/`2 /2 ;`�M/2m`
+Q``2bTQM/�Mi �mt MQK#`2b /2 i`QBb +?Bz`2b (Ryy@NNN)X G� H2+im`2 /m T`2KB2`
+?Bz`2 /2 kdj T2`K2i /Ƕ�{M2` +2i Q`/`2 /2 ;`�M/2m` (kyy@kNN)X *2HmB [mB
b�Bi- T�` +QMp2MiBQM- [m2 H2 bvK#QH2 Ŀ k ŀ p�mi KQBMb [m2 H2 bvK#QH2 Ŀ j ŀ-
b�Bi �mbbB [m2 H2b MQK#`2b /2 i`QBb +?Bz`2b +QKK2MÏ�Mi T�` mM Ŀ k ŀ p�H2Mi
KQBMb [m2 [m2 H2b MQK#`2b /2 i`QBb +?Bz`2b +QKK2MÏ�Mi T�` mM Ŀ j ŀX *Ƕ2bi
�BMbB [m2 MQi`2 BM/BpB/m- �m T`2KB2` +QmT /ǶQ2BH- b�Bi [mǶBH `2bi2 KQBMb /2 jyy
DQm`b /�Mb HǶ�MMû2X *Ƕ2bi mM bvbiĕK2 /2 `2T`ûb2Mi�iBQM /ǶmM2 `2K�`[m�#H2
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2{+�+Biû [mB T2`K2i /QM+ ¨ +2HmB [mB HBi +2 MQK#`2 UkdjV /2 b2 `2T`ûb2Mi2`
K2Mi�H2K2Mi mM Q`/`2 /2 ;`�M/2m` +Q``2bTQM/�Mi ¨ H� [m�MiBiû 2z2+iBp2K2Mi
2tT`BKû2 T�` +2b i`QBb +?Bz`2b Dmti�TQbûbX

[m�MiBiû 2tT`BKû2 2M +?Bz`2b �`�#2b

Q`/`2 /2 ;`�M/2m` K2Mi�H

[m�MiBiû 2z2+iBp2

lM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 /2 +2ii2 [m�MiBiû Ĝ kdj Ĝ K�M[m2`�Bi /ǶmM2
T�`i /2 T`�iB+Biû Upm H� [m�MiBiû /Ƕ2M+Q+?2b Qm /ǶQ#D2ib ¨ `ûmMB`V 2i `2M/`�Bi-
/Ƕ�mi`2 T�`i- H� `2T`ûb2Mi�iBQM K2Mi�H2 /ǶmM Q`/`2 /2 ;`�M/2m` THmb �`/m2 NX

LQmb +QMM�BbbQMb +2T2M/�Mi /2 MQK#`2mt +�b /2 };m`2 /�Mb H2b[m2Hb H2b
?mK�BMb QMi 2M+Q`2 M�im`2HH2K2Mi `2+Qm`i ¨ H� `2T`ûb2Mi�iBQM �M�HQ;B[m2X
AK�;BMQMb- +QKK2 /2mtBĕK2 2t2KTH2- +2HmB /ǶmM /ûTmiû [mB T`ûb2Mi2 mM
�K2M/2K2Mi /2p�Mi b2b +QHHĕ;m2b T�`H2K2Mi�B`2bX G2 T`ûbB/2Mi /2 HǶ�bb2K@
#Hû2 K2i bQM �K2M/2K2Mi �m pQi2 2i +?�[m2 /ûTmiû T`ûb2Mi /BbTQb2 /ǶmM2
pQBt [mǶBH 2tT`BK2 ¨ K�BM H2pû2X G2 `ûbmHi�i 2bi b�Mb �TT2H 2i HǶ�K2M/2K2Mi
2bi H�`;2K2Mi `2D2iû , T�b #2bQBM /Ƕ2z2+im2` mM +QKTi�;2- +�` H� K�DQ`Biû 2bi
2tT`BKû2 /ǶmM2 7�ÏQM [mB M2 T2`K2i T�b H2 /Qmi2X

A+B- H� [m�MiBiû MǶ2bi 2tT`BKû2 [m2 T�` H2 MQK#`2 /2 K�BMb H2pû2b U1DVX G2
T`ûbB/2Mi /2 HǶ�bb2K#Hû2 �++Q`/2 mM2 BKTQ`i�M+2 `2H�iBp2 ¨ H� [m�MiBiû 2z2+@
iBp2 /2 K�BMb H2pû2b c +2 [mB +QKTi2 TQm` HmB +Ƕ2bi H� TQbbB#BHBiû /2 /Bb+2`M2`
mM2 K�DQ`Biû 2i +2ii2 K�MBĕ`2 /2 7�B`2 HmB � T2`KBb /Ƕ�ii2BM/`2 bQM Q#D2+iB7
�m T`2KB2` +QmT /ǶQ2BH b�Mb �pQB` ¨ `2+Qm`B` ¨ mM2 �mi`2 7Q`K2 [mB HmB �m`�Bi
7�Bi T2`/`2 /m i2KTbX 1pB/2KK2Mi- 2M +�b /2 b+Q`2 b2``û- BH �m`�Bi /ȿ `2+Qm`B`
¨ mM +QKTi�;2 2i �m`�Bi T`Q#�#H2K2Mi BMb+`Bi H2 `ûbmHi�i /m pQi2 2M +?Bz`2bX

NX LQmb �pQMb KQMi`û 2M T�;2 dk [m2 kk i`�Bib TQb�B2Mi /ûD¨ mM T`Q#HĕK2 /ǶBMi2`T`û@
i�iBQMX
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jd +QMi`2 2i j8 TQm` , BH 2bi BKTQbbB#H2 /2 /Bb+2`M2` mM2 K�DQ`Biû HQ`b[m2 jd
K�BMb bm` dk b2 Hĕp2Mi c K�Bb TQm` [mB � �TT`Bb [m2 H2 bvK#QH2 Ŀ d ŀ p�mi
THmb [m2 Ŀ 8 ŀ- BH 2bi 7�+BH2 /2 pQB` [m2 Ŀ jd ŀ p�mi THmb [m2 Ŀ j8 ŀX

1i pQB+B +QKK2Mi mM2 [m�MiBiû 2tT`BKû2 T�` �M�HQ;B2 bǶBMb+`Bi /�Mb H2
+�/`2 /m i`B�M;H2 bûKBQiB[m2 ,

[m�MiBiû 2tT`BKû2 T�` �M�HQ;B2

[m�MiBiû pBbm�HBbû2 K2Mi�H2K2Mi

[m�MiBiû 2z2+iBp2

.�Mb H2b /2mt +�b /2 };m`2 BK�;BMûb- H� 7Q`K2 miBHBbû2 2bi H� THmb 2{+�+2-
+QMMm2 T�` HǶBM/BpB/m [mB bǶ2M b2`i TQm` H2 #mi `2+?2`+?û , H2 KQ/2 /2 `2T`û@
b2Mi�iBQM +?QBbB T2`K2i /2 7�B`2 H� K2BHH2m`2 �TT`QtBK�iBQM /2 H� [m�MiBiû
2z2+iBp2 TQm` H2 #mi `2+?2`+?ûX GǶBM/BpB/m [mB �TT`2M/ [m2 kdj DQm`b H2 bû@
T�`2Mi /m MQmp2H �M b2 7�Bi mM2 `2T`ûb2Mi�iBQM K2Mi�H2 /2 +2 [m2 +2i û+�`i
`2T`ûb2Mi2 c BH b�Bi- �m /2K2m`�Mi- [mǶmM2 �MMû2 /m`2 je8 DQm`b 2i T2mi /QMM2`
mM b2Mb ¨ kdj bm` +2 `û7û`2MiB2HX �m KāK2 iBi`2- H2 T`ûbB/2Mi /ǶmM T�`H2K2Mi
/QMM2 mM b2Mb ¨ H� K�DQ`Biû [mǶBH pQBi b2 /2bbBM2` HQ`b[mǶmM2 T`QTQ`iBQM /2b
/ûTmiûb T`ûb2Mib Hĕp2 H� K�BM , BH b�Bi [mǶmM2 K�DQ`Biû +Q``2bTQM/ ¨ THmb /2
H� KQBiBû /2b K�BMb 2i T�`pB2Mi ¨ /QMM2` mM b2Mb �m MQK#`2 /2 K�BMb [mǶBH
pQBi b2 H2p2` bm` +2 `û7û`2MiB2HX

*2b 2t2KTH2b KQMi`2Mi [mǶBH bǶ�;Bi #B2M /ǶmM2 [m2biBQM /2 b2Mb 2i /QM+
/2 bûKBQb2 , mM KQ/2 /2 `2T`ûb2Mi�iBQM Ĝ H2 bB;MB}�Mi Ĝ T2`K2ii�Mi ¨ mM
BM/BpB/m /2 b2 7Q`;2` mM2 BK�;2 K2Mi�H2 Ĝ H2 bB;MB}û Ĝ `�TTQ`i ¨ mM2 [m�MiBiû
2z2+iBp2 Ĝ H2 `û7û`2MiX � +2 iBi`2- BH b2K#H2 [m2 H2 +?QBt /ǶmM2 `2T`ûb2Mi�iBQM
THmiƬi [mǶmM2 �mi`2 bQBi T`BM+BT�H2K2Mi /B+iû T�` bQM 2{+�+Biû /�Mb mM2
bBim�iBQM /QMMû2 , �M�HQ;B[m2 TQm` /2b T2iBi2b [m�MiBiûb Qm /2b T`QTQ`iBQMb
T2`+2TiB#H2b- Qm +?Bz`û2 TQm` /2b i�+?2b THmb �`/m2b BKTHB[m�Mi H2 +QKTi�;2
Qm H2 +�H+mHX S�`7QBb THmbB2m`b `2T`ûb2Mi�iBQMb bQMi +QK#BMû2b TQm` `2M/`2
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+2ii2 �TT�`BiBQM /m b2Mb THmb �Bbû2 , +Ƕ2bi T�` 2t2KTH2 H2 +�b /2b KQMi`2b
T`ûb2Mi�Mi ¨ H� 7QBb /2b �B;mBHH2b 2i /2b MQK#`2b BMb+`Bib 2M +?Bz`2b bm` H2m`
+�/`�MX



*?�TBi`2 d

G2b MQK#`2b 2i HǶBM7Q`K�iBQM
�m/BQ@pBbm2HH2

.2 7�ÏQM bBKBH�B`2- 2i 2M HB2M /B`2+i �p2+ H2 i?ĕK2 +2Mi`�H /2 +2 i`�p�BH- HQ`b@
[mǶmM2 BM7Q`K�iBQM BKTHB[m�Mi HǶ2tT`2bbBQM /2 [m�MiBiûb 2bi T`ûb2Miû2 /�Mb H2
+�/`2 /ǶmM DQm`M�H iûHûpBbû- /Bzû`2Mi2b `2T`ûb2Mi�iBQMb /2b MQK#`2b +Q2tBbi2Mi
7`û[m2KK2MiX aB mM2 bi�iBbiB[m2 2bi H2 THmb bQmp2Mi `2T`ûb2Miû2 2M +?Bz`2b ¨
HǶû+`�M- +2ii2 7Q`K2 2bi i`ĕb `�`2K2Mi 2t+HmbBp2X aQmp2Mi mM pBbm2H �M�HQ;B[m2
Ĝ ¨ b�pQB`- +QKK2 MQmb HǶ�pQMb ûpQ[mû +B@�p�Mi- mM2 i�+?2 /BbTQb�Mi bm` H2
TH�M /2b bB;MB}�Mib /2 ?mBi p�`B�#H2b pBbm2HH2b 2i i`QBb ivT2b /ǶBKTH�Mi�iBQM
Ĝ �++QKT�;M2 H2b ûHûK2Mib +?Bz`ûb 2i BH MǶ2bi T�b `�`2 [mǶmM2 bi�iBbiB[m2 bQBi
û;�H2K2Mi ûMQM+û2 Q`�H2K2Mi T�` mM DQm`M�HBbi2X *2 bQMi �BMbB Dmb[mǶ¨ i`QBb
ivT2b /2 `2T`ûb2Mi�iBQMb Ĝ /2mt bvK#QHB[m2b 2i mM2 �M�HQ;B[m2 Ĝ [mB +Q@
2tBbi2Mi TQm` HǶ2tT`2bbBQM /ǶmM2 b2mH2 [m�MiBiûX *2b BM7Q`K�iBQMb T�bb2Mi T�`
/2mt +�M�mt Ĝ �m/BiB7 2i pBbm2H RX

RX *2 MǶ2bi T�b bm`T`2M�Mi , H2b +mHim`2b Q++B/2Mi�H2b �++Q`/2Mi 2M 2z2i mM2 TH�+2 #B2M
THmb +QMbB/û`�#H2 �mt b2Mb /2 H� pm2 2i /2 HǶQmś2 /�Mb H� i`�MbKBbbBQM /2 iQmi2b bQ`i2b
/ǶBM7Q`K�iBQMb (RN8) UTX k3VX

RyN
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.�Mb H2 +�/`2 /m +QMi`�i /2 +QKKmMB+�iBQM Kû/B�iB[m2- +2ii2 KmHiBTHB+�@
iBQM /2b `2T`ûb2Mi�iBQMb 2i /2b +�M�mt bǶBMb+`Bi /�Mb mM2 pBbû2 /ǶBM7Q`K�iBQM
[mB Ŀ +QMbBbi2 ¨ 7�B`2 +QMM�ŗi`2 �m +BiQv2M +2 [mB bǶ2bi T�bbû Qm +2 [mB 2bi 2M
i`�BM /2 b2 T�bb2` /�Mb H2 KQM/2 /2 H� pB2 bQ+B�H2 ŀ (88) UTX dRVX *2ii2 pB@
bû2 /ǶBM7Q`K�iBQM 2bi KBb2 2M Q2mp`2 T�` HǶBMbi�M+2 Kû/B�iB[m2 �m i`�p2`b /2
Ŀ /2mt ivT2b /Ƕ�+iBpBiû H�M;�;Bĕ`2 , H� /2b+`BTiBQM@M�``�iBQM TmBb[mǶBH bǶ�;Bi
/2 `�TTQ`i2` H2b 7�Bib /m KQM/2 c HǶ2tTHB+�iBQM TmBb[mǶBH bǶ�;Bi /Ƕû+H�B`2` H2 /2b@
iBM�i�B`2 /2 HǶBM7Q`K�iBQM bm` H2b +�mb2b 2i H2b +QMbû[m2M+2b /2 HǶ�TT�`BiBQM /2
+2b 7�BibX ŀ *?�`�m/2�m +QKTHĕi2 +2 +QMbi�i 2M `�TT2H�Mi [m2 Ŀ /�Mb mM +�b
+QKK2 /�Mb HǶ�mi`2 b2 TQb2- #B2M [m2 /Bzû`2KK2Mi- mM T`Q#HĕK2 /2 `�TTQ`i
¨ H� pû`Biû ŀ UTX dRVX

G� p�H2m` /2 pû`Biû /2b ûMQM+ûb 2bi mM2 [m2biBQM /2 HBM;mBbiB[m2 TmBb[mǶmM
ûMQM+û 2bi p`�B Qm 7�mt /�Mb b� +�T�+Biû ¨ /û+`B`2 H� `û�HBiû T�` /2b KQibX
.�Mb +2ii2 QTiB[m2- H2 i`�p�BH /m DQm`M�HBbi2 +QMbBbi2 ¨ K2ii`2 2M Q2mp`2 mM
/Bb+Qm`b pBb�Mi ¨ 7Qm`MB` H� T`2mp2 Ĝ +Ƕ2bi@¨@/B`2 Ŀ /QMM2` ¨ pQB` +2 [mB T�`
/û}MBiBQM 2bi BMpBbB#H2 ŀ UTX dkV Ĝ /2 HǶ2t�+iBim/2 /2b BM7Q`K�iBQMb 7Qm`MB2bX
lM DQm`M�HBbi2 7�Bi /QM+ �TT2H ¨ mM2 bi�iBbiB[m2 +QKK2 KQv2M /2 T`2mp2 /2
HǶ2tBbi2M+2 Qm /2 HǶûpQHmiBQM /ǶmM T?ûMQKĕM2 [mǶBH /û+`Bi 2i bǶ�TTmB2 bm` +2
+QMi2Mm TQm` i2MB` mM T`QTQb �BMbB Hû;BiBKûX G2b +?Bz`2b T2mp2Mi ¨ +2 iBi`2
bǶBMb+`B`2 �mbbB #B2M /�Mb HǶ�+iBpBiû H�M;�;Bĕ`2 /2 M�``�iBQM [m2 /�Mb HǶ�+iBpBiû
/Ƕ2tTHB+�iBQMX

G2 `2+Qm`b ¨ /Bzû`2Mib KQ/2b /2 `2T`ûb2Mi�iBQM TQm` 2tT`BK2` /2b [m�MiB@
iûb T2`K2i /2 7�pQ`Bb2` �m KB2mt H� /BzmbBQM /m b2Mb /2b MQK#`2b 2tT`BKûbX
1M /Ƕ�mi`2b i2`K2b- BH bǶ�;Bi TQm` H2b DQm`M�HBbi2b /2 `2M/`2 H2m` ûHûK2Mi /2
T`2mp2 H2 THmb BMi2HHB;B#H2 TQbbB#H2 c +2 +?QBt /2 bB;M2b /QBi T2`K2ii`2 ¨ mM
K�tBKmK /2 iûHûbT2+i�i2m`b /2 b2 +QMbiBim2` mM2 BK�;2 K2Mi�H2X GǶ?vTQi?ĕb2
7�Bi2 2bi [m2 H� KmHiBTHB+�iBQM /2b 7Q`K2b 7�pQ`Bb2 H� bûKBQb2 ,
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Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

_û�HBiû U[m�MiBiû 2z2+iBp2V

6B;m`2 dXR Ĝ S`Q+2bbmb /2 bûKBQb2 /û+H2M+?û T�` H� `2T`ûb2Mi�iBQM /2b
MQK#`2b

GǶ�M�Hvb2 /2 +2 i`B�M;H2 bûKBQiB[m2- MQmb T2`K2i /Ƕ�p�M+2` [m2 H2b `Bb[m2b
/2 T`Q#HĕK2b /2 i`�MbKBbbBQM /ǶBM7Q`K�iBQM bQMi KmHiBTH2b HQ`b[mǶBH bǶ�;Bi
/2 T`ûb2Mi2` mM T?ûMQKĕM2 bQmb HǶ�M;H2 /2 H� [m�MiBiûX *2b T`Q#HĕK2b /ǶBM@
�/û[m�iBQM b2 `ûT�`iBbb2Mi 2M 2z2i bm` H2b i`QBb �t2b /m i`B�M;H2X .�Mb H2b
b2+iBQMb [mB bmBp2Mi- MQmb �TT2HH2`QMb +2b �t2b +Q``2bTQM/�M+2- bB;MB}+�iBQM
2i BM7û`2M+2X

dXR S`Q#HĕK2 /2 +Q``2bTQM/�M+2

G2 T`2KB2` /2 +2b `Bb[m2b Ĝ H2 THmb ûpB/2Mi Ĝ 2bi +2HmB /ǶmM2 �#b2M+2 /Ƕ�/û@
[m�iBQM 2Mi`2 H2b [m�MiBiûb 2tT`BKû2b /�Mb H2b bi�iBbiB[m2b 2i H2b [m�MiBiûb
2z2+iBp2bX AH bǶ�;Bi /ǶmM T`Q#HĕK2 /�Mb H� `2H�iBQM /2 +Q``2bTQM/�M+2 Ĝ 2Mi`2
bB;MB}�Mi 2i `û7û`2Mi- `2T`ûb2Miû T�` HǶ�t2 ?Q`BxQMi�H /m i`B�M;H2 Ĝ bm`p2M�Mi
HQ`b[m2 mM2 bi�iBbiB[m2 2i H� `û�HBiû [mǶ2HH2 2bi +2Mbû2 /û+`B`2 M2 +QśM+B/2 T�bX

+Q``2bTQM/�M+2

*2 T`Q#HĕK2 /�Mb H� `2H�iBQM /2 +Q``2bTQM/�M+2 T2mi āi`2 /2 /2mt M�im`2b-
/B`2+i2K2Mi HBû2b ¨ H� p�HB/Biû /ǶmM BM/B+�i2m` bi�iBbiB[m2X AH T2mi �``Bp2`-
/ǶmM2 T�`i- [mǶmM BM/B+�i2m` bi�iBbiB[m2 bQBi K�H +QMÏm , QM T�`H2 �HQ`b /2
T`Q#HĕK2 /2 p�HB/Biû BMi2`M2X .�Mb /Ƕ�mi`2b +�b /2 };m`2- BH �``Bp2 [mǶmM
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BM/B+�i2m` bQBi BKT`QT`2 ¨ /û+`B`2 mM2 `û�HBiû Ĝ T�` 2t2KTH2 HQ`b[m2 +2HH2@+B
MǶ2bi T�b K2bm`�#H2 Ĝ QM T�`H2 /ǶmM T`Q#HĕK2 /2 p�HB/Biû 2ti2`M2 (R93) UTX 9VX
G2b [m2biBQMb /2 p�HB/Biû b2`QMi 2tTHQ`û2b THmb 2M /ûi�BH �m +?�TBi`2 R9X

.�Mb +2b /2mt bBim�iBQMb- H� [m�MiB}+�iBQM T`QTQbû2 M2 T2`K2i T�b /2
/û+`B`2 H� `û�HBiû /2 7�ÏQM }�#H2 2i HǶmiBHBb�iBQM /2 H� bi�iBbiB[m2 M2 /2p`�Bi
T�b DQm2` H2 `ƬH2 /ǶmM KQv2M /2 T`2mp2 /2 HǶ2tBbi2M+2 /ǶmM T?ûMQKĕM2X PM M2
T2mi T�b +QM+Hm`2 [m2 /2b ûMQM+ûb bǶ�TTmv�Mi bm` mM2 bi�iBbiB[m2 T`ûb2Mi�Mi
mM Qm THmbB2m`b T`Q#HĕK2b /2 p�HB/Biû bQB2Mi Mû+2bb�B`2K2Mi 7�mt c +2T2M/�Mi-
QM M2 T2mi D�K�Bb HǶ2t+Hm`2- TmBb[m2 +2b ûMQM+ûb `2TQb2Mi bm` mM ûHûK2Mi /2
T`2mp2 BKT`QT`2 ¨ /ûKQMi`2` Qm /û+`B`2 H2 T?ûMQKĕM2 /QMi BH 2bi [m2biBQMX
*Ƕ2bi +2 [m2 MQmb �pQMb MQKKû H2 T`ûbmTTQbû /2 K2bm`2X

lM DQm`M�HBbi2 bǶ�TTmv�Mi bm` mM2 bi�iBbiB[m2 +QKK2 ûHûK2Mi /2 T`2mp2
bmTTQb2 T`û�H�#H2K2Mi [m2 +2ii2 bi�iBbiB[m2 � H� +�T�+Biû /2 /û+`B`2 H2 T?û@
MQKĕM2 /QMi BH 2bi [m2biBQM , Q` bB 2HH2 T`ûb2Mi2 mM T`Q#HĕK2 /2 p�HB/Biû- H2
T`ûbmTTQbû [m2 H� bi�iBbiB[m2 miBHBbû2 `2M/ +QKTi2 p�H�#H2K2Mi /ǶmM2 `û�@
HBiû 2bi 7�mt 2i iQmb H2b ûMQM+ûb `2TQb�Mi bm` 2HH2 QMi mM2 p�H2m` /2 pû`Biû
BMpû`B}�#H2 U+7X +?�TBi`2 RjVX

*2 T`Q#HĕK2 bm` HǶ�t2 ?Q`BxQMi�H /m i`B�M;H2 +QM+2`M2 /B`2+i2K2Mi H2 i`�@
p�BH DQm`M�HBbiB[m2 2i TQb2 H� [m2biBQM /2 H� 7Q`K�iBQM /2b DQm`M�HBbi2b ¨ H�
H2+im`2 2i ¨ HǶmiBHBb�iBQM /2b bi�iBbiB[m2b +QKK2 KQv2Mb /ǶBM7Q`K�iBQMX G2b
bi�iBbiB+B2Mb H2 `ûTĕi2Mi BMH�bb�#H2K2Mi , Ŀ H2b MQK#`2b M2 T�`H2Mi T�b T�`
2mt@KāK2b- BHb bQMi BKT`û;Mûb /2 b2Mb T�` +2mt [mB H2b +QKK2Mi2Mi ŀ U*Bi�@
iBQM /m bi�iBbiB+B2M ûi�bmMB2M L�i2 aBHp2` `2T`Bb2 /�Mb (k3e) TXR c i`�/mBi /2
HǶ�M;H�BbVX
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dXk S`Q#HĕK2 /2 bB;MB}+�iBQM

aB MQmb TQm`bmBpQMb HǶ�M�Hvb2 /m i`B�M;H2 bûKBQiB[m2 /2 H� T�;2 RRR- BH 2tBbi2
/Ƕ�mi`2b `Bb[m2b /2 T`Q#HĕK2b /2 i`�MbKBbbBQM /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2
[mB M2 b2 HQ;2Mi T�b /�Mb H� `2H�iBQM /2 +Q``2bTQM/�M+2 2Mi`2 H2 bB;MB}�Mi 2i
H2 `û7û`2MiX lM T`Q#HĕK2 T2mi 2M 2z2i �/p2MB` HQ`b[mǶmM2 bi�iBbiB[m2- i`�Mb@
KBb2 T�` mM Qm THmbB2m`b +�M�mt- `2M/ 2z2+iBp2K2Mi +QKTi2 /ǶmM2 `û�HBiû
U�#b2M+2 /2 T`Q#HĕK2 /2 p�HB/BiûV- K�Bb MǶ2bi T�b bm{b�KK2Mi +QKT`Bb2 T�`
/2b K2K#`2b /m Tm#HB+ , +2b /2`MB2`b 7Q`K2Mi mM2 BK�;2 K2Mi�H2 Ĝ Qm bB;MB}û
Ĝ [mB M2 +Q``2bTQM/ MB ¨ H� bi�iBbiB[m2- MB ¨ H� `û�HBiû [mǶ2HH2 /û+`BiX AH bǶ�;Bi
/ǶmM T`Q#HĕK2 /ǶûH�#Q`�iBQM /m bB;MB}û bm` H� #�b2 /m bB;MB}�Mi- ¨ b�pQB` H�
`2H�iBQM /2 bB;MB}+�iBQMX

bB;
MB}
+�i
BQM

*2 T`Q#HĕK2 `2M+QMi`û T�` H2b BM/BpB/mb HQ`b /2 H� H2+im`2 /ǶmM2 bi�iBbiB[m2
� i`�Bi �m +QM+2Ti /2 MmKû`�iB2 [mB 2bi /û}MB +QKK2 bmBi T�` HǶP*.1 (kR3)
UTX kdV ,

G� +�T�+Biû /2 HQ+�HBb2`- /ǶmiBHBb2`- /ǶBMi2`T`ûi2` 2i /2 +QKKmMB@
[m2` /2 HǶBM7Q`K�iBQM 2i /2b B/û2b K�i?ûK�iB[m2b �}M /2 bǶ2M;�@
;2` 2i /2 ;û`2` H2b /2K�M/2b K�i?ûK�iB[m2b /2 iQmi mM ûp2Mi�BH
/2 bBim�iBQMb /2 H� pB2 �/mHi2 (XXX) G� MmKû`�iB2 2bi �bbQ+Bû2 ¨ iQmi
mM ûp2Mi�BH /2 +QKTûi2M+2b 2i /2 +QMM�Bbb�M+2b- b�Mb b2 HBKBi2`
�mt +QMM�Bbb�M+2b �`Bi?KûiB[m2b 2i �m +�H+mH- 2i `ûTQM/ ¨ iQmi
mM 2Mb2K#H2 /2 `2T`ûb2Mi�iBQMb- b�Mb b2 HBKBi2` ¨ /2b +?Bz`2b /�Mb
mM i2ti2X
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.2 +2 TQBMi /2 pm2- TQm` mM2 �KûHBQ`�iBQM /2 H� +QKT`û?2MbBQM ;HQ#�H2 /2b
�`;mK2Mib [m�MiB}ûb- H� 7Q`K�iBQM /2 H� TQTmH�iBQM ¨ H� MmKû`�iB2 T`ûb2Mi2
mM 2MD2m 2bb2MiB2H c /2 HǶ�pBb /2 MQK#`2mt �mi2m`b- ¨ HǶBMbi�` /2 H� K�i?ûK�iB@
+B2MM2 ûi�bmMB2MM2 GvM/� :BMb#m`; 2i �HX (RjR)- BH bǶ�;Bi /ǶmM pû`Bi�#H2 2MD2m
/2 bQ+Bûiû 2i KāK2 /2 /ûKQ+`�iB2 UTX 9RVX

dXj S`Q#HĕK2 /ǶBM7û`2M+2

G2 /2`MB2` �t2 T`Q#HûK�iB[m2 /m i`B�M;H2 T`Q/mBi 2M T�;2 RRR +QMbBbi2 2M mM2
BM�/û[m�iBQM 2Mi`2 H� [m�MiBiû 2z2+iBp2 2i H� `2T`ûb2Mi�iBQM K2Mi�H2 /2 +2ii2
[m�MiBiûX *2 T`Q#HĕK2 BMi2`pB2Mi HQ`b[mǶmM2 BM7Q`K�iBQM 2bi i`�Biû2 /ǶmM2 i2HH2
7�ÏQM [m2 H2 Tm#HB+ 2M BM/mBi mM2 T`ûb2M+2 #B2M THmb BKTQ`i�Mi2 [mǶ2HH2 M2
HǶ2bi 2M `û�HBiûX

BM7û`2M+2

AH 2bi Mû+2bb�B`2 /Ƕ2tTHB[m2` +2 T`Q#HĕK2 /ǶBM7û`2M+2 2M HB2M �p2+ H� [m�M@
iBiûX AH 2bi HBû /B`2+i2K2Mi ¨ H� TH�+2 T�`iB+mHBĕ`2 �++Q`/û2 [mQiB/B2MM2K2Mi ¨
+2`i�BM2b MQmp2HH2bX AH �``Bp2 [m2 /2b BM7Q`K�iBQMb HBû2b ¨ mM T?ûMQKĕM2 /2
7�B#H2 `û+m``2M+2 Q++mT2Mi mM 2bT�+2 /2 i2KTb /ǶBM7Q`K�iBQM THmb ;`�M/ [m2
/Ƕ�mi`2b MQmp2HH2bX *2 i`�Bi2K2Mi /QMM2 HQ;B[m2K2Mi HǶBKT`2bbBQM �mt bT2+@
i�i2m`b [m2 H� MQmp2HH2- ¨ H�[m2HH2 2bi /û/Bû2 THmb /2 i2KTb- 2tBbi2 /�Mb mM2
T`QTQ`iBQM THmb ;`�M/2X 1M [m2H[m2 bQ`i2- H2 7�Bi [mǶmM2 BM7Q`K�iBQM T`2MM2
mM2 THmb ;`�M/2 T�`iB2 /m i2KTb ¨ /BbTQbBiBQM +QMbiBim2 mM2 7Q`K2 /2 `2@
T`ûb2Mi�iBQM �M�HQ;B[m2 /2 HǶBKTQ`i�M+2 /2 +2ii2 MQmp2HH2 c H2 Tm#HB+ TQm``�Bi
BM7û`2` ¨ iQ`i [mǶmM T?ûMQKĕM2 K�`;BM�H /QMi BH 2bi #2�m+QmT [m2biBQM ¨
HǶ�Mi2MM2 � mM2 7`û[m2M+2 #2�m+QmT THmb ;`�M/2 [m2 +2 MǶ2bi H2 +�b 2M `û�HBiûX
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S`2MQMb- TQm` KB2mt +QKT`2M/`2 +2 T?ûMQKĕM2- HǶ2t2KTH2 /m KQmp2K2Mi
/2b :BH2ib D�mM2b /2 kyR3 2i kyRN 2M 6`�M+2X *2 KQmp2K2Mi bQ+B�H /ǶmM2
i`ĕb ;`�M/2 �KTH2m` TQ`i�Mi T`BM+BT�H2K2Mi /2b `2p2M/B+�iBQMb +BpB[m2b 2i
bQ+B�H2b (k3j) UTX R9V +QMbBbi� ¨ b2b /û#mi 2M /2b Q++mT�iBQMb T�+B}[m2b /2
THmbB2m`b KBHHB2`b /2 bBi2b T?vbB[m2b U`QM/b@TQBMib- Tû�;2b- TH�+2bXXXV- K�Bb
û;�H2K2Mi /Ƕ2bT�+2b MmKû`B[m2b UTX R@kVX

� b2b /û#mib- H2 KQmp2K2Mi 7mi i`ĕb 7Q`i2K2Mi bQmi2Mm T�` H� TQTmH�iBQM
7`�MÏ�Bb2- +QKK2 HǶBM/B[m2 H2 bmBpB /2b bQM/�;2b /ǶQTBMBQM kX J�Bb `�TB/2K2Mi
H2 +QMi2Mm TQHBiB[m2 /2 +2ii2 KQ#BHBb�iBQM T�+B}[m2 /2 +2Mi�BM2b /2 KBHHB2`b
/2 T2`bQMM2b T`Bi KQBMb /2 TH�+2 /�Mb H2b Kû/B�b [m2 H2b BK�;2b /2 H� pBQH2M+2
/�Mb H2b +2Mi`2b /2 ;`�M/2b pBHH2b UTX R9VX G2b BK�;2b /2 pQBim`2b [mB #`ȿH2Mi 2i
/2 T�pûb H�M+ûb 2M /B`2+iBQM /2 H� TQHB+2 iQm`M�B2Mi 2M #Qm+H2 2i 2M HǶ2bT�+2 /2
[m2H[m2b KQBb H2b :BH2ib D�mM2b 7m`2Mi �bbQ+Bûb ¨ +2ii2 BK�;2 /2 pBQH2M+2X G�
TQTmH�`Biû /m KQmp2K2Mi +?mi�- Hû;BiBK�Mi �m T�bb�;2 mM /m`+Bbb2K2Mi /2 H�
`ûT`2bbBQMX *Ƕ2bi �BMbB [m2 H2 KQmp2K2Mi bǶ2biQKT� ;`�/m2HH2K2Mi K�H;`û /2b
`2p2M/B+�iBQMb BMBiB�H2b H�`;2K2Mi T�`i�;û2b- K�Bb `2biû2b /�Mb H2m` K�DQ`Biû
H2ii`2 KQ`i2X

AH M2 bǶ�;Bi T�b B+B /Ƕ2t+mb2` H2b pBQH2M+2b +QKKBb2b- MB KāK2 /ǶBM+`BKB@
M2` H2 i`�p�BH /2b DQm`M�HBbi2bX AH bǶ�;Bi �m +QMi`�B`2 /2 bQmHB;M2` mM ûi�i /2
7�Bi +QMMm , +2`i�BM2b BM7Q`K�iBQMb T`2MM2Mi T�`7QBb #2�m+QmT /2 TH�+2 /�Mb
H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM T�` `�TTQ`i ¨ H2m` �KTH2m` `û2HH2X *2H� 2bi /ȿ
/B`2+i2K2Mi ¨ H� i2MbBQM 2Mi`2 H2b /2mt pBbû2b /m +QMi`�i /2 +QKKmMB+�iBQM
Kû/B�iB[m2 KBb2b 2M 2t2`;m2 T�` *?�`�m/2�m (88) , /ǶmM2 T�`i H� pBbû2 /ǶBM@
7Q`K�iBQM Ŀ [mB i2M/ ¨ T`Q/mB`2 mM Q#D2i /2 b�pQB`- b2HQM mM2 HQ;B[m2 +BpB[m2 ,
BM7Q`K2` H2 +BiQv2M ŀ UTX dyV c /Ƕ�mi`2 T�`i H� pBbû2 /2 +�Ti�iBQM- Ŀ [mB i2M/
¨ T`Q/mB`2 mM Q#D2i /2 +QMbQKK�iBQM K�`+?�M/2 b2HQM mM2 HQ;B[m2 +QKK2`@

kX 1Mi`2 e8 2i 3yW /ǶQTBMBQMb 7�pQ`�#H2b 2M 7QM+iBQM /2b BMbiBimib /2 bQM/�;2 c BM7Q`@
K�iBQM i`Qmpû2 bm` mM2 T�;2 qBFBTû/B� (eR) `2;`QmT�Mi H2b `ûbmHi�ib /Ƕ2M[māi2b /ǶQTBMBQM
`û�HBbû2b T�` H2b BMbiBimib "o�- A7QT- 1H�#2- >�``Bb- PTBMBQMq�v- uQm:Qp 2i P/Qt� 2Mi`2
MQp2K#`2 kyR3 2i MQp2K#`2 kyRNX
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+B�H2 , +�Ti2` H2 THmb ;`�M/ MQK#`2 TQm` bm`pBp`2 ¨ H� +QM+m``2M+2 ŀ UTX dyVX
.2b BK�;2b /2 72mt 2i /ǶûK2mi2b bQMi bBKTH2K2Mi i`QT Ŀ p2M/2mb2b ŀ TQm`
āi`2 H�Bbbû2b ¨ H� b2mH2 +QM+m``2M+2 c H2b +?�ŗM2b /2 iûHûpBbBQMb bǶ2M 2KT�`2Mi
/QM+ û;�H2K2Mi TQm` �bbm`2` H2m` T�`i /Ƕ�m/BK�iX

AH bǶ�;Bi /ǶmM T�`�/Qt2 /ûD¨ KBb 2M HmKBĕ`2 T�` SB2``2 "Qm`/B2m /�Mb bQM
BMi2`p2MiBQM am` H� iûHûpBbBQM (R33) j /�Mb H�[m2HH2 BH �{`K�Bi [m2 Ŀ HǶ�m/B@
K�i 2bi H2 /B2m +�+?û ŀ /2 HǶmMBp2`b /2 HǶBM7Q`K�iBQMX �BMbB- H2b 7�Bib /Bp2`b
T2`K2ii2Mi /2 KQMi`2` �m [mQiB/B2M /2b ûpûM2K2Mib /`�K�iB[m2b- bT2+i�+m@
H�B`2b- 2ti`�Q`/BM�B`2b [mB `2M/2Mi H2b +QMi2Mmb /ǶBM7Q`K�iBQM THmb pBp�Mib-
THmb +QM+`2ib- 2i [mB �iiB`2Mi H2 Tm#HB+X P`- "Qm`/B2m bQmHB;M2 T�` mM2 #2HH2
7Q`KmH2 [m2 Ŀ H2 7�Bi /Bp2`b 7�Bi /Bp2`bBQM ŀ , T�` H� TH�+2 T�`7QBb BM/m2 [mǶBHb
T2mp2Mi T`2M/`2- /2b 7�Bib bm`T`2M�Mib- bT2+i�+mH�B`2b- Q`B;BM�mt `û/mBb2Mi
HǶ2bT�+2 /Ƕ�mi`2b BM7Q`K�iBQMb �m KQBMb �mbbB T2`iBM2Mi2b /QMi /2p`�B2Mi
TQm`i�Mi �pQB` +QMM�Bbb�M+2 H2b +BiQv2Mb 2t2`Ï�Mi H2m`b /`QBib /ûKQ+`�iB[m2bX
*2b BM7Q`K�iBQMb BMbQHBi2b- bm`T`2M�Mi2b Qm b2Mb�iBQMM2HH2b- BMi`Q/mBi2b T`BM@
+BT�H2K2Mi /�Mb mM2 pBbû2 /2 +�Ti�iBQM- +QMbQKK2Mi H� /2M`û2 H� THmb `�`2
/m /Bb+Qm`b /2 HǶBM7Q`K�iBQM �m/BQpBbm2HH2 , H2 i2KTbX

*QKK2 MQmb HǶ�pQMb û+`Bi +B@/2bbmb- H2 i2KTb +QMb�+`û ¨ mM2 BM7Q`K�iBQM
�m +Qm`b /ǶmM DQm`M�H iûHûpBbû +QMbiBim2 mM2 bQ`i2 /2 `2T`ûb2Mi�iBQM �M�HQ@
;B[m2 /2 bQM BKTQ`i�M+2 , Ry KBMmi2b +QMbiBim2Mi mM iB2`b /m i2KTb iQi�H /ǶmM
DQm`M�H [mB 2M /m`2 jyX AH bǶ�;Bi /ǶmM2 ;`�M/2 T`QTQ`iBQM [mB /QMM2 HǶBKT`2b@
bBQM /ǶmM TQB/b +QMbB/û`�#H2 2i /QM+ /ǶmM2 2tBbi2M+2 BKTQ`i�Mi2 U2M i2`K2b
/2 [m�MiBiûV /m T?ûMQKĕM2 �m[m2H 2bi �++Q`/û +2ii2 TH�+2X *Ƕ2bi H¨ [m2- T�`
BM7û`2M+2- BH 2bi 7�+BH2 /2 b2 i`QKT2`- KāK2 TQm` mM Tm#HB+ ?QMMāi2- �ii2MiB7
2i �p2`iB- bm` HǶ�KTH2m` `û2HH2 /ǶmM T?ûMQKĕM2 , BH 2bi #2�m+QmT [m2biBQM /ǶmM
T`Q#HĕK2- BH /QBi /QM+ āi`2 /Ƕ�KTH2m`X

jX AMi2`pB2r �miQm` /m +Qm`b ûTQMvK2 �m +QHHĕ;2 /2 6`�M+2 (jd)
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LQmb bQKK2b #B2M +QMb+B2Mib /m 7�Bi [m2 H� [m�MiBiû MǶ2bi T�b H� T`QT`Bûiû
2bb2MiB2HH2 /2 +2`i�BM2b BM7Q`K�iBQMb c T�`7QBb- mM ûpûM2K2Mi mMB[m2 T2mi `2@
pāiB` mM2 BKTQ`i�M+2 +�TBi�H2X *2 b2`�Bi- T�` 2t2KTH2- H2 +�b /m /û+ĕb /ǶmM
+?27 /Ƕúi�i , [m�M/ #B2M KāK2 BH MǶ� HB2m [mǶmM2 7QBb 2i M2 Tĕb2 /QM+ T�b
T�` b� [m�MiBiû- BH +QMbiBim2 mM2 MQmp2HH2 /2 T`2KBĕ`2 BKTQ`i�M+2X .Ƕ�mi`2b
BM7Q`K�iBQMb- 2M `2p�M+?2- Tĕb2Mi T�` H2m` [m�MiBiû c +Ƕ2bi T�` 2t2KTH2 H2 +�b
/2b pBQH2M+2b 2M K�MB72bi�iBQM [m2 MQmb �pQMb ûpQ[mû2b- [mB- /ĕb HQ`b [mǶ2HH2b
/2pB2MM2Mi mM T?ûMQKĕM2 2M �TT�`2M+2 7`û[m2Mi- /Bb+`û/Bi2Mi H2 KQmp2K2Mi
bQ+B�H /�Mb H2[m2H 2HH2b bǶQ#b2`p2MiX

�m /2H¨ /2b /2mt pBbû2b /QMi T�`H2Mi *?�`�m/2�m (88) Ĝ HǶBM7Q`K�iBQM 2i H�
+�Ti�iBQM Ĝ MQmb ûpQ[m2`QMb mM i`QBbBĕK2 �t2- ¨ MQi`2 b2Mb- /ûi2`KBM�Mi /�Mb
H� pBbB#BHBiû /QMMû2 ¨ +2`i�BM2b BM7Q`K�iBQMb , H� +QM+2Mi`�iBQM /ǶBMiû`āib û+Q@
MQKB[m2b /�Mb H2b Kû/B�b /QMi BH b2`� HQM;m2K2Mi [m2biBQM 2M b2+iBQM RkX8X
.�Mb H2 +�b /2b :BH2ib D�mM2b- BH b2K#H2`�Bi [m2 H2b KBHB2mt /QKBM�Mib �p�B2Mi
iQmi BMiû`āi ¨ pQB` +2 KQmp2K2Mi bǶ2biQKT2`- TmBb[m2 HǶmM2 /2 b2b `2p2M/B@
+�iBQMb H2b THmb BKTQ`i�Mi2b ûi�Bi H� KBb2 2M TH�+2 /ǶmM K2BHH2m` T�`i�;2 /2b
`B+?2bb2b T�` HǶBMbi�m`�iBQM /ǶmM BKTƬi bm` H� 7Q`imM2- H� `2p�HQ`Bb�iBQM /m b�@
H�B`2 KBMBKmK 2i HǶ�m;K2Mi�iBQM /2b `2i`�Bi2b (R39)X *2b /2K�M/2b 7`�TT2Mi
i`ĕb /B`2+i2K2Mi H2b BMiû`āib /2 MQK#`2mt ;`�M/b ;`QmT2b /QMi MQmb KQMi`2@
`QMb H2b 7Q`ib HB2Mb �p2+ H2b Kû/B�b 2i H2b bQm`+2b /2 HǶBM7Q`K�iBQMX

G� [m�MiBiû 2bi H2 bmD2i [mB MQmb BMiû`2bb2 2i #2�m+QmT /2 MQmp2HH2b MQmb
�TT�`�Bbb2Mi ¨ i`�p2`b H2m` [m�MiBiû c /2 7�Bi- +Ƕ2bi bTû+B�H2K2Mi H2 +�b /2b
BM7Q`K�iBQMb [mB M2 +QM+2`M2Mi T�b /B`2+i2K2Mi mM /B`B;2�Mi Qm mM2 +ûHû#`BiûX
AH 2bi 7�+BH2 /2 i`Qmp2` /2b 2t2KTH2b TQm` bǶ2M +QMp�BM+`2 , ¨ MǶ2M T�b /Qmi2`-
H2 KQi +Q`QM�pB`mb 2bi 2Mi`û /�Mb H2 pQ+�#mH�B`2 /2 MQK#`2mb2b T2`bQMM2b
�m +Qm`b /2 HǶ�MMû2 kyky- �HQ`b KāK2 [m2 H2 +QpB/@RN UQm a�_a@*Qo@kV
2bi H2 jĕK2 +Q`QM�pB`mb `2bTQMb�#H2 /2 ;`�p2b TM2mKQT�i?B2b /2TmBb H2 /û#mi
/2b �MMû2b kyyyX a2mH2K2Mi- H2b /2mt pB`mb T`û+û/2Mib a�_a@*Qo Ukyyk@
kyy9V 2iJ1_a@*Qo UkyRkV 7m`2Mi /ǶmM2 �KTH2m` #B2M KQBM/`2 2i Q++mTĕ`2Mi
HQ;B[m2K2Mi mM 2bT�+2 Kû/B�iB[m2 #B2M THmb `û/mBi , H2 i2`K2 +Q`QM�pB`mb ûi�Bi
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�HQ`b `2biû HǶ�T�M�;2 /2b bTû+B�HBbi2bX J�Bb �p2+ H2 +QpB/@RN- MQmb �pQMb �z�B`2
¨ mM T?ûMQKĕM2 /2 i`ĕb ;`�M/2 �KTH2m`- TmB[mǶBH +QM+2`M2 /B`2+i2K2Mi H�
b�Miû /2 THmbB2m`b KBHHB�`/b /2 T2`bQMM2b 2i /ûTHQB2 /2b 2z2ib bm` H� TQTmH�iBQM
KQM/B�H2 /�Mb b� i`ĕb ;`�M/2 K�DQ`BiûX *2 +Q`QM�pB`mb b2 /BbiBM;m2 /QM+ /2
b2b ?QKQMvK2b T�` b� [m�MiBiû 2i BH 2bi HQ;B[m2 [m2 +2ii2 BM7Q`K�iBQM `2ÏQBp2
mM2 i`ĕb ;`�M/2 2tTQbBiBQM Kû/B�iB[m2X

.Ƕ�mi`2b ûpûM2K2Mib T`ûb2Mib /�Mb /2b [m�MiBiûb BM}MBK2Mi KQBMb ;`�M/2b
`2ÏQBp2Mi 2M `2p�M+?2 mM2 2tTQbBiBQM Kû/B�iB[m2 b�Mb +Q``2bTQM/�M+2 �p2+
H2m` �KTH2m` `û2HH2X *Ƕ2bi H2 +�b- T�` 2t2KTH2- /m i2``Q`BbK2 BbH�KBbi2 2M
6`�M+2X G2 JBMBbiĕ`2 /2 HǶAMiû`B2m` 7`�MÏ�Bb /ûMQK#`2 R3 �ii�[m2b i2``Q`Bbi2b
BbH�KBbi2b 2Mi`2 kyRk 2i kyRN bm` H2 i2``BiQB`2 /2 HǶ?2t�;QM2 (k3d) 9X AH M2 bǶ�;Bi
T�b /Ƕ2t+mb2` Qm /Ƕ2mT?ûKBb2` +2b �+i2b /`�K�iB[m2b /2 pBQH2M+2 �#bQHm2-
K�Bb #B2M /Ƕ�iiB`2` HǶ�ii2MiBQM bm` H2 7�Bi [mǶBH M2 bǶ�;Bi T�b /ǶmM T?ûMQKĕM2
/ǶmM2 �KTH2m` [mB DmbiB}2 mM2 Kû}�M+2 T�`iB+mHBĕ`2 pBb@¨@pBb /2b 8 KBHHBQMb
2i /2KB /2 KmbmHK�Mb /2 6`�M+2 (k3d)X 1i TQm`i�Mi- mM2 `�/B+�HBb�iBQM /m
/Bb+Qm`b +QMi`2 HǶBbH�K 2bi MQi�#H2 /�Mb H� T`2bb2 7`�MÏ�Bb2 +QKK2 H2 /ûTHQ`2
H2 DQm`M�HBbi2 1/rv SH2M2H (kjy) /�Mb bQM HBp`2 SQm` H2b KmbmHK�Mb UTX RdV ,

Ŀ AH v � mM T`Q#HĕK2 �p2+ HǶBbH�K 2M 6`�M+2 ŀXXX .Ƕ�pQB`- mM2
2MBĕK2 7QBb- 2Mi2M/m +2 `27`�BM [mB- b�Mb 2Mi`�p2 �m+mM2- K2i H�
6`�M+2 2M ;m2``2 +QMi`2 mM2 `2HB;BQM- HǶ�++HBK�i�Mi �m T`ûDm;û-
HǶ�++QmimK�Mi ¨ HǶBM/Bzû`2M+2- #`27 HǶ?�#Bim�Mi �m TB`2- KǶ� /QM+
/û+B/û ¨ û+`B`2 +2 HBp`2X

.2b �ii2Mi�ib QMi mM ;`�M/ BKT�+i ûKQiBQMM2H , BHb ;ûMĕ`2Mi /2b BK�;2b-
KQ#BHBb2Mi iQmi2 HǶ�ii2MiBQM /2b T2mTH2b 2i bmb+Bi2Mi HǶBM+QKT`û?2MbBQMX AHb
Q++mT2Mi #2�m+QmT /Ƕ2bT�+2 Kû/B�iB[m2- KāK2 bǶBHb M2 bQMi T�b i`ĕb 7`û@
[m2MibX "Qm`/B2m (R33) HǶ�{`K�Bi , H2b DQm`M�HBbi2b MǶQMi T�b /Ƕ�mi`2 +?QBt
[m2 /2 i`�Bi2` HQM;m2K2Mi /2 +2`i�BMb bmD2ib- +�` iQmi2b bQ`i2b /2 +QMi`�BMi2b

9X G2 bBi2 BMi2`M2i ai�iBbi� T`Q/mBi /2b pBbm�HBb�iBQMb TQm` /2b bi�iBbiB[m2b /2 MQK@
#`2mb2b bQm`+2b



dXjX S_P"GĔJ1 .ǶAL6ú_1L*1 RRN

BMbiBimiBQMM2HH2b bǶ2t2`+2Mi bm` H� iûHûpBbBQMX J�Bb /�Mb mM KāK2 i2KTb- H2
bQ+BQHQ;m2 bQmHB;M�Bi [m2 H2b +QMi2Mmb Kû/B�iBbûb �;Bbb2Mi bm` +2mt [mB H2b
i`�Bi2Mi 2i 2t2`+2Mi mM2 BM~m2M+2 bm` HǶ2Mb2K#H2 /2 H� T`Q/m+iBQM +mHim`2HH2-
b+B2MiB}[m2 2i �`iBbiB[m2X

G2b �ii2Mi�ib +QKKBb 2M 6`�M+2 bQMi H2 7�Bi /ǶmM2 TQB;Mû2 /ǶBM/BpB/mb 2i M2
T2`K2ii2Mi T�b- Q#D2+iBp2K2Mi- /Ƕ�{`K2` [m2 HǶBbH�K `2T`ûb2Mi2 mM2 K2M�+2-
MB KāK2 mM T`Q#HĕK2X hQmi27QBb mM2 2M[māi2 /2 HǶQ#b2`p�iQB`2 M�iBQM�H /2
H� /ûHBM[m�M+2 2i /2b `ûTQMb2b TûM�H2b /2 kyRN (kRd) `ûpĕH2 [m2 H2 i2``Q`BbK2
MǶûi�Bi mM2 T`ûQ++mT�iBQM [m2 TQm` R8W ¨ kyW /2 H� TQTmH�iBQM 7`�MÏ�Bb2
2Mi`2 kyyd 2i kyR9- K�Bb [m2 +2 TQm`+2Mi�;2 � 2MbmBi2 7Q`i2K2Mi �m;K2Miû
2i Qb+BHH�Bi UkyR8@kyRNV 2Mi`2 98 2i e8W UTX Ry3VX S�`�HHĕH2K2Mi- mM /Qm#H2
bQM/�;2 A7QT (R89) 7QM/û bm` /2b `ûTQMb2b /2 kyRe 2i kyR3 KQMi`2 [m2 `2bT2+@
iBp2K2Mi 8e TmBb 9jW /2b 6`�MÏ�Bb 2biBK2Mi [m2 HǶBbH�K MǶ2bi T�b +QKT�iB#H2
�p2+ H2b p�H2m`b /2 H� bQ+Bûiû 7`�MÏ�Bb2 UTX 8VX JāK2 bB MQmb BMpBiQMb ¨ H�
Kû}�M+2 7�+2 �mt +QM+HmbBQMb /2 +2 ivT2 /Ƕûim/2b- 2HH2b bm;;ĕ`2Mi HǶ2tBbi2M+2-
/�Mb H2b +QMb+B2M+2b- /ǶmM2 �bbQ+B�iBQM 2Mi`2 HǶ2Mb2K#H2 /2b KmbmHK�Mb 2i /2b
�+i2b /2 i2``Q`BbK2 +QKKBb T�` [m2H[m2b 7QmbX *2H� +�`�+iû`Bb2 HǶBbH�KQT?Q@
#B2- ¨ b�pQB` mM2 T2m` 2t+2bbBp2 2i B``�iBQMM2HH2 Qm mM2 Ŀ +`�BMi2 �M;QBbb�Mi2
2i BMDmbiB}û2 ŀ /�Mb H� /û}MBiBQM /ǶmM2 T?Q#B2 T�` H2 G�`Qmbb2 (Ryd)X

*2ii2 T`ûQ++mT�iBQM K�bbBp2 pBb@¨@pBb /2 HǶBbH�K /QBi +2`i2b āi`2 `2TH�+û2
/�Mb H2 +QMi2ti2 /2 /2mt �ii2Mi�ib i`ĕb K2m`i`B2`b Ĝ kRd pB+iBK2b ¨ 2mt /2mt
Ĝ ¨ S�`Bb H2 Rj MQp2K#`2 kyR8 2i ¨ LB+2 H2 R9 DmBHH2i kyReX *2b ûpûM2K2Mib
/`�K�iB[m2b 7m`2Mi HQ;B[m2K2Mi i`ĕb 7Q`i2K2Mi Kû/B�iBbûb c K�Bb +2 7mi û;�H2@
K2Mi HǶQ++�bBQM /2 H� HB#û`�iBQM /ǶmM2 T�`QH2 Qmp2`i2K2Mi ?�BM2mb2 7�+2 �mt
KmbmHK�Mb MQi�KK2Mi ¨ H� iûHûpBbBQMX AH 2bi /B{+BH2 /2 K2ii`2 +2 /m`+Bb@
b2K2Mi 2M ûpB/2M+2 2KTB`B[m2K2Mi- K�Bb BH 2bi T2`Ïm T�` /2b Q#b2`p�i2m`b
+QKK2 SH2M2H (kjy)- [mB H2 /ûMQM+2 /�Mb bQM HBp`2X AH b2K#H2 +2T2M/�Mi [m2-
+QM7Q`KûK2Mi ¨ HǶ�M�Hvb2 /2 "Qm`/B2m (R33)- HǶ2tTQbBiBQM Kû/B�iB[m2 /m bmD2i
�Bi 2m mM2 BM~m2M+2 bm` mM2 T�`iB2 /2 H� T`Q/m+iBQM +mHim`2HH2- b+B2MiB}[m2 2i
�`iBbiB[m2 7`�MÏ�Bb2X
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GǶ?vTQi?ĕb2 [mB +QMbBbi2 ¨ BKTmi2` H� KQMiû2 /ǶmM b2MiBK2Mi BbH�KQT?Q#2
¨ mM2 bm`2tTQbBiBQM /2 +2b ûpûM2K2Mib i`�;B[m2b /�Mb H2b Kû/B�b 2bi û;�H2@
K2Mi bQmi2Mm2 T�` mM `�TTQ`i (e8) /2 H� *QKKBbbBQM M�iBQM�H2 +QMbmHi�iBp2
/2b /`QBib /2 HǶ?QKK2 bm` H2b T?ûMQKĕM2b /2 `�+BbK2 2M 6`�M+2X *2ii2 /2`@
MBĕ`2 7�Bi /B`2+i2K2Mi ûi�i /2 H� KQMiû2 /2 +2 /Bb+Qm`b tûMQT?Q#2 /�Mb H2
KBHB2m TQHBiB[m2 2i Kû/B�iB[m2- 2i /2 HǶBKT�+i /2 +2 /Bb+Qm`b bm` H� TQTmH�@
iBQM UTX k3V ,

(XXX) +2 M2 bQMi T�b H2b ûpĕM2K2Mib 2M i�Mi [m2 i2Hb [mB Tĕb2Mi
/B`2+i2K2Mi bm` H2b QTBMBQMb /2b BM/BpB/mb- K�Bb H� K�MBĕ`2 /QMi
+2b ûpĕM2K2Mib bQMi BMi2`T`ûiûb T�` H2 KQM/2 TQHBiB[m2 2i Kû/B�@
iB[m2X G2m`b `2bTQMb�#BHBiûb bQMi /QM+ T�`iB+mHBĕ`2K2Mi BKTQ`@
i�Mi2b /�Mb H� +QMbi`m+iBQM /ǶmM `û+Bi /QKBM�MiX

G� `2bTQMb�#BHBiû /m KQM/2 Kû/B�iB[m2 2bi B+B /B`2+i2K2Mi KBb2 2M +�mb2X
"Qm`/B2m (R33) ûi�Bi THmb T`m/2Mi HQ`b[mǶBH �M�Hvb�Bi +2b T?ûMQKĕM2b /Ƕ2K@
#�HH2K2Mi Kû/B�iB[m2X .�Mb bQM BMi2`p2MiBQM /2 RNNe- BH T`û/Bb�Bi ¨ THmbB2m`b
`2T`Bb2b [m2 H2b DQm`M�HBbi2b b2 b2`�B2Mi b2MiBb pBbûb T�` b� +`BiB[m2 /2b +QMi2Mmb
/ǶBM7Q`K�iBQM �HQ`b [mǶ2M `û�HBiû- b2HQM HmB- Ŀ THmb QM �p�M+2 /�Mb HǶ�M�Hvb2
/ǶmM Kû+�MBbK2- /ǶmM KBHB2m- /ǶmM 7QM+iBQMM2K2Mi bQ+B�H- THmb QM 2bi �K2Mû
¨ /û/Qm�M2` H2b �;2Mib /2 H2m` `2bTQMb�#BHBiû ŀX AH Q#b2`p2 H� iûHûpBbBQM 2i
+QMbi�i2 [mǶ2HH2 2bi- 2HH2@KāK2- pB+iBK2 /2b +QMi`�BMi2b HBû2b ¨ HǶ�m/BK�i- Qm
¨ H� pBbû2 /2 +�Ti�iBQM- TQm` `2T`2M/`2 H2b i2`K2b /2 *?�`�m/2�m (88)X §
+2H� bǶ�DQmi2Mi /Ƕ�mi`2b +QMi`�BMi2b HBû2b ¨ H� +QM+2Mi`�iBQM /2b TmBbb�M+2b
û+QMQKB[m2b /�Mb H2b Kû/B�b 2i /�Mb H� 7�#`B+�iBQM /2 HǶBM7Q`K�iBQM- /QMi
MQmb `2T�`H2`QMb HQM;m2K2Mi /�Mb mM2 b2+iBQM URkX8V #�bû2 bm` H2b +QMbi�ib
/2 LQ�K *?QKbFv 2i 1/r�`/ aX >2`K�M (R98) /�MbJ�Mm7�+im`BM; *QMb2Mi c
mM i2ti2 �M+`û /�Mb H2 +QMi2ti2 /2b úi�ib@lMBb /2b �MMû2b RN3y- K�Bb /QMi
MQmb p2``QMb [mǶBH 2bi T2`iBM2Mi TQm` �M�Hvb2` H2 T�vb�;2 Kû/B�iB[m2 +QMi2K@
TQ`�BM 2M amBbb2 2i 2M 6`�M+2 URkXeVX
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G2 T?ûMQKĕM2 /2 /m`+Bbb2K2Mi /2 H� T�`QH2 [m2 MQmb Q#b2`pBQMb +B@/2bbmb
2bi /QM+ THmiƬi H2 `ûbmHi�i /ǶmM 2z2i /2 bvbiĕK2 [m2 H� `2bTQMb�#BHBiû /B`2+i2
/m KQM/2 Kû/B�iB[m2 [mB i`�p�BHH2 �p2+ b2b +QMi`�BMi2bX S�` +QMbû[m2Mi- BH M2
bǶ�;Bi T�b /2 /B`2 B+B [m2 H2b DQm`M�HBbi2b bQMi `2bTQMb�#H2b /2 H� KQMiû2 /ǶmM
`2bb2MiBK2Mi Mû;�iB7 /2b 6`�MÏ�Bb pBb@¨@pBb /2 HǶBbH�K- K�Bb #B2M /2 bQmHB;M2`
[m2 H� 7Q`i2 2tTQbBiBQM Kû/B�iB[m2 �++Q`/û2 ¨ /2b ûpûM2K2Mib bTQ`�/B[m2b Ĝ
#B2M [m2 K�`[m�Mi Ĝ T2mi 2Mi`�ŗM2` +?2x H2 Tm#HB+ mM2 T2`+2TiBQM 2``QMû2 /2
H� `û�HBiû- MQi�KK2Mi 2M H2 TQmbb�Mi ¨ BM/mB`2 Qm ;ûMû`�HBb2` HǶ2tBbi2M+2 /ǶmM
T`Q#HĕK2X

§ 2M +`QB`2 1/rv SH2M2H (kjy)- +Ƕ2bi +2 [mB bǶQ#b2`p2 2M 6`�M+2- Qɍ- /Ƕ�T`ĕb
HmB- H� TQTmH�iBQM KmbmHK�M2 2bi /2 THmb 2M THmb �bbQ+Bû2 ¨ /2b �+i2b /2
i2``Q`BbK2 , Ŀ +QM7QM/`2 mM2 2MiBĕ`2 +QKKmM�miû Ĝ /ǶQ`B;BM2- /2 +mHim`2 Qm
/2 +`Qv�M+2 Ĝ �p2+ H2b �+i2b /2 [m2H[m2b BM/BpB/mb [mB bǶ2M `û+H�K2Mi Qm bǶ2M
T`ûp�H2Mi- +Ƕ2bi 7�B`2 H2 HBi /2 HǶBMDmbiB+2 ŀ UTX jRVX *Ƕ2bi- /�Mb MQi`2 KQ/ĕH2-
+2 [m2 MQmb 2Mi2M/QMb T�` BM7û`2M+2 , mM2 /Bzû`2M+2 2Mi`2 H� [m�MiBiû `û2HH2
U`û7û`2MiV 2i H� [m�MiBiû T2`Ïm2- `2T`ûb2Miû2 K2Mi�H2K2Mi UbB;MB}ûVX

G� 7Q`i2 Kû/B�iBb�iBQM /ǶmM T?ûMQKĕM2 BM/mBi H� b2Mb�iBQM /ǶmM2 T`ûb2M+2
2i mM2 7`û[m2M+2 THmb BKTQ`i�Mi2 [m2 +2 MǶ2bi 2M `û�HBiû H2 +�bX G� [m�MiBiû
2z2+iBp2 2i H� `2T`ûb2Mi�iBQM K2Mi�H2 /2 +2ii2 [m�MiBiû M2 +QśM+B/2Mi T�b-
+�` H� 7Q`i2 T`ûb2M+2 Kû/B�iB[m2 �;Bi +QKK2 mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2
/2 HǶBKTQ`i�M+2 U2M i2`K2b /2 [m�MiBiûV /ǶmM T?ûMQKĕM2X .�Mb mM2 i2HH2
`2H�iBQM- BH MǶv � T�b Mû+2bb�B`2K2Mi /2 bB;MB}�Mi- TmBb[m2 H� [m�MiBiû T2`Ïm2
2bi mM /û`Bpû [m�MiBi�iB7 /2 +QMi2Mmb /ǶBM7Q`K�iBQM [mB MǶ2bi 2M T`BM+BT2 T�b
2tT`BKû 8X

8X 1M /Ƕ�mi`2b i2`K2b- BH 2bi T2m T`Q#�#H2 [m2 bQBi +H�B`2K2Mi ûMQM+û H2 7�Bi [m2 sW
/m i2KTb /Ƕ�Mi2MM2 iQi�H � ûiû +QMb�+`û ¨ i2H Qm i2H ûHûK2Mi /ǶBM7Q`K�iBQM , +2ii2 [m�MiBiû
MǶ2bi [mǶBM/mBi2X
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dX9 S`Q#HĕK2 /Ƕ�/û[m�iBQM /2b `2T`ûb2Mi�iBQMb

LQmb �pQMb ûpQ[mû +B@/2bbmb H2b /Bzû`2Mib �t2b /2 +2 i`B�M;H2- K2ii�Mi 2M
HmKBĕ`2 /2b T`Q#HĕK2b /�Mb H� i`�MbKBbbBQM /m TQB/b [m�MiBi�iB7 /ǶmM2 BM7Q`@
K�iBQMX

Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

bB;
MB}+�i

BQM
_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

BM7û`2M+2

_û�HBiû U[m�MiBiû 2z2+iBp2V+Q``2bTQM/�M+2

*QKK2 /Bi T`û+û/2KK2Mi- H2 bB;MB}�Mi T2mi T`2M/`2 THmbB2m`b 7Q`K2b , mM2
bi�iBbiB[m2 Qm mM2 [m�MiBiû T2mi 2M 2z2i āi`2 2tT`BKû2 bQmb mM2 7Q`K2 +?Bz`û2
Ĝ T�` H2 +Q/2 /2b +?Bz`2b �`�#2b Ĝ mM2 7Q`K2 p2`#�H2 Ĝ T�` H2 +Q/2 /2 H� H�M;m2
Ĝ K�Bb �mbbB bQmb H� 7Q`K2 /ǶmM2 pBbm�HBb�iBQM /2b /QMMû2b T�` /2b i�+?2b
/2bbBMû2b bm` mM TH�M ¨ /2mt /BK2MbBQM +QKK2 mM ;`�T?B[m2- mM +�K2K#2`i
Qm �mi`2 Ĝ H2 +Q/2 �M�HQ;B[m2X *2 bQMi /QM+ T�`7QBb i`QBb e `2T`ûb2Mi�iBQMb
/ǶmM2 KāK2 bi�iBbiB[m2 [mB +Q2tBbi2MiX oQB+B mM �mi`2 i`B�M;H2 d `2T`ûb2Mi�Mi
H2b i`QBb 7Q`K2b [m2 T2mi T`2M/`2 H2 bB;MB}�Mi ,

*Q/2 /2b +?Bz`2b �`�#2b (ǳjǴ)

+Q/2 p2`#�H (ǳi`QBbǴ , fi`r�f)

+Q/2 �M�HQ;B[m2 (ǳ   Ǵ)

6B;m`2 dXk Ĝ h`QBb +Q/2b TQm` `2T`ûb2Mi2` /2b MQK#`2b

eX PM TQm``�Bi BK�;BM2` /2b +�b /2 };m`2 Qm THmbB2m`b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b
+Q2tBbi2b c i`QBb MǶ2bi /QM+ T�b mM TH�7QM/ �#bQHmX

dX LQmb `2Mp2`bQMb +2 i`B�M;H2 TQm` ûpBi2` H� +QM7mbBQM �p2+ mM i`B�M;H2 bûKBQiB[m2
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lM T`Q#HĕK2 T2mi �/p2MB` HQ`b[m2 H2b /Bzû`2Mi2b `2T`ûb2Mi�iBQMb 7QMi /BbT�@
`�ŗi`2 +2`i�BM2b BM7Q`K�iBQMb- i`�MbK2ii2Mi /2b BM7Q`K�iBQMb +QMi`�/B+iQB`2b
Qm M2 +Q``2bTQM/2Mi T�b 2Mi`2 2HH2bX

G2 M2m`QTbv+?QHQ;m2 .�MB2H G2pBiBM (R3e) bQmHB;M2 [m2 H2 +2`p2�m ?mK�BM
MǶ2bi T�b +�T�#H2 /2 i`�Bi2` /2b ;`�M/2b [m�MiBiûb /2 MQK#`2b `2T`ûb2Miûb 2M
+?Bz`2b , MQmb �pQMb mM2 i2M/�M+2 ¨ T`û7û`2` /2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b
2i `2+Qm`QMb pQHQMiB2`b ¨ /2b ;`�T?B[m2b [mB bQMi THmb 7�+BH2b ¨ BMi2`T`ûi2`
[m2 /2b i�#H2�mt /2 /QMMû2b +?Bz`û2b UTX keVX AH BMbBbi2 +2T2M/�Mi bm` H2 7�Bi
[m2 +2b ivT2b /2 `2T`ûb2Mi�iBQMb bQMi bQmp2Mi miBHBbû2b TQm` Ŀ K�MBTmH2`-
/û7Q`K2` Qm /ûM�im`2` ŀ /2b /QMMû2b UTX ke c i`�/mBi /2 HǶ�M;H�BbVX

*2H� TQb2 H� [m2biBQM /2 HǶBMi2MiBQM /2 +2HmB [mB T`Q/mBi +2b pBbm�HBb�iBQMbX
GQ`b[m2 BH 2bi [m2biBQM /2 K�MBTmH�iBQM Qm /2 /û7Q`K�iBQM /2 /QMMû2b- +Ƕ2bi
THmiƬi H2 /Bb+Qm`b TQHBiB[m2 Qm T`QKQiBQMM2H Ĝ /�Mb H2[m2H [m2H[mǶmM +?2`+?2
¨ +QMp�BM+`2 /2 HǶBKTQ`i�M+2 /ǶmM2 +�mb2 Qm /2 H� p�H2m` /ǶmM T`Q/mBi- /ǶmM2
�+iBQM Ĝ [mB pB2Mi ¨ HǶ2bT`BiX LQmb p2``QMb iQmi27QBb �p2+ H2b 2t2KTH2b [mB
bmBp2Mi [m2 H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM MǶ2bi T�b ûT�`;Mû T�` /2b `2T`ûb2Mi�@
iBQMb �M�HQ;B[m2b [mB BM/mBb2Mi 2M 2``2m`X G2pBiBM HBbi2 /2b +�b /2 };m`2b +H�b@
bB[m2b /�Mb H2b[m2HH2b /2b /QMMû2b `2T`ûb2Miû2b /�Mb /2b ;`�T?B[m2b T2mp2Mi
�pQB` mM 2z2i i`QKT2m` Qm- /�Mb H2b i2`K2b [m2 MQmb �pQMb 2KTHQvûb B+B-
HǶ2z2i pBbm2H T`Q/mBi T�` H� `2T`ûb2Mi�iBQM �M�HQ;B[m2 miBHBbû2 M2 +Q``2bTQM/
T�b ¨ HǶûpQHmiBQM /ǶmM T?ûMQKĕM2 [m�MiB}û [mǶ2HH2 /ûT2BMiX LQmb `2T`2MQMb
B+B b2b `û~2tBQMb 2i H2b BHHmbi`QMb ¨ HǶ�B/2 /Ƕ2t2KTH2b i`Qmpûb /�Mb H2b Kû/B�bX

AH K2MiBQMM2 2M T`2KB2` HB2m HǶ�#b2M+2 /2 Hû;2M/2 �mt �t2b UTX keVX 1M 2z2i-
mM ;`�T?B[m2 T`ûb2Mi�Mi mM2 Hû;2M/2 BM+QKTHĕi2 MǶ2bi T�b �miQMQK2 2i M2
T2mi T�b āi`2 BMi2`T`ûiû b�Mb H2 `2+Qm`b ¨ mM2 �mi`2 `2T`ûb2Mi�iBQM /2 H� KāK2
BM7Q`K�iBQM UHǶBMp�`B�MiVX lM �mi`2 +�b /2 };m`2 2bi +2HmB /ǶmM �t2 BM+QKTH2iX
SQm` T`2M/`2 mM 2t2KTH2- H2 ;`�T?B[m2 +B@/2bbQmb U6B;m`2 dXjV- Bbbm /ǶmM
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�`iB+H2 (k98) /BbTQMB#H2 bm` H2 bBi2 /2 H� `�/BQ@iûHûpBbBQM bmBbb2 `QK�M/2 2i
/�iû /m Rj D�MpB2` kykR- `2T`ûb2Mi2 H� bm`KQ`i�HBiû 2M amBbb2 �m +Qm`b /2
HǶ�MMû2 kykyX

6B;m`2 dXj Ĝ am`KQ`i�HBiû 2M amBbb2 �m +Qm`b /2 HǶ�MMû2 kyky (k98)

lM2 T`QD2+iBQM /m i�mt /2 KQ`i�HBiû T�` HǶP{+2 7û/û`�H /2 H� bi�iBbiB[m2
2bi miBHBbû2 TQm` /û}MB` H2 TQBMi /ǶQ`B;BM2 /2 HǶ�t2 p2`iB+�H UBH bǶ�;Bi /2 H�
KQ`i�HBiû �ii2M/m2VX *2ii2 /2`MBĕ`2- #B2M [m2 K2Mû2 T�` /2b bTû+B�HBbi2b- M2
T`ûpQv�Bi T�b HǶ�``Bpû2 /ǶmM2 T�M/ûKB2 3- `�BbQM TQm` H�[m2HH2 H� bm`KQ`i�HBiû
+QMbi�iû2 TQm` HǶ�MMû2 kyky MǶ�p�Bi T�b ûiû �MiB+BTû2X

3X S2`bQMM2 MǶ�p�Bi T`ûpm HǶ�``Bpû2 /2 H� T�M/ûKB2- BH M2 bǶ�;Bi T�b /2 K2ii`2 +2b bTû@
+B�HBbi2b 2M +�mb2 /2 [m2H[m2 K�MBĕ`2 [m2 +2 bQBiX
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*2 [mB /BbT�`�ŗi iQi�H2K2Mi /�Mb +2ii2 pBbm�HBb�iBQM- +Ƕ2bi H� KQ`i�HBiû
iQi�H2X *2HH2@+B bǶûH2p�Bi ¨ d8Ƕ3eR N TQm` HǶ�MMû2 kyky +QMi`2 e3Ƕd3N TQm` HǶ�M@
Mû2 kyRN UP6aVX AH bǶ�;Bi- +2`i2b- /ǶmM2 �m;K2Mi�iBQM bm#bi�MiB2HH2 /Ƕ2MpB`QM
RyXjW T`Q#�#H2K2Mi BKTmi�#H2 �m +Q`QM�pB`mbX *2T2M/�Mi- HǶBKT`2bbBQM pB@
bm2HH2 H�Bbbû2 T�` H2 ;`�T?B[m2 2bi +2HH2 /ǶmM2 �m;K2Mi�iBQM #B2M THmb BKTQ`@
i�Mi2 2M+Q`2- TmBb[mǶ2HH2 MQmb Qz`2 H� +QKT�`�BbQM pBbm2HH2 UTQm` H2b �MMû2
kyRN 2i kykyV 2Mi`2 8jN 2i dǶ9Nd bQBi mM2 �m;K2Mi�iBQM /2 RkNyXNWX *2ii2
`2T`ûb2Mi�iBQM �M�HQ;B[m2 /2 H� bm`KQ`i�HBiû /ǶmM2 �MMû2 ¨ HǶ�mi`2- KmHiBTHB2
/QM+ H� /Bzû`2M+2 `û2HH2 T�` RR3X9 RyX *2i 2t2KTH2 BHHmbi`2 #B2M +QKK2Mi mM
�t2 BM+QKTH2i T2mi 7Q`i2K2Mi �Hiû`2` H2 K2bb�;2 i`�MbKBb T�` mM ;`�T?B[m2X

§ MQi2` [m2 G2pBiBM (R3e) K2MiBQMM2 �mbbB H2b 2z2ib /2 7Q+�HBb�iBQM- bm`
mM2 Tû`BQ/2 /2 i2KTb T�` 2t2KTH2 UTX j9@j8VX G2 ;`�T?B[m2 +B@/2bbmb T`ûb2Mi2
/2b /QMMû2b TQm` H2b �MMû2b kyRy@kyky c H� KāK2 pBbm�HBb�iBQM bm` 8y Qm Ryy
�Mb �m`�Bi T`Q/mBi mM 2z2i pBbm2H /Bzû`2MiX

G2 `2+Qm`b ¨ mM2 û+?2HH2 MQM@HBMû�B`2 bm` mM �t2 T2mi �pQB` H2 KāK2 ivT2
/Ƕ2z2ib- /�Mb H� K2bm`2 Qɍ H2b T`QTQ`iBQMb /2b ûHûK2Mib /ǶmM ;`�T?B[m2 bQMi
/û7Q`Kû2bX G2b /2mt ;`�T?B[m2b bmBp�Mib U6B;m`2b dX9 2i dX8V `2T`ûb2Mi2Mi
2t�+i2K2Mi H2b KāK2b /QMMû2b , HǶûpQHmiBQM /m iQi�H /2 +�b `2+2Mbûb /2 *QpB/@
RN 2M amBbb2 �m +Qm`b /2 HǶ�MMû2 kykyX

§ H� H2+im`2 /m T`2KB2` ;`�T?B[m2- BH 2bi `2H�iBp2K2Mi �Bbû /2 b2 `2M/`2
+QKTi2 [m2 Dmb[mǶ2M K�`b T`�iB[m2K2Mi �m+mM +�b MǶ2bi /B�;MQbiB[mû TmBb
2Mi`2 K�`b 2i Q+iQ#`2 2MpB`QM 8yǶyyy +�b TQbBiB7b bQMi `2+2MbûbX 1Mi`2 Q+iQ#`2
2i /û+2K#`2 bǶQ#b2`p2 mM2 M2ii2 �m;K2Mi�iBQM [mB b2`� [m�HB}û2 /2 /2mtBĕK2
p�;m2X AH b2K#H2`�Bi [m2 +2ii2 /2mtBĕK2 QM/2 bQBi #B2M THmb BKTQ`i�Mi2 [m2 H�
T`2KBĕ`2 K�Bb bQM �KTHBim/2 2bi û;�H2K2Mi 2tTHB[mû2 T�` H� /BzmbBQM ¨ i`ĕb

NX a2HQM /2b +?Bz`2b /BbTQMB#H2b �m RkXyRXkykR bm` H2 bBi2 /2 HǶP{+2 6û/û`�H /2 H� bi�@
iBbiB[m2

RyX AH +QMpB2Mi /2 bQmHB;M2` B+B [m2 bm` H� KāK2 T�;2 BMi2`M2i /Ƕ�mi`2b ;`�T?B[m2b `2@
T`ûb2Mi2Mi +2b /QMMû2b b�Mb �KTmi2` H� KQ`i�HBiû iQi�H2X AH bǶ�;Bi /QM+ /ǶmM ûHûK2Mi T`Bb
TQm` BHHmbi`2` HǶ2z2i pBbm2H /ǶmM �t2 BM+QKTH2i , BH �Hiĕ`2 H� `2T`ûb2Mi�iBQM �M�HQ;B[m2 /2b
/QMMû2b
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6B;m`2 dX9 Ĝ úpQHmiBQM /m iQi�H /2 +�b `2+2Mbûb /2 *QpB/@RN 2M amBbb2 �m
+Qm`b /2 HǶ�MMû2 kyky (Rej)

H�`;2 û+?2HH2 /2b i2bib /2 /ûTBbi�;2 , #2�m+QmT /2 +�b TQbBiB7b /2 H� T`2KBĕ`2
p�;m2 M2 bQMi T�b `ûT2`iQ`Bûb /�Mb H� bi�iBbiB[m2 T�` �#b2M+2 /2 i2bib TQm`
mM2 T�`iB2 /2 H� TQTmH�iBQM RRX

G2 /2mtBĕK2 ;`�T?B[m2 `2T`ûb2Mi2 H2b KāK2b /QMMû2b bm` mM2 û+?2HH2 /2
ivT2 HQ;�`Bi?KB[m2 U2tTQM2MiB2HH2VX *2H� p2mi /B`2 [mǶ¨ H� #�b2 /m ;`�T?B[m2
mM2 mMBiû p�mi N 2i /�Mb H� T�`iB2 bmTû`B2m`2 mM2 mMBiû /2 H� KāK2 ?�mi2m`
p�mi NyyǶyyyX GǶBKT`2bbBQM pBbm2HH2 /QMMû2 T�` +2 ;`�T?B[m2 Ĝ b�Mb `2;�`/2`
HǶû+?2HH2 Ĝ 2bi [m2 #2�m+QmT /2 +�b bQMi /B�;MQbiB[mûb �m /û#mi /2 HǶ�MMû2 TmBb
/2 KQBMb 2M KQBMbX *2ii2 BKT`2bbBQM 2bi 7�mbb2 2i bǶ2tTHB[m2 2bb2MiB2HH2K2Mi
T�` HǶmiBHBb�iBQM /ǶmM2 û+?2HH2 MQM@HBMû�B`2 [mB � TQm` 2z2i /2 i�bb2` iQmi2b
H2b /QMMû2b `2T`ûb2Miû2b /�Mb H� T�`iB2 bmTû`B2m`2 /m ;`�T?B[m2X *2 ivT2 /2
;`�T?B[m2 T2mi BM/mB`2 2M 2``2m` +�` H2 `2;�`/ b2 7Q+�HBb2 bm` H� +Qm`#2 2i MQM

RRX .û/mB`2 /m T`2KB2` ;`�T?B[m2 [m2 H� /2mtBĕK2 p�;m2 � ûiû THmb BKTQ`i�Mi2 [m2 H�
T`2KBĕ`2 2bi +2 [m2 MQmb �pQMb MQKKû mM T`ûbmTTQbû /2 K2bm`2X G2b ûHûK2Mib /QMi MQmb
/BbTQbQMb B+B M2 MQmb T2`K2ii2Mi T�b /2 +QKT�`2` H2b /2mt p�;m2b T�`+2 [m2 H2b TQbbB#BHBiûb
/2 i2bib 2i /2 T`Bb2 2M +?�`;2 QMi 7Q`i2K2Mi +?�M;û 2Mi`2 H2b /2mt p�;m2b , /2b /QMMû2b
/2 HǶP6a MQmb BM/B[m2Mi [mǶBH ûi�Bi TQbbB#H2 /Ƕ2z2+im2` 2MpB`QM 8yyy i2bib T�` DQm` 2Mi`2
K�`b 2i DmBHH2i c +2 MQK#`2 � Tm bǶûH2p2` ¨ THmb /2 jyǶyyy �m +Qm`b /2b KQBb /2 MQp2K#`2
2i /û+2K#`2
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6B;m`2 dX8 Ĝ úpQHmiBQM /m iQi�H /2 +�b `2+2Mbûb /2 *QpB/@RN 2M amBbb2 �m
+Qm`b /2 HǶ�MMû2 kyky (Rej)

bm` H2b /QMMû2b /Ƕû+?2HH2X �T`ĕb iQmi- MǶ2bi@+2 T�b H2 b2Mb /ǶmM ;`�T?B[m2 [m2
/ǶQz`B` mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 T2`K2ii�Mi mM2 +QKT`û?2MbBQM THmb
7�+BH2 /2b MQK#`2b T�` mM pBbm2H H2m` +Q``2bTQM/�Mi \

lM �mi`2 T`Q#HĕK2 bQmHB;Mû T�` G2pBiBM (R3e) b2 TQb2 HQ`b[m2 mM2 û+?2HH2
MǶ2bi T�b `2TQ`iû2 ¨ /Ƕ�mi`2b +?�M;2K2Mib Qm ¨ /Ƕ�mi`2b /Bzû`2M+2b /Ƕ2z2+iB7bX
GǶûTBbQ/2 /m +Q`QM�pB`mb HBp`2 ¨ MQmp2�m bQM HQi /Ƕ2t2KTH2bX *2 T`2KB2`
;`�T?B[m2 Bbbm /m bBi2 BMi2`M2i /2 H� `�/BQ@iûHûpBbBQM bmBbb2 `QK�M/2 (k9e)
MQmb BM7Q`K2 bm` H2 MQK#`2 /2 +�b `2+2Mbûb /�Mb +?�[m2 +�MiQM /2 amBbb2 �m
d D�MpB2` kykRX

GǶBM7Q`K�iBQM MǶ2bi T�b BMBMiû`2bb�Mi2 2M bQB- K�Bb BH MǶ2bi T�b i`ĕb bm`T`2@
M�Mi /2 `2i`Qmp2` H2b e +�MiQMb H2b THmb T2mTHûb �mt bBt T`2KBĕ`2b TH�+2b RkX
GǶBMiû`āi /ǶmM pBbm2H T2`K2ii�Mi /2 +QKT�`2` H2 +�MiQM /2 wm`B+? 2i H2 +�M@
iQM /Ƕ�TT2Mx2HH _?Q/2b@AMiû`B2m`2b 2bi [m2biBQMM�#H2 c H2 T`2KB2` ûi�Mi ¨ T2m
T`ĕb Ryy 7QBb THmb T2mTHû [m2 H2 b2+QM/- BH 7�mi bǶ�ii2M/`2 2M +�b /2 bBim�iBQM
b�MBi�B`2 bBKBH�B`2 ¨ mM MQK#`2 /2 +�b Ryy 7QBb THmb BKTQ`i�MiX _2TQ`i2` +2b
+�b bm` mM ;`�T?B[m2 TQm` 2M T`Q/mB`2 mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 MǶ�

RkX GǶQ`/`2 MǶ2bi T�b iQmi ¨ 7�Bi H2 KāK2 , w>- "1- o.- �:- a:- :1
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6B;m`2 dXe Ĝ LQK#`2 /2 +�b `2+2Mbûb /�Mb +?�[m2 +�MiQM /2 amBbb2 �m d
D�MpB2` kykR (k9e)

/QM+ T�b #2�m+QmT /2 b2Mb- TmBb[m2 v bQMi +QKT�`û2b /2b TQTmH�iBQMb /�Mb
H2b[m2HH2b /2mt bBim�iBQMb b2K#H�#H2b �TT�`�ŗi`�B2Mi ¨ HǶQ2BH /2 /2mt 7�ÏQMb
i`ĕb /Bzû`2Mi2bX �m pm /2b /Bzû`2M+2b /ûKQ;`�T?B[m2b K�D2m`2b 2Mi`2 iQmb
+2b +�MiQMb- mM2 `2T`ûb2Mi�iBQM /m MQK#`2 /2 +�b TQm` Ryy ?�#Bi�Mib �m`�Bi
b�Mb /Qmi2 T`Q/mBi mM +QKT�`�iB7 THmb BM7Q`K�Mi bm` H� bBim�iBQM ûTB/ûKBQ@
HQ;B[m2 `û2HH2 /�Mb +?�[m2 +�MiQMX AH �m`�Bi �HQ`b ûiû TQbbB#H2 /2 pQB`- ¨ HǶQ2BH
Mm- bB +2`i�BMb +�MiQMb bQMi /2b 7Qv2`b ûTB/ûKBQHQ;B[m2b RjX

G2b /2mt ;`�T?B[m2b bmBp�Mib U6B;m`2b dXd 2i dX3V- i`Qmpûb bm` mM2 T�;2
/ûD¨ K2MiBQMMû2 +B@/2bbmb +QMb�+`û2 ¨ H� bm`KQ`i�HBiû 2M amBbb2 2M kyky (k98)-
T2`K2ii2Mi /2 +QMbi�i2` HǶBMiû`āi /ǶmM2 `2T`ûb2Mi�iBQM T�` i�mt THmiƬi [mǶ2M
MQK#`2 �#bQHmX

RjX JāK2 2M H� i`�Mb7Q`K�Mi +QKK2 bm;;û`û- +2ii2 bi�iBbiB[m2 `2bi2`�Bi /B{+BH2 ¨ BM@
i2`T`ûi2` c H2b /Bzû`2M+2b +QMbi�iû2b 2Mi`2 /2b +�MiQMb T2mp2Mi- 2M 2z2i- āi`2 /m2b ¨ /2b
7�+i2m`b 2ti2`M2b , pQHQMiû TQHBiB[m2 /2 /ûTBbi2` K�bbBp2K2Mi /�Mb +2`i�BMb +�MiQMb- T`û@
b2M+2 /ǶmM ;`�M/ +2Mi`2 ?QbTBi�HB2`- /2MbBiû /2 TQTmH�iBQM- 2i+X
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6B;m`2 dXd Ĝ úpQHmiBQM /m MQK#`2 /2 /û+ĕb T�` �MMû2 2M amBbb2 (k98)

aB +2 T`2KB2` ;`�T?B[m2 T2`K2i /2 TQM/û`2` +2HmB [m2 MQmb �pQMb T`ûb2Miû
2M T�;2 Rk9 Ĝ BH `2T`ûb2Mi2 2M 2z2i HǶ2MiB2` /2b /û+ĕb /2 +?�[m2 �MMû2 2i MQM
mM2 TQ`iBQM b2mH2K2Mi Ĝ BH MǶ2bi T�b T�`7�Bi TQm` �mi�MiX a� H2+im`2 T`Q/mBi
2M 2z2i mM2 pBbBQM /û7Q`Kû2 /2 H� `û�HBiû , BH b2K#H2`�Bi [m2 H2b ?�#Bi�Mib /2
H� amBbb2 QMi mM2 i2M/�M+2 ¨ KQm`B` /2 THmb 2M THmb /2TmBb H2b �MMû2b RNky R9

U2MpB`QM 88W /2 /û+ĕb 2M THmb- ¨ 2M +`QB`2 +2 pBbm2HVX *2H� bǶ2tTHB[m2 T�` H2 7�Bi
[m2 +2ii2 `2T`ûb2Mi�iBQM M2 iB2Mi T�b +QKTi2 /2 H� +`QBbb�M+2 /ûKQ;`�T?B[m2
/2 H� amBbb2 , THmb /2 ;2Mb K2m`2Mi �mDQm`/Ƕ?mB T�`+2 [m2 MQmb bQKK2b THmb
MQK#`2mtX

R9X AH bǶ�;Bi /ǶmM2 7Q`KmH�iBQM pQHQMi�B`2 , +2 ;`�T?B[m2 `2T`ûb2Mi2 H2 MQK#`2 /2 /û+ĕb T�`
�MMû2 2i +2b /QMMû2b bQMi B``û7mi�#H2K2Mi p`�B2b c H� i`�D2+iQB`2 /2 H� +Qm`#2 T2mi iQmi27QBb
BM/mB`2 2M 2``2m` T�`+2 [mǶ2HH2 /QMM2 HǶBKT`2bbBQM /ǶmM T?ûMQKĕM2 2M �m;K2Mi�iBQMX
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� H� pm2 /m /2mtBĕK2 ;`�T?B[m2 U6B;m`2 dX3V [mB `2T`ûb2Mi2 H2b KāK2b
/QMMû2b K�Bb `�TTQ`iû2b ¨ Ryyy ?�#Bi�Mib- +Ƕ2bi HǶBMp2`b2 [mB �TT�`�ŗi , 2M
T`QTQ`iBQM- BH v � /2 KQBMb 2M KQBMb /2 /û+ĕb T�` �MMû2 2i H2 +QpB/@RN MǶ�
T�b 2Mi`�BMû H2 i�mt /2 KQ`i�HBiû H2 THmb ûH2pû /2TmBb Ryy �Mb- K�Bb MQmb � 2M
`û�HBiû `�K2Mû ¨ mM i�mt +QKT�`�#H2 ¨ +2HmB /2b �MMû2b kyyy@kyy8 c H2 i�mt /2
KQ`i�HBiû T�` i`�M+?2 /2 Ryyy ?�#Bi�Mib � #�Bbbû `2H�iBp2K2Mi +QMbi�KK2Mi
�m +Qm`b /m /2`MB2` bBĕ+H2 R8X

6B;m`2 dX3 Ĝ úpQHmiBQM /m i�mt /2 KQ`i�HBiû U2M ǨV T�` �MMû2 2M amBbb2
(k98)

G2b /Bzû`2Mi2b `2T`ûb2Mi�iBQMb [m2 MQmb �pQMb pm2b TQm` +2b /QMMû2b bQMi
iQmi2b p�H�#H2b- 2M +2 b2Mb [mǶ2HH2b `2T`ûb2Mi2Mi /2b MQK#`2b 2z2+iBp2K2Mi Q#@
b2`pûbX *QKK2 MQmb HǶ�pQMb /Bi ¨ THmbB2m`b `2T`Bb2b- H2b bi�iBbiB[m2b M2 /Bb2Mi
`B2M T�` 2HH2b@KāK2b , 2HH2b bQMi 2Mp2HQTTû2b /�Mb /m +QMi2MmX *2T2M/�Mi-

R8X � MQi2` , H� ;`BTT2 2bT�;MQH2- 2Mi`2 H2b �MMû2 RNR3 2i RNky- � 2m mM BKT�+i #2�m+QmT
THmb K�`[mû bm` H2 i�mt /2 KQ`i�HBiû [m2 H� +`Bb2 /m +Q`QM�pB`mbX
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¨ /2pQB` +?QBbB` mM2 pBbm�HBb�iBQM [mB `2M/2 2z2+iBp2K2Mi +QKTi2 /2 H� bm`@
KQ`i�HBiû 2M kyky- +Ƕ2bi b�Mb /Qmi2 TQm` +2ii2 /2`MBĕ`2 [m2 MQmb QTi2`BQMb-
ûi�Mi /QMMû [mǶ2HH2 Qz`2 mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 H� THmb +QM7Q`K2 ¨ H�
`û�HBiû , 2HH2 KQMi`2 mM2 T`Q;`2bbBQM /2 H� KQ`i�HBiû /2 HǶQ`/`2 /2 RyW 2Mi`2
kyRN 2i kyky- MǶ�KTmi2 T�b HǶ�t2 p2`iB+�H 2i `2M/ pBbB#H2 HǶûpQHmiBQM /m i�mt
/2 KQ`i�HBiû bm` H2 HQM; i2`K2X 1M `2p�M+?2- 2HH2 2bi T2mi@āi`2 H� KQBMb bT2+@
i�+mH�B`2 /2b i`QBb +Qm`#2b 2i �mbbB +2HH2 [mB bǶBMb+`Bi H2 KQBMb #B2M /�Mb mM
`û+Bi pBb�Mi ¨ 7�B`2 ûi�i /ǶmM i�mt /2 KQ`i�HBiû i`ĕb BM?�#Bim2HX

� +2 iBi`2- BH MǶ2bi T�b p�BM /2 `�TT2H2` B+B Ĝ "Qm`/B2m (R33) HǶ�p�Bi /ûD¨
bQmHB;Mû /�Mb H2b �MMû2b Ny Ĝ [m2 H2b Kû/B�b 2M ;ûMû`�H 2i H� iûHûpBbBQM 2M
T�`iB+mHB2` bQMi iQmDQm`b iB`�BHHûb 2Mi`2 mM2 pBbû2 /2 +�Ti�iBQM 2i mM2 pBbû2
/ǶBM7Q`K�iBQMX GǶ�`iB+H2 /QMi MQmb �pQMb T�`Hû bǶBMiBimH2 G� KQ`i�HBiû � �i@
i2BMi 2M kyky /2b MBp2�mt BMû/Bib /2TmBb Ryy �MbX *Ƕ2bi b�Mb /Qmi2 THmb �+@
+`Q+?2m` [mǶmM iBi`2 [mB �m`�Bi KBb 2M HmKBĕ`2 [m2 H2 i�mt /2 KQ`i�HBiû 2M
kyky 2M amBbb2 ûi�Bi +QKT�`�#H2 ¨ +2 KāK2 i�mt /�Mb H2b �MMû2b kyyy ¨
kyy8X *Ƕ2bi mM2 [m2biBQM /ûQMiQHQ;B[m2 c K�Bb BH T�`�ŗi Hû;BiBK2 /2 b2 /2K�M@
/2` bB- HQ`b[mǶBH bǶ�;Bi /2 bmD2ib bû`B2mt +QKK2 /ǶmM2 +`Bb2 b�MBi�B`2- H� pBbû2
/ǶBM7Q`K�iBQM M2 /2p`�Bi T�b T`BK2` bm` H� pBbû2 /2 +�Ti�iBQMX

G2pBiBM (R3e) T`ûb2Mi2 /Ƕ�mi`2b /û7Q`K�iBQMb TQmp�Mi āi`2 BM/mBi2b T�` /2b
pBbm�HBb�iBQMb c MQmb 2M 7�BbQMb B+B mM `�TB/2 bm`pQHX GǶmM2 /2 +2b /û7Q`K�iBQMb
+QMbBbi2 ¨ KQMi`2` /�Mb mM KāK2 ;`�T?B[m2 /2mt bi�iBbiB[m2b b�Mb HB2M BK@
Kû/B�i 2M miBHBb�Mi /2mt û+?2HH2b 2M Q`/QMMû2 Ubm` HǶ�t2 /2b vVX *2 ivT2 /2
`2T`ûb2Mi�iBQM /QMM2 HǶBKT`2bbBQM [m2 H2b /2mt bi�iBbiB[m2b bQMi Mû+2bb�B`2@
K2Mi HBû2b �HQ`b [m2 +2 MǶ2bi T�b iQmDQm`b H2 +�b UTX je@jdVX

lM �mi`2 ivT2 /2 /û7Q`K�iBQM T2mi āi`2 BM/mBi T�` HǶmiBHBb�iBQM /ǶmM2
û+?2HH2 +mKmH�iBp2 HQ`b[m2 H2 T?ûMQKĕM2 Q#b2`pû 2bi 2M T?�b2 /û+`QBbb�Mi2
UTX 9e@9dVX G2b /2mt ;`�T?B[m2b bmBp�Mib- Bbbmb /2 /2mt bQm`+2b /Bzû`2Mi2b-
`2T`ûb2Mi2Mi H2b KāK2b /QMMû2bX G2 T`2KB2` U6B;m`2 dXNV T`QpB2Mi /m bBi2 /2
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H� _ha 2i KQMi`2 HǶûpQHmiBQM /m MQK#`2 /2 MQmp2�mt +�b TQbBiB7b Q#b2`pûb /2
+QpB/@RN DQm` �T`ĕb DQm`X G2 `2+mH /m MQK#`2 /2 +�b Q#b2`pûb 2M }M D�MpB2`
kykR v 2bi pBbB#H2X

6B;m`2 dXN Ĝ >BbiQ`B[m2 /2 HǶûTB/ûKB2 2M amBbb2 Dmb[mǶ2M 7ûp`B2` kykR (k9d)

G� /2mtBĕK2 pBbm�HBb�iBQM U6B;m`2 dXRyV T`QpB2Mi /m bBi2 +Q`QM�pB`mb bi�@
iBbiB[m2 (Ry3) 2i /QMM2 ¨ pQB` mM2 +Qm`#2 KQMi�Mi2X AH bǶ�;Bi /2 /QMMû2b +mKm@
H�iBp2b , +2 M2 bQMi T�b H2b MQmp2�mt +�b /ǶmM DQm` ¨ HǶ�mi`2- K�Bb HǶ2Mb2K#H2
/2b +�b /ǶmM DQm` ¨ HǶ�mi`2X h�Mi [mǶBH v � /2b +�b- +2ii2 +Qm`#2 KQMi2 2i
HQ`b[mǶBH MǶv � THmb /2 +�b- 2HH2 `2bi2 �m KāK2 MBp2�m ReX SQm` BMi2`T`ûi2`
+2ii2 /2mtBĕK2 +Qm`#2- BH 7�mi `2;�`/2` b� 7Q`K2 , HQ`b[mǶ2HH2 2bi +QMp2t2- H2
T?ûMQKĕM2 2bi 2M �m;K2Mi�iBQM- HQ`b[mǶ2HH2 2bi +QM+�p2 H2 T?ûMQKĕM2 2bi
2M /BKBMmiBQMX *2 MǶ2bi T�b i`ĕb BMimBiB7 2i MQmb 7Q`KmHQMb HǶ?vTQi?ĕb2 [m2

ReX G2b +�b T�bbûb M2 /BbT�`�Bbb�Mi T�b- +2ii2 +Qm`#2 M2 b2`� /QM+ D�K�Bb �K2Mû2 ¨
/2b+2M/`2X
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6B;m`2 dXRy Ĝ >BbiQ`B[m2 /2 HǶûTB/ûKB2 2M amBbb2 Dmb[mǶ2M 7ûp`B2` kykR (Ry3)

TQm` `2M/`2 +QKTi2 /2 H� bBim�iBQM b�MBi�B`2 �+im2HH2- H2 T`2KB2` ;`�T?B[m2
U6B;m`2 dXNV 2bi mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 THmb 2M �/û[m�iBQM �p2+ mM
T`QTQb 7�Bb�Mi ûi�i /ǶmM2 /BKBMmiBQM /m MQK#`2 /2 +�bX

G2pBiBM (R3e) T`Q/mBi /Bp2`b 2t2KTH2b /2 +Qm`#2b +mKmH�iBp2b , BH MǶ2bi T�b
ûiQMM�Mi /2 +QMbi�i2` [mǶ2HH2b bQMi T�` 2t2KTH2 miBHBbû2b T�` /2b 2Mi`2T`Bb2b
HQ`b[m2 H2m`b p2Mi2b bQMi K�mp�Bb2b UTX 93V , BH bǶ�;Bi �HQ`b /ǶmM2 7Q`K2 /2
bQT?BbK2 +`û�Mi HǶBKT`2bbBQM pBbm2HH2 [m2 HǶ2Mi`2T`Bb2 T`ûb2Mi2 mM #BH�M +`QBb@
b�Mi �HQ`b [mǶBH M2 HǶ2bi T�b , ûpB/2KK2Mi +2 ivT2 /2 bi`�iû;B2b /2 K�`F2iBM;
M2 /2p`�B2Mi T�b �pQB` +Qm`b /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM- /ĕb HQ`b BH MǶv
� T�b /ǶBMi2MiBQM /2 /mT2` H2 Tm#HB+X
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dX8 avMi?ĕb2

G2b +�b [m2 MQmb �pQMb 2tTHQ`ûb +B@/2bbmb bQMi H2b THmb +H�bbB[m2b bǶ�;Bbb�Mi
/2b bi�iBbiB[m2b /2b+`BTiBp2bX LQmb `�TT2HQMb B+B [mǶmM2 bi�iBbiB[m2 /2b+`BT@
iBp2 2bi Q#i2Mm2 T�` mM2 T`2KBĕ`2 i`�Mb7Q`K�iBQM [mB +QMbBbi2 ¨ T�bb2` /ǶmM2
2tTû`B2M+2 [mB T2mi āi`2 2tT`BKû2 T�` /2b KQib ¨ HǶ2tTû`B2M+2 2tT`BKû2 2M
+?Bz`2b c BH bǶ�;Bi /2 H� [m�MiB}+�iBQM /û}MB2 /�Mb mM b2Mb H�`;2 T�` .2b`Q@
bBĕ`2b (N8) , Ŀ 2tT`BK2` 2i 7�B`2 2tBbi2` bQmb mM2 7Q`K2 MmKû`B[m2 +2 [mB-
�mT�`�p�Mi- ûi�Bi 2tT`BKû T�` /2b KQib 2i MQM T�` /2b MQK#`2b ŀ UTX RyVX
*2b MQK#`2b bm#Bbb2Mi 2MbmBi2- HQ`b[mǶBHb 7QMi HǶQ#D2i /ǶmM2 `2T`ûb2Mi�iBQM
�M�HQ;B[m2- mM2 /2mtBĕK2 i`�Mb7Q`K�iBQM +QKK2 H2 bB;M�H2Mi "�+Qi 2i �HX
(Rd) /�Mb +2 T�bb�;2 , Ŀ BH v � H� KBb2 2M BK�;2b- 2M b+?ûK�b- 2M ;`�T?B[m2b-
2M +Qm`#2b- 2M i�#H2�mt- 2M +�K2K#2`ib 2i �mi`2b KQ/ûHBb�iBQMb /2 iQmi2b
bQ`i2bX AH bǶ�;Bi /ǶmM2 b2+QM/2 i`�Mb7Q`K�iBQM bûKBQiB[m2- +�` H2b +?Bz`2b 2mt@
KāK2b bQMi �HQ`b B+QMBbûb ŀ UTX 3VX LQmb �pQMb KQMi`û [mǶmM2 BM7Q`K�iBQM
[m�MiB}û2 TQmp�Bi TQb2` /2b T`Q#HĕK2b ¨ THmbB2m`b û;�`/b 2i �pQMb `2T`ûb2Miû
+2b T`Q#HĕK2b bm` H2b i`QBb �t2b /m i`B�M;H2 [m2 MQmb `2T`Q/mBbQMb B+B ,

Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

bB;
MB}+�i

BQM
_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

BM7û`2M+2

_û�HBiû U[m�MiBiû 2z2+iBp2V+Q``2bTQM/�M+2

SmBb MQmb �pQMb pm- �p2+ +2i �mi`2 b+?ûK� `2T`Q/mBi +B@/2bbQmb- [mǶBH TQmp�Bi
2tBbi2` mM T`Q#HĕK2 �m MBp2�m /2b bB;MB}�Mib HQ`b[m2 H2b KQib- H2b +?Bz`2b 2i
H2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b /2 +2b /2`MB2`b M2 +QśM+B/2Mi T�bX AH MǶ2bi �BMbB
T�b `�`2 /2 T�`H2` T�` 2t2KTH2 /ǶmM2 /BKBMmiBQM Up2`#�HV- iQmi 2M T`Q/mBb�Mi
/2b MQK#`2b U+?Bz`ûV 2i mM2 +Qm`#2 U�M�HQ;B[m2V KQMi�Mi2 Qm /2 T�`H2` /ǶmM2
�m;K2Mi�iBQM 2M T`Q/mBb�Mi /2b MQK#`2b ¨ H� #�Bbb2 2i mM2 +Qm`#2 KQMi�Mi2-
Qm /Ƕ�mi`2b +QK#BM�BbQMb /Bb+Q`/�Mi2bX
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*Q/2 /2b +?Bz`2b �`�#2b (ǳjǴ)

+Q/2 p2`#�H (ǳi`QBbǴ , fi`r�f)

+Q/2 �M�HQ;B[m2 (ǳ   Ǵ)

*QKK2 MQmb HǶ�pQMb KQMi`û- BH 2bi 7�+BH2 /2 T`Q/mB`2 Ĝ ¨ /2bb2BM Qm T�` 2``2m`
Ĝ /2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b /2 /QMMû2b [mB /QMM2Mi mM2 BKT`2bbBQM M2
+Q``2bTQM/�Mi T�b ¨ +2HH2 2tT`BKû2 T�` /2b KQib Qm T�` /2b MQK#`2b /�Mb mM
i�#H2�mX AH MǶ2bi T�b 7�+BH2 /2 Dm;2` +2b +QMi`�/B+iBQMb [mB bǶBMb+`Bp2Mi bQmp2Mi
/�Mb /2b +?QBt /2 `û+Bi , +2ii2 �{`K�iBQM 2bi +2`i�BM2K2Mi p`�B2 HQ`b[m2 H2b
bi�iBbiB[m2b 2i H2b +?Bz`2b bQMi miBHBbûb ¨ /2b }Mb /2 +QMpB+iBQMX *2T2M/�Mi-
MQmb HǶ�pQMb KQMi`û �m i`�p2`b /Ƕ2t2KTH2b- H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM Ĝ /QMi
H� T`QK2bb2 /ûQMiQHQ;B[m2 2bi /2 7�B`2 mM2 /2b+`BTiBQM 7�+im2HH2 /2 HǶ�+im�HBiû
Ĝ b2 i`Qmp2 T�`7QBb T`Bb /�Mb mM2 bBKTH2 HQ;B[m2 /2 M�``�iBQMf+QMpB+iBQM THmb
[m2 /�Mb mM2 HQ;B[m2 /2 /2b+`BTiBQM /2b 7�Bib /Ƕ�+im�HBiûX

SHmb HQBM- MQi`2 �M�Hvb2 b2 TQ`i2`� bm` H� MQiBQM /2 ;Qmp2`M2K2Mi�HBiû
TQTmH�`Bbû2 T�` JB+?2H 6Qm+�mHi (RRN) c ¨ +2ii2 Q++�bBQM MQmb `2H�v2`QMb HǶ?v@
TQi?ĕb2 7Q`KmHû2 T�` /Bp2`b �mi2m`b (k33- 8y- Ne) /2 HǶ2tBbi2M+2 /ǶmM MQmp2�m
bi�imi `?ûiQ`B[m2 /2b +?Bz`2b URkX9V [mB bǶBMb+`B`�Bi /�Mb mM2 HQ;B[m2 /2 `2+m2BH
/m Ŀ +QMb2Mi2K2Mi �+iB7 /2b BM/BpB/mb [mB T�`iB+BT2Mi ¨ H2m` T`QT`2 ;Qmp2`@
M�M+2 ŀ (R8y)X LQmb /û72M/`QMb HǶB/û2 [m2 H2b Q#D2ib bi�iBbiB[m2b +QMi`B#m2Mi ¨
/QMM2` mM2 Hû;BiBKBiû �m /Bb+Qm`b- �mbbB #B2M /2b ;Qmp2`M�Mib [m2 /2b �mi`2b
�+i2m`b- 2i T�`iB+BT2Mi ¨ H� +QMbi`m+iBQM /m +QMb2Mi2K2Mi ¨ H� +QM/mBi2 /2b �7@
7�B`2bX .�Mb mM i2H bvbiĕK2- H2b Kû/B�b DQm2Mi mM `ƬH2 +2Mi`�H Rd 2i +2b Q#D2ib
bi�iBbiB[m2b [mB bǶv i`Qmp2Mi T`QD2iûb �;Bbb2Mi +QKK2 /2b �`;mK2Mib /Ƕ�m@

RdX 1i KāK2 T`QT�;�M/Bbi2 ¨ HB`2 *?QKbFv 2i >2`K�M (R98)
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iQ`Biû [mB pB2MM2Mi- 2M [m2H[m2 bQ`i2- �ii2bi2` /2 H� b+B2MiB}+Biû /2b `û+Bib
/QKBM�Mib T�` HǶ�/QTiBQM /2b `�BbQMM2K2Mib HQ;B[m2b MQ`K�H2K2Mi `2M/mb
TQbbB#H2b T�` H� b2mH2 Kûi`QHQ;B2 `û�HBbi2 /2b b+B2M+2b /2 H� K�iBĕ`2X



*?�TBi`2 3

G� +Q;MBiBQM MmKû`B[m2

G� +Q;MBiBQM MmKû`B[m2 2bi mM /QK�BM2 2M TH2BM 2bbQ` [mB 2bi Ĝ 2M +QMi`�bi2
�p2+ H� THmb [m2 +2Mi2M�B`2 bûKBQiB[m2 Ĝ mM +?�KT /Ƕûim/2b �M+`û /�Mb H2b
/2`MBĕ`2b /û+2MMB2bX ai�MBbH�b .2?�2M2 (39)- Tbv+?QHQ;m2 +Q;MBiBpBbi2 2i M2m@
`Qb+B2MiB}[m2 7`�MÏ�Bb- û+`Bi /�Mb H� T`û7�+2 /2 H� b2+QM/2 û/BiBQM /2 bQM
Qmp`�;2 G� #Qbb2 /2b K�i?b UTX A@AAV ,

CǶ�B +QKK2M+û ¨ û+`B`2 /ĕb H2 /û#mi /2b �MMû2b RNNy- �mt #�H#m@
iB2K2Mib /2b `2+?2`+?2b bm` H2 +2`p2�m 2i H2b MQK#`2bX G2b H�#Q`�@
iQB`2b [mB bǶBMiû`2bb�B2Mi ¨ +2ii2 [m2biBQM b2 +QKTi�B2Mi �HQ`b bm`
H2b /QB;ib /ǶmM2 K�BM 2i H2m`b `2+?2`+?2b M2 7�Bb�B2Mi [mǶ2|2m`2`
H2 bmD2i- +?�+mM2 �p2+ b� Kûi?Q/2 7�pQ`Bi2X GǶmM bǶBMiû`2bb�Bi ¨ H�
T2`+2TiBQM /2b [m�MiBiûb MmKû`B[m2b +?2x H2 #û#ûX h2H �mi`2 b2
bTû+B�HBb�Bi /�Mb HǶ�TT`2MiBbb�;2 /2b i�#H2b /2 KmHiBTHB+�iBQM Qm
2M+Q`2 ûim/B�Bi HǶûi`�M;2 +QKTQ`i2K2Mi /2 T�iB2Mib �ii2BMib /2 Hû@
bBQMb +û`û#`�H2b 2i [mB M2 T�`p2M�B2Mi THmb ¨ 2z2+im2` H2 KQBM/`2
+�H+mHX .Ƕ�mi`2b +?2`+?2m`b 2M}M- +QKK2 KQB- b2 H�MÏ�B2Mi /�Mb
H2b T`2KBĕ`2b 2tTHQ`�iBQMb /ǶmM i2``BiQB`2 T`2b[m2 pB2`;2- HǶBK�@
;2`B2 +û`û#`�H2 /2 HǶ�`Bi?KûiB[m2X LQmb MǶûiBQMb T�b MQK#`2mt

Rjd
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2M +2 i2KTb@H¨- ¨ BK�;BM2` [m2 +2b `2+?2`+?2b /BbT�`�i2b bǶ�;`û@
;2`�B2Mi #B2MiƬi TQm` 7Q`K2` mM /QK�BM2 +Q?û`2Mi 2i mMB}û- H�
+Q;MBiBQM MmKû`B[m2- [mB bǶ�ii�+?2 ¨ `ûTQM/`2 T�` mM2 ;`�M/2
/Bp2`bBiû /Ƕ�TT`Q+?2b 2tTû`BK2Mi�H2b ¨ H� [m2biBQM biBKmH�Mi2 /2
q�``2M J+*mHHQ+? ,

ZmǶ2bi@+2 [m2 H2 MQK#`2- TQm` [m2 HǶ?QKK2 TmBbb2 H2
+QMM�ŗi`2 \ 1i [mǶ2bi@+2 [m2 HǶ?QKK2- TQm` [mǶBH TmBbb2
+QMM�ŗi`2 H2 MQK#`2 \ R

CǶ�B û+`Bi G� #Qbb2 /2b K�i?b /�Mb mM #mi #B2M T`û+Bb , `�bb2K@
#H2` H2b /QMMû2b bm` HǶ�`Bi?KûiB[m2 2i H2 +2`p2�m TQm` KQMi`2`
[mǶ2HH2b /ûHBKBi�B2Mi mM MQmp2�m +?�KT /2 `2+?2`+?2 Q`B;BM�H 2i
T`QK2ii2m`- `2KTHB /ǶQ#b2`p�iBQMb +m`B2mb2b 2i Kû+QMMm2bX CǶ2b@
Tû`�Bb û;�H2K2Mi D2i2` [m2H[m2b HmKBĕ`2b MQmp2HH2b bm` mM /û#�i
T?BHQbQT?B[m2 i`ĕb �M+B2M- +2HmB /2 H� M�im`2 /2b Q#D2ib K�i?ûK�@
iB[m2bX AH K2 b2K#H�Bi [m2 +2ii2 +QMi`Qp2`b2- bQmp2Mi +�MiQMMû2 ¨
H� Kûi�T?vbB[m2- ;�;M�Bi ¨ āi`2 `û2t�KBMû2 bQmb mM �M;H2 +QM+`2i-
K�iû`B2H 2i KāK2 #BQHQ;B[m2- 2M +QMbB/û`�Mi +QKK2Mi MQi`2 �`@
+?Bi2+im`2 +û`û#`�H2 MQmb T2`K2i /2 +`û2` /2b K�i?ûK�iB[m2bX

SHmbB2m`b ûHûK2Mib BMiû`2bb�Mib bQMi `2H2pûb T�` .2?�2M2 /�Mb +2 T�bb�;2X AH
BMbBbi2 /Ƕ�#Q`/ bm` H� i`ĕb ;`�M/2 p�`Bûiû /2b i`�p�mt 2z2+imûb 2M +Q;MBiBQM
MmKû`B[m2- bǶBMiû`2bb�Mi ¨ H� T2`+2TiBQM- �m +QKTQ`i2K2Mi 2i KāK2 ¨ HǶ�`@
+?Bi2+im`2 2i ¨ HǶ�+iBpBiû +û`û#`�H2 /2 bmD2ib ?mK�BMb Qm �MBK�mtX AH BMbBbi2 2M
Qmi`2 bm` H2 7�Bi [m2 +2 +?�KT 2bi 2M +QMbi�Mi2 ûpQHmiBQM 2i [mǶBH 2bi MQm``B /2
7�ÏQM T2`K�M2Mi2 T�` H2b MQmp2HH2b /û+Qmp2`i2b [mB +QMi`B#m2Mi ¨ Ŀ 7Q`K2`
mM /QK�BM2 +Q?û`2Mi 2i mMB}û ŀX LQiQMb- ¨ iBi`2 /Ƕ2t2KTH2 /2 +2 +?�M;2K2Mi
T2`K�M2Mi- [m2 H� /û+Qmp2`i2 /ûi2`KBM�Mi2 /ǶmM2 xQM2 2bb2MiB2HH2 �m i`�Bi2@
K2Mi /2b MQK#`2b /�Mb H� T�`iB2 i2KTQ`�H2 p2Mi`�H2 /m +2`p2�m Ĝ BH 2M b2`�

RX q?�i Ab � LmK#2`- i?�i � J�M J�v EMQr Ai- �M/ � J�M- i?�i >2 J�v EMQr �
LmK#2` \ 2bi H2 iBi`2 /ǶmM 2bb�B `û/B;û T�` H2 M2m`QHQ;m2 q�``2M J+*mHHQ+? (RNN) TQm` bQM
/ûT�`i ¨ H� `2i`�Bi2 2M RNeR



RjN

[m2biBQM +B@�T`ĕb Ĝ 2bi TQbiû`B2m`2 ¨ +2ii2 T`û7�+2 /2 kyRyX 1M `2p�M+?2- iQmi2
mM2 T�`iB2 /2 H� TQbi7�+2 /2 +2i Qmp`�;2 2bi +QMb�+`û2 ¨ HǶ�+iBp�iBQM +û`û#`�H2
/�Mb H� `û;BQM T�`Bûi�H2 /m +2`p2�m [m2 H2 /ûp2HQTT2K2Mi /2 HǶBK�;2`B2 7QM+@
iBQMM2HH2 T�` `ûbQM�M+2 K�;MûiB[m2 �p�Bi T2`KBb /2 KB2mt /û+`B`2 b2mH2K2Mi
�T`ĕb H� T`2KBĕ`2 T�`miBQM /2 G� #Qbb2 /2b K�i?b UTX k3RV R8 �Mb THmb iƬiX

6BM�H2K2Mi- MQiQMb [m2 .2?�2M2 BMbBbi2 bm` H2 +�`�+iĕ`2 2KTB`B[m2 /m i`�@
p�BH 2z2+imû /�Mb +2 /QK�BM2 HQ`b[mǶBH K2MiBQMM2 Ŀ mM �M;H2 +QM+`2i- K�iû`B2H
2i KāK2 #BQHQ;B[m2 ŀ b2 /Bbi�M+B�Mi �BMbB /Ƕ�TT`Q+?2b THmb T?BHQbQT?B[m2b
/2b Q#D2ib K�i?ûK�iB[m2bX *2i �TT2H ¨ HǶ2KTB`BbK2 MǶ2bi T�b b�Mb `�TT2H2`
H2b KQib /2 wH�i2p (jRR) HQ`b[m2 +2 /2`MB2` /û}MBi H� bûKBQiB[m2 +Q;MBiBp2 2i
/û72M/ bQM �TT`Q+?2 T?ûMQKûMQHQ;B[m2 , H� `2+?2`+?2 2M bûKBQiB[m2 +Q;MBiBp2
Ŀ T�`i /2 HǶ2tTû`B2M+2 2HH2@KāK2 2i 7Qm`MBi /2b /2b+`BTiBQMb /2 T?ûMQKĕM2b
/m KQM/2 (XXX) THmiƬi [m2 /2 +QMbi`mB`2 /2b /Q+i`BM2b Kûi�T?vbB[m2b- bmBp�Mi
/2b T`QiQ+QH2b 7Q`K2Hb- Qm /2 TQbimH2` HǶ2tBbi2M+2 /2 Kû+�MBbK2b BM+QMb+B2Mib
[mB ǳT`Q/mB`�B2MiǴ HǶ2tTû`B2M+2 ŀ UTX R9 c i`�/mBi /2 HǶ�M;H�BbVX *Ƕ2bi #B2M
HǶ�M;H2 /2b b+B2M+2b +Q;MBiBp2b- bǶBMiû`2bb�Mi /ǶmM2 T�`i ¨ H� T2`+2TiBQM 2i �m
+QKTQ`i2K2Mi /2b ?mK�BMb 2i /Ƕ�mi`2 T�`i ¨ H2m` 7QM+iBQMM2K2Mi #BQHQ;B[m2
Ĝ mM HB2M 2Mi`2 b+B2M+2b ?mK�BM2b 2i b+B2M+2b /2 H� M�im`2 Ĝ [mB +�`�+iû`Bb2 ¨
H� 7QBb H� bûKBQiB[m2 +Q;MBiBp2 2i H� +Q;MBiBQM MmKû`B[m2X 1HH2b bQMi /Ƕ�BHH2m`b
/2mt bQmb@/QK�BM2b /2b b+B2M+2b +Q;MBiBp2bX

.�Mb +2 +?�TBi`2 +QMb�+`û ¨ H� +Q;MBiBQM MmKû`B[m2 MQmb T�bb2`QMb /Ƕ�#Q`/
2M `2pm2 H2b ûim/2b +2Mi`û2b bm` H� T2`+2TiBQM 2i H2 +QKTQ`i2K2Mi /2b bmD2ib-
TmBb MQmb MQmb 7Q+�HBb2`QMb bm` H2b �TTQ`ib /2b /ûp2HQTT2K2Mib /2 H� M2m`Q@
HQ;B2X
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3XR 1im/2b TQ`i�Mi bm` H� T2`+2TiBQM 2i H2 +QK@
TQ`i2K2Mi

1M b+B2M+2b +Q;MBiBp2b /2b +?2`+?2m`b b2 bQMi 7Q+�HBbûb bm` MQi`2 T2`+2TiBQM 2i
MQb +QKTQ`i2K2Mib 7�+2 �mt MQK#`2b ¨ /Bzû`2Mib bi�/2b /2 MQi`2 ûpQHmiBQMX
aB H2 Ŀ /Q;K2 TB�;ûiB2M b2HQM H2[m2H H2b i`ĕb D2mM2b 2M7�Mib ûi�B2Mi /ûTQm`pmb
/m +QM+2Ti /2 MQK#`2 ŀ � T2`/m`û Dmb[m2 /�Mb H2b �MMû2b RN3y (39) UTX 89V- H�
`2+?2`+?2 � Tm ûi�#HB` /2TmBb [m2 H2b 2M7�Mib T`ûp2`#�mt 2i +2`i�BMb �MBK�mt
Ĝ /2b āi`2b pBp�Mib M2 /BbTQb�Mi T�b /2 bB;M2b Qm /2 bvK#QH2b /2 `2T`ûb2M@
i�iBQM /2b MQK#`2b Ĝ bQMi +�T�#H2b /2 T2`+2pQB` H� [m�MiBiû 2i /Ƕ2z2+im2`
/2b +�H+mHb bBKTH2b (ReR) UTX RkkkVX AH 2bi +H�B` [m2 +2ii2 +�T�+Biû ¨ i`�Bi2`
H2b MQK#`2b MǶ2bi T�b û[mBp�H2Mi2 ¨ +2HH2 /ǶmM ?mK�BM 2M �;2 �/mHi2- K�Bb
+2`i�BMb �MBK�mt 2i H2b #û#ûb b2K#H2Mi /Qiûb /ǶmM2 bQ`i2 /Ƕ�++mKmH�i2m` /2
[m�MiBiûb T2m T`û+Bb K�Bb 7QM+iBQMM2H (39) UTX NV ,

G2 +2`p2�m /m #û#û 2i � 7Q`BiBQ`B UbB+V +2HmB /2 HǶ�MBK�H (XXX) HB@
KBi2Mi H2m`b T`Qm2bb2b �`Bi?KûiB[m2b ¨ /2b +QMi2ti2b #B2M /û}MBbX
1M T�`iB+mHB2`- +QKK2 H� THmT�`i /2b bvbiĕK2b #BQHQ;B[m2b- HǶ�+@
+mKmH�i2m` M2 T2`K2i T�b /2 K�MBTmH2` /2b MQK#`2b /Bb+`2ib-
K�Bb b2mH2K2Mi /2b ;`�M/2m`b +QMiBMm2bX G2b TB;2QMb M2 TQm``QMi
/QM+ D�K�Bb /BbiBM;m2` 9N /2 8y- +�` BHb M2 T2mp2Mi b2 `2T`ûb2M@
i2` +2b [m�MiBiûb [m2 /2 7�ÏQM �TT`QtBK�iBp2 2i p�`B�#H2X SQm`
HǶ�MBK�H 8 2i 8 M2 7QMi T�b Ry- K�Bb 2MpB`QM Ry (XXX)

.2?�2M2 bQmHB;M2 /QM+ /�Mb +2 T�bb�;2 [m2 Ŀ H2b �MBK�mt b�p2Mi +QKTi2`-
TmBb[mǶBHb bQMi +�T�#H2b /Ƕ�m;K2Mi2` mM +QKTi2m` BMi2`M2 +?�[m2 7QBb [m2
bm`pB2Mi mM ûpûM2K2Mi 2tiû`B2m` ŀ- K�Bb Ŀ BHb M2 +QKTi2Mi T�b p`�BK2Mi
+QKK2 MQmb , H2m` +QKTi2m` ¨ H� /Bzû`2M+2 /m MƬi`2- 2bi ~QmX (XXX) GQ`b[m2
MQmb +QKTiQMb- MQmb miBHBbQMb mM2 bû[m2M+2 #B2M T`û+Bb2 /2 KQib- [mB M2
H�Bbb2 T�b /2 TH�+2 ¨ HǶ2``2m`X � +?�[m2 Q#D2i +QKTiû +Q``2bTQM/ mM2 �p�M+û2
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/Ƕ2t�+i2K2Mi mM T�b /�Mb H� bû[m2M+2 /2b MQK#`2b ŀ UTX jNVX GǶ�+[mBbBiBQM
/2 bvK#QH2b MmKû`B[m2b MQmb T2`K2i /QM+ /2 T�bb2` /ǶmM Q`/`2 /2 ;`�M/2m`
bm` mM �t2 +QMiBMm ¨ mM2 [m�MiBiû 2t�+i2 [m2 MQmb TQmpQMb 2tT`BK2` T�` /2b
MQK#`2b bQmb mM2 7Q`K2 +?Bz`û2 Qm p2`#�H2X

aB +2b 7Q`K2b bvK#QHB[m2b MQmb T2`K2ii2Mi /2 K�MB2` /2b [m�MiBiûb �p2+
T`û+BbBQM- +2 MǶ2bi T�b TQm` �mi�Mi [m2 MQi`2 T2`+2TiBQM M�im`2HH2 /2b ;`�M/b
MQK#`2b bǶ2bi T�` �BHH2m`b /ûp2HQTTû2X 1M 2z2i- 1HBx�#2i? JX "`�MMQM 2i
CQQMFQQ S�`F (9R) T�bb2Mi 2M `2pm2 THmbB2m`b ûim/2b �v�Mi KQMi`û [m2 /2b
�/mHi2b Q#iB2MM2Mi /2b `ûbmHi�ib +QKT�`�#H2b ¨ +2mt /Ƕ�MBK�mt U;`�M/b bBM;2b-
`�ib- TB;2QMbV HQ`b[m2 H2 `2+Qm`b �m +QKTi�;2 p2`#�H H2m` 2bi BMi2`/Bi /�Mb
/Bzû`2Mi2b i�+?2b /2 +QKT�`�BbQM 2i /2 +QKTi�;2 (9- k9- 93)X *2b `ûbmHi�ib
bm;;ĕ`2Mi [m2 MQmb T�`i�;2QMb �p2+ +2`i�BM2b 2bTĕ+2b mM bvbiĕK2 /2 `2T`û@
b2Mi�iBQM �TT`QtBK�iB7 /2b MQK#`2b UTX ky9VX

*2ii2 �TT`QtBK�iBQM /�Mb H� T2`+2TiBQM /2b MQK#`2b 2bi 2tTHB[mû2 +QKK2
bmBi T�` .2?�2M2 (39) UTX 3RV ,

LQmb bm#BbbQMb mM 2z2i /2 /Bbi�M+2- +Ƕ2bi@¨@/B`2 [mǶBH MQmb 2bi THmb
7�+BH2 /2 /BbiBM;m2` /2mt MQK#`2b ûHQB;Mûb- +QKK2 3y 2i Ryy- [m2
/2mt MQK#`2b T`Q+?2b +QKK2 3R 2i 3kX LQi`2 �TT`û?2MbBQM /2b
[m�MiBiûb- +QKK2 +2HH2 /m `�i- Q#ûBi û;�H2K2Mi ¨ HǶ2z2i /2 i�BHH2 ,
¨ /Bbi�M+2 +QMbi�Mi2- MQmb �pQMb THmb /2 /B{+mHiû ¨ /BbiBM;m2`
/2b ;`�M/b MQK#`2b +QKK2 Ny 2i Ryy [m2 /2b T2iBib MQK#`2b
+QKK2 Ry 2i kyX

*2b `2K�`[m2b bǶ�TTHB[m2Mi 2M ;ûMû`�H �mt [m�MiBiûb [mB M2 bQMi T�b 2tT`B@
Kû2b T�` /2b MQK#`2b BMb+`Bib 2M +?Bz`2b , BH 2bi T�` 2t2KTH2 THmb 7�+BH2 /2 pQB`
H� /Bzû`2M+2 2Mi`2 Ry 2i ky #BHH2b [mǶ2Mi`2 Ny 2i Ryy #BHH2bX LQmb p2``QMb iQm@
i27QBb [m2 +2 T?ûMQKĕM2 bǶQ#b2`p2 û;�H2K2Mi TQm` /2b [m�MiBiûb 2tT`BKû2b
2M +?Bz`2bX
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LQmb bQmHB;MBQMb- /�Mb H� T�`iB2 /2 +2 i`�p�BH +QMb�+`û2 ¨ H� bûKBQiB[m2
/2b MQK#`2b 2i THmb bTû+B}[m2K2Mi �mt `2T`ûb2Mi�iBQMb �M�HQ;B[m2b /2 +2b
/2`MB2`b U8XRXRV- [m2 H2b bvbiĕK2b /Bi 1D /�Mb H� i2`KBMQHQ;B2 /2 w?�M; 2i
LQ`K�M (jyN) /2K2m`2Mi i`ĕb 2{+�+2b 2i bQmp2Mi miBHBbûb TQm` H2b T2iBi2b
[m�MiBiûbX SmBb MQmb 7Q`KmHBQMb HǶ?vTQi?ĕb2- 2M T�;2 Ry3- [m2 H2 +?QBt /ǶmM2
`2T`ûb2Mi�iBQM T�` `�TTQ`i ¨ mM2 �mi`2 ûi�Bi T`BM+BT�H2K2Mi /B+iû T�` bQM
2{+�+Biû /�Mb mM2 bBim�iBQM /QMMû2 , �M�HQ;B[m2 TQm` /2b T2iBi2b [m�MiB@
iûb Qm /2b T`QTQ`iBQMb T2`+2TiB#H2b- Qm +?Bz`û2 TQm` /2b i�+?2b THmb �`/m2b
BKTHB[m�Mi H2 +QKTi�;2 Qm H2 +�H+mHX *2ii2 ?vTQi?ĕb2 2bi `2M7Q`+û2 T�` +2b
/û+Qmp2`i2b 7�Bb�Mi ûi�i /2 MQi`2 +QKTûi2M+2- BMMû2 K�Bb T2m T`û+Bb2- MQmb
T2`K2ii�Mi /2 i`�Bi2` H2b [m�MiBiûb Ĝ +QKK2 +Ƕ2bi H2 +�b /2 +2`i�BMb �MBK�mt
2i H2b MQm``BbbQMbX *2HH2@+B b2K#H2 T`û+ĕ/2`- /�Mb MQi`2 /ûp2HQTT2K2Mi- H2b
+�T�+Biûb K�i?ûK�iB[m2b T`û+Bb2b [m2 MQmb +QM7ĕ`2 HǶ�+[mBbBiBQM /2 bvK#QH2b
MmKû`B[m2bX

GǶ2t2KTH2 [m2 MQmb �pBQMb T`Q/mBi 2M T�;2 Rye- /ǶmM T`ûbB/2Mi /Ƕ�bb2K@
#Hû2 TQHBiB[m2 K2ii�Mi mM �K2M/2K2Mi �m pQi2 /2b /ûTmiûb 2i TQmp�Mi /ûi2`@
KBM2` H2 `2D2i /2 +2i Q#D2i b�Mb T`Q+û/2` ¨ mM +QKTi�;2- BHHmbi`2 T�`7�Bi2K2Mi
[m2- /�Mb +2 ivT2 /2 bBim�iBQMb- MQmb MǶ�pQMb T�b #2bQBM /2 `2+Qm`B` ¨ H�
[m�MiBiû /Bb+`ĕi2 T�`+2 [m2 MQb +�T�+Biûb M�im`2HH2b /2 +QKTi�;2 UQm /Ƕûp�@
Hm�iBQMV bm` mM2 û+?2HH2 +QMiBMm2 MQmb T2`K2ii2Mi /Ƕ�``Bp2` ¨ MQb }MbX LQmb
+QM+HmBQMb +2i 2t2KTH2 2M K2MiBQMM�Mi [mǶ2M +�b /2 b+Q`2 b2``û- H2 T`ûbB/2Mi
/Ƕ�bb2K#Hû2 �m`�Bi /ȿ `2+Qm`B` ¨ mM +QKTi�;2 T�bb�Mi T�` H2b +?Bz`2b , Ŀ jd
+QMi`2 2i j8 TQm` , BH 2bi BKTQbbB#H2 /2 /Bb+2`M2` mM2 K�DQ`Biû HQ`b[m2 jd
K�BMb bm` dk b2 Hĕp2Mi ŀX LQmb �pBQMb �HQ`b BHHmbi`û- ¨ i`�p2`b +2i 2t2KTH2- H2
T`BM+BT2 /2 HǶ2z2i /2 /Bbi�M+2 +QM}`Kû +B@/2bbmb T�` mM T�bb�;2 /2 .2?�2M2
(39) UTX 3RVX � +2 iBi`2 BH +QM+Hmi /Ƕ�BHH2m`b , Ŀ /�Mb H2 /QK�BM2 /2 H� T2`+2TiBQM
/2b MQK#`2b- HǶ?QKK2 M2 b2 /BbiBM;m2 T�b /m `�i Qm /m TB;2QMX hQmi MQi`2
i�H2Mi K�i?ûK�iB[m2 M2 MQmb 2bi /Ƕ�m+mM2 miBHBiû HQ`b[mǶBH bǶ�;Bi /2 T2`+2pQB`
2i /Ƕ2biBK2` �p2+ `�TB/Biû mM ;`�M/ MQK#`2 ŀ UTX 3jVX
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aǶBH 2tBbi2 mM 2z2i /Bi /2 bm#BiBb�iBQM- +Ƕ2bi@¨@/B`2 /2 `2+QMM�Bbb�M+2 �m@
iQK�iB[m2 b�Mb +QKTi�;2 /2b MQK#`2 R- k 2i j (RNk)- MQi`2 T2`+2TiBQM BK@
Kû/B�i2 /2b MQK#`2b �m /2H¨ /2 +2 b2mBH b2K#H2 [m�bB [m�HBi�iBp2 THmiƬi [m2
[m�MiBi�iBp2X *2H� T2mi b2K#H2` ûi`�M;2 /Bi �BMbB- K�Bb +Ƕ2bi #B2M +2 [mB `2bbQ`i
/2b /Bzû`2Mi2b ûim/2b [m2 MQmb �pQMb +Biû2b +B@/2bbmbX GQ`b[m2 MQmb bQKK2b
7�+2 ¨ jy D2iQMb- BH MQmb 2bi TQbbB#H2 /Ƕ2biBK2` [mǶBH bǶ�;Bi H¨ /ǶmM2 i`2Mi�BM2
/ǶQ#D2ib- mM T2m +QKK2 MQmb /ûi2`KBMQMb H2 +�`�+iĕ`2 `Qm;2 Qm p2`i /2 +2b
KāK2b D2iQMbX *Ƕ2bi HǶmM2 /2b +QM+HmbBQMb /2 "m`` � _Qbb (98) [mB KQMi`2Mi
[m2 H2 b2Mb /2b MQK#`2b 2bi �miQK�iB[m2- BKKû/B�i 2i BM+QMb+B2Mi 2i bQmHB;M2
¨ +2 iBi`2 [m2 Ŀ /2 KāK2 [m2 MQmb TQbbû/QMb mM2 T2`+2TiBQM pBbm2HH2 /B`2+i2
/2 H� ǳ`Qm;2m`Ǵ U`2//Bb?M2bbV /ǶmM2 /2KB@/Qmx�BM2 /2 +2`Bb2b- MQmb 2M T2`@
+2pQMb û;�H2K2Mi H2 MQK#`2- H� ǳbBx�BM2Ǵ UbBtBb?M2bbV ŀ UTX 9ke c i`�/mBi /2
HǶ�M;H�BbVX

AH b2K#H2 /QM+ [m2 H2b bvK#QH2b /QMi H2b ?mK�BMb b2 bQMi /Qiûb TQm` 2t@
T`BK2` H2b [m�MiBiûb H2m` QMi T2`KBb /2 bǶ�z`�M+?B` Ŀ /2b �TT`QtBK�iBQMb /2
HǶBMimBiBQM MmKû`B[m2 ŀ 2M 7�pQ`Bb�Mi Ŀ mM2 �`Bi?KûiB[m2 THmb `B;Qm`2mb2 ŀX
J�Bb H� `2+?2`+?2 MQmb 2Mb2B;M2 [m2 +2 MǶ2bi T�b iQmi ¨ 7�Bi p`�B 2i /2 MQK@
#`2mb2b ûim/2b QMi T2`KBb /2 /ûKQMi`2` [mǶ¨ Ŀ +?�[m2 7QBb [m2 MQmb bQKK2b
+QM7`QMiûb ¨ mM MQK#`2- MQi`2 +2`p2�m M2 T2mi bǶ2KTā+?2` /2 H2 i`�Bi2` +QKK2
mM2 [m�MiBiû +QMiBMm2 2i /2 `2T`ûb2Mi2` K2Mi�H2K2Mi �p2+ mM2 T`û+BbBQM /û@
+`QBbb�Mi2X ŀ 1M 2z2i- H� Ŀ i`�/m+iBQM /2b bvK#QH2b 2M [m�MiBiûb BKTQb2 mM
+Qȿi BKTQ`i�Mi 2i K2bm`�#H2 ¨ H� pBi2bb2 /2 MQb QTû`�iBQMb K2Mi�H2b ŀ UTX 3jVX
JQv2` � G�M/�m2` (kyd) /û+Qmp`B`2Mi- /�Mb H2b �MMû2b ey /ûD¨- [m2 HQ`b[m2
mM BM/BpB/m /QBi ûp�Hm2` H2[m2H /2 /2mt MQK#`2b ¨ mM +?Bz`2 k � H� THmb ;`�M/2
p�H2m`- b� `ûTQMb2 2bi THmb `�TB/2 HQ`b[m2 H2b MQK#`2b bQMi ûHQB;Mûb UR c 8V [m2
HQ`b[mǶBHb bQMi pQBbBMb U9 c 8VX .2?�2M2 (39) �M�Hvb2 +2i ûi�i /2 7�Bi UTX 38V ,

kX _2T`ûb2Miû bQmb 7Q`K2 +?Bz`û2
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1M �TT�`2M+2- H2b +?Bz`2b 9 2i 8 M2 b2 `2bb2K#H2Mi T�b THmb [m2 H2b
+?Bz`2b R 2i 8X G� /B{+mHiû /2 /û+B/2` bB 9 2bi THmb T2iBi Qm THmb
;`�M/ [m2 8 MǶ� /QM+ `B2M ¨ pQB` �p2+ mM [m2H+QM[m2 T`Q#HĕK2
/2 `2+QMM�Bbb�M+2 pBbm2HH2 /m +?Bz`2 9X oBbB#H2K2Mi H2 +2`p2�m M2
bǶ�``āi2 T�b ¨ H� 7Q`K2 /2b +?Bz`2b (XXX) BH v � [m2H[m2 T�`i /�Mb MQb
+B`+QMpQHmiBQMb +û`û#`�H2b mM2 `2T`ûb2Mi�iBQM /2b MQK#`2b bQmb
7Q`K2 /2 [m�MiBiûb +QMiBMm2b- bBKBH�B`2 ¨ +2HH2b [m2 TQbbĕ/2Mi H2b
�MBK�mt- 2i +Ƕ2bi +2ii2 `2T`ûb2Mi�iBQM [m�MiBi�iBp2 [m2 MQmb MQmb
2KT`2bbQMb /2 `û�+iBp2` /ĕb [m2 MQmb pQvQMb mM +?Bz`2 Qm mM MQK
/2 MQK#`2X

*Ƕ2bi bm` H� #�b2 /ǶmM 2z2i [mǶBH #�TiBb2`� aL�_* UHǶ�+`QMvK2 /2 Ŀ aT�@
+B�H LmK2`B+�H �bbQ+B�iBQM Q7 _2bTQMb2 *Q/2b ŀ Qm Ŀ �bbQ+B�iBQM bT�+BQ@
MmKû`B[m2 /2b +Q/2b /2 `ûTQMb2 ŀV [m2 .2?�2M2 T`QTQb2 TQm` H� T`2KBĕ`2
7QBb /�Mb H2b �MMû2b RNNy H� Kûi�T?Q`2 /ǶmM2 HB;M2 K2Mi�H2 /2 MQK#`2b c
+2HH2@+B /2K2m`2 /2TmBb HǶBK�;2 H� THmb 7`û[m2KK2Mi miBHBbû2 /�Mb H2b /û#�ib
bTû+B�HBbûb �miQm` /2 H� `2T`ûb2Mi�iBQM K2Mi�H2 /2b ;`�M/2m`b (kNN) UTX 9eVX

G2 +?2`+?2m` 7`�MÏ�Bb �- 2M 2z2i- KBb 2M ûpB/2M+2 HǶ2tBbi2M+2 /ǶmM2 �bbQ@
+B�iBQM 2Mi`2 H2b MQK#`2b 2i HǶ2bT�+2 2M KQMi`�Mi /2b /Bzû`2M+2b bB;MB}+�@
iBp2b /2 pBi2bb2 /2 `û�+iBQM /ǶBM/BpB/mb 2Mi`2 /2b `ûTQMb2b /QMMû2b /2 H2m`
K�BM ;�m+?2 2i /2 H2m` K�BM /`QBi2X .2b BM/BpB/mb Q++B/2Mi�mt ûi�B2Mi- T�`
2t2KTH2- THmb T`QKTi ¨ `2+QMM�ŗi`2 mM MQK#`2 THmb T2iBi [mǶmM �mi`2 �p2+
H2m` K�BM ;�m+?2 U2i THmb H2Mib �p2+ H2m` K�BM /`QBi2V- �HQ`b [m2 H2m` `û~2t2
/2 H� K�BM /`QBi2 2bi THmb `�TB/2 HQ`b[mǶBH bǶ�;Bi �m +QMi`�B`2 /2 `2+QMM�ŗi`2
mM MQK#`2 THmb ;`�M/ [mǶmM �mi`2X *Ƕ2bi ¨ i`�p2`b mM2 /Bx�BM2 /Ƕ2tTû`B2M+2b
(R9N- RN3) [mǶBH �p�M+2- �p2+ bQM û[mBT2- HǶ?vTQi?ĕb2 /2 HǶ2tBbi2M+2 /ǶmM2 HB;M2
MmKû`B[m2 T`ûb2Mi2 /�Mb MQi`2 +2`p2�m (39) UTX NkV ,
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hQmi b2 T�bb2 2z2+iBp2K2Mi +QKK2 bB H2b /Bzû`2Mib MQK#`2b ûi�B2Mi
�HB;Mûb K2Mi�H2K2Mi bm` mM2 HB;M2 Qɍ +?�[m2 TQbBiBQM +Q``2bTQM/
¨ mM2 +2`i�BM2 [m�MiBiûX .2b MQK#`2b T`Q+?2b bQMi `2T`ûb2Miûb
T�` /2b TQbBiBQMb T`Q+?2b bm` H� HB;M2X _B2M /ǶûiQMM�Mi /QM+ ¨ +2
[mǶQM H2b +QM7QM/2 THmb 7�+BH2K2Mi (XXX)

.2?�2M2 M2 b2 +QMi2Mi2 T�b /2 i?ûQ`Bb2` mM2 HB;M2 c BH HmB /QMM2 �mbbB mM b2Mb
2i mM2 /B`2+iBQM UTX NkV ,

*2ii2 HB;M2 2bi Q`B2Miû2 /�Mb HǶ2bT�+2X G2 xû`Q 2bi ¨ HǶ2ti`āK2
;�m+?2- 2i H2b ;`�M/ MQK#`2b bǶûiB`2Mi 2M /B`2+iBQM /2 H� /`QBi2X

*2ii2 Q`B2Mi�iBQM HmB T2`K2i /Ƕ2tTHB[m2` TQm`[mQB Ŀ H2 `û~2t2 /2 +QKT`û?2M@
bBQM /2b [m�MiBiûb 2Mi`�ŗM2 û;�H2K2Mi mM `û~2t2 /ǶQ`B2Mi�iBQM /2b MQK#`2b
/�Mb HǶ2bT�+2 ŀ UTX NkVX .Bzû`2Mib �mi2m`b- /QMi .2?�2M2- QMi Tm K2ii`2 2M
ûpB/2M+2 [m2 HǶQ`B2Mi�iBQM /2 H� HB;M2 K2Mi�H2 /2b MQK#`2b ûi�Bi /B`2+i2K2Mi
HBû2 �m b2Mb /2 H� H2+im`2 2i /2 HǶû+`Bim`2 2i /QM+ /ûT2M/�Mi2 /2 H� H�M;m2
T`BM+BT�H2 /ǶmM BM/BpB/m (RN3- jy3- k3R)X

LQmb HǶ�pQMb i?ûK�iBbû T`û+û/2KK2Mi , /2b QTû`�iBQMb bm` H2b MQK#`2b
bQMi Q#b2`pû2b +?2x +2`i�BMb �MBK�mt 2i +?2x H2b #û#ûbX a2HQM H2b bTû+B�HBbi2b
2M +Q;MBiBQM MmKû`B[m2- +2H� b2`�Bi TQbbB#H2 ;`�+2 ¨ mM2 `2T`ûb2Mi�iBQM K2M@
i�H2 �TT`QtBK�iBp2 /2b MQK#`2bX lM2 i2HH2 `2T`ûb2Mi�iBQM 2bi �M�HQ;B[m2 2i
MǶ� [mǶmM2 /BK2MbBQM +QMi`�B`2K2Mi �mt MmKû`�iBQMb +Qm`�KK2Mi miBHBbû2b-
+QKK2 +2HH2 /2b +?Bz`2b �`�#2b [mB 2bi- +QKK2 MQmb HǶ�pQMb pm- 2tT`BKû2 bm`
/2mt /BK2MbBQMb , H� 7Q`K2 TQm` H2b /Bt bvK#QH2b /2 #�b2 UH2b +?Bz`2b y@NV 2i
H� TQbBiBQM /2 +2b bvK#QH2b TQm` H2b TmBbb�M+2b jX

1M b+B2M+2b +Q;MBiBp2b- H2 i`�Bi2K2Mi /2b MQK#`2b /ǶmM b2mH +?Bz`2 2bi
mbm2HH2K2Mi ûim/Bû bûT�`ûK2Mi /2 +2HmB /2b MQK#`2b +QKTQbûb /Ƕ�m KQBMb
/2mt +?Bz`2b (kNN)X G� `�BbQM /2 +2 i`�Bi2K2Mi /Bzû`2M+Bû 2bi [m2 H� p�H2m` /ǶmM

jX *Ƕ2bi mM2 MmKû`�iBQM /2 ivT2 1 × 1D /Ƕ�T`ĕb H� i2`KBMQHQ;B2 /2 w?�M; 2i LQ`K�M
(jyN)
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MQK#`2 ¨ mM +?Bz`2 M2 7�Bi BMi2`p2MB` [m2 H� /BK2MbBQM /2 H� 7Q`K2 TQm` 2tT`B@
K2` mM2 p�H2m` 2i MǶBKTHB[m2 �BMbB [mǶmM i`�p�BH /2 KûKQB`2 U7Q`K24p�H2m`V c
H2b /Bt T`2KB2`b MQK#`2b U2M +QKTi�Mi yV M2 `2+Qm`2Mi [mǶ¨ H� T`2KBĕ`2
/BK2MbBQM /2 MQi`2 bvbiĕK2 /2 MmKû`�iBQM- +2HH2 /2 H� 7Q`K2 /2b /Bt bvK@
#QH2b /2 #�b2 , H2b +?Bz`2bX 1M `2p�M+?2- H2b MQK#`2b ¨ THmbB2m`b +?Bz`2b 7QMi
BMi2`p2MB` H� /2mtBĕK2 /BK2MbBQM /2 MQi`2 MmKû`�iBQM /�Mb H�[m2HH2 H� TQbB@
iBQM T2`K2i /2 /û/mB`2 H� p�H2m` 2M TmBbb�M+2 /2 #�b2 RyX �BMbB mM ?mK�BM
+QMM�Bbb�Mi H2 bB;M2 Ŀ 9 ŀ- HǶ�bbQ+B2`�Bi �m bB;MB}û AAAA T�` HǶBMi2`Kû/B�B`2 /2
b� KûKQB`2 ¨ HQM; i2`K2X �m +QMi`�B`2- H2 MQK#`2 +QKTQbû Ŀ 99 ŀ- +QMiB2Mi H2
KāK2 bvK#QH2 `ûTHB[mû /2mt 7QBb- K�Bb H2 T`2KB2` 9 MǶ� T�b H� KāK2 p�H2m`
[m2 H2 /2mtBĕK2X 1M i2`K2b +Q;MBiB7b- HǶ?vTQi?ĕb2 7Q`KmHû2 2bi [m2 H2b p�H2m`b
/2b bvK#QH2b ¨ y@N b2`�B2Mi KûKQ`Bbû2b �HQ`b [m2 H2b p�H2m`b bmTû`B2m`2b b2@
`�B2Mi �mbbB /û/mBi2b , Ŀ MQmb /2pQMb ;ûMû`2` H2m` p�H2m` ¨ T�`iB` /2 H2m`b
+QKTQb�Mi2b 2M �TTHB[m�Mi H2 #QM �H;Q`Bi?K2 ŀ (kNN) UTX 9e c i`�/mBi /2 HǶ�M@
;H�BbV c +2H� 2tTHB[m2 TQm`[mQB H2b /2mt T`Q+2bbmb bQMi- 2M T`BM+BT2- ûim/Bûb
bûT�`ûK2MiX

.2b +?2`+?2m`b QMi BMBiB�H2K2Mi i2Miû /Ƕ�HBK2Mi2` HǶ?vTQi?ĕb2 /ǶmM2 Kû@
KQ`Bb�iBQM /2b MQK#`2b ¨ mM +?Bz`2 T�` HǶ�M�Hvb2 /m T?ûMQKĕM2 /Bi bBx2
+QM;`mBiv 2z2+i UaB*1V /û+`Bi 2M T`2KB2` T�` >2MBF � hx2H;Qp (R9j)- TmBb /û@
p2HQTTû T�` MQK#`2 /Ƕ�mi2m`b /m KāK2 +?�KT (83- kd9- kN3)X *2b +?2`+?2m`b
QMi �M�Hvbû H2b i2KTb /2 `û�+iBQM /ǶBM/BpB/mb ¨ [mB BH ûi�Bi /2K�M/û /2 /ûi2`@
KBM2`- /�Mb THmbB2m`b T�B`2b /2 +?Bz`2b- H2[m2H ûi�Bi THmb ;`�M/X *2b T�B`2b /2
+?Bz`2b �TT�`�Bbb�B2Mi bm` mM û+`�M 2i H2b T�`iB+BT�Mib /2p�B2Mi bûH2+iBQMM2`
H2 THmb `�TB/2K2Mi TQbbB#H2 H2 #QmiQM +Q``2bTQM/�Mi �m +?Bz`2 2tT`BK�Mi H�
p�H2m` H� THmb ;`�M/2X aBKmHi�MûK2Mi- H� i�BHH2 /ǶBKT`2bbBQM /2 +2b +?Bz`2b p�@
`B�Bi , QM T`ûb2Mi�Bi i�MiƬi /2b T�B`2b +QM+Q`/�Mi2b- /�Mb H2b[m2HH2b H2 +?Bz`2
p�H�Mi TQm` mM MQK#`2 THmb ;`�M/ �TT�`�Bbb�Bi BKT`BKû THmb ;`�M/ Uj @ NV-
i�MiƬi /2b T�B`2b /Bb+Q`/�Mi2b /�Mb H2b[m2HH2b- ¨ HǶBMp2`b2- H� p�H2m` H� THmb
;`�M/2 �TT�`�Bbb�Bi /�Mb mM2 TQHB+2 THmb T2iBi2 Uj @ NVX
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*2b ûim/2b QMi KQMi`û [m2 H2 i2KTb /2 `û�+iBQM /2b T�`iB+BT�Mib ûi�Bi bB@
;MB}+�iBp2K2Mi THmb HQM; HQ`b[m2 H2b T�B`2b i�BHH2@p�H2m` ûi�B2Mi /Bb+Q`/�Mi2b c
+2ii2 /Bzû`2M+2 /2 i2KTb /2 `û�+iBQM bm;;ĕ`2 [m2 H2 Kû+�MBbK2 /Ƕûp�Hm�iBQM
/2 H� p�H2m` /ǶmM +?Bz`2 +Q?�#Bi2 �p2+ Kû+�MBbK2 /Ƕûp�Hm�iBQM /2 H� i�BHH2
+2 [mB � K2Mû H2b bTû+B�HBbi2b /2 H� [m2biBQM ¨ 2biBK2` [m2 H2b +?Bz`2b bQMi
KûKQ`Bbûb +QKK2 /2b 2MiBiûb mMB[m2b /�Mb H� KûKQB`2 /2 HQM; i2`K2 +QKK2
HǶ2bi H2 bvbiĕK2 /2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 /2 H� HB;M2 K2Mi�H2 /2b MQK#`2b
T`ûb2Mi +?2x H2b ?mK�BMb 9X AH 2M /û+QmH2 [m2 H2b MQK#`2b ¨ mM +?Bz`2- HQ`b@
[mǶBHb bQMi Hmb- bQMi T`Q#�#H2K2Mi `2+QMMmb �miQK�iB[m2K2Mi mM2 7QBb �TT`Bb-
+�` BHb b2`�B2Mi biQ+Fûb /�Mb H� KûKQB`2 2i `û+mTû`ûb +QKK2 Q#D2ib 2MiB2`b
UĿ r?QH2 mMBib ŀVX

G� [m2biBQM +QMbBbi�Mi ¨ b�pQB` /�Mb [m2HH2 K2bm`2 H� KûKQB`2 BMi2`pB2Mi
�mbbB /�Mb H� `2T`ûb2Mi�iBQM K2Mi�H2 /2b MQK#`2b ¨ THmbB2m`b +?Bz`2b � HQM;@
i2KTb Q++mTû H2b bTû+B�HBbi2b , H2b MQK#`2b ¨ /2mt +?Bz`2b- T�`+2 [m2 MQmb
2M �pQMb mM2 miBHBb�iBQM [m�bB [mQiB/B2MM2- bQMi@BHb i`�Biûb +Q;MBiBp2K2Mi /2
H� KāK2 7�ÏQM [m2 H2b MQK#`2b ¨ mM +?Bz`2 Ĝ ¨ b�pQB` +QKK2 /2b Q#D2ib 2M@
iB2`b Ĝ K�H;`û H� T`ûb2M+2 /ǶmM2 /2mtBĕK2 /BK2MbBQM /�Mb H2m` +QMbi`m+iBQM \
1M /Ƕ�mi`2b i2`K2b , 2tBbi2@i@BH mM2 +QMM2tBQM �miQK�iB[m2 2Mi`2 mM MQK#`2
2tT`BKû T�` /2mt +?Bz`2b û+`Bib 2i mM2 TQbBiBQM bm` mM2 HB;M2 K2Mi�H2 /2
MQK#`2b c Qm H� p�H2m` bm` +2ii2 HB;M2 K2Mi�H2 2bi@2HH2 Q#i2Mm2 T�` /û/m+iBQM
�H;Q`Bi?KB[m2 \

*Ƕ2bi 2M ûi2M/�Mi H2b `2+?2`+?2b bm` H2 T?ûMQKĕM2 aB*1 U/û+`Bi +B@/2bbmbV
�mt MQK#`2b ¨ /2mt +?Bz`2b [m2 /2b +?2`+?2m`b QMi T2Mbû K2ii`2 H2 /QB;i
bm` mM2 `ûTQMb2 (RRe- Rk8)X *2b ûim/2b QMi KQMi`û /2b `ûbmHi�ib bBKBH�B`2b ¨
+2mt Q#b2`pûb bm` /2b MQK#`2b ¨ mM +?Bz`2- +2 [mB b2K#H2 BM/B[m2` [m2 H2b
MQK#`2b ¨ /2mt +?Bz`2b bQMi biQ+Fûb /2 H� KāK2 7�ÏQM [m2 H2b MQK#`2b ¨ mM
b2mH +?Bz`2X

9X S�`�HHĕH2K2Mi- BH � û;�H2K2Mi ûiû +QMbi�iû [m2 +2b /Bzû`2M+2b /2 `û�+iBQM ûi�B2Mi
KQBMb K�`[mû2b HQ`b[m2 H2b +?Bz`2b �p�B2Mi mM2 p�H2m` T`Q+?2 Uk @ j c 9 @ 8XXXVX
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.Ƕ�mi`2b ûim/2b K2ii2Mi �mbbB 2M HmKBĕ`2 [m2- HQ`b[mǶmM BM/BpB/m /QBi /û@
i2`KBM2` bB mM MQK#`2 2bi THmb ;`�M/ Qm THmb T2iBi [mǶmM �mi`2- H2 i2KTb /2
`û�+iBQM �m;K2Mi2 HQ`b[m2 H2b /2mt MQK#`2b bQMi T`Q+?2bX *2H� bǶQ#b2`p2 /2
7�ÏQM bBKBH�B`2 TQm` H2b MQK#`2b y@N 2i TQm` H2b MQK#`2b ¨ /2mt +?Bz`2bX S�`
2t2KTH2- .2?�2M2 2i �HX (3e) KQMi`2Mi [m2- HQ`b[mǶmM BM/BpB/m /QBi ûp�Hm2` bB
mM MQK#`2 2bi THmb T2iBi Qm THmb ;`�M/ [m2 e8- bQM i2KTb /2 `û�+iBQM �m;@
K2Mi2 HQ`b[m2 H2 MQK#`2 2bi T`Q+?2 /2 e8 2i /BKBMm2 ;`�/m2HH2K2Mi HQ`b[mǶBH
bǶ2M ûHQB;M2 Ĝ [mǶBH bQBi THmb T2iBi Qm THmb ;`�M/X G� };m`2 3XR T2`K2i /ǶQ#@
b2`p2` H2 ;`�T?B[m2 Bbbm /2 H� Tm#HB+�iBQM Q`B;BM�H2 bm` H2[m2H +2ii2 `û;mH�`Biû
bǶQ#b2`p2 /2 7�ÏQM ûiQMM�Mi2X

6B;m`2 3XR Ĝ _ûT�`iBiBQM /2b i2KTb /2 `û�+iBQM �miQm` /2 e8 (3e) UTX ejRV

*2 [mB 7`�TT2 T`BM+BT�H2K2Mi B+B- +Ƕ2bi [m2 H2 i2KTb /2 `û�+iBQM /BKBMm2
/2 7�ÏQM `û;mHBĕ`2- [m2 +2 bQBi ¨ HǶBMiû`B2m` /2 H� KāK2 /Bx�BM2 [m2 e8 Uey@eNV
Qm MQM Ĝ mM i2KTb /2 `û�+iBQM bB;MB}+�iBp2K2Mi THmb ûH2pû b2`�Bi ¨ �ii2M/`2 ¨
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HǶBMiû`B2m` /2 H� KāK2 /Bx�BM2- TmBb[m2 H2 +?Bz`2 /2b mMBiûb 2bi H2 b2mH ûHûK2Mi
/ûi2`KBM�MiX *2ii2 /û+Qmp2`i2 TQmbb2 .2?�2M2 (39) ¨ �p�M+2` [m2 Ŀ H� b2mH2
2tTHB+�iBQM +QMp2M�#H2 ŀ 2bi [m2 Ŀ H2 +2`p2�m �TT`û?2M/2 H2 MQK#`2 /2 /2mt
+?Bz`2b /�Mb bQM BMiû;`�HBiû 2i H2 i`�Mb7Q`K2 2M mM2 [m�MiBiû BMi2`M2 [m�bB
+QMiBMm2 ŀ UTX 38@3eVX

*2ii2 TQbBiBQM 2bi iQmi27QBb `û7miû2 T�` hx2H;Qp 2i �HX (kNN) UTX 8yV [mB
KQMi`2Mi [m2 H� i�BHH2 /Bb+Q`/�Mi2 /2 H� TQHB+2 /ǶBKT`2bbBQM /�Mb HǶ2z2i aB*1
2i HǶ2z2i /2 /Bbi�M+2 M2 bQMi T�b H2b b2mH2b p�`B�#H2b 2tTHB+�iBp2b /2 +2b `û@
bmHi�ibX *2ii2 b2mH2 +QM+HmbBQM MǶ2bi 2M 2z2i T�b +QKT�iB#H2 �p2+ /Ƕ�mi`2b
ûim/2b �v�Mi KQMi`û- /�Mb mM +�/`2 +QKT�`�#H2- /2b i2KTb /2 `û�+iBQM THmb
HQM;b HQ`b[mǶmM MQK#`2 �p2+ mM2 /Bx�BM2 THmb ;`�M/2 T`ûb2Mi�Bi mM +?Bz`2 /2
p�H2m` THmb T2iBi2 �m MBp2�m /2b mMBiûb (kRk)X �BMbB- T�` 2t2KTH2- /ûi2`KBM2`
H2[m2H /2 3k 2i e9 2bi THmb ;`�M/ T`2M/ THmb /2 i2KTb [m2 TQm` H� T�B`2 39 2i
ek T�`+2 [m2 HǶmMBiû 9 p�mi THmb [m2 HǶmMBiû k c +2i 2z2i bǶQ#b2`p2 [m2HH2 [m2
bQBi H� i�BHH2 /ǶBKT`2bbBQM /2b MQK#`2bX

SQm` hx2H;Qp 2i �HX (kNN)- H2 7�Bi [m2 H� /BK2MbBQM /2b mMBiûb 2Mi`2 2M
HB;M2 /2 +QKTi2 /�Mb H2 i2KTb /Ƕûp�Hm�iBQM /2b ;`�M/2m`b T�` /2b BM/BpB@
/mb T`Qmp2 [m2 H2b MQK#`2b ¨ /2mt +?Bz`2b M2 T2mp2Mi T�b āi`2 mMB[m2K2Mi
biQ+Fûb /�Mb MQi`2 KûKQB`2 ¨ HQM; i2`K2 +QKK2 /2b Q#D2ib mMB[m2b- K�Bb
[m2 H2m` ;`�KK�B`2 ¨ /2mt /BK2MbBQMb BMi2`pB2Mi /�Mb H2 T`Q+2bbmb +Q;MBiB7
UTX 8RVX AH b2K#H2 `�BbQMM�#H2 /Ƕ�p�M+2` [mǶBH 2M p� /2 KāK2 TQm` iQmb H2b
MQK#`2b ¨ THmbB2m`b +?Bz`2b- +�` iQmb 7QMi BMi2`p2MB` H2b /2mt /BK2MbBQMb /2
MQi`2 MmKû`�iBQM , 7Q`K2 2i TQbBiBQMX

_2DQB;M�Mi HǶ�pBb /2 hx2H;Qp 2i �HX- Lm2`F 2i �HX (kRR) HBbi2Mi R8 2z2ib
/û+`Bib T�` H� HBiiû`�im`2 2M b+B2M+2b +Q;MBiBp2b- [mB b2HQM 2mt- T`Qmp2Mi [m2 H2b
MQK#`2b ¨ THmbB2m`b +?Bz`2b bQMi i`�Biûb /Bzû`2KK2Mi /2b MQK#`2b ¨ mM b2mH
+?Bz`2 T�` MQi`2 +2`p2�m UTX RRj@RkyVX LQmb /ûi�BHHQMb +2b 2z2ib +B@/2bbQmb ,
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RV GǶ2z2i /2 +QKT�iB#BHBiû /ǶmMBiû@/Bx�BM2 UlMBi@.2+�/2 *QKT�@
iB#BHBiv 1z2+iV , MQmb HǶ�pQMb /û+`Bi +B@/2bbmbX AH bǶ�;Bi /m +QMbi�i [mǶmM
BM/BpB/m � #2bQBM /2 THmb /2 i2KTb TQm` /ûi2`KBM2` H2[m2H /2 /2mt MQK#`2b
¨ /2mt +?Bz`2b 2bi THmb ;`�M/ bB H2 +?Bz`2 /2b mMBiûb � mM2 p�H2m` THmb ;`�M/2
/�Mb mM MQK#`2 THmb T2iBi U9k @ 83 2bi mM2 T�B`2 /Bi2 +QKT�iB#H2 2i 2bi i`�Biû2
THmb `�TB/2K2Mi [m2 H� T�B`2 /Bi2 BM+QKT�iB#H2 93 @ 8k 2M `�BbQM /2b mMBiûb 3
2i kV (kRk)X

kV GǶ2z2i /2 T�`Biû US�`Biv 1z2+iV , G2b MQK#`2b +QMbiBimûb /2 +?Bz`2b
¨ p�H2m` T�B`2 bQMi i`�Biûb THmb `�TB/2K2Mi KāK2 bB H2b +?Bz`2b ¨ p�H2m` BK@
T�B`2 M2 b2 i`Qmp2Mi T�b �m MBp2�m /2b mMBiûb U89 2bi i`�Biû THmb H2Mi2K2Mi
[m2 e9 2M `�BbQM /2 H� T`ûb2M+2 /m +?Bz`2 8 /2 p�H2m` BKT�B`2V (kej- jRy)X �
+2 iBi`2- H� Tm#HB+�iBQM +Biû2 +B@/2bbmb /2 .2?�2M2 2i �HX (3e) �v�Mi KQMi`û mM2
`ûT�`iBiBQM `û;mHBĕ`2 /2b i2KTb /2 `û�+iBQM �miQm` /m MQK#`2 e8 T`ûb2Mi2 mM
�mi`2 `ûbmHi�i TQm` H2 MQK#`2 88 +2 [mB H�Bbb2 2Mi`2pQB` +2i 2z2i /2 T�`Biû
U6B;m`2 3XkVX lM +QMi`�bi2 bB;MB}+�iB7 2Mi`2 H2b i2KTb /2 `û�+iBQM ¨ HǶBMiû`B2m`
/2 H� /Bx�BM2 /2 88 U8y@8NV 2i H2b �mi`2b i2KTb /2 `û�+iBQM 2bi 2M 2z2i M2ii2@
K2Mi pBbB#H2 , +2H� K2i 2M /û7�mi HǶ?vTQi?ĕb2 7Q`KmHû2 T�` .2?�2M2 (39) [m2
Ŀ H2 +2`p2�m �TT`û?2M/2 H2 MQK#`2 /2 /2mt +?Bz`2b /�Mb bQM BMiû;`�HBiû 2i H2
i`�Mb7Q`K2 2M mM2 [m�MiBiû BMi2`M2 [m�bB +QMiBMm2 ŀ UTX 38@3eVX

jV GǶ2z2i /2 +QM+Q`/�M+2 /2 TQbBiBQM +`QBbû2 U*`Qbb@SH�+2 *QM;`m2M+v
1z2+iV , /�Mb /2b i�+?2b /2 +QKT�`�BbQM /2 ;`�M/2m` /2 MQK#`2b ¨ /2mt
+?Bz`2b- H2b T�B`2b TQm` H2b[m2HH2b H2 `ûbmHi�i /2 H2m` +QKT�`�BbQM +QśM+B/2
�p2+ mM `ûbmHi�i /2 H� +QKT�`�BbQM /2 H2m`b +QKTQb�Mi2b bQMi i`�Biû2b THmb
`�TB/2K2MiX S�` 2t2KTH2 H� T�B`2 kj @ d8 2bi i`�Biû2 THmb `�TB/2K2Mi [m2 H�
T�B`2 jR @ d3 T�`+2 [m2 k I j 2i d = 8 , d 2bi H2 +?Bz`2 ¨ H� p�H2m` H� THmb
;`�M/2 /2 bQM MQK#`2 2i k 2bi H2 +?Bz`2 ¨ H� p�H2m` H� THmb T2iBi2 /2 bQM
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6B;m`2 3Xk Ĝ _ûT�`iBiBQM /2b i2KTb /2 `û�+iBQM �miQm` /2 88 (3e) UTX ekNV

MQK#`2 2i +2H� 7�pQ`Bb2 mM p2`/B+i `�TB/2 /�Mb HǶûp�Hm�iBQM /2 H� T�B`2 kj @
d8X SQm` H� T�B`2 jR @ d3- HǶBMp2`b2 2bi +QMbi�iû , j = R 2i d I 3 +2H� 2Mi`�BM2
mM i2KTb /2 `û�+iBQM THmb HQM; (jye)X

9V G2b 2z2ib /2 i`�Mb+Q/�;2 Uh`�Mb+Q/BM; 1z2+ibV , /2b 2``2m`b
/m2b �m T�bb�;2 /ǶmM +Q/2 ¨ mM �mi`2 bQMi T�`7QBb Q#b2`pû2b c T�` 2t2KTH2
H2 T�bb�;2 /m +Q/2 p2`#�H �m +Q/2 /2b +?Bz`2b �`�#2bX �BMbB- /2b �mi2m`b
(3N- jRk) QMi +QMbi�iû [m2 H� K�MBĕ`2 /2 /B`2 H2b MQK#`2b /�Mb mM2 H�M;m2
T2mi BM~m2M+2` MQi`2 K�MBĕ`2 /2 H2b û+`B`2 2M +?Bz`2bX G2b BMp2`bBQMb `2M@
+QMi`û2b 2M �HH2K�M/ Ĝ HǶQ`/`2 /2 /B+iBQM /2b MQK#`2b 2bi BMp2`bû �m MBp2�m
/2b /Bx�BM2b 2i /2b mMBiûb Ĝ Qz`2Mi mM2 BHHmbi`�iBQM /2 +2 7�BiX S�` 2t2KTH2
kǶRk3 Ĝ Ŀ /2mt@KBHH2@+2Mi@pBM;i@?mBi ŀ 2M 7`�MÏ�Bb Ĝ b2 /Bi Ŀ xr2Bi�mb2M/@
?mM/2`i@�+?i@mM/@xr�MxB; ŀ 2M �HH2K�M/- +Ƕ2bi@¨@/B`2 Ŀ /2mt@KBHH2@+2Mi ?mBi
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2i pBM;i ŀ , H� +QM7mbBQM 2Mi`2 kǶRk3 2i kǶR3k 2bi TQbbB#H2X Lm2`F 2i �HX (kRR)
7QMi K2MiBQM /2 /2mt 2``2m`b 7`û[m2Mi2b , HǶ2``2m` /2 +QKTQbBiBQM �//BiBp2-
Qɍ /2b ûHûK2Mib MQ`K�H2K2Mi �//BiBQMMûb bQMi +QM+�iûMûb UĿ pBM;i@b2Ti ŀ 2bi
û+`Bi ky dV 2i HǶ2``2m` /2 +QKTQbBiBQM KmHiBTHB+�iBp2 Qm /2mt ûHûK2Mib MQ`K�@
H2K2Mi KmHiBTHBûb bQMi +QM+�iûMûb UĿ [m�i`2@+2Mib ŀ 2bi û+`Bi 9 RyyVX .Ƕ�mi`2b
2z2ib /2 i`�Mb+Q/�;2 bQMi BK�;BM�#H2b- MQi�KK2Mi +2mt HBûb ¨ HǶmiBHBb�iBQM
/m bvbiĕK2 pB;ûbBK�H TQm` H2b MQK#`2b 3y 2i Ny 2M 7`�MÏ�Bb bi�M/�`/X GQ`b
/2 H� /B+iBQM /ǶmM MmKû`Q /2 iûHûT?QM2 Ŀ [m�i`2@pBM;i@[m�iQ`x2 ŀ , TQm`@
`�Bi T`2M/`2 /Bp2`b2b 7Q`K2b , /2 H� 7Q`K2 �ii2M/m2 N9- ¨ H� 7Q`K2 H� THmb
/û+QKTQbû2 9 ky R9- 2M T�bb�Mi T�` 3y R9X

8V GǶ2z2i TQbBiBQM@`ûTûiBiBQM /ǶmM +?Bz`2 USQbBiBQM�H .B;Bi _2T2@
iBiBQM 1z2+iV , MQKK2` mM MQK#`2 T`2M/ THmb /2 i2KTb HQ`b[mǶmM �mi`2
MQK#`2 +QMi2M�Mi mM KāK2 +?Bz`2 /�Mb mM2 �mi`2 TQbBiBQM �p�Bi ûiû T`û�@
H�#H2K2Mi T`ûb2Miû ¨ mM T�`iB+BT�Mi 2M �KQ`+2X AH T`2M/ T�` 2t2KTH2 THmb
/2 i2KTb ¨ mM BM/BpB/m /2 /B`2 Ŀ pBM;i@?mBi ŀ HQ`b[m2 H2 MQK#`2 k3 HmB 2bi
T`ûb2Miû �T`ĕb H2 MQK#`2 38- [mǶ�T`ĕb H2 MQK#`2 9eX GǶ�KQ`+2 T�` mM MQK#`2
+QMi2M�Mi H2 +?Bz`2 3 /�Mb mM2 �mi`2 TQbBiBQM 2Mi`�ŗM2 mM /ûH�B /2 `û�+iBQM
THmb HQM; (k88- Rkd)X

eV GǶ2z2i /2 bmBi2 Ua2`B�H P`/2` 1z2+iV , +2i 2z2i 7mi /û+Qmp2`i /�Mb
H2 +�/`2 /ǶmM2 i�+?2 /2 `2+QMM�Bbb�M+2 /2 MQK#`2b , /2b T�`iB+BT�Mib pQB2Mi
/2mt MQK#`2b bm` mM û+`�M- TmBb [m2H[m2b KBHHBb2+QM/2b THmb i�`/- ¨ HǶ�TT�@
`BiBQM /ǶmM i`QBbBĕK2 MQK#`2- BHb /QBp2Mi /ûi2`KBM2` bB +2 MQmp2�m MQK#`2
+Q``2bTQM/ ¨ HǶmM /2b MQK#`2b ¨ T2BM2 pmb Qm MQMX S�` 2t2KTH2 �T`ĕb HǶ�KQ`+2
j9 2i 88- bB j9 Qm 88 �TT�`�ŗi- H2 T�`iB+BT�Mi �TTmB2 bm` mM #QmiQM BM/B[m�Mi
[mǶBH `2+QMM�Bi H2 MQK#`2 c bB MǶBKTQ`i2 [m2H �mi`2 MQK#`2 �TT�`�ŗi- H2 T�`iB@
+BT�Mi HǶû+�`i2 2M �TTmv�Mi bm` mM �mi`2 #QmiQMX :�`+B�@P`x� � .�K�b (Rke)
QMi KQMi`û T�` +2 T`Q+û/û [m2 H2b MQK#`2b �v�Mi mM2 `2H�iBQM �`Bi?KûiB[m2
�p2+ /2b MQK#`2b T`û+û/2KK2Mi T`ûb2Miûb ûi�B2Mi û+�`iûb THmb H2Mi2K2Mi T�`
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H2b T�`iB+BT�MibX S�` 2t2KTH2- �T`ĕb �pQB` pm Rk 2i j9 H2 MQK#`2 8e 2bi i`�Biû
THmb H2Mi2K2Mi [mǶmM �mi`2 MQK#`2 M2 bǶBMb+`Bp�Mi T�b /�Mb mM2 bmBi2 �`Bi?@
KûiB[m2 UT�` 2t2KTH2 9dVX

dV GǶ2z2i /2 +QM+Q`/�M+2 TH�+2@p�H2m` USH�+2@p�Hm2 +QM;`m2M+v 27@
72+iV , BH 2bi +QMbi�iû HQ`b /2 i�+?2b /Ƕûp�Hm�iBQM /2 p�H2m`X .2b T�`iB+BT�Mib
/QBp2Mi /ûi2`KBM2` H2[m2H /2 /2mt MQK#`2b � H� p�H2m` H� THmb ûH2pû2X G2b
MQK#`2b T`ûb2Miûb bQMi /2b MQK#`2b ¨ i`QBb +?Bz`2b +QKTQbûb 2bb2MiB2HH2K2Mi
/2 xû`Qb 2i /ǶmM �mi`2 +?Bz`2 /QMi H� TQbBiBQM p�`B2 U2t , kyy c yky c yykV c
�BMbB H2 T�`iB+BT�Mi /QBi /ûi2`KBM2` H2 THmb `�TB/2K2Mi TQbbB#H2 H2[m2H /2 /2mt
+QK#BM�BbQMb- +QKK2 yky 2i Ryy � H� THmb ;`�M/2 p�H2m`X G2b T�`iB+BT�Mib QMi
#2bQBM /2 THmb /2 i2KTb TQm` ûp�Hm2` H2b +�b /�Mb H2b[m2Hb H� TQbBiBQM 2i H�
p�H2m` /m +?Bz`2 bQMi /Bb+Q`/�Mi2b- +Ƕ2bi@¨@/B`2 HQ`b[m2 H2 +?Bz`2 bB;MB}+�iB7
UR@NV �v�Mi H� p�H2m` H� THmb T2iBi2 2bi TH�+û /�Mb mM2 TQbBiBQM /�Mb H�[m2HH2
BH p�mi THmb T�` b� TQbBiBQM UyRy@kyy 2bi mM2 QTTQbBiBQM +QM+Q`/�Mi2 +�` k =
R 2i kyy = Ry c Ryy@yky 2bi mM2 QTTQbBiBQM /Bb+Q`/�Mi2 +�` R I k K�Bb Ryy =
kyV (Re8)X

3V GǶ2z2i /2 `2i2Mm2 HQ`b /2b �//BiBQMb U*�``vBM; 2z2+iV , /�Mb
/2b i�+?2b /Ƕ�//BiBQM /2 MQK#`2b ¨ /2mt +?Bz`2b- H2b ?mK�BMb T`2MM2Mi THmb
/2 i2KTb 2i +QKK2ii2Mi THmb /Ƕ2``2m`b HQ`b[m2 H� bQKK2 /2b mMBiûb 2bi bmTû@
`B2m`2 Qm û;�H2 ¨ Ry c �BMbB jj Y 8k 4 38 Uj Y 8 4 3 2i j Y k 4 8V 2bi 2z2+imû
THmb M�im`2HH2K2Mi [m2 T�` 2t2KTH2 mM2 �//BiBQM +QKK2 je Y 8d 4 Nj Qɍ
H2 `ûbmHi�i M2 T2mi T�b āi`2 Q#i2Mm mMB[m2K2Mi 2M �//BiBQMM�Mi H2b /Bx�BM2b
TmBb H2b mMBiûb (Rj)X

NV GǶ2z2i /Ƕ2KT`mMi ¨ H� /Bx�BM2 HQ`b /2b bQmbi`�+iBQMb U"Q``QrBM;
2z2+iV , BH bǶ�;Bi /m KāK2 T?ûMQKĕM2 [m2 HǶ2z2i /2 `2i2Mm2 HQ`b /2b �//B@
iBQMb- K�Bb BMp2`bûX 1M 2z2i- H2b bQmbi`�+iBQMb /2 MQK#`2b ¨ /2mt +?Bz`2b /�Mb
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H2b[m2Hb H2b mMBiûb /m /BKBMmi2m` QMi mM2 p�H2m` bmTû`B2m`2 �mt mMBiûb /m /B@
KBMm2M/2 U2t , Nj @ 8dV bQMi 2z2+imû2b THmb H2Mi2K2Mi [m2 H2b bQmbi`�+iBQMb
M2 T`ûb2Mi�Mi T�b +2ii2 +�`�+iû`BbiB[m2 (kdy)X

RyV GǶ2z2i /2 +Q?û`2M+2 /�Mb H2b KmHiBTHB+�iBQMb U*QMbBbi2M+v 27@
72+i BM KmHiBTHB+�iBQMbV , HQ`b[mǶmM BM/BpB/m T`Q/mBi mM2 2``2m` /2 KmH@
iBTHB+�iBQM- BH 2bi THmb T`Q#�#H2 [m2 H2 T`Q/mBi 2``�iB[m2 +QMiB2MM2 �m KQBMb
mM +?Bz`2 ¨ H� #QMM2 TH�+2 THmiƬi [mǶ�m+mM U¨ H� KmHiBTHB+�iBQM d  9- BH 2bi
THmb T`Q#�#H2 [mǶmM BM/BpB/m `ûTQM/2 kd [m2 jk +�` H� #QMM2 `ûTQMb2- k3-
+QMiB2Mi H2 +?Bz`2 k �m MBp2�m /2b /Bx�BM2bV(NN)X

RRV GǶ2z2i /Ƕ2MD�K#2K2Mi /2 /Bx�BM2 U.2+�/2 +`QbbBM; 2z2+iV , H2b
BM/BpB/mb K2ii2Mi THmb /2 i2KTb ¨ /ûi2`KBM2` H� KQv2MM2 /2 /2mt MQK#`2b
¨ /2mt +?Bz`2b HQ`b[m2 +2mt@+B MǶ�TT�`iB2MM2Mi T�b ¨ H� KāK2 /Bx�BM2 , �BMbB-
T�` 2t2KTH2 JUkR c kNV 4 k8 2bi `û�HBbû THmb `�TB/2K2Mi [m2 JUjj c 9RV 4 jd
(kRj- R9d- jyd)X

RkV GǶ2z2i /2b KmHiBTH2b /2 /Bt U.2+�/2 MmK#2` 2z2+iV , /�Mb
/Bzû`2Mi2b i�+?2b BKTHB[m�Mi /2b MQK#`2b ¨ /2mt +?Bz`2b- H2b QTû`�iBQMb BM@
+Hm�Mi /2b KmHiBTH2b /2 /Bt bQMi- 2M KQv2MM2- `û�HBbû2b THmb `�TB/2K2Mi [m2
H2b �mi`2b (9k- 9j- kRj)X

RjV G2b 2z2ib /2 7`�+iBQM U6`�+iBQM 2z2+ibV , HQ`b[m2 /2mt 7`�+iBQMb
bQMi +QKT�`û2b /�Mb mM2 i�+?2 /Ƕûp�Hm�iBQM /2 ;`�M/2m`- H2 ivT2 /2 7`�+iBQM
U+Qm`�Mi2- �p2+ /ûMQKBM�i2m` +QKKmM Qm MQMV 2i H� bi`�iû;B2 /2 `ûbQHmiBQM
miBHBbû2 T�` H2b BM/BpB/mb BM~m2M+2 H2 i2KTb /2 `û�+iBQM 2i H2 i�mt /Ƕ2``2m`b
(RRk)X
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R9V GǶ2z2i /û+BK�H U.2+BK�H 2z2+iV , /�Mb mM2 i�+?2 /Ƕûp�Hm�iBQM
/2 ;`�M/2m` /2 MQK#`2b ¨ pB`;mH2 /2b 2``2m`b /Ƕûp�Hm�iBQM bQMi +QMbi�iû2b
HQ`b[m2 mM MQK#`2 THmb T2iBi T`ûb2Mi2 THmb /2 /û+BK�H2bX S�` 2t2KTH2 9Xd
b2`� 7�mbb2K2Mi +QMbB/û`û +QKK2 THmb T2iBi [m2 9Xe8 UT�`+2 [m2 e8 = dV (Ny)X

R8V 1z2i KmHiB@HBMû�B`2 /�Mb HǶ2biBK�iBQM /2 H� HB;M2 /2b MQK#`2b
UJmHiB@HBM2�` 2z2+ib BM i?2 MmK#2` HBM2 2biBK�iBQM i�bFV , H2b
2M7�Mib 2M #�b �;2 bQmb@ûp�Hm2Mi H� /Bzû`2M+2 2tBbi�Mi 2Mi`2 H2b mMBiûb 2i H2b
/Bx�BM2bX �BMbB /�Mb /2b i�+?2b /2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 BHb bm`ûp�Hm2Mi-
T�` 2t2KTH2- HǶû+�`i 2Mi`2 R 2i e T�` `�TTQ`i ¨ HǶû+�`i 2Mi`2 Ry 2i eyX *2H�
b2K#H2 bm;;û`2` [m2 H� `2T`ûb2Mi�iBQM �M�HQ;B[m2 K2Mi�H2 /2b MQK#`2b +?2x
HǶ2M7�Mi b2 7�Bi bm` THmbB2m`b HB;M2b UmMBiûb 2i /Bx�BM2bV- �HQ`b [mǶ2HH2 M2 b2 7�Bi
THmb [m2 bm` mM2 b2mH2 HB;M2 +?2x HǶ�/mHi2 (Ry8)X

3XRXR avMi?ĕb2

G2b R8 2z2ib bmbK2MiBQMMûb- /û+`Bib T�` H� HBiiû`�im`2 2M +Q;MBiBQM MmKû@
`B[m2- T2`K2ii2Mi /Ƕ�{`K2` [m2 H2b MQK#`2b- b2HQM [mǶBHb TQbbĕ/2Mi mM Qm
THmbB2m`b +?Bz`2b- bQMi i`�Biûb /Bzû`2KK2Mi T�` MQi`2 +2`p2�mX aB H� p�H2m`
/2b MQK#`2b ¨ mM b2mH +?Bz`2 2bi p`�Bbb2K#H�#H2K2Mi biQ+Fû2 /2 7�ÏQM 2b@
b2MiB2HH2K2Mi Ŀ ?QHBbi2 ŀ Ĝ +Ƕ2bi@¨@/B`2 KûKQ`Bbû2 +QKK2 mM +QmTH2 (bB;M2 Ĝ
p�H2m`) UĿ j ŀ Ĝ AAAV /�Mb H2[m2H H� p�H2m` +Q``2bTQM/ ¨ mM2 TQbBiBQM bm` mM2
HB;M2 K2Mi�H2 Ĝ H� p�H2m` /2b MQK#`2b ¨ /2mt +?Bz`2b b2`�Bi- 2HH2- ;ûMû`û2 ¨ H�
7QBb ¨ T�`iB` /2 H� KûKQB`2 2i /2 H� +QMM�Bbb�M+2 /2 HǶ�H;Q`Bi?K2 /2 +QMbi`m+@
iBQM /2 MQi`2 MmKû`�iBQMX Lm2`F 2i �HX (kRR) `�TT2HH2Mi [m2 H� [m2biBQM /m
7QM+iBQMM2K2Mi 2t�+i /2 H� `2T`ûb2Mi�iBQM K2Mi�H2 /2b ;`�M/2m`b bǶ�;Bbb�Mi
/2b MQK#`2b ¨ THmbB2m`b +?Bz`2b /2K2m`2 HǶmM2 /2b THmb /û#�iim2b /m /QK�BM2
/2 H� +Q;MBiBQM HBû2b �mt MQK#`2b UTX RkyVX G2b ûHûK2Mib T`ûb2Miûb B+B i2M/2Mi
¨ KQMi`2` [m2 H2b MQK#`2b ¨ /2mt +?Bz`2b bQMi i`�Biûb /2 7�ÏQM KBti2 , BH v
� /ǶmM2 T�`i mM 2z2i /2 `2T`ûb2Mi�iBQM �miQK�iB[m2 bm` mM2 HB;M2 K2Mi�H2
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2i /Ƕ�mi`2 T�`i mM 2z2i /2 /û+QKTQbBiBQM /2b MQK#`2b 7QM/û bm` H2m`b /2mt
/BK2MbBQMb /2 7Q`K2 2i /2 TQbBiBQM [m2 MQmb �pQMb 2tTQbû /�Mb H� T�`iB2
+QMb�+`û2 ¨ H� bûKBQiB[m2 /2b MQK#`2b U8VX

S�`i�Mi /2b +QMM�Bbb�M+2b 2M +Q;MBiBQM MmKû`B[m2 ûMmKû`û2b +B@/2bbmb- BH
b2K#H2`�Bi [m2 H2b ?mK�BMb QMi mM2 �Bb�M+2 ¨ b2 `2T`ûb2Mi2` H2b MQK#`2b ¨
mM +?Bz`2 bm` mM2 û+?2HH2 �M�HQ;B[m2 K2Mi�H2 c HǶ2z2i aB*1 /û+`Bi 2M T�;2 R9e
T2`K2i /2 K2ii`2 2M HmKBĕ`2 [m2 H2b /Bt +?Bz`2b /2 MQi`2 #�b2 bQMi biQ+Fûb
/�Mb H� KûKQB`2 ¨ HQM; i2`K2 �m KāK2 iBi`2 [m2 H� bmTTQbû2 HB;M2 K2Mi�H2 /2b
MQK#`2b i?ûQ`Bbû2 T�` H2b bTû+B�HBbi2bX SQm` H2b MQK#`2b ¨ THmbB2m`b +?Bz`2b-
BH T�`�ŗi`�Bi �m +QMi`�B`2 [mǶmM i`�Bi2K2Mi �H;Q`Bi?KB[m2 �Bi HB2m /�Mb MQi`2
+2`p2�m 2i 7�bb2 BMi2`p2MB` /Ƕ�mi`2b T`Q+2bbmb [m2 H� KûKQB`2X *Ƕ2bi /�Mb +2b
+�b@H¨ [mǶmM2 �mi`2 `2T`ûb2Mi�iBQM /2b /QMMû2b- T�` 2t2KTH2 ¨ HǶ�B/2 /ǶmM
;`�T?B[m2- T2`K2i mM2 B+QMBb�iBQM /2b p�H2m`b [mB �HHĕ;2 H� i�+?2 /m +2`p2�m
/�Mb H� T`Q/m+iBQM /ǶmM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2X *2H� 7�Bi û+?Q ¨ +2 [m2
/Bi G2pBiBM (R3e) bm` MQi`2 i2M/�M+2 ¨ T`û7û`2` /2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b
¨ /2b i�#H2�mt /2 /QMMû2b +?Bz`û2b UTX keVX

3Xk G2b 2Mb2B;M2K2Mib /2 HǶûim/2 /2 HǶ�+iBpBiû
+û`û#`�H2

G2b +�T�+Biûb K�i?ûK�iB[m2b T`û+ĕ/2Mi@2HH2b H2b +�T�+Biûb H�M;�;Bĕ`2b \ 1M
2tTHQ`�Mi H2 7QM+iBQMM2K2Mi /2 MQi`2 +2`p2�m- �K�H`B+ 2i .2?�2M2 (N- 3) b2
bQMi �TTHB[mûb ¨ `ûTQM/`2 �mt ?vTQi?ĕb2b +QMi`�/B+iQB`2b /2 /2mt ;`�M/b
b+B2MiB}[m2b , /ǶmM +Ƭiû H2 K�i?ûK�iB+B2M 2i T?vbB+B2M �H#2`i 1BMbi2BM 2i /2
HǶ�mi`2 /m HBM;mBbi2 LQ�K *?QKbFvX G2 T`2KB2` �{`K2 [m2 Ŀ H2b KQib 2i
H2 H�M;�;2- û+`Bib Qm T�`Hûb- M2 b2K#H2Mi T�b DQm2` H2 KQBM/`2 `ƬH2 /�Mb H2
Kû+�MBbK2 /2 (b�) T2Mbû2X G2b 2MiBiûb Tbv+?B[m2b [mB b2`p2Mi /ǶûHûK2Mi ¨ H�
T2Mbû2 bQMi +2`i�BMb bB;M2b Qm /2b BK�;2b THmb Qm KQBMb +H�B`2b- [mB T2mp2Mi
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¨ pQHQMiû āi`2 `2T`Q/mBib Qm +QK#BMûb ŀ U(N) +Bi2Mi (R9y)VX SQm` H2 HBM;mBbi2
(8e) �m +QMi`�B`2- Ŀ H2b +�T�+Biûb K�i?ûK�iB[m2b i`Qmp2Mi H2m` Q`B;BM2 /�Mb
mM2 �#bi`�+iBQM ¨ T�`iB` /2b QTû`�iBQMb HBM;mBbiB[m2b ŀ UTX RydVX

.�Mb H2 #mi /Ƕ�`#Bi`2` +2b /2mt �{`K�iBQMb +QMi`�/B+iQB`2b �K�H`B+ 2i
.2?�2M2 (N- 3) �M�Hvb2Mi 2i +QKT�`2Mi H2b T`Q+2bbmb M2m`QHQ;B[m2b �bbQ+Bûb ¨
H� `û~2tBQM K�i?ûK�iB[m2 2i MQM@K�i?ûK�iB[m2 , /�Mb mM û+?�MiBHHQM +QK@
TQbû /2 R8 K�i?ûK�iB+B2Mb T`Q72bbBQMM2Hb 2i /2 R8 bTû+B�HBbi2b 2M b+B2M+2b
?mK�BM2b UMQM@K�i?ûK�iB+B2MbV- BHb �M�Hvb2Mi H2b �B`2b /m +2`p2�m �+iBpû2b
T2M/�Mi 2i ¨ H� bmBi2 /2 T?`�b2b ûMQM+û2b Q`�H2K2Mi c +2b T?`�b2b QMi i�MiƬi
mM +QMi2Mm K�i?ûK�iB[m2- i�MiƬi mM +QMi2Mm MQM@K�i?ûK�iB[m2X *2`i�BM2b
T?`�b2b pQHQMi�B`2K2Mi �#bm`/2b TQ`i2Mi û;�H2K2Mi bm` /2b ûHûK2Mib K�i?û@
K�iB[m2b Qm MQMX G� +QMbB;M2 TQm` H2b T�`iB+BT�Mib 2bi /2 `ûTQM/`2 �T`ĕb mM
/ûH�B /2 9 b2+QM/2b bB HǶ�{`K�iBQM 2bi p`�B2- 7�mbb2 Qm �#bm`/2 8X

G2b [m2biBQMb Ĝ ¨ +QMi2Mm K�i?ûK�iB[m2 Qm MQM Ĝ 7Q`KmHû2b T�` H2b
/2mt +?2`+?2m`b bQMi /ǶmM MBp2�m 2tB;2�Mi , 2M 2z2i- H2b `ûTQMb2b /2b MQM@
K�i?ûK�iB+B2Mb bm` H2b [m2biBQMb K�i?ûK�iB[m2b ûi�B2Mi Dmbi2b /�Mb �TT`QtB@
K�iBp2K2Mi mM iB2`b /2b +�b , +2H� BM/B[m2 [mǶBHb `ûTQM/2Mi �m ?�b�`/ pm [mǶBH
v � i`QBb `ûTQMb2b TQbbB#H2b 2i [m2 HǶ2bTû`�M+2 K�i?ûK�iB[m2 /ǶmM2 `ûTQMb2
+Q``2+i2 2bi ¨ +?�[m2 7QBb /ǶRfjX G2b K�i?ûK�iB+B2Mb `ûTQM/�B2Mi +Q``2+i2@
K2Mi �mt [m2biBQMb K�i?ûK�iB[m2b /�Mb 2MpB`QMb /2mt iB2`b /2b +�b c +Ƕ2bi
+QKT�`�#H2 �mt `ûbmHi�ib Q#i2Mmb T�` HǶ2Mb2K#H2 /2 H� TQTmH�iBQM i2biû2 TQm`
H2b [m2biBQMb MQM@K�i?ûK�iB[m2b ûi�Mi /QMMû [m2 H2 i�mt /2 `ûTQMb2b +Q`@
`2+i2b ûi�Bi /Ƕ2MpB`QM /2mt iB2`b û;�H2K2MiX

GǶûim/2 � T2`KBb /2 7�B`2 ûK2`;2` +2`i�BM2b /û+Qmp2`i2b BMiû`2bb�Mi2b ,
+?2x H2b K�i?ûK�iB+B2Mb- T2M/�Mi H� Tû`BQ/2 /2 `û~2tBQM /2 9 b2+QM/2b- +2`@
i�BM2b �B`2b /m +2`p2�m bǶ�+iBp2Mi bvbiûK�iB[m2K2Mi TQm` H2b T`Q#HĕK2b K�@
i?ûK�iB[m2b Ĝ [m2 +2 bQBi TQm` /2b [m2biBQMb /Ƕ�M�Hvb2- /Ƕ�H;ĕ#`2- /2 iQTQ@

8X GǶmM2 /2 +2b i`QBb `ûTQMb2b 2bi Q#HB;�iQB`2 c mMǦ2 T�`iB+BT�MiǦ2 M2 +QMM�Bbb�Mi T�b H�
`ûTQMb2 /QBi /2pBM2`X
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HQ;B2 Qm /2 ;ûQKûi`B2 Ĝ 2i M2 bQMi T�b /m iQmi �+iBpû2b �T`ĕb /2b T?`�b2b
¨ +QMi2Mm MQM@K�i?ûK�iB[m2X G2b xQM2b 2M [m2biBQM bQMi H2 HQ#2 T�`Bûi�H
#BH�iû`�H- H2b xQM2b i2KTQ`�H2b p2Mi`�H2b 2i mM2 T�`iB2 /m +Q`i2t T`û7`QMi�H
UH2b xQM2b 2M #H2m /�Mb H� };m`2 3XjVX *2ii2 �+iBp�iBQM M2 bǶQ#b2`p2 T�b +?2x
H2b bmD2ib MQM@K�i?ûK�iB+B2Mb TQm` [mB H2b T`Q#HĕK2b T`ûb2Miûb bQMi i`QT
+QKTHB[mûbX

6B;m`2 3Xj Ĝ �+iBp�iBQM /2 xQM2b /m +2`p2�m /û/Bû2b ¨ H� `û~2tBQM K�i?û@
K�iB[m2 2i MQM@K�i?ûK�iB[m2 , (3) UTX jV

SQm` H2b [m2biBQMb /2 +QMM�Bbb�M+2 ;ûMû`�H2 UMQM@K�i?ûK�iB[m2bV /2b
�B`2b /m +2`p2�m i`ĕb /BbiBM+i2b /2 +2HH2b BKTHB[mû2b /�Mb H� `û~2tBQM K�i?û@
K�iB[m2 bǶ�+iBp2Mi UH2b xQM2b 2M p2`i /�Mb /�Mb H� };m`2 3XjVX *2ii2 �+iBpBiû
/�Mb /Ƕ�mi`2b xQM2b /m `ûb2�m +û`û#`�H 2bi +2ii2 7QBb +QMbi�iû2 +?2x iQmb H2b
BM/BpB/mb i2biûbX AH bǶ�;Bi /2b `û;BQMb �Miû`B2m`2b /m HQ#2 i2KTQ`�H- 2i /2b
`û;BQMb TQbiû`B2m`2b i2KTQ`Q@T�`Bûi�H2b 2i `û;BQMb 2tiû`B2m`2b /�Mb H2 HQ#2
7`QMi�HX

am` H� #�b2 /2 +2b Q#b2`p�iBQMb- H2b /2mt +?2`+?2m`b bQmHB;M2Mi T`BM+BT�H2@
K2Mi [mǶ�m +Qm`b /2 iQmi2 H� Tû`BQ/2 /2 `û~2tBQM /2 9 b2+QM/2b- H2b `ûb2�mt
+û`û#`�mt /û/Bûb �mt [m2biBQMb K�i?ûK�iB[m2b bQMi 2MiBĕ`2K2Mi /BbbQ+Bûb /2b
`ûb2�mt �+iBpûb HQ`b /2b [m2biBQMb TQ`i�Mi bm` /2b +QMM�Bbb�M+2b ;ûMû`�H2b bû@
K�MiB[m2bX GQ`b /2 H2m` ûim/2- H2b �B`2b /m +2`p2�m /û/Bû2b �m H�M;�;2 KBb2b
2M ûpB/2M+2 T�` S�HHB2` 2i �HX (kk8) bǶ�+iBp2Mi 2M `2p�M+?2 /2 7�ÏQM i`�MbBiQB`2
TQm` iQmi2b H2b [m2biBQMb T2M/�Mi [m2 H2 bmD2i û+Qmi2 H� T?`�b2 U+7X +B@/2bbQmb
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};m`2 3X9V c +2H� MǶ2bi T�b bm`T`2M�Mi- TmBb[m2 +2HH2@+B 2bi 2tT`BKû2 Q`�H2K2Mi
/�Mb H� H�M;m2 /m bmD2iX *2`i�BM2b /2 +2b xQM2b /m +2`p2�m /2K2m`2Mi �+iBp2b
2bb2MiB2HH2K2Mi HQ`b[m2 H2b T?`�b2b T`QMQM+û2b MǶQMi T�b /2 +QMi2Mm K�i?û@
K�iB[m2- �HQ`b [mǶ2HH2b b2 /ûb�+iBp2Mi HQ`b[m2 H2 +QMi2Mm 2bi K�i?ûK�iB[m2X

6B;m`2 3X9 Ĝ �B`2b /m +2`p2�m /û/Bû2b �m H�M;�;2 (38)

G2 `ûb2�m +QMb�+`û �m H�M;�;2 M2 +QMi`B#m2`�Bi /QM+ [mǶ¨ H� T�`iB2 /2 +QK@
T`û?2MbBQM /2 H� T?`�b2 ûMQM+û2 K�Bb M2 T�`iB+BT2`�Bi T�b ¨ H� `û~2tBQM K�@
i?ûK�iB[m2 [mB bǶ2M bmBiX *2ii2 �mi`2 pBbm�HBb�iBQM U};m`2 3X8V K2i /Ƕ�BHH2m`b
2M ûpB/2M+2 [m2 H2b �B`2b /m +2`p2�m +QMb�+`û2b �m H�M;�;2 bQMi /BbiBM+i2b /2
+2HH2b /û/Bû2b �mt K�i?ûK�iB[m2b ,

6B;m`2 3X8 Ĝ �B`2b /m +2`p2�m +QMb�+`û2b �m H�M;�;2 2i /û/Bû2b �mt K�i?û@
K�iB[m2b (38)
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G2b xQM2b /m +2`p2�m bǶ�+iBp�Mi +?2x H2b K�i?ûK�iB+B2Mb HQ`b /2 T?`�b2b ¨
+QMi2Mm K�i?ûK�iB[m2 bQMi +QMMm2b /2b bTû+B�HBbi2b , H2b KāK2b T�`iB2b bǶ�+@
iBp2Mi 2M 2z2i +?2x iQmb H2b ?mK�BMb HQ`b[mǶBHb bQMi +QM7`QMiûb ¨ /2b MQK#`2b
2i HQ`b[mǶBHb 2z2+im2Mi /2b +�H+mHbX

GǶ�+iBQM /2b xQM2b TH�+û2b /�Mb H2 +Q`i2t T�`Bûi�H HQ`b /ǶmM2 �+iBpBiû K�@
i?ûK�iB[m2 ûi�Bi /ûD¨ #B2M /û+`Bi2 /�Mb H2b �MMû2b RNNy (kee- e- 3d)- �HQ`b [m2
HǶ�+iBp�iBQM /2b xQM2b i2KTQ`�H2b p2Mi`�H2b M2 7mi KBb2 2M ûpB/2M+2 [m2 THmb
i�`/ (k3k) bmBi2 ¨ /2b `2+?2`+?2b K2Mû2b ¨ HǶ�B/2 /ǶûH2+i`Q/2b BMi`�+`�MB2MM2b
TH�+û2b bm` H2 +2`p2�m /2 T�iB2Mib ûTBH2TiB[m2b eX

am` H� #�b2 /2 H2m`b T`2KBĕ`2b Q#b2`p�iBQMb bm` H2 7QM+iBQMM2K2Mi /m +2`@
p2�m K�i?ûK�iB[m2- �K�H`B+ 2i .2?�2M2 (3) QMi T`Q+û/û ¨ /2b `ûTHB+�iBQMb 2i
¨ /2b 2ti2MbBQMb pBb�Mi MQi�KK2Mi ¨ /ûi2`KBM2` bB H2m`b /û+Qmp2`i2b ûi�B2Mi
û;�H2K2Mi p�HB/2b HQ`b[m2 H2b i�+?2b K�i?ûK�iB[m2b 2i bûK�MiB[m2b T`QTQbû2b
ûi�B2Mi #B2M THmb bBKTH2bX AHb QMi T�` 2t2KTH2 pû`B}û bB /2b 7�Bib �H;û#`B[m2b-
i`B;QMQKûi`B[m2b- ;ûQKûi`B[m2b Qm `2H�iB7b �mt MQK#`2b +QKTH2t2b +QMMmb
T�` +ƾm` T�` H2b K�i?ûK�iB+B2Mb Ĝ +QKK2 T�` 2t2KTH2 HǶB/2MiBiû `2K�`@
[m�#H2 (a+ b)(a− b) = a2 − b2 Ĝ /ûT2M/�B2Mi /2b �B`2b +û`û#`�H2b /m H�M;�;2
Qm /2b K�i?ûK�iB[m2bX

*2b +QKTHûK2Mib /Ƕûim/2 K2Mûb 2M kyRd QMi T2`KBb /2 K2ii`2 2M ûpB/2M+2
HǶ2tBbi2M+2 /ǶmM `ûb2�m mMBp2`b2H TQm` H2b K�i?ûK�iB[m2b- [m2HH2b [m2 bQB2Mi
H� /B{+mHiû 2i H� bTû+B�HBiû K�i?ûK�iB[m2X G� };m`2 3Xe `2T`ûb2Mi2 2M #H2m
H2b xQM2b bǶ�+iBp�Mi HQ`b /ǶûMQM+ûb �v�Mi mM +QMi2Mm K�i?ûK�iB[m2 KāK2
i`ĕb #�bB[m2X *2b xQM2b QMi mM2 �+iBpBiû `û/mBi2 HQ`b[m2 H2b ûMQM+ûb bQMi MQM@
K�i?ûK�iB[m2b UQm HQ`b /ǶmM bBKTH2 bB;M�H bQMQ`2 Ŀ #22T ŀVX

G2b �mi2m`b +QM+Hm2Mi [m2- T`Bb 2Mb2K#H2b- +2b `ûbmHi�ib BM/B[m2Mi H� T`û@
b2M+2 /ǶmM bm#bi`�i +û`û#`�H /û/Bû �mt K�i?ûK�iB[m2b 2i +QKKmM ¨ iQmb H2b
?mK�BMb [mB 2bi BM/ûT2M/�Mi /m ivT2 /2 +QMi2Mm 2i /2 H� /B{+mHiû /2 HǶ�+iB@

eX *2 bQMi 2M [m2H[m2 bQ`i2 /2b /û+Qmp2`i2b +QHH�iû`�H2b ¨ /2b `2+?2`+?2b K2Mû2b 2M
Kû/2+BM2X
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6B;m`2 3Xe Ĝ �+iBp�iBQM /2 xQM2b /m +2`p2�m /û/Bû2b ¨ H� `û~2tBQM K�i?û@
K�iB[m2 2i MQM@K�i?ûK�iB[m2 , (3) UTX jV

pBiû K�i?ûK�iB[m2X *2 bm#bi`�i b2 bBim2 /�Mb H2 bBHHQM BMi`�T�`Bûi�H- /�Mb H2
+Q`i2t i2KTQ`�H p2Mi`�H 2i û;�H2K2Mi /�Mb H2 +Q`i2t T`û7`QMi�H 2M 7QM+iBQM /m
ivT2 /Ƕ2zQ`i +QMb2MiB TQm` +QKT`2M/`2 2i `ûbQm/`2 mM T`Q#HĕK2X .2 THmb- +2
`ûb2�m b2`�Bi /BbbQ+Bû /2b xQM2b /m +2`p2�m +QMb�+`û2 �m i`�Bi2K2Mi /ǶûMQM+ûb
¨ +QMi2Mm bûK�MiB[m2 ;ûMû`�H 2i MQM@K�i?ûK�iB[m2 UTX j@9VX

G2b /û+Qmp2`i2b /2 .�biD2`/B 2i �HX (dd)- [mB �TT�`iB2MM2Mi �m ;`QmT2 /2
`2+?2`+?2 d �v�Mi KBb 2M HmKBĕ`2 HǶ2tBbi2M+2 /ǶmM `ûb2�m /û/Bû �mt MQK#`2b
/�Mb H� xQM2 i2KTQ`�H2 p2Mi`�H2 /m +2`p2�m /�Mb HǶûim/2 K2MiBQMMû2 +B@/2bbmb
(k3k)- `2M7Q`+2Mi +2b i?ĕb2bX 1M TH�Ï�Mi /2b ûH2+i`Q/2b /�Mb H2 +Q`i2t T�`Bûi�H
/m +2`p2�m /2 i`QBb T�iB2Mib ûTBH2TiB[m2b- +2b +?2`+?2m`b QMi Tm KQMi`2` [m2
+2`i�BM2b T�`iB2b /m +2`p2�m UBMi`�T�`Bûi�H2bV bǶ�+iBp2Mi HQ`b[mǶmM T�iB2Mi HBi-
2Mi2M/ Qm /Bi /2b KQib ¨ +QMi2Mm MmKû`B[m2 UTX 9VX *2ii2 xQM2 ûi�Bi Dmb@
[mǶ�HQ`b +QMMm2 TQm` bQM �+iBp�iBQM HQ`b /m +�H+mH 2i /2 H� `2+QMM�Bbb�M+2 /2b
+?Bz`2b �`�#2b UTX dV- K�Bb +2ii2 ûim/2 K2i 2M HmKBĕ`2 [mǶ2HH2 bǶ�+iBp2 û;�H2@
K2Mi HQ`b[m2 /2b Q#D2ib bQMi ûMmKû`ûb Ĝ Ŀ mM2 #Qmi2BHH2 /2 +Q+� ŀ U� #QiiH2
Q7 +QF2V- Ŀ mM T2m THmb /2 oB+Q/BM 3 ŀ UbQK2 KQ`2 oB+Q/BMV- Ŀ mM �mi`2
T2iBi ;`QmT2 ŀ U�MQi?2` bK�HH ;`QmTV- Ŀ [m2H[m2b T2`bQMM2b ŀ U� #mM+? Q7
T2QTH2VXXX Ĝ HQ`b[m2 /2b 2biBK�iBQMb /2 i2KTb bQMi 7Q`KmHû2b Ĝ Ŀ mM2 7QBb T�`
?2m`2 ŀ UQM+2 2p2`v ?Qm`V- Ŀ H2 DQm` �T`ĕb HmM/B /2`MB2` ŀ Ui?2 /�v �7i2` H�bi
JQM/�vVXXX Ĝ Qm HQ`b[m2 /2b 2tT`2bbBQMb /2 [m�MiBiûb MmKû`B[m2b- Q`/BM�H2b

dX § HǶmMBp2`bBiû /2 ai�M7Q`/X
3X AH bǶ�;Bi /ǶmM Kû/B+�K2Mi ¨ #�b2 /2 T�`�+ûi�KQH p2M/m �mt úi�ib@lMBbX
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Qm /2b [m�MiB}+�i2m`b +QKK2 Ŀ +2`i�BMb ŀ Qm Ŀ [m2H[m2b ŀ UbQK2V- Ŀ iQmb ŀ
U�HH- 2p2`vV K�Bb T�b HQ`b[m2 +2b /2`MB2`b MǶBKTHB[m2Mi T�b /2 [m�MiBiû- T�`
2t2KTH2 /�Mb /2b 2tT`2bbBQMb +QKK2 Ŀ iQmi H2 i2KTb ŀ U�HH i?2 iBK2V UTX 3VX

lM i`�p�BH /2 .�Bi+? 2i �HX (de) Ĝ /Ƕ�mi`2b K2K#`2b /m KāK2 ;`QmT2
/2 `2+?2`+?2 Ĝ � T2`KBb /2 K2ii`2 2M ûpB/2M+2 [m2 H2b /Bzû`2Mi2b xQM2b /m
+2`p2�m /û/Bû2b ¨ HǶ�+iBpBiû K�i?ûK�iB[m2 B/2MiB}û2b Dmb[m2@H¨ Ĝ ¨ b�pQB`
H� xQM2 p2Mi`�H2 i2KTQ`�H2 2i H� xQM2 H�iû`�H2 T�`Bûi�H2 Ĝ bǶ�+iBp2Mi ¨ /2b
KQK2Mib /BbiBM+ib HQ`b[mǶmM +�H+mH 2bi T`ûb2Miû 2M THmbB2m`b ûi�T2bX .Ƕ�T`ĕb
+2b `û+2Mi2b +QM+HmbBQMb- BH b2K#H2`�Bi [m2 HǶ�+iBpBiû /2 MQi`2 +2`p2�m HBû2
�mt MQK#`2b bQBi bvbiûK�iB[m2K2Mi HQ+�HBbû2 /�Mb +2b /Bzû`2Mi2b �B`2b [mB
M2 b2K#H2Mi T�b /B`2+i2K2Mi HBû2b ¨ /2b xQM2b THmb +H�bbB[m2K2Mi +QMbB/û`û2b
+QKK2 +2HH2b /m H�M;�;2 2i KBb2b 2M ûpB/2M+2 T�` S�HHB2` 2i �HX (kk8)X

*2ii2 �{`K�iBQM 2bi +Q``Q#Q`û2 T�` H2b i`�p�mt /2 JQMiB 2i �HX (ky9) [mB
KQMi`2Mi [m2 /2b bmD2ib /2p�Mi bi�im2` bm` HǶû[mBp�H2M+2 /2 /2mt T?`�b2b ¨
+QMi2Mm HBM;mBbiB[m2 Ĝ T�` 2t2KTH2 , Ŀ w � ûiû T�vû s T�` u ŀ 2i Ŀ s 2bi +2
[mǶu � T�vû ¨ w ŀ Ĝ Qm HǶû[mBp�H2M+2 /2 /2mt T?`�b2b ¨ +QMi2Mm �H;û#`B[m2 Ĝ
T�` 2t2KTH2 Ŀ s KQBMb u 2bi THmb ;`�M/ [m2 w ŀ 2i Ŀ w THmb u 2bi THmb T2iBi
[m2 s ŀ Ĝ `2+Qm`�B2Mi TQm` `ûTQM/`2 ¨ /2mt xQM2b iQi�H2K2Mi /Bzû`2Mi2b
/m +2`p2�m b2HQM [m2 H2b ûMQM+ûb ûi�B2Mi K�i?ûK�iB[m2b Qm MQM +QKK2 H2
KQMi`2 H� pBbm�HBb�iBQM +B@/2bbQmb U};m`2 3XdV Bbbm2 /2 +2ii2 Tm#HB+�iBQMX

G2b xQM2b �TT�`�Bbb�Mi 2M #H2m bQMi +2HH2b �+iBpû2b T�` H2b +QKT�`�BbQMb
2Mi`2 /2mt T?`�b2b ¨ +QMi2Mm MQM K�i?ûK�iB[m2 2i H2b �B`2b �TT�`�Bbb�Mi 2M
p2`i bQMi /û+H2M+?û2b T�` H2b +QKT�`�BbQMb /ǶûMQM+ûb ¨ +QMi2Mm K�i?ûK�@
iB[m2X
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6B;m`2 3Xd Ĝ �+iBp�iBQM /2 xQM2b /m +2`p2�m /û/Bû2b ¨ H� `û~2tBQM K�i?û@
K�iB[m2 2i MQM@K�i?ûK�iB[m2 , (ky9)

3Xj .Bb+mbbBQM

JāK2 H2b THmb `û+2Mib /2 +2b i`�p�mt +QMp2`;2Mi p2`b HǶ?vTQi?ĕb2 7Q`KmHû2 T�`
.2?�2M2 /�Mb H2b �MMû2b RNNy Ĝ ¨ H� T`2KBĕ`2 T�`miBQM /2 G� #Qbb2 /2b K�i?b
Ĝ [m2 HǶ?mK�BM TQbbĕ/2`�Bi mM Ŀ b2Mb /2b MQK#`2b ŀ c ¨ +2H� bǶ�DQmi2 H� i?ûQ`B2
iQmDQm`b THmb p`�Bb2K#H�#H2 /2 HǶ2tBbi2M+2 /ǶmM MQv�m /2 +QMM�Bbb�M+2b /û/Bû
�mt MQK#`2b �p2+ H2[m2H MQmb p2MQMb �m KQM/2 (k39)X

*2b �p�M+û2b MQmb T2`K2ii2Mi- /m KQBMb T�`iB2HH2K2Mi- /2 MQmb TQbBiBQM@
M2` /�Mb H2 /û#�i BK�;BMû 2Mi`2 1BMbi2BM 2i bQM BMimBiBQM [m2 H2b KQib 2i H2
H�M;�;2 M2 DQm2Mi T�b /2 `ƬH2 /�Mb b� `û~2tBQM K�i?ûK�iB[m2 2i *?QKbFv
TQm` [mB H2b +�T�+Biûb K�i?ûK�iB[m2b i`Qmp2Mi H2m` Q`B;BM2 /�Mb mM2 �#b@
i`�+iBQM ¨ T�`iB` /2b QTû`�iBQMb HBM;mBbiB[m2bX 1HH2b b2K#H2Mi /QMM2` `�BbQM
�m K�i?ûK�iB+B2M , /ǶmM2 T�`i- MQmb HǶ�pQMb pm- +2`i�BMb �MBK�mt 2i /2b 2M@
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7�Mib /�Mb H2m` Tû`BQ/2 T`ûp2`#�H2 Ĝ /2b āi`2b pBp�Mib [mB M2 TQbbĕ/2Mi T�b
Qm T�b 2M+Q`2 /2 H�M;�;2 bvK#QHB[m2 Ĝ QMi mM2 +�T�+Biû /2 i`�Bi2K2Mi /2b
MQK#`2b- +2 [mB BM/B[m2 [m2 +2b +�T�+Biûb bQMi BM/ûT2M/�Mi2b /2b QTû`�iBQMb
HBM;mBbiB[m2bX

� +2H� bǶ�DQmi2 H2 7�Bi [m2- /Ƕ�T`ĕb H2b ûim/2b [m2 MQmb �pQMb ûMmKû`û2b-
H2b K�i?ûK�iB[m2b 72`�B2Mi �TT2H ¨ mM `ûb2�m +û`û#`�H /Bzû`2Mi /2 +2HmB /m
H�M;�;2X G2b /Bzû`2Mi2b ûim/2b +Biû2b +B@/2bbmb QMi- 2M 2z2i- T2`KBb /2 KQMi`2`
[m2 H2 +2`p2�m TQbbĕ/2 /Bzû`2Mi2b �B`2b [mB bQMi KQ#BHBbû2b �mbbB #B2M TQm`
H� `2T`ûb2Mi�iBQM /2b MQK#`2b- /2 HǶ2bT�+2 2i /m i2KTb- [m2 TQm` /2b i�+?2b
K�i?ûK�iB[m2b /2 HQ;B[m2- /2 T`Q#�#BHBiûb 2i /2 +�H+mH (3)X

G2b 2Mb2B;M2K2Mib �TTQ`iûb T�` H2b ûim/2b /�Mb H2 /QK�BM2 /2 H� +Q;MBiBQM
MmKû`B[m2 MQmb �miQ`Bb2Mi ¨ 7�B`2 mM HB2M �p2+ MQi`2 };m`2 dXk [m2 MQmb
`2T`Q/mBbQMb +B@/2bbQmbX

*Q/2 /2b +?Bz`2b �`�#2b (ǳjǴ)

*Q/2 p2`#�H (ǳi`QBbǴ , fi`r�f)

*Q/2 �M�HQ;B[m2 (ǳ   Ǵ)

.Ƕ�T`ĕb H2b /Bzû`2Mi2b ûim/2b +Biû2b T`û+û/2KK2Mi- BH b2K#H2`�Bi [m2 H�
xQM2 p2Mi`�H2 i2KTQ`�H2 2i H� xQM2 H�iû`�H2 T�`Bûi�H2 /m +2`p2�m bQB2Mi �+iB@
pû2b T�` H2b i`QBb ivT2b /2 `2T`ûb2Mi�iBQM /2b MQK#`2b [m2 MQmb �pQMb /û+`Bi2b
/�Mb +2 KQ/ĕH2X 1M +2 b2Mb- H2b i`QBb 7Q`K2b- p2`#�H2- +?Bz`û2 2i �M�HQ;B[m2-
b2K#H2Mi /û+H2M+?2` mM T`Q+2bbmb /2 bûKBQb2 bBKBH�B`2 Ĝ bǶQTû`�Mi p`�Bb2K@
#H�#H2K2Mi /�Mb +2b xQM2b /m +2`p2�m Ĝ [mB +Q``2bTQM/ ¨ H� };m`2 dXR UT�;2
RRRV `2T`Q/mBi2 +B@�T`ĕbX
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Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

_û�HBiû U[m�MiBiû 2z2+iBp2V

*2b ûHûK2Mib `2M7Q`+2Mi HǶ?vTQi?ĕb2 7Q`KmHû2 T`û+û/2KK2Mi- [m2 H2b ?m@
K�BMb `2+Qm`2Mi- 2M 7QM+iBQM /2b +B`+QMbi�M+2b- ¨ H� 7Q`K2 /2 `2T`ûb2Mi�iBQM
/2b MQK#`2b H2m` T2`K2ii�Mi H� K2BHH2m`2 pBbm�HBb�iBQM K2Mi�H2 /2 HǶBM7Q`@
K�iBQMX S�`7QBb +2b 7Q`K2b bQMi +QK#BMû2b- +QKK2 HQ`b[mǶmM2 bi�iBbiB[m2 2bi
bBKmHi�MûK2Mi ûMQM+û2 Q`�H2K2Mi- T`ûb2Miû2 2M +?Bz`2b 2i BHHmbi`û2 T�` mM
;`�T?B[m2X

*2H� 7�Bi û+?Q �m +QMbi�i /2 G2pBiBM (R3e) [m2 H2 +2`p2�m ?mK�BM MǶ2bi T�b
?�#BH2 TQm` i`�Bi2` /2b ;`�M/2b [m�MiBiûb /2 MQK#`2b `2T`ûb2Miûb 2M +?Bz`2b
2i [m2 MQmb `2+Qm`QMb- TQm` T�HHB2` +2i û+m2BH- ¨ /2b ;`�T?B[m2b 2i �mi`2b pB@
bm�HBb�iBQMb [mB bQMi THmb 7�+BH2b ¨ BMi2`T`ûi2` [m2 /2b i�#H2�mt /2 /QMMû2b
+?Bz`û2b UTX keVX hQmi TQ`i2 ¨ +`QB`2 [m2 +2b pBbm�HBb�iBQMb /2 /QMMû2b bm` mM
TH�M ¨ /2mt /BK2MbBQMb T�`H2Mi /B`2+i2K2Mi ¨ MQi`2 7�+mHiû BMMû2 /Ƕ�//BiBQM@
M2` /2b mMBiûb 2i /2 /Bb+2`M2` /2b T`QTQ`iBQMb , MQmb �pQMb 2M 2z2i ûMmKû`û
/2b ûim/2b KQMi`�Mi [m2 HǶ?mK�BM T`ûp2`#�H TQbbĕ/2 /ûD¨ mM2 7�+mHiû- û;�H2@
K2Mi T`ûb2Mi2 +?2x +2`i�BMb �MBK�mt- TQm` HǶûp�Hm�iBQMb /2b T2iBi2b [m�MiBiûb
(RNk- 98) 2i TQm` HǶ2biBK�iBQM /2b Q`/`2b /2 ;`�M/2m`b 2tT`BKûb /2 7�ÏQM �M�@
HQ;B[m2 U7�+BHBiû ¨ pQB` H� /Bzû`2M+2 2Mi`2 Ry 2i ky K�BMb H2pû2bV (ReR) [mB
`2M/2Mi +2b `2T`ûb2Mi�iBQMb `m/BK2Mi�B`2b bm{b�Mi2b ¨ MQi`2 pBbm�HBb�iBQM
K2Mi�H2 /2b [m�MiBiûbX

�Hi2`M�iBp2K2Mi H� 7Q`K2 +?Bz`û2 � ;ûMû`�H2K2Mi ûiû T`û7û`û2 TQm` iQmi2b
H2b QTû`�iBQMb /2 +�H+mH , H� bBKTHB+Biû 2i H� ~2tB#BHBiû QTû`�iBQMM2HH2 /m bvb@
iĕK2 /2 TQbBiBQM /2b +?Bz`2b �`�#2b- /QMM2 ¨ +2ii2 7Q`K2 bvK#QHB[m2 mM
�p�Mi�;2 /�Mb H2 i`�Bi2K2Mi /2b MQK#`2b T�` HǶû+`BiX
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3X9 LmKû`�iB2 2i miBHBb�iBQM /2b MQK#`2b

SHmbB2m`b ûHûK2Mib `ûmMBb �miQm` /m bmD2i /2 +2 i`�p�BH- MQmb �miQ`Bb2 ¨ T2M@
b2` [m2 H� [m�MiB}+�iBQM 2i H� p�`Bûiû /2b +Q/2b T2`K2ii�Mi /2 `2T`ûb2Mi2`
H2b MQK#`2b bQMi ¨ HǶQ`B;BM2 /2 /Bp2`b T`Q#HĕK2b /ǶBMi2`T`ûi�iBQMX .ǶmM2 T�`i
MQmb �pQMb ûpQ[mû- 2i MQmb KQMi`2`QMb THmb 2M /ûi�BH /�Mb H2b +?�TBi`2b Ry
2i R9- [m2 H� [m�MiB}+�iBQM QTĕ`2 mM i`�Mb+Q/�;2 ¨ H� #�b2 /ǶmM2 T2`i2 /ǶBM@
7Q`K�iBQM N [mB � TQm` 2z2i /2 i`�/mB`2 /2b Q#D2ib /2 M�im`2b i`ĕb /Bp2`b2b
/�Mb H� /BK2MbBQM mMB[m2 /2 H2m` [m�MiBiû c H2b +�mb2b- H2b +QMbû[m2M+2b 2i H2b
Mm�M+2b /2 +2b [m�MiBiûb M2 T2mp2Mi- 2HH2b- T�b 7�B`2 HǶQ#D2i /2 +2ii2 i`�Mb7Q`@
K�iBQM 2i /2K2m`2Mi 2bb2MiB2HH2K2Mi 2tT`BK�#H2b T�` /2b KQibX GǶ�ii2MiBQM
KQ#BHBbû2 T�` H2b MQK#`2b- ¨ H2m` iQm` 2tT`BKûb T�` THmbB2m`b +Q/2b- H�Bbb2
T�`7QBb Qm#HB2` +2b +QMi`�bi2b- 2i BM+Bi2 ¨ T`ûbmTTQb2` /2 HǶ2tBbi2M+2 /ǶmM2
Kûi`QHQ;B2 iQmDQm`b `û�HBbi2 URjXkVX GǶ2bb2M+2 2i H� /ûHBKBi�iBQM /2b Q#D2ib
[m�MiB}ûb /BbT�`�Bbb2Mi /2``Bĕ`2 +2b 7Q`K2b �TTHB+�#H2b ¨ iQmi UQKMB+QMp2@
M�Mi2bVX

LQmb bQmi2MQMb /QM+ [m2 H� MmKû`�iB2 Ĝ +Ƕ2bi@¨@/B`2 H� +�T�+Biû ¨ miBHBb2`-
�TTHB[m2`- BMi2`T`ûi2`- +QKKmMB[m2`- +`û2` 2i +`BiB[m2` /2b BM7Q`K�iBQMb 2i
/2b B/û2b K�i?ûK�iB[m2b /2 H� pB2 `û2HH2 Ĝ M2 b2 bBim2 T�b [m2 bm` H2 TH�M /2 H�
+QKT`û?2MbBQM /2b K�i?ûK�iB[m2b- K�Bb #B2M û;�H2K2Mi /2 iQmb H2b ûHûK2Mib
[mB û+?�TT2Mi ¨ HǶBMiû;`�iBQM /�Mb H2 H�M;�;2 K�i?ûK�iB[m2 2i Qɍ b2 HQ;2Mi
H� THmT�`i /2b 2``2m`b /ǶBMi2`T`ûi�iBQM HBû2b ¨ HǶmiBHBb�iBQM /2b MQK#`2bX .2
7�Bi- +2 i`�p�BH TQ`i2 #B2M THmb bm` H2 T?ûMQKĕM2 /Ƕ2Mi`QTB2 Q++�bBQMMû T�`
H� i`�Mb7Q`K�iBQM 2M MQK#`2b [m2 bm` H� `2KBb2 2M [m2biBQM /2 Kûi?Q/2b
K�i?ûK�iB[m2bX

NX GǶ2Mi`QTB2 �m b2Mb /2 H� i`�/m+iQHQ;B2X



*?�TBi`2 N

G� K2bm`2

Zm2HH2 [m2 bQBi H� /û}MBiBQM `2i2Mm2 TQm` H2 bm#bi�MiB7 K2bm`2- iQmi H2 KQM/2
bǶ�++Q`/2`� bm` H2 7�Bi [mǶ2HH2 2bi mM2 7Q`K2 /2 [m�MiB}+�iBQM- TmBb[mǶ2HH2 T2`@
K2i /Ƕ2tT`BK2` /2b T`QT`Bûiûb /m KQM/2 T?vbB[m2 T�` /2b +?Bz`2b c MQmb �pQMb
iQmi27QBb bQm?�Biû HmB `ûb2`p2` mM +?�TBi`2 2MiB2`- MQmb T2`K2ii�Mi /Ƕ2tTQb2`
TQm`[mQB- ¨ MQi`2 b2Mb- 2HH2 b2 /ûK�`[m2 /2b �mi`2b 7Q`K2b /2 [m�MiB}+�iBQM
[m2 MQmb �#Q`/QMb 2MbmBi2 �m +?�TBi`2 RyX LQmb �pQMb /ûD¨ bQmHB;Mû 2M T`û@
�K#mH2 [m2 HǶmiBHBb�iBQM /m p2`#2 K2bm`2` bǶQ#b2`p2 �+im2HH2K2Mi /�Mb mM
b2Mb i`ĕb H�`;2X .�Mb H2 T�bb�;2 bmBp�Mi- :mûMQM (Rj9) /ûHBKBi2 H2b /QK�BM2b
[mB- b2HQM HmB- bQMi bQmKBb ¨ K2bm`2 UTX jyV ,

G� K2bm`2- 2Mi2M/m2 /�Mb bQM b2Mb HBiiû`�H- b2 `�TTQ`i2 T`BM+B@
T�H2K2Mi �m /QK�BM2 /2 H� [m�MiBiû +QMiBMm2- +Ƕ2bi@¨@/B`2- /2 H�
7�ÏQM H� THmb /B`2+i2- �mt +?Qb2b [mB TQbbĕ/2Mi mM +�`�+iĕ`2 bT�@
iB�H U+�` H2 i2KTb HmB@KāK2- #B2M [mǶû;�H2K2Mi +QMiBMm- M2 T2mi
āi`2 K2bm`û [mǶBM/B`2+i2K2Mi- 2M H2 `�ii�+?�Mi 2M [m2H[m2 bQ`i2
¨ HǶ2bT�+2 T�` HǶBMi2`Kû/B�B`2 /m KQmp2K2Mi [mB ûi�#HBi mM2 `2H�@
iBQM 2Mi`2 HǶmM 2i HǶ�mi`2V c +2H� `2pB2Mi ¨ /B`2 [mǶ2HH2 b2 `�TTQ`i2

Red
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2M bQKK2- bQBi ¨ HǶûi2M/m2 2HH2@KāK2- bQBi ¨ +2 [mǶQM 2bi +QMp2Mm
/Ƕ�TT2H2` H� Ŀ K�iBĕ`2 +Q`TQ`2HH2 ŀ- 2M `�BbQM /m +�`�+iĕ`2 ûi2M/m
[m2 +2HH2@+B TQbbĕ/2 Mû+2bb�B`2K2MiX

*2ii2 T`2KBĕ`2 T�`iB2 /2 /û}MBiBQM }t2 H2 b2Mb /m p2`#2 K2bm`2` /�Mb H2 /Q@
K�BM2 /2b b+B2M+2b /Bi2b Ŀ /m`2b ŀ TmBb[mǶ2HH2 `�KĕM2 �m Ŀ +�`�+iĕ`2 bT�iB�H ŀ-
¨ b�pQB` mM �ii`B#mi T?vbB[m2X lM �mi`2 ûHûK2Mi +QMbiBimiB7 /2 H� K2bm`2 /�Mb
H� /û}MBiBQM /2 :mûMQM 2bi HǶmiBHBb�iBQM /2b MQK#`2b bQmb H2m` 7Q`K2 +QMiB@
Mm2X aǶBH M2 b2K#H2 T�b v �pQB` /2 +QMb2Mbmb �miQm` /2 +2ii2 �{`K�iBQM Ĝ
L2v (kyN) û+`Bi T�` 2t2KTH2 Ŀ mM /ûMQK#`2K2Mi /ǶQ#D2ib Qm /2 T?ûMQKĕM2b
T2mi +QMbiBim2` mM2 K2bm`2 ŀ Ĝ MQmb bQm?�BiQMb �/QTi2`- /�Mb H2 +�/`2 /2 +2
i`�p�BH- HǶB/û2 [m2 H� K2bm`2 �m b2Mb bi`B+i bǶBMb+`Bi iQmDQm`b bm` /2b û+?2HH2b
+QMiBMm2b- +Ƕ2bi@¨@/B`2 2tT`BKû2b bm` HǶ2Mb2K#H2 /2b MQK#`2b `û2HbX

1M 2z2i- H� K2bm`2 2M b+B2M+2b M�im`2HH2b- /�Mb bQM b2Mb �+im2H- M2 bǶ�TT�@
`2Mi2 T�b pû`Bi�#H2K2Mi ¨ /m /ûMQK#`2K2Mi- KāK2 bB H2b T`2KBĕ`2b K2bm`2b
`2+2Mbû2b T�` H2b ?BbiQ`B2Mb v `2bb2K#H�Bi (R9e)X AH M2 TQmp�Bi 2M `û�HBiû 2M āi`2
�mi`2K2Mi �ii2M/m [m2 HǶB/û2 /2 ;`�M/2m` +QMiBMm2 MǶ� ûiû `2M/m2 TQbbB#H2
[m2- THmb `û+2KK2Mi /�Mb HǶ?BbiQB`2- T�` H� /û+Qmp2`i2 /ûD¨ ûpQ[mû2 U8XRV /2
H� MmKû`�iBQM /2 TQbBiBQM T2`K2ii�Mi HǶ2tT`2bbBQM /2b MQK#`2b `û2Hb UT`2@
KBĕ`2b K2MiBQMb �miQm` /m o2 bBĕ+H2V (R88- Rjj)X G� /û}MBiBQM /2 K2bm`2 �
/QM+ ûpQHmû �p2+ H� +�T�+Biû ?mK�BM2 /Ƕ�ii2BM/`2 2i /Ƕ2tT`BK2` /2b /2;`ûb
/2 T`û+BbBQM iQmDQm`b THmb ;`�M/bX *2i �bT2+i 2bi �TT`Q7QM/B /�Mb H� bmBi2 /m
i2ti2 /2 :mûMQM (Rj9) UTX jRV ,

(XXX) bB H� K2bm`2 +QM+2`M2 /B`2+i2K2Mi HǶûi2M/m2 2i +2 [mB 2bi
+QMi2Mm 2M 2HH2- +Ƕ2bi T�` HǶ�bT2+i [m�MiBi�iB7 /2 +2ii2 ûi2M/m2
[mǶ2HH2 2bi `2M/m2 TQbbB#H2 c K�Bb H� [m�MiBiû +QMiBMm2 MǶ2bi 2HH2@
KāK2 (XXX) [mǶmM KQ/2 /û`Bpû /2 H� [m�MiBiû- +Ƕ2bi@¨@/B`2 [mǶ2HH2
MǶ2bi T`QT`2K2Mi [m�MiBiû [m2 T�` b� T�`iB+BT�iBQM ¨ H� [m�MiBiû
Tm`2 (XXX) H� K2bm`2 T`ûb2Mi2 iQmDQm`b mM2 +2`i�BM2 BKT2`72+iBQM
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/�Mb bQM 2tT`2bbBQM MmKû`B[m2- H� /Bb+QMiBMmBiû /m MQK#`2 `2M@
/�Mi BKTQbbB#H2 bQM �TTHB+�iBQM �/û[m�i2 ¨ H� /ûi2`KBM�iBQM /2b
;`�M/2m`b +QMiBMm2bX

J2bm`2` +2 MǶ2bi /QM+ T�b /ûMQK#`2` /2b Q#D2ib Ĝ [mB T`û2tBbi2Mi /�Mb H2m`
[m�MiBiû Ĝ �p2+ /2b MQK#`2b 2MiB2`b M�im`2Hb N 4 &y- R- k- jXXX'- K�Bb #B2M
`�TTQ`i2` /2b ;`�M/2m`b bm` /2b û+?2HH2b +QMiBMm2b 2i +QMp2MiBQMM2HH2b bǶ2t@
T`BK�Mi bm` HǶ2Mb2K#H2 /2b MQK#`2b `û2Hb- ¨ b�pQB` /2b MQK#`2b TQbBiB7b Qm
Mû;�iB7b TQmp�Mi T`ûb2Mi2` mM2 BM}MBiû /2 /û+BK�H2bX

aB +QKTi2` /2b Q#D2ib 2bi TQbbB#H2 /�Mb mM2 H�M;m2 /ĕb [m2 +2HH2@+B bǶ2bi
/Qiû2 /ǶmM û[mBp�H2Mi TQm` 2tT`BK2` Ŀ mM ŀ- Ŀ /2mt ŀ- Ŀ i`QBb ŀXXX- K2bm`2`
MǶ2bi 2MpBb�;2�#H2 [m2 /ĕb HQ`b [mǶmM2 +QMiBMmBiû 2Mi`2 +2b mMBiûb /2 +QKTi�;2
� ûiû ûi�#HB2X *2ii2 +QMiBMmBiû 2bi mM2 �#bi`�+iBQM [mB MǶ� ûiû `2M/m2 TQbbB#H2
[m2 T�` HǶû+`Bim`2 /2b +?Bz`2b /�Mb mM bviĕK2 /�Mb H2[m2H H� TQbBiBQM /2b
bvK#QH2b T2`K2i /2 `2DQBM/`2 Ĝ i?ûQ`B[m2K2Mi /m KQBMb Ĝ mM2 T`û+BbBQM
BM}MB2X

G2b û+?2HH2b [mB BMp2biBbb2Mi H2b MQK#`2b bQmb +2ii2 7Q`K2 �#bi`�Bi2 Ĝ H�
7Q`K2 +QMiBMm2 Ĝ M2 bQMi 2M 2z2i 2MpBb�;2�#H2b [m2 ;`�+2 ¨ H� MmKû`�iBQM
/2 TQbBiBQM Qz`�Mi H� TQbbB#BHBiû i?ûQ`B[m2 /2 HǶû+`Bim`2 /2b MQK#`2b �HH�Mi
/2 HǶBM}MBK2Mi T2iBi ¨ HǶBM}MBK2Mi ;`�M/ 2M T�bb�Mi T�` HǶBM}MBK2Mi T`û+BbX
LQmb �pQMb 2tTHQ`û +2ii2 7Q`K2 /Ƕû+`Bim`2 /�Mb H� b2+iBQM 8XR- +QMb�+`û2 �mt
/Bzû`2Mib bvbiĕK2b /2 MmKû`�iBQM 2i MQi�KK2Mi ¨ H� /û+Qmp2`i2 /2 H� 7Q`K2
[m2 MQmb �TT2HQMb �mDQm`/Ƕ?mB H2b +?Bz`2b �`�#2bX

lM2 7QBb [m2 H2 +�`�+iĕ`2 2bb2MiB2H /2 H� +QMbi`m+iBQM �#bi`�Bi2 /2b MQK#`2b
`û2Hb 2bi �/KBb TQm` [mǶBH TmBbb2 v �pQB` K2bm`2- +2b MQK#`2b /QBp2Mi b2 `�T@
TQ`i2` ¨ [m2H[m2 +?Qb2X *Ƕ2bi +2 [m2 MQmb `�TT2HH2 :mûMQM /�Mb +2 T�bb�;2 ,
Ŀ H2 MQK#`2 2bi #B2M pû`Bi�#H2K2Mi H� #�b2 /2 iQmi2 K2bm`2 K�Bb- i�Mi [mǶQM
M2 +QMbB/ĕ`2 [m2 H2 MQK#`2- QM M2 T2mi T�b T�`H2` /2 K2bm`2- +2HH2@+B ûi�Mi
HǶ�TTHB+�iBQM /m MQK#`2 ¨ [m2H[m2 +?Qb2 /Ƕ�mi`2 (XXX) ŀ UTX jRVX AH 2bi B+B [m2b@
iBQM /2b mMBiûb /QMi H2b ?mK�BMb b2 bQMi /Qiûb �m }H /m i2KTb TQm` K2bm`2`
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H2 KQM/2 [mB H2b 2MiQm`2 , 2HH2b M2 bQMi �mi`2b [m2 /2b ;`�M/2m`b /2 `û7û@
`2M+2b +QMp2MiBQMM2HH2b �bbQ+Bû2b- /�Mb HǶ�+iBpBiû /2 K2bm`2- ¨ mM MQK#`2 `û2H
�;Bbb�Mi +QKK2 KmHiBTHB+�i2m`X *?�[m2 K2bm`2 `2TQb2 /QM+ bm` +2b /2mt ûHû@
K2Mib +mKmH�iB7b , mM2 mMBiû /2 K2bm`2 /QMi H� p�H2m` 2bi }tû2 2i mM MQK#`2
`û2H 2tT`BK�Mi H� [m�MiBiû /2 +2ii2 mMBiûX

NXR .û}MBiBQM �m b2Mb bi`B+i /m p2`#2 K2bm@
`2`

G2b �+iBpBiûb [mB +Q``2bTQM/2Mi ¨ /2b K2bm`2b �m b2Mb ûi`QBi `ûTQM/2Mi ¨
mM +2`i�BM MQK#`2 /2 +�`�+iû`BbiB[m2b +mKmH�iBp2b [mB /û+QmH2Mi /2 +2 [m2
MQmb p2MQMb /Ƕû+`B`2 2i [m2 MQmb bQm?�BiQMb ûMmKû`2` /�Mb H2b T�`�;`�T?2b
bmBp�MibX

RV G� TQbbB#BHBiû /2 /ûi2`KBM2` /2b ;`�M/2m`b T?vbB[m2b , G2 #mi
T`BM+BT�H /ǶmM2 K2bm`2 2bi /2 /û}MB` �p2+ mM2 `2H�iBp2 T`û+BbBQM /2b ;`�M@
/2m`b T?vbB[m2b +QKK2 H� HQM;m2m`- H� K�bb2- H2 i2KTb- HǶBMi2MbBiû ûH2+i`B[m2-
H� i2KTû`�im`2 i?2`KQ/vM�KB[m2- H� [m�MiBiû /2 K�iBĕ`2 2i HǶBMi2MbBiû HmKB@
M2mb2 (kkN)- K�Bb �mbbB THmbB2m`b /Bx�BM2b /2 ;`�M/2m`b +QKTQbBi2b Ĝ +Ƕ2bi@¨@
/B`2 `2TQb�Mi bm` THmbB2m`b /2 +2b ;`�M/2m`b K2bm`�#H2b Ĝ +QKK2 H� T`2bbBQM-
H� pBi2bb2- H� K�bb2 pQHmKB[m2- HǶûM2`;B2- H� [m�MiBiû /2 HmKBĕ`2XXX

kV lM2 mMBiû /2 p�H2m` +QMbi�Mi2 �bbQ+Bû2 ¨ mM KmHiBTHB+�i2m` 2t@
T`BKû bm` HǶ2Mb2K#H2 /2b MQK#`2b `û2Hb ,
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J2bm`2`- +Ƕ2bi +QKT�`2` mM2 ;`�M/2m` BM+QMMm2 ¨ mM2 ;`�M/2m`
/2 KāK2 M�im`2 [mB b2`i /2 `û7û`2M+2X SQm` K2bm`2`- BH 7�mi /2b
mMBiûb- +Ƕ2bi@¨@/B`2 /2b ;`�M/2m`b /û}MB2b 2i �/QTiû2b T�` +QMp2M@
iBQM 2i �mt[m2HH2b T2mp2Mi āi`2 +QKT�`û2b /2b ;`�M/2m`b /2 KāK2
M�im`2X

*2ii2 /û}MBiBQM /2 HǶ?BbiQ`B2MM2 /2b b+B2M+2b *ûHBM2 62HH�; �`BQm2i (RRj) BM@
+Hmi H2b T`�iB[m2b �M+2bi`�H2b /2 K2bm`2- /QMi H2b T`2KBĕ`2b i`�+2b +QMMm2b
`2KQMi2Mi ¨ 2MpB`QM eyyy �p�Mi CX*X 2M JûbQTQi�KB2 TmBb THmb i�`/ /�Mb
HǶ1;vTi2 �M+B2MM2X G2b ?mK�BMb M2 /BbTQb�B2Mi �HQ`b [m2 /2 bvbiĕK2b /2 Mm@
Kû`�iBQM H2m` T2`K2ii�Mi /2 `2T`ûb2Mi2` /2b MQK#`2b 2MiB2`b , H2b KmHiBTH2b
2i bQmb@KmHiBTH2b ûi�B2Mi- /2 +2 7�Bi- T`Bb +QKK2 bBKTH2b T`Q/mBib /2 7�+i2m`b
2MiB2`b (R9e) UTX keVX .2b K2bm`2b /2 HQM;m2m` TQmp�Bi āi`2 2z2+imû2b ¨ HǶ�B/2
/Ƕûi�HQMb U+QKK2 /2b #�iQMb ;`�/mûbV- /2b T2bû2b ¨ HǶ�B/2b /2 #�H�M+2b ¨
/2mt TH�i2�mt 2i /2 TQB/b /2 K�bb2 +QMp2MiBQMM2HH2XXX *2b T`�iB[m2b M2 T2`@
K2ii�B2Mi T�b /Ƕ�TT`Q+?2` H� T`û+BbBQM /2b K2bm`2b `û�HBbû2b /2 MQb DQm`b-
K�Bb `ûTQM/�B2Mi �mt #2bQBMb /2 HǶûTQ[m2X

*Ƕ2bi /QM+ mM2 HQM;m2 ûpQHmiBQM [mB KĕM2 ¨ H� MQiBQM KQ/2`M2 /2 K2bm`2X
�mDQm`/Ƕ?mB- BH 2tBbi2 /Bzû`2Mi2b mMBiûb /QMi H2b ;`�M/2m`b bQMi +QMMm2b 2i
bi�#BHBbû2bX G2b THmb ;ûMû`�H2K2Mi miBHBbû2b bQMi H2b mMBiûb /2 #�b2 /m bvbiĕK2
BMi2`M�iBQM�H UaAVX G2 Kĕi`2 T2`K2i /2 K2bm`2` H� HQM;m2m`- H2 FBHQ;`�KK2 @
H� K�bb2- H� b2+QM/2 @ H2 i2KTb- HǶ�KTĕ`2 @ HǶBMi2MbBiû ûH2+i`B[m2- H2 F2HpBM @
H� i2KTû`�im`2 i?2`KQ/vM�KB[m2- H� KQH2 @ H� [m�MiBiû /2 K�iBĕ`2 2i H� +�M@
/2H� @ HǶBMi2MbBiû HmKBM2mb2X *2b mMBiûb /2 #�b2 b2 7QM/2Mi bm` /2b +QMbi�Mi2b
/2 H� T?vbB[m2 [mB H2b /û}MBbb2Mi �p2+ T`û+BbBQM (99) UTX RjV 2i T2`K2ii2Mi
/2 K2bm`2` b2Ti ;`�M/2m`b T?vbB[m2b BM/ûT2M/�Mi2b H2b mM2b /2b �mi`2bX G2
T�bb�;2 bmBp�Mi T`ûb2Mi2 H2b +QMbi�Mi2b bm` H2b[m2HH2b b2 7QM/2Mi H2b mMBiûb /2
#�b2 /m aA UTX R8V ,

ě G� 7`û[m2M+2 /2 H� i`�MbBiBQM ?vT2`}M2 /2 HǶûi�i 7QM/�K2Mi�H /2 HǶ�iQK2
/2 +ûbBmK Rjj MQM T2`im`#û- ë�*b- 2bi û;�H2 ¨ NǶRNkǶejRǶddy >x-
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ě G� pBi2bb2 /2 H� HmKBĕ`2 /�Mb H2 pB/2- +- 2bi û;�H2 ¨ kNNǶdNkǶ983 Kfb-
ě G� +QMbi�Mi2 /2 SH�M+F- ?- 2bi û;�H2 ¨ e-ekeydyR8 × RyƐj9 C b-
ě G� +?�`;2 ûHûK2Mi�B`2- 2- 2bi û;�H2 ¨ R-eykRdeej9 × RyƐRN *-
ě G� +QMbi�Mi2 /2 "QHixK�MM- F- 2bi û;�H2 ¨ R-j3ye9N × RyƐkj CfE-
ě G� +QMbi�Mi2 /Ƕ�pQ;�/`Q- L�- 2bi û;�H2 ¨ e-ykkR9yde × Rykj KQHƐR-
ě GǶ2{+�+Biû HmKBM2mb2 /ǶmM `�vQMM2K2Mi KQMQ+?`QK�iB[m2 /2 7`û[m2M+2

89y × RyRk >x- E+/- 2bi û;�H2 ¨ e3j HKfq

.Ƕ�mi`2b mMBiûb T2mp2Mi 7�B`2 �TT2H ¨ HǶmM2 Qm THmbB2m`b /2b mMBiûb /2 #�b2b 2i
b2`p2Mi ¨ K2bm`2` /2b ;`�M/2m`b +QKTQbBi2b , QM T�`H2 �HQ`b /ǶmMBiûb /û`Bpû2b
(RRj)X S�`�HHĕH2K2Mi ¨ +2b ;`�M/2m`b bi�#BHBbû2b- MQmb /BbTQbQMb �mDQm`/Ƕ?mB
/ǶmM2 MmKû`�iBQM M2 T`ûb2Mi�Mi THmb /2 HBKBi2 i?ûQ`B[m2 /�Mb HǶ2tT`2bbBQM /2b
MQK#`2b 2i Qz`�Mi �BMbB H� TQbbB#BHBiû /Ƕ2tT`BK2` mM2 T`û+BbBQM i?ûQ`B[m2K2Mi
BM}MB2X

G2 +Q`QHH�B`2 /2 +2 [mB T`û+ĕ/2 2bi [m2 H2 `ûbmHi�i /ǶmM2 K2bm`2 bǶ2tT`BK2
iQmDQm`b T�` mM MQK#`2 `û2H [mB �;Bi +QKK2 KmHiBTHB+�i2m` /ǶmM2 mMBiû U/2
#�b2 Qm /û`Bpû2V /QMi H� p�H2m` 2bi /û}MB2 , R8-j +K- 8e Kk- 9d F;- e8-3 FKf?XXX
JāK2 bB +2H� MǶ� T�b iQmDQm`b ûiû H2 +�b- H� K2bm`2 bǶ2Mi2M/ �mDQm`/Ƕ?mB bm`
/2b û+?2HH2b +QMiBMm2b T2`KBb2b T�` HǶûpQHmiBQM Ĝ T�`�HHĕH2 �m T2`72+iBQMM2@
K2Mi /2b i2+?MB[m2b /2 K2bm`2 Ĝ /2b bvbiĕK2b /2 MmKû`�iBQM , +2 M2 bQMi
T�b [m2 H2b QmiBHb /2 K2bm`2 [mB b2 bQMi T2`72+iBQMMûb �p2+ H2 i2KTb K�Bb
�mbbB H2 bvbiĕK2 /2 MmKû`�iBQM 2i H2b KQ/ĕH2b K�i?ûK�iB[m2b (kNj) miBHBbûb ,
H2 b2Mb KQ/2`M2 /m i2`K2 K2bm`2 T`2M/ 2M +QKTi2 +2ii2 i`BTH2 ûpQHmiBQMX

jV G2 T�bb�;2 T�` mM QmiBH /2 K2bm`2 T?vbB[m2 , .�Mb HǶ2tT`2bbBQM
/2b K2bm`2b- H2b MQK#`2b bQMi 2tT`BKûb bm` /2b û+?2HH2b +QMiBMm2b c HǶ�+iBpBiû
/2 K2bm`2 /Bzĕ`2 /2 +2 TQBMi /2 pm2 /2 HǶ�+iBpBiû /2 /ûMQK#`2K2Mi [mB MǶ2bi
D�K�Bb [mǶmM2 �//BiBQM 2Mi`2 /2b Q#D2ib bûT�`ûb H2b mMb /2b �mi`2bX AH v �
mM2 /Bzû`2M+2 7QM/�K2Mi�H2 [mǶBH 2bi 7�+BH2 /ǶBHHmbi`2` ¨ HǶ�B/2 /ǶmM 2t2KTH2
bBKTH2 , +QKT�`QMb R8 KQmiQMb 2i mM i`�Bi /2 R8+KX G� K�MBĕ`2 /2 /ûi2`KB@
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M2` +2ii2 [m�MiBiû Ĝ TQm`i�Mi 2tT`BKû2 T�` H2 KāK2 MQK#`2 /�Mb +2b /2mt
2t2KTH2b Ĝ 2bi iQmi ¨ 7�Bi /Bzû`2Mi2X lM #2`;2`- TQm` bǶ�bbm`2` [mǶ�m+mM /2
b2b KQmiQMb M2 bǶ2bi û;�`û- /2p`� H2b +QKTi2` 2M b2 b2`p�Mi /2b MQK#`2b 2M@
iB2`b- [mǶBH miBHBb2`�- b2HQM b2b T`û7û`2M+2b 2i b2b ?�#Bim/2b- TQm` `2DQBM/`2 H2
MQK#`2 R8X lM û+QHB2` /2p�Mi /ûi2`KBM2` H� HQM;m2m` /m i`�Bi /2bbBMû bm` b�
72mBHH2 MǶ�m`� H� TQbbB#BHBiû /2 `ûbQm/`2 +2ii2 +QMbB;M2 [m2 bǶBH 2bi 2M TQbb2b@
bBQM /ǶmM Q#D2i HmB T2`K2ii�Mi /2 K2bm`2` +2ii2 HQM;m2m`X § T`2KBĕ`2 pm2- BH
MǶv � [mǶmM b2mH i`�Bi [mB MǶ2bi K2bm`�#H2 [mǶ¨ H� +QM/BiBQM /2 TQmpQB` āi`2
`�TTQ`iû ¨ mM ûi�HQM T`ûb2Mi�Mi /2b mMBiûb T`û/û}MB2b , H2b +2MiBKĕi`2bX *2i
2M7�Mi /BbTQb�Mi /ǶmM2 `ĕ;H2 M2 +QKTi2`� �HQ`b T�b Dmb[mǶ¨ R8 2M T�bb�Mi T�`
H2b MQK#`2b 2MiB2`b- BH b2 +QMi2Mi2`� /Ƕ�Dmbi2` b� `ĕ;H2 ;`�/mû2 �m i`�Bi 2i /2
HB`2 H2 MQK#`2 R8X lM �mi`2 i`�Bi �m`�Bi Tm K2bm`2` R8-j +K Qm R9-3 +K- K�Bb
BH MǶv �m`�Bi D�K�Bb Tm v �pQB` [mǶmM �mi`2 MQK#`2 2MiB2` /2 KQmiQMb R9 Qm
ReX

*QKK2 MQmb p2MQMb /2 HǶBHHmbi`2`- mM2 K2bm`2 MǶ2bi TQbbB#H2 [mǶ¨ HǶ�B/2
/ǶmM BMbi`mK2Mi T?vbB[m2X AH T2mi bǶ�;B` /ǶmM2 `ĕ;H2- /ǶmM2 #�H�M+2- /ǶmM
`û+BTB2Mi ;`�/mû- /ǶmM +?`QMQKĕi`2- /ǶmM i?2`KQKĕi`2- Qm /2 iQmi �mi`2 QmiBH
THmb KQ/2`M2 /QMi H� T`û+BbBQM 2t+ĕ/2 H�`;2K2Mi +2HH2 /2b Q#D2ib T`û+BiûbX *2
T�bb�;2 T�` mM �+i2 /2 K2bm`�;2 ¨ HǶ�B/2 /ǶmM Q#D2i /BbiBM;m2 M2ii2K2Mi
HǶ�+iBQM K2bm`2` /Ƕ�mi`2b �+iBQMb K2ii�Mi 2M D2m /2b +?Bz`2b +QKK2 +QKTi2`-
+�H+mH2` Qm +H�bb2` [mB M2 T�bb2Mi T�b Mû+2bb�B`2K2Mi T�` HǶmiBHBb�iBQM /ǶmM
QmiBHX

9V G� M�im`2 BKT`û+Bb2 /2 iQmi2 K2bm`2 , G� K2bm`2 2bi T�` /û}MBiBQM
K�`[mû2 /ǶmM2 `2H�iBp2 BKT`û+BbBQM (ReN) UTX Re8V c L2v (kyN) ûMmKĕ`2 H2b
`�BbQMb bmBp�Mi2b TQm` HǶ2tTHB[m2` ,

RX G2 K�iû`B2H 2KTHQvû 2bi /ǶmM2 Dmbi2bb2 BMbm{b�Mi2 c

kX GǶ2tTû`BK2Mi�i2m` MǶ2tû+mi2 T�b H2b QTû`�iBQMb �p2+ H� T2`72+iBQM bQm@
?�Bi�#H2 c
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jX G2b K2bm`2b bQMi i`Qm#Hû2b T�` /Bp2`b 7�+i2m`b c bQBi /2 7�ÏQM bvbiû@
K�iB[m2 , i2KTû`�im`2- ?mKB/Biû c bQBi /2 7�ÏQM �Hû�iQB`2 , pB#`�iBQMb-
+?Q+b c

9X § H� ;`�M/2m` ¨ K2bm`2` bǶBM+Q`TQ`2Mi- /2 7�ÏQM bvbiûK�iB[m2 Qm 7Q`@
imBi2- /Ƕ�mi`2b ;`�M/2m`b /ûbB;Mû2b bQmb H2 MQK /2 #`mBibX

hQmi2b +2b `�BbQMb bQMi Tm`2K2Mi T`�iB[m2b 2i /û+QmH2Mi /B`2+i2K2Mi /m 7�Bi
[m2 Ĝ +QKK2 MQmb p2MQMb /2 H2 bQmHB;M2` Ĝ H2b K2bm`2b T�bb2Mi T�` /2b QmiBHb
T?vbB[m2bX

AH v � mM2 �mi`2 `�BbQM Ĝ Tm`2K2Mi i?ûQ`B[m2 +2HH2@+B Ĝ [mB T2`K2i /Ƕ2t@
THB[m2` TQm`[mQB mM2 K2bm`2 2bi M�im`2HH2K2Mi BKT`û+Bb2X 1HH2 � i`�Bi /B`2+@
i2K2Mi �m 7�Bi [m2 H2b K2bm`2b bǶ2z2+im2Mi bm` /2b û+?2HH2b +QMiBMm2b 2i [m2-
T�` /û}MBiBQM- +2b û+?2HH2b bQMi BM}MBK2Mi T`û+Bb2b TmBb[mǶ2HH2b bǶ2tT`BK2Mi
T�` /2b KmHiBTHB+�i2m`b 2M MQK#`2b `û2HbX AH bm{`� �BMbB iQmDQm`b /Ƕ�DQmi2`
mM2 /û+BK�H2 ¨ H� T`û+BbBQM K�tBK�H2 �ii2B;M�#H2 T�` H2b QmiBHb /2 K2bm`2
/BbTQMB#H2b TQm` H� `2M/`2 BKT`û+Bb2X �BMbB- bB HǶ2M7�Mi- /QMi BH ûi�Bi [m2biBQM
THmb ?�mi- T2mi- ¨ HǶ�B/2 /2 b� `ĕ;H2- K2bm`2` mM i`�Bi /2 R9-3 +K- BH HmB 2bi BK@
TQbbB#H2 /Ƕ�ii2BM/`2 mM2 T`û+BbBQM 2tT`BKû2 bm` H� /û+BK�H2 bmBp�Mi2X AH 2bi- 2M
T`�iB[m2- TQbbB#H2 /Ƕ�ii2BM/`2 /2b MBp2�mt /2 T`û+BbBQM #2�m+QmT THmb ;`�M/b
�p2+ /2b BMbi`mK2Mib /2 K2bm`2b KQ/2`M2b c BH 2tBbi2`� +2T2M/�Mi iQmDQm`b H�
TQbbB#BHBiû i?ûQ`B[m2 /Ƕ�DQmi2` mM2 /û+BK�H2 2M+Q`2 BM�ii2B;M�#H2 2i /2 `2M/`2
H� K2bm`2 Ŀ H� THmb T`û+Bb2 ŀ BKT`û+Bb2X

� MQi2` [m2 HǶ�+iBpBiû /2 /ûMQK#`2K2Mi MǶ2bi- 2HH2- T�b +QM+2`Mû2 T�` H�
MQiBQM /ǶBKT`û+BbBQMX �BMbB- H2 #2`;2` /2 MQi`2 2t2KTH2- �m KQK2Mi /2 +QKT@
i2` b2b KQmiQMb- TQm``� +2`i2b b2 i`QKT2` c H2 `ûbmHi�i /2 bQM +QKTi2 TQm``�
āi`2 2t�+i Qm BM2t�+i- K�Bb BH M2 b2`� 2M �m+mM +�b BKT`û+BbX 1M /Ƕ�mi`2b
i2`K2b- �{`K2` [mǶBH v � R8 KQmiQMb /�Mb mM +?�KT 2bi iQmDQm`b bQBi p`�B-
bQBi 7�mt c 2M `2p�M+?2 T`ûi2M/`2 [mǶmM i`�Bi K2bm`2 R9-3 +K MǶ2bi D�K�Bb
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�#bQHmK2Mi p`�BX *2H� 2bi /ȿ �m 7�Bi [m2 H2b MQK#`2b `û2Hb Ĝ 2i H2m` T`û+B@
bBQM i?ûQ`B[m2K2Mi BM}MB2 Ĝ bQMi mM2 �#bi`�+iBQM +QMi`�B`2K2Mi �mt MQK#`2b
2MiB2`b M�im`2HbX

8V G� +QMi`�BMi2 /�Mb HǶ�//BiBQM /2b K2bm`2b , .2b K2bm`2b M2 T2mp2Mi
bǶ�//BiBQMM2` Ĝ Qm b2 +QM+�iûM2`- /�Mb H� i2`KBMQHQ;B2 /2 oQHF2M (jyk) Ĝ [m2
HQ`b[mǶ2HH2b /û+`Bp2Mi H� KāK2 /BK2MbBQM /�Mb H� KāK2 mMBiûX *2H� T2mi
b2K#H2` i`BpB�H- K�Bb QM M2 T2mi T�b �//BiBQMM2` mM2 K�bb2 2i H2 i2KTb Qm
H� HQM;m2m` 2i HǶBMi2MbBiû HmKBM2mb2X 1M +2H� �mbbB H2b K2bm`2b b2 /BbiBM;m2Mi
/2b /ûMQK#`2K2MibX j Kĕi`2b Y j b2+QM/2b M2 /QMM2`� D�K�Bb e /ǶmM2 �mi`2
2MiBiû- �HQ`b [m2 j KQmiQMb Y j +?ĕp`2b 4 e [m�/`mTĕ/2b- K�KKB7ĕ`2b- �MB@
K�mtXXXX .2 KāK2- j 2M7�Mib- mM2 #�HH2 2i mM HBp`2 7Q`K2Mi 8 2MiBiûb [m2 HǶQM
T2mi /ûMQK#`2`- KāK2 bǶBH 2bi /B{+BH2 /2 H2m` i`Qmp2` mM2 +H�bb2 +QKKmM2X

eV G� +QMp2`iB#BHBiû /�Mb mM2 �mi`2 mMBiû /2 KāK2 M�im`2 , G2b
/Bzû`2Mi2b mMBiûb miBHBbû2b /û+`Bp2Mi H2b KāK2b `û�HBiûb bm` /Ƕ�mi`2b û+?2HH2b ,
2HH2b bQMi- /2 +2 7�Bi- iQmDQm`b +QMp2`iB#H2b ¨ H� +QM/BiBQM /Ƕāi`2 /2 KāK2 M�@
im`2 RX *2H� +QM+2`M2 �mbbB #B2M H2b mMBiûb /m bvbiĕK2 BMi2`M�iBQM�H Ĝ Ryyy ; 4 R F;-
Rkyy K 4 R-k FKXXX Ĝ [m2 H2 T�bb�;2 ¨ /2b mMBiûb 2i 2Mi`2 /2b mMBiûb [mB MǶ2M
7QMi T�b T�`iB2 Ĝ d +K 4 k-d88NR TQm+2b 4 y-kkNe8N TB2/bXXX

*2H� BKTHB[m2 [m2- HQ`b[m2 /2mt úi�ib �/QTi2Mi /2b mMBiûb /2 `û7û`2M+2b
/Bzû`2Mi2b- BH 2bi iQmDQm`b TQbbB#H2 /2 T�bb2` /2 HǶmM2 ¨ HǶ�mi`2 T�` mM2 bBKTH2
QTû`�iBQM K�i?ûK�iB[m2 b�Mb T�bb2` T�` mM i`�p�BH /2 /û}MBiBQMX aǶBH 2bi
bBKTH2 /2 T�bb2` /m +K �m TQm+2 b�Mb [m2 +2H� MǶ�Bi /ǶBKT�+i bm` H� K2@
bm`2 /û+`Bi2- MQmb p2``QMb [mǶBH 2bi T�`7QBb #B2M THmb �`/m /2 +QKT�`2` mM
T?ûMQKĕM2 +QKK2 H2 +?ƬK�;2 2Mi`2 /2mt T�vb , R TQm+2 4 k-89 +K- K�Bb
mM +?ƬK2m` 7`�MÏ�Bb MǶû[mBp�mi T�b 2t�+i2K2Mi ¨ mM +?ƬK2m` bmBbb2 +�` H�

RX G� M�im`2 UQm H� /BK2MbBQMV /ǶmM2 ;`�M/2m` 2bi Ŀ HǶ�bT2+i +QKKmM ¨ /2b ;`�M/2m`b
Kmim2HH2K2Mi +QKT�`�#H2b ŀ- T�` 2t2KTH2 H� HQM;m2m` Qm H� K�bb2 (ej)
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+H�bb2 +?ƬK2m` MǶ2bi T�b /û}MB2 2t�+i2K2Mi /2 H� KāK2 7�ÏQM T�` H2 /`QBi
/2 +2b /2mt T�vb 2i �m+mM2 QTû`�iBQM K�i?ûK�iB[m2 M2 T2`K2i /2 i`�/mB`2
/2mt `û�HBiûb Dm`B/B[m2b /Bzû`2Mi2bX

dV G� `ûTHB+�#BHBiû /2b K2bm`2b , G2b BMbi`mK2Mib /2 K2bm`2 KQ/2`M2b
T2`K2ii2Mi H� `2T`Q/m+iB#BHBiû /2b K2bm`2bX .Ƕ�T`ĕb arBDiBMF (kNj)- +Ƕ2bi b2mH2@
K2Mi p2`b H� }M /m soAAA2 bBĕ+H2 [m2 /2b BMbi`mK2Mib /2 K2bm`2 /2 /Bzû`2Mib
ivT2b QMi �ii2BMi mM TQBMi /2 /ûp2HQTT2K2Mi bm{b�Mi TQm` �bbm`2` mM2 `ûTHB@
+�#BHBiû T2`K2ii�Mi /2 +QMbB/û`2` H2b K2bm`2b +QKK2 Q#D2+iBp2b UTX kedVX Ŀ G2b
BMbi`mK2Mib /ûp2HQTTûb ¨ +2ii2 ûTQ[m2 QMi 2M 2z2i T2`KBb /2 `û/mB`2 7Q`i2@
K2Mi H2 `ƬH2 /m Dm;2K2Mi T2`bQMM2H /�Mb HǶ2M`2;Bbi`2K2Mi /2 +2 [mB 2bi Q#@
b2`pû T�`+2 [mǶBHb `û/mBb2Mi +2ii2 �+iBpBiû ¨ H� H2+im`2 /ǶmM2 û+?2HH2 ŀ UTX ked c
i`�/mBi /2 HǶ�M;H�BbVX

*2ii2 TQbbB#BHBiû MQmp2HH2 /2 `2T`Q/mB`2 /2b K2bm`2b M2 7�Bi T�b /BbT�`�ŗi`2
H2 +�`�+iĕ`2 BMi`BMbĕ[m2K2Mi BKT`û+Bb /2 H� K2bm`2 [m2 MQmb �pQMb bQmHB;Mû
+B@�p�Mi UTQBMi 9- T�;2 RdjVX AH p� �m +QMi`�B`2 T2`K2ii`2 �mt b+B2MiB}[m2b
/2 /Bzû`2Mi2b /Bb+BTHBM2b /2 `û�HBb2` [mǶmM2 K2bm`2 `2T`Q/mBi2 ¨ THmbB2m`b
`2T`Bb2b /�Mb H2b KāK2b +QM/BiBQMb /QMM2 /2b `ûbmHi�ib [mB b2 `ûT�`iBbb2Mi
�miQm` /ǶmM2 p�H2m` 2M bmBp�Mi mM2 i2M/�M+2 +QMMm2 bQmb H2 MQK /2 +Qm`#2
/2 :�mbb UmM2 +Qm`#2 2M +HQ+?2VX *2ii2 /û+Qmp2`i2 � T2`KBb +QMbû+miBp2K2Mi
/2 /ûp2HQTT2` /2b KQ/ĕH2b K�i?ûK�iB[m2b [mB �miQ`Bb2Mi H2b +?2`+?2m`b ¨
�{M2` H2 /2;`û /2 }�#BHBiû /2 H2m`b K2bm`2b T�` /2b +�H+mHb /ǶBM7û`2M+2 (kNj)
UTX kd9VX

*2ii2 `ûTHB+�#BHBiû /û+QmH2 /B`2+i2K2Mi /2 H� +QMbi�M+2 /2b mMBiûb /2 K2@
bm`2 UBH 2M ûi�Bi [m2biBQM �m TQBMi k- T�;2 RdyVX *QKK2 MQmb H2 p2``QMb �m
TQBMi bmBp�Mi H2b mMBiûb /2 K2bm`2 M2 bQMi T�b bmD2ii2b ¨ p�`B�iBQM UQm /�Mb
/2b T`QTQ`iBQMb [mB bQMi Mû;HB;2�#H2bV- +QMi`�B`2K2Mi �mt +H�bb2b /Ƕû[mBp�@
H2M+2 ?�#Bim2HH2K2Mi miBHBbû2b 2M b+B2M+2b ?mK�BM2b 2i bQ+B�H2bX
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3V GǶ�#b2M+2 /2 i`�p�BH /2 /û}MBiBQM , .2b`QbBĕ`2b (NR) MQmb `�TT2HH2
[m2 H� bi�iBbiB[m2 2bi H� `2M+QMi`2 /2 /2mt i`�/BiBQMb +Q;MBiBp2b 2i bQ+B�H2b ,
/ǶmM +Qiû H� [m�HB}+�iBQM 2i /2 HǶ�mi`2 H� [m�MiB}+�iBQMX AH /Bi /2 H� i`�/BiBQM
/2 [m�HB}+�iBQM [mǶ2HH2 2bi Ŀ Bbbm2 THmiƬi /m /`QBi- /2 H� pB2 �/KBMBbi`�iBp2- /2
H� Kû/2+BM2 ŀ 2i [mǶ2HH2 Ŀ +QMbi`mBi /2b +H�bb2b /Ƕû[mBp�H2M+2- /2b +�iû;Q`B2b-
2i �z2+i2 /2b +�b bBM;mHB2`b ¨ +2HH2b@+B ¨ i`�p2`b /2b Dm;2K2Mib- /2b /û+BbBQMb-
/2b /B�;MQbiB+b Qm /2b T`Q+û/m`2b /2 ǳ+Q/�;2 bQ+B�HǴ ŀ UTX R9VX

.2 MQi`2 TQBMi /2 pm2- +2 i`�p�BH /2 /û}MBiBQM 2bi �#b2Mi /2 HǶ�+iBpBiû
/2 K2bm`2X G� p�H2m` /2b /Bzû`2Mi2b mMBiûb `2TQb2- +2`i2b- bm` mM i`�p�BH /2
+QMp2MiBQM 2i `ûbmHi2Mi /ǶmM T`Q+2bbmb /û+BbBQMM2H c K�Bb +2 +�`�+iĕ`2 +QMp2M@
iBQMM2H �TT�`iB2Mi i`ĕb H�`;2K2Mi �m T�bbû , H2b mMBiûb 2i û+?2HH2b /2 K2bm`2
bQMi /ûbQ`K�Bb �/KBb2b 2i MǶQMi T�b pQ+�iBQM ¨ āi`2 `2/û}MB2b �m ;`û /2b
+?�M;2K2Mib /ǶûTQ[m2b 2i /2 KQ2m`b c 2HH2b bQMi bi�#BHBbû2bX

*Ƕ2bi iQmi H2 +QMi`�B`2 TQm` iQmi2b bQ`i2b /2 +�iû;Q`B2b bQ+B�H2b /QMi H2b
HBKBi2b bQMi +QMbi�KK2Mi 2M KQmp2K2Mi , H2 +`BK2- H2 +?ƬK�;2- H2b +�iû;Q`B2b
bQ+BQT`Q72bbBQMM2HH2b- H� `2i`�Bi2- H2b +QiBb�iBQMbXXX .2b`QbBĕ`2b (Nk) 2tTHB[m2-
¨ +2 iBi`2- [m2 H� +`û�iBQM 2i H2 /ûp2HQTT2K2Mi /ǶmM `ûb2�m bi�iBbiB[m2 2bi
HBû ¨ +2HmB /ǶmM bvbiĕK2 /ǶBMbiBimiBQMb , H2b ûi�ib +QMbiBim2Mi /2b #�b2b /2
/QMMû2b bi�iBbiB[m2b +QKK2 BHb BMp2biBbb2Mi /�Mb mM `ûb2�m `QmiB2` UTX RR9VX
GQ`b /2 +2b 2M`2;Bbi`2K2Mib- /2b /QMMû2b bQMi `2;`QmTû2b /�Mb /2b +H�bb2b
[mB b2 +QMbiBim2Mi 2M /2mt ûi�T2b bBKmHi�Mû2b , H� /û}MBiBQM 2i H2 +Q/�;2-
+Ƕ2bi@¨@/B`2 /ǶmM2 T�`i HǶûMmKû`�iBQM /2b i`�Bib /û}MBiQB`2b /ǶmM2 +H�bb2 2i-
/Ƕ�mi`2 T�`i- HǶ�z2+i�iBQM /ǶmM +�b ¨ mM2 +H�bb2 UT�` pQB2 /2 /û+BbBQMVX

G� MQiBQM /ǶBMp�HB/Biû 2bi mM 2t2KTH2 /2 +H�bbB}+�iBQM /2 +2 ivT2X G2b
+`Biĕ`2b T2`K2ii�Mi /2 /ûi2`KBM2` bB mM2 T2`bQMM2 � �++ĕb ¨ mM2 �bbm`�M+2
BMp�HB/Biû bQMi bi`B+i2K2Mi /û}MBb T�` H� HQB 2i T�` H2b T`�iB[m2b �/KBMBbi`�@
iBp2bX �BMbB H2b bi�iBbiB[m2b TQ`i�Mi bm` HǶBMp�HB/Biû T2mp2Mi p�`B2` 2M 7QM+iBQM
/2b /û}MBiBQMb 2i /2b /ûHBKBi�iBQMb [m2 /QMM2 HǶ�+iBQM Tm#HB[m2 ¨ +2ii2 MQiBQMX
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G2b +H�bb2b /Ƕû[mBp�H2M+2 2KT`mMi2Mi H2m`b ûiB[m2ii2b ¨ H� H�M;m2 U7`�M@
Ï�Bb2 2M HǶQ++m`2M+2VX G2b KQib /ǶmM2 H�M;m2 bQMi M�im`2HH2K2Mi +QM+2`Mûb
T�` H� p�`B�iBQM /2b bi`m+im`2b HBM;mBbiB[m2b [mB /ûT2M/ /2b 7�+i2m`b H2b THmb
/Bp2`b (Rd9- Rj8) , BMp�HB/Biû- +QKK2 +`BK2 2i +?ƬK�;2 Ĝ TQm` M2 T`2M/`2
[m2 +2b 2t2KTH2b Ĝ bQMi /2b i2`K2b /QMi H� bB;MB}+�iBQM bQ+BQHBM;mBbiB[m2 2bi
p�`B�#H2 c 2HH2 T2mi û;�H2K2Mi āi`2 �K2Mû2 ¨ #Qm;2` /�Mb b� /û}MBiBQM BMbiB@
imiBQMM2HH2 �m ;`û /m i2KTbX 1M +2H�- +2b +H�bb2b b2 /BbiBM;m2Mi �#bQHmK2Mi
/2b mMBiûb /2 K2bm`2- /QMi H� M�im`2 2bi BMp�`B�#H2 2i }tû2 �m KQBMb Dmb[mǶ¨
mM2 BKT`ûpBbB#H2 `ûpQHmiBQMX

NV G� TQbbB#BHBiû /2 +QK#BM2` /2b K2bm`2b , LQmb �pQMb /ûD¨ ûpQ[mû
H2b mMBiûb /û`Bpû2b +B@/2bbmb c 2HH2b bQMi H2 T`Q/mBi /2 +QK#BM�BbQMb /ǶmM2 Qm /2
THmbB2m`b mMBiûb /2 #�b2X *2`i�BM2b /Ƕ2Mi`2 2HH2b bQMi miBHBbû2b i`ĕb +Qm`�KK2Mi
+QKK2 H2 Kk- H2b FKf? URyj K ?@RV- H2 HBi`2 URy@j KjVXXX- /Ƕ�mi`2b bQMi #B2M
+QMMm2b- K�Bb miBHBbû2b /�Mb /2b KBHB2mt bTû+B}[m2b c +Ƕ2bi H2 +�b- T�` 2t2KTH2-
/2 H� K�bb2 pQHmKB[m2 UF;fKj Qm F; K@jV- /m pQHmK2 Kj Qm /m Kĕi`2 T�`
b2+QM/2 UKfb Qm K b@RV c T�` �BHH2m`b- mM i`ĕb ;`�M/ MQK#`2 /ǶmMBiûb /û`Bpû2b
bQMi HǶ�T�M�;2 /2 bTû+B�HBbi2b 2i MǶûpQ[m2Mi `B2M �m iQmi p2M�Mi (99) UTX ke@
k3VX

*2 ivT2 /2 KBb2b 2M `�TTQ`i /2 /Bzû`2Mi2b K2bm`2b T2`K2i H� +`û�iBQM
/Ƕ�mi`2b mMBiûb [mB Qz`2Mi Ĝ +QKK2 H2b mMBiûb /2 #�b2 Ĝ H� TQbbB#BHBiû /2
/û+`B`2 H2 KQM/2X 1M /Ƕ�mi`2b i2`K2b- 2HH2b T2`K2ii2Mi- 2HH2b �mbbB- /2 b2 /û@
/Qm�M2` /2 H� bm#D2+iBpBiû /2b BM/BpB/mb Ĝ �p2+ /2b K�`;2b /Ƕ2``2m`b K�Bi`Bbû2b
Ĝ /�Mb HǶQ#b2`p�iBQM /2b T`QT`Bûiûb T?vbB[m2b /m KQM/2X AH b2`� [m2biBQM /2
HǶQ#D2+iBpBiû /2b K2bm`2b �m TQBMi Ry +B@�T`ĕbX
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*2ii2 TQbbB#BHBiû /2 +QK#BM2` /2b K2bm`2b b�Mb T2`i2 /ǶBM7Q`K�iBQM 2M
b+B2M+2b /2 H� K�iBĕ`2 K�`[m2 mM bû`B2mt +QMi`�bi2 �p2+ /2b BM/B+2b +Qm`�K@
K2Mi miBHBbûb TQm` H� /2b+`BTiBQM /2b T?ûMQKĕM2b bQ+B�mtX S`2MQMb HǶ2t2KTH2
/m i�mt /2 +`BKBM�HBiû- Q#i2Mm T�` H2 `�TTQ`i 2Mi`2 H2 MQK#`2 /2 +`BK2b 2i
/ûHBib +QMbi�iûb T�` H2b b2`pB+2b /2 TQHB+2- 2i H� TQTmH�iBQM +QMbB/û`û2X

*QKK2 MQmb HǶ�pQMb û+`Bi +B@�p�Mi mM2 i2HH2 bi�iBbiB[m2 /ûT2M/ 7Q`i2K2Mi
/2b /û}MBiBQMb 2i /m +Q/�;2 k /2b +�iû;Q`B2b /û+`Bi2bX �BMbB- /�Mb H2 +�b T`û@
b2Mi- BH 2bi 2bb2MiB2H /2 b�pQB` [m2HH2b BM7`�+iBQMb bQMi +QMbB/û`û2b +QKK2 /2b
/ûHBib 2i /2b +`BK2b c +2b +H�bb2b T2mp2Mi ûpQHm2` T�` /2b +?�M;2K2Mib /m /`QBi
Ĝ HǶ�/mHiĕ`2 Qm HǶBMi2``mTiBQM pQHQMi�B`2 /2 ;`Qbb2bb2 M2 bQMi- T�` 2t2KTH2-
THmb +QMbB/û`ûb +QKK2 /2b �+i2b BHHû;�mt /�Mb H� THmT�`i /2b úi�ib Q++B/2M@
i�mt �HQ`b [mǶBHb HǶûi�B2Mi T�` H2 T�bbû j Ĝ c H� /ûHBKBi�iBQM /2 +2`i�BMb +`BK2b
2i /ûHBib T2mi- 2M Qmi`2- āi`2 ûi2M/m2 Qm `2bi`2BMi2 Ĝ H� Dm`BbT`m/2M+2 `ûûp�@
Hm2- T�` 2t2KTH2- `û;mHBĕ`2K2Mi H2b HBKBi2b /2 HǶBM7`�+iBQM /2 ?�`+ĕH2K2Mi T�`
/2 MQmp2�mt Dm;2K2MibX *2i 2t2KTH2 T2`K2i /ǶBHHmbi`2` ¨ [mQB T2mp2Mi +Q`@
`2bTQM/`2 H2b +?�M;2K2Mi /2 i`�Bib /û}MBiQB`2b /ǶmM2 +H�bb2 U/û}MBiBQMV 2i
/Ƕ�z2+i�iBQM /ǶmM +�b ¨ mM2 +H�bb2 U+Q/�;2V- /QMi BH ûi�Bi [m2biBQM �m TQBMi
3 UT�;2 RdeVX

G2 7�Bi [m2 H2b +H�bb2b +`BK2b 2i /ûHBib bQB2Mi BMbi�#H2b 2bi bmb+2TiB#H2 /2
7�B`2 p�`B2` Kû+�MB[m2K2Mi mM BM/B+�i2m` +QKK2 H2 i�mt /2 +`BKBM�HBiû /ǶmM
úi�i , 2M 2z2i- ¨ mM KQK2Mi s- +2`i�BMb �+i2b bQMi +QMbB/û`ûb 2i +QKTiûb
+QKK2 /2b +`BK2b 2i /ûHBib- TmBb ¨ mM �mi`2 KQK2Mi u- +2b KāK2b �+i2b M2
bQMi THmb TQm`bmBpBb T�` H� DmbiB+2 2i bQ`i2Mi �BMbB /2 H� bi�iBbiB[m2X SQmpQMb@
MQmb TQm` �mi�Mi iB`2` H� +QM+HmbBQM [m2 H� +`BKBM�HBiû /BKBMm2 HQ`b[m2 H2
i�mt /2 +`BKBM�HBiû #�Bbb2 \

kX .�Mb H� i2`KBMQHQ;B2 /Ƕ�H�BM .2b`QbBĕ`2b (Nk)X
jX G2b /û#�ib �+im2Hb �miQm` /2 HǶ�pQ`i2K2Mi �mt úi�ib@lMBb �iiB`2Mi MQi`2 �ii2MiBQM

bm` H2 +�`�+iĕ`2 bQ+B�H 2i BMbiBimiBQMM2H /2b p�`B�iBQMb TQbbB#H2b /2 +2b +H�bb2bX
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Pmi`2 +2b +?�M;2K2Mib /2 /û}MBiBQM 2i /ûHBKBi�iBQM /2b +H�bb2b Q#b2`pû2b-
BH v � /Ƕ�mi`2b 7�+i2m`b TQmp�Mi 2Mi`�ŗM2` /2b p�`B�iBQMb Kû+�MB[m2b /�Mb mM2
i2HH2 bi�iBbiB[m2 , H2b 2z2+iB7b /2 TQHB+2 �BMbB [m2 H2m` �z2+i�iBQM Ĝ /2b ûHûK2Mib
/B+iûb T�` /2b /û+BbBQMb TQHBiB[m2b Ĝ T2mp2Mi T�` 2t2KTH2 p�`B2` /ǶmM2 �MMû2
¨ HǶ�mi`2 2i �BMbB 2Mi`�ŗM2` /ǶBKTQ`i�Mi2b i`�Mb7Q`K�iBQMb /m MQK#`2 2i /m
ivT2 /Ƕ�+i2b /ûHB+im2mt `2+2MbûbX

� +2H� bǶ�DQmi2 mM2 HBbi2 BM}MB2 /ǶBKTQM/û`�#H2b 2Mi`�ŗM�Mi /2b ~m+im�@
iBQMb �mbbB #B2M /2 H� [m�MiBiû /2b BM7`�+iBQMb /ûMQK#`û2b [m2 /2 H� TQTmH�@
iBQM ¨ H�[m2HH2 b2 `�TTQ`i2 +2b /2`MBĕ`2b , mM KQmp2K2Mi bQ+B�H +QKK2 OJ2@
hQQ UQm O"�H�M+2hQMSQ`+ 2M 7`�MÏ�BbV T2mi TQmbb2` /2 MQK#`2mb2b 72KK2b
pB+iBK2b /Ƕ�;`2bbBQMb ¨ +�`�+iĕ`2 b2tm2H ¨ TQ`i2` TH�BMi2 (kk9) c mM2 K�H�/B2
+QKK2 H2 +QpB/@RN T2mi 2Mi`�ŗM2` H� 72`K2im`2 i2KTQ`�B`2 /2 iQmb H2b ûi�#HBb@
b2K2Mib /2 `2bi�m`�iBQM- 7�Bb�Mi /m KāK2 +QmT /BbT�`�ŗi`2 HǶBM7`�+iBQM TûM�H2
/2 }HQmi2`B2 /Ƕ�m#2`;2 T2M/�Mi mM i`BK2bi`2 cXXX

� +2 iBi`2- .2b`QbBĕ`2b (N8) �iiB`2 MQi`2 �ii2MiBQM bm` mM `Bb[m2 , Ŀ H2 7�Bi
[mǶmM2 [m2biBQM /2pB2MM2 ǳbQ+B�H2K2Mi Dm;û2 bQ+B�H2Ǵ- +Ƕ2bi@¨@/B`2 `2H2p�Mi
/ǶmM2 �+iBQM Tm#HB[m2- i`�Mb7Q`K2 bQM bi�imi bi�iBbiB[m2 ŀ UTX ReRVX GǶ�+iBQM
/2 HǶúi�i- K�Bb �mbbB mM2 7Q`i2 T`QD2+iBQM Kû/B�iB[m2 bm` mM bmD2i Qm mM �mi`2-
bQMi Ĝ 2M /Ƕ�mi`2b i2`K2b Ĝ 7Q`i2K2Mi 2M+HBM2b ¨ 7�B`2 p�`B2` /2b bi�iBbiB[m2bX

SQm` +2b `�BbQMb /2b BM/B+�i2m`b K2ii�Mi 2M `�TTQ`i /Bzû`2Mi2b p�H2m`b
Q#i2Mm2b T�` /2b /ûMQK#`2K2Mib /2 T?ûMQKĕM2b bQ+B�mt Ĝ +QKK2 H2 i�mt
/2 +`BKBM�HBiû Ĝ M2 T2mp2Mi T�b K2M2` �mt KāK2b ivT2b /2 `�BbQMM2K2Mib
[m2 /2b mMBiûb +QKTQbBi2b `2TQb�Mi bm` THmbB2m`b K2bm`2b 2M b+B2M+2b /2 H�
K�iBĕ`2X G2 i�mt /2 +`BKBM�HBiû /ǶmM2 �MMû2 MǶ2bi +QKT�`�#H2 �p2+ +2HmB /2
HǶ�MMû2 T`û+û/2Mi2 [mǶ2M T`2M�Mi 2M +QKTi2 iQmb H2b 7�+i2m`b [mB TQm``�B2Mi
HǶBM~m2M+2` , /2 7�Bi- H� +`BKBM�HBiû MǶ2bi T�b mM T?ûMQKĕM2 K2bm`�#H2 �m b2Mb
bi`B+i /m i2`K2 c H� [m�MiB}+�iBQM /m T?ûMQKĕM2 +`BKBM2H M2 MQmb �miQ`Bb2
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¨ �/QTi2` /2b `�BbQMM2K2Mib /2 HQ;B[m2 K�i?ûK�iB[m2 bm` H2b /QMMû2b T`Q@
/mBi2b [mǶ¨ +QM/BiBQM /2 ;�`/2` mM2 �ii2MiBQM T�`iB+mHBĕ`2 ¨ H� bi�#BHBiû /2b
/û}MBiBQMb [mB T`ûbB/2MiX

arBDiBMF (kNj) �{`K2 [m2 H� Ŀ Kû+�MBb�iBQM /2b Q#b2`p�iBQMb 2i /2b K2@
bm`2b ûi�Bi mM T`û`2[mBb ¨ HǶmiBHBb�iBQM /2b Kûi?Q/2b MmKû`B[m2b /�Mb H2 /Q@
K�BM2 /2b b+B2M+2b ŀ UTX kd9 c i`�/mBi /2 HǶ�M;H�BbV , HǶ�TTHB+�iBQM /2b `�B@
bQMM2K2Mib K�i?ûK�iB[m2b T`ûbmTTQb2 /QM+ #B2M mM2 +2`i�BM2 T`û+BbBQM 2i
`ûTHB+�#BHBiû /�Mb H2 /QK�BM2 /2b K2bm`2bX

.2b `2+2Mb2K2Mib 2i �mi`2b +QKTi�;2b M2 T`ûb2Mi2Mi T�b Ĝ [m2HH2 [m2 bQBi
H� KBMmiB2 �TTQ`iû2 ¨ HǶûH�#Q`�iBQM /2 i2HH2b bi�iBbiB[m2b Ĝ +2b +�`�+iû`BbiB[m2b
/2 bi�#BHBiû �bbm`û2 T�` /2b K2bm`2b bm` H2 TH�M T?vbB[m2X *2H� M2 p2mi T�b /B`2
[m2 H2b bi�iBbiB[m2b bQ+B�H2b bQMi TQm` �mi�Mi BMmiBH2b- TmBb[mǶ2HH2b T2`K2ii2Mi
/2 `2M/`2 pBbB#H2 /2b T?ûMQKĕM2b [mB MǶ�TT�`�Bbb2Mi [m2 /B{+BH2K2Mi b�Mb H2
`2+Qm`b ¨ HǶ�M�Hvb2 [m�MiBi�iBp2X AH bǶ�;Bi +2T2M/�Mi /2 bQmHB;M2` [m2 H2b `�B@
bQMM2K2Mib K�i?ûK�iB[m2b �TTHB[mûb �m /QK�BM2 /2b b+B2M+2b /2 H� K�iBĕ`2
M2 bQMi T�b �TTHB+�#H2b b�Mb +QM/BiBQM �m /QK�BM2 /2b b+B2M+2b ?mK�BM2bX

RyV GǶQ#D2+iBpBiû /2b K2bm`2b , *QKK2 MQmb HǶ�pQMb û+`Bi +B@�p�Mi- H2
/ûp2HQTT2K2Mi /2b QmiBHb /2 K2bm`2 2i /2b KQ/ĕH2b K�i?ûK�iB[m2b � T2`KBb
�mt /Bzû`2Mib /QK�BM2b /2b b+B2M+2b /2 H� K�iBĕ`2 /2 b2 T�bb2` /m Dm;2K2Mi
T2`bQMM2H /2b BM/BpB/mbX SQm` `2T`2M/`2 H2b i2`K2b /2 arBDiBMF- +2b �p�M+û2b
QMi T2`KBb- ¨ mM +2`i�BM TQBMi- /Ƕ2z2+im2` /2b Ŀ Q#b2`p�iBQMb b�Mb Q#b2`p�@
i2m` ŀ UTX kd9 c i`�/mBi /2 HǶ�M;H�BbVX

hQmi2b H2b /BK2MbBQMb /2b b+B2M+2b /Bi2b Ŀ /m`2 ŀ MǶQMi T�b �ii2BMi H2m`
bi�imi /2 Ŀ K2bm`�#BHBiû ŀ Ĝ H2 TQBMi ¨ T�`iB` /m[m2H H� K2bm`2 ûi�Bi +QMbB/û`û2
+QKK2 bm{b�KK2Mi T`û+Bb2 2i `ûTHB+�#H2 TQm` v �TTHB[m2` /2b `�BbQMM2K2Mib
K�i?ûK�iB[m2b Ĝ 2M KāK2 i2KTbX a2HQM H2 +ûHĕ#`2 ?BbiQ`B2M /2b b+B2M+2b
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h?QK�b Em?M (ReN)- HǶ�bi`QMQKB2- HǶQTiB[m2 2i H� Kû+�MB[m2 bQMi /2b +?�KTb
[mB QMi /ûD¨ ûiû H2 i?û�i`2 /2 +QMbB/û`�#H2b /ûp2HQTT2K2Mib [m�HBi�iB7b 2i
[m�MiBi�iB7b /�Mb HǶ�MiB[mBiû 2i �m +Qm`b /m JQv2M �;2 UTX R3eVX

.Ƕ�mi`2b /QK�BM2b MǶQMi +QMMm +2b /ûp2HQTT2K2Mib [m2 #B2M THmb i�`/-
¨ T�`iB` /2 H� }M /m soAAA2 bBĕ+H2X *2 KQmp2K2Mi bǶBMBiB2 �m iQm`M�Mi /m
soAA2 bBĕ+H2- HQ`b[m2 6`�M+Bb "�+QM 7QM/2 Ŀ H� `2+?2`+?2 b+B2MiB}[m2 bm` HǶB/û2
[m2 H� M�im`2 2bi `û;B2 T�` /2b HQBb- HQBb [mB 2tBbi2Mi �Miû`B2m`2K2Mi ¨ 2i
BM/ûT2M/�KK2Mi /2b }+iBQMb [m2 HǶ2bT`Bi T2mi BMp2Mi2` ¨ H2m` bmD2iX ŀ (Rd3)
*2H� b2 i`�/mBi- b2HQM Em?M (ReN)- T�` HǶ�TT�`BiBQM /2 MQmp2�mt MQv�mt /2
`2+?2`+?2 [mB ;�;M2Mi �HQ`b H2 bi�imi /2 b+B2M+2b , HǶûim/2 /2 H� +?�H2m`- /2
HǶûH2+i`B+Biû- /m K�;MûiBbK2 2i /2 H� +?BKB2 UTX R3eVX

*2b +?�KTb /Ƕûim/2 `2TQb�B2Mi �HQ`b H�`;2K2Mi bm` /2b Q#b2`p�iBQMb [m�HB@
i�iBp2b 2i BH 7�HHmi �ii2M/`2 /2mt bBĕ+H2b TQm` [m2 bQB2Mi /ûp2HQTTûb /2b QmiBHb
/2 K2bm`2 T2`K2ii�Mi /2 H2b [m�MiB}2` UTX R33VX 1M 2z2i- Ŀ mM2 [m�MiB}+�@
iBQM `ûmbbB2 /2b b+B2M+2b #�+QMB2MM2b M2 Tmi āi`2 û#�m+?û2 [m2 /�Mb H2 /2`MB2`
[m�`i /m soAAA2 bBĕ+H2 2i TH2BM2K2Mi `û�HBbû2 [mǶ¨ T�`iB` /m sAs2 (XXX) 1Mi`2
R3yy 2i R38y- BH v 2mi mM +?�M;2K2Mi BKTQ`i�Mi /�Mb H2 ivT2 /2 `2+?2`+?2 /2
MQK#`2mt /QK�BM2b /2b b+B2M+2b T?vbB[m2b ŀ UTX RNy c i`�/mBi /2 HǶ�M;H�BbV c
HǶ�/QTiBQM /ǶQmiBHb /2 K2bm`2 /�Mb +2b +?�KTb T2`KBi H� [m�MiB}+�iBQM- TmBb
HǶ�/QTiBQM /2b `�BbQMM2K2Mib K�i?ûK�iB[m2b /�Mb H2 +�/`2 /2b b+B2M+2b /Bi2b
#�+QMB2MM2b c +2 T�bb�;2 /m [m�HBi�iB7 �m [m�MiBi�iB7 Ĝ `2M/m TQbbB#H2 T�` H�
K2bm`2 Ĝ +QMbiBim2- TQm` h?QK�b Em?M- Ŀ H2 T�M /ǶmM2 /2mtBĕK2 `ûpQHmiBQM
b+B2MiB}[m2 �m KQBMb �mbbB +QMbû[m2Mi2 [m2 H� T`2KBĕ`2 ŀ 2M;2M/`û2 T�` H2b
+QMbi�ib /2 "�+QM /2mt bBĕ+H2b THmb iƬi UTX R33 c i`�/mBi /2 HǶ�M;H�BbVX

SQm` BHHmbi`2` +2 T�bb�;2- Em?M /QMM2 HǶ2t2KTH2 /2 H� i2KTû`�im`2X �m
+Qm`b /2b bBĕ+H2b- 2HH2 MǶûi�Bi /û}MB2 [m2 T�` HǶ�TT`û+B�iBQM [m�HBi�iBp2 /2b
b2MbX �p�Mi [m2 H2 i?2`KQKĕi`2 M2 /2pB2MM2 mM BMbi`mK2Mi /2 H�#Q`�iQB`2
¨ T`QT`2K2Mi T�`H2`- BH � ûiû HmB@KāK2 mM bmD2i 2tTû`BK2Mi�H , BH � 7�HHm mM
i`�p�BH /Ƕ�#bi`�+iBQM TQm` �/K2ii`2 [m2- /ûbQ`K�Bb- /2b K2bm`2b ûi�B2Mi 27@
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72+imû2b 2M Ŀ /2;`ûb /2 +?�H2m` ŀ 2i [m2 H2b b2Mb�iBQMb bm#D2+iBp2b miBHBbû2b
Dmb[mǶ�HQ`b- /2p2M�B2Mi bBKmHi�MûK2Mi /2b T?ûMQKĕM2b +QKTH2t2b 2i û[mB@
pQ[m2b /ûT2M/�Mi /2 iQmi2b bQ`i2b /2 T�`�Kĕi`2b 2ti2`M2b UTX R3NVX

*Ƕ2bi H2 /ûp2HQTT2K2Mi /2 +2b QmiBHb /2 K2bm`2- /�Mb H2 +Qm`�Mi /m sAs2-
[mB /QMM2- 2M [m2H[m2 bQ`i2- mM +QMiQm` }M�H ¨ H� /û}MBiBQM �m b2Mb bi`B+i /m
p2`#2 K2bm`2`X *Ƕ2bi 2M 2z2i ¨ T�`iB` /2 +2 KQK2Mi@H¨- [m2 /2b `�BbQMM2K2Mib
K�i?ûK�iB[m2b �TTHB[mûb ¨ /2b K2bm`2b �miQ`Bb2Mi /2b +QM+HmbBQMb Q#D2+iBp2b-
+�`- +QKK2 HǶû+`Bi arBDiBMF (kNj) +2b �p�M+û2b i2+?MB[m2b QMi T2`KBb Ŀ /2
`û/mB`2 7Q`i2K2Mi H2 `ƬH2 /m Dm;2K2Mi T2`bQMM2H /�Mb HǶ2M`2;Bbi`2K2Mi /2
+2 [mB 2bi Q#b2`pû ŀ 2M `û/mBb�Mi HǶ�+iBpBiû /2 K2bm`2 Ŀ ¨ H� H2+im`2 /ǶmM2
û+?2HH2 ŀ UTX kedVX

*Ƕ2bi- ¨ MQi`2 b2Mb- �mt /Bt +QM/BiBQMb ûMmKû`û2b +B@/2bbmb [m2 b2 /ûi2`@
KBM2 H� K2bm`�#BHBiû /ǶmM T?ûMQKĕM2 c +2H� `2pB2Mi ¨ /B`2- +QKK2 H2 bQmHB;M2
oQHF2M (jyk) /�Mb mM T�bb�;2 [m2 MQmb �pQMb /ûD¨ +Biû- [m2 H� K2bm`2 �m b2Mb
bi`B+i Ŀ b2 HBKBi2 �mt b+B2M+2b 2t�+i2b ŀ UTX 8jVX
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*?�TBi`2 Ry

G� [m�MiB}+�iBQM

SQm` �H�BM .2b`QbBĕ`2b (Ne) , [m�MiB}2`- +Ƕ2bi Ŀ 2tT`BK2` 2i 7�B`2 2tBbi2` bQmb
mM2 7Q`K2 MmKû`B[m2 +2 [mB- �mT�`�p�Mi- ûi�Bi 2tT`BKû T�` /2b KQib 2i MQM
T�` /2b MQK#`2b ŀ UTX j3VX *QKK2 MQmb HǶ�pQMb ¨ KQMi`û �m +?�TBi`2 T`û+û@
/2Mi UNV- H� K2bm`2 +QKT`Bb2 �m b2Mb bi`B+i 2bi mM2 �+iBpBiû #B2M bTû+B}[m2 /2
T`Q/m+iBQM /2 MQK#`2bX 1M +2H� 2HH2 +QMbiBim2 2HH2@KāK2- +QKK2 MQmb HǶ�pQMb
`2H2pû- mM2 7Q`K2 /2 [m�MiB}+�iBQM- /ĕb HQ`b [mǶ2HH2 T2`K2i /2 T�bb2` /2 HǶ2t@
Tû`B2M+2 T?vbB[m2 2tT`BK�#H2 T�` /2b KQib ¨ b� /2b+`BTiBQM T�` /2b MQK#`2b
`û2Hb `�TTQ`iûb ¨ /2b û+?2HH2bX *Ƕ2bi H� `�BbQM TQm` H�[m2HH2 H� K2bm`2 MǶ2bi
T�b ¨ QTTQb2` ¨ H� [m�MiB}+�iBQM , 2HH2 7�Bi T�`iB2 /2b T`�iB[m2b /2 [m�MiB}@
+�iBQM [mB b2 /BbiBM;m2Mi 2Mi`2@2HH2bX aB MQmb /2pBQMb H2b `2T`ûb2Mi2` bm` mM
/B�;`�KK2 /2 o2MM- H� K2bm`2 M2 b2`�Bi /QM+ T�b mM 2Mb2K#H2 BM/ûT2M/�Mi
/2 H� [m�MiB}+�iBQM- K�Bb #B2M mM bQmb@2Mb2K#H2 /2 H� [m�MiB}+�iBQMX

AH +QMpB2Mi ¨ T`ûb2Mi /Ƕ2tTQb2` 2M [mQB H2b �mi`2b T`Q+2bbmb /2 [m�MiB@
}+�iBQM bQMi /Bzû`2Mib /2 H� K2bm`2- 2i TQm`[mQB BHb b2 i`Qmp2Mi bQmp2Mi
+QM7QM/mb �p2+ H� K2bm`2X LQmb �pQMb 7�Bi H2 +QMbi�i 2M T`û�K#mH2 [m2 H2b
+?Bz`2b bQMi QKMB+QMp2M�Mib 2i [mǶ�BMbB- iQmi bmD2i 2bi bmb+2TiB#H2 /Ƕāi`2 KBb
2M MQK#`2bX AH bǶ�;Bi /m T?ûMQKĕM2 [m2 _2v (kek) MQKK2 H� MQK#`B}+�iBQM

R38
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TQm` /û+`B`2 mM2 [m�MiB}+�iBQM iQmb �xBKmib- +�`�+iû`BbiB[m2- b2HQM HmB- /2
HǶĕ`2 /�Mb H�[m2HH2 MQmb pBpQMbX _2v bǶBMiû`2bb2 THmb bTû+B�H2K2Mi �m `ĕ;M2
/2 H� bi�iBbiB[m2 [mB Ĝ `�TT2HQMb b2b KQib Ĝ `2Hĕp2 Ŀ /ǶmM2 7�ÏQM /2 T2Mb2`-
/2 T�`H2`- /2 MQmb `2T`ûb2Mi2` H2 KQM/2 /QMi iQmi /Bb+Qm`b /2 +QMM�Bbb�M+2
TQ`i2 H� K�`[m2 ŀ UTX RyVX

.2b`QbBĕ`2b +QKTHĕi2 b� /û}MBiBQM 2M bǶ�ii�`/�Mi bm` H2 +QMi`�bi2 [m2 H2
p2`#2 [m�MiB}2` QTĕ`2 �p2+ HǶB/û2 /2 K2bm`2X *2ii2 /2`MBĕ`2 Ŀ BMbTB`û2 /2b
b+B2M+2b /2 H� M�im`2- BKTHB[m2 [m2 [m2H[m2 +?Qb2 2tBbi2 /ûD¨ bQmb mM2 7Q`K2
K2bm`�#H2 b2HQM mM2 Kûi`QHQ;B2 `û�HBbi2- +QKK2 H� ?�mi2m` /m JQMi@"H�M+ ŀ
UTX j3VX .2b`QbBĕ`2b 2tTHB+Bi2 /�Mb H2 T�bb�;2 bmBp�Mi TQm`[mQB b2HQM HmB- mM2
miBHBb�iBQM ;ûMû`�HBbû2 /m p2`#2 K2bm`2` T2mi bǶ�pû`2` T`Q#HûK�iB[m2 UTX j3V ,

GǶ2KTHQB BKKQ/û`û /m KQi K2bm`2` BM/mBi (XXX) 2M 2``2m`- 2M H�Bb@
b�Mi /�Mb HǶQK#`2 H2b +QMp2MiBQMb /2 H� [m�MiB}+�iBQMX G2 p2`#2
[m�MiB}2`- /�Mb b� 7Q`K2 �+iBp2 U7�B`2 /m MQK#`2V- bmTTQb2 [m2
bQBi ûH�#Q`û2 2i 2tTHB+Biû2 mM2 bû`B2 /2 +QMp2MiBQMb /Ƕû[mBp�H2M+2b
T`û�H�#H2b- BKTHB[m�Mi /2b +QKT�`�BbQMb- /2b Mû;Q+B�iBQMb- /2b
+QKT`QKBb- /2b i`�/m+iBQMb- /2b BMb+`BTiBQMb- /2b +Q/�;2b- /2b
T`Q+û/m`2b +Q/B}û2b 2i `ûTHB+�#H2b 2i /2b +�H+mHb +QM/mBb�Mi ¨ H�
KBb2 2M MQK#`2X (XXX) .2 +2 TQBMi /2 pm2- H� [m�MiB}+�iBQM b2
/û+QKTQb2 2M /2mt KQK2Mib (XXX) G2 T`2KB2`- bQmp2Mi Kû+QMMm
/2b miBHBb�i2m`b UMQi�KK2Mi /2b û+QMQKBbi2bV- 2bi �m KQBMb �mbbB
BKTQ`i�Mi [m2 H2 b2+QM/X

AH +QM+Hmi +2ii2 /û}MBiBQM 2M bQmHB;M�Mi b� T`û7û`2M+2 /�Mb /2 MQK#`2mb2b
bBim�iBQMb TQm` H2 p2`#2 [m�MiB}2` [mB Ŀ �iiB`2 HǶ�ii2MiBQM bm` H� /BK2MbBQM
bQ+B�H2K2Mi 2i +Q;MBiBp2K2Mi +`û�i`B+2 /2 +2ii2 �+iBpBiûX *2HH2@+B M2 7Qm`MBi
T�b b2mH2K2Mi mM `2~2i /m KQM/2 UTQBMi /2 pm2 mbm2HV- K�Bb 2HH2 H2 i`�Mb@
7Q`K2- 2M H2 `2+QM};m`�Mi �mi`2K2Mi ŀ UTX jNVX "�+Qi 2i �HX (Rd) �#QM/2Mi
/�Mb H2 KāK2 b2Mb- bQmHB;M�Mi [m2 Ŀ K2ii`2 2M +?Bz`2b- +Ƕ2bi 2M [m2H[m2
bQ`i2 +?�M;2` /2 H�M;�;2 TmBb[m2 HǶQM +?QBbBi /2 i`�/mB`2 2M bB;M2b K�i?ûK�@
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iB[m2b /2b /QMMû2b /Ƕ2tTû`B2M+2 [m2 HǶQM TQm``�Bi 2tT`BK2` T�` /2b KQib ŀ
UTX dVX *2ii2 i`�Mb7Q`K�iBQM- MQmb 7�Bb�Mi T�bb2` /m +Q/2 p2`#�H �m +Q/2 +?B7@
7`û- BKTHB[m2 Mû+2bb�B`2K2Mi /2b +?QBt /2 i`�Mb+Q/�;2 [mB `2TQb2Mi bm` /2b
+QMp2MiBQMb 2HH2b@KāK2b ûi�#HB2b T�` /2b BM/BpB/mb TQ`i2m`b /2 bm#D2+iBpBiûX

G2 T`Q+2bbmb /2 i`�Mb+Q/�;2 KBb 2M TH�+2 T�` H� [m�MiB}+�iBQM MǶBM/mBi
/QM+ T�b b2mH2K2Mi mM2 T2`i2 /ǶBM7Q`K�iBQM c mM2 T�`iB2 /2b /QMMû2b /2 H�
7Q`K2 +?Bz`û2 2bi MQmp2HH2X *Ƕ2bi H2 +�b- MQi�KK2Mi- HQ`b[m2 mM2 [m�MiB}+�@
iBQM BKTHB[m2 H� +`û�iBQM /2 +H�bb2b , H� /ûHBKBi�iBQM /2 +2b +H�bb2b ¨ /2b }Mb
/2 +QKTi�;2 +`û2 mM2 7`QMiBĕ`2 2M T�`iB2 �`iB}+B2HH2 2i +QMp2MiBQMM2HH2 2Mi`2
H2b Q#D2ib [mB bǶv i`Qmp2Mi 2i H2b �mi`2b Q#D2ibX a2HQM H2b i`�Bib /û}MBiQB`2b
+?QBbBb TQm` mM2 +H�bb2- H� HBKBi2 2Mi`2 H2b ûHûK2Mib [mB bǶv i`Qmp2Mi 2i +2mt
[mB M2 bǶv i`Qmp2Mi T�b T2mi p�`B2`X

*2b T`�iB[m2b /2 +�iû;Q`Bb�iBQMb �KĕM2Mi mM T`Q#HĕK2 [mB � i`�Bi /B`2+i2@
K2Mi ¨ H� `2H�iBpBiû HBM;mBbiB[m2 , HǶB/û2 [mB bQmb@i2M/ +2 +QM+2Ti Ĝ �ii`B#m�#H2
2M T`2KB2` HB2m ¨ >mK#QH/i (R8k)- TmBb �m iQm`M�Mi /m bBĕ+H2 T�bbû ¨ a�TB`
(kdk) TmBb ¨ q?Q`7 (jy8) Ĝ 2bi [m2 +?�[m2 H�M;m2 /û+QmT2 H2 KQM/2 /ǶmM2 K�@
MBĕ`2 Q`B;BM�H2 �p2+ TQm` +QMbû[m2M+2b H� K�MBĕ`2 �p2+ H�[m2HH2 H2b HQ+mi2m`b
/2 /Bzû`2Mi2b H�M;m2b T2Mb2Mi 2i �;Bbb2Mi (Rje) UTX eR9VX *2ii2 ?vTQi?ĕb2 2bi
`27Q`KmHû2 /2 H� 7�ÏQM bmBp�Mi2 T�` J�`iBM2i (RN8) UTX je@jdV ,

§ +?�[m2 H�M;m2 +Q``2bTQM/ mM2 Q`;�MBb�iBQM T�`iB+mHBĕ`2 /2b
/QMMû2b /2 HǶ2tTû`B2M+2X �TT`2M/`2 mM2 H�M;m2- +2 MǶ2bi T�b K2ii`2
/2 MQmp2HH2b ûiB[m2ii2b bm` /2b Q#D2ib +QMMmb- K�Bb bǶ?�#Bim2` ¨
�M�Hvb2` �mi`2K2Mi +2 [mB 7�Bi HǶQ#D2i /2 +QKKmMB+�iBQM HBM;mBb@
iB[m2X

P`- :mKT2`x 2i G2pBMbQM (Rje) `�TT2HH2Mi [m2 H2 Ŀ b2Mb ŀ MǶ2bi T�b 2MiBĕ`2@
K2Mi 2M+�TbmHû /�Mb H2 H2tB[m2 2i H� ;`�KK�B`2 /ǶmM2 H�M;m2 UTX eR9V 2i [m2
H� +QMM�Bbb�M+2 2i H2b T`�iB[m2b HBM;mBbiB[m2b T2mp2Mi āi`2 7`�+iBQMMû2b 2i /Bb@
i`B#mû2b /2 7�ÏQMb p�`B�#H2b �m b2BM /ǶmM2 +QKKmM�miû- /û#Qm+?�Mi �BMbB bm`
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mM2 `2H�iBpBiû HBM;mBbiB[m2 HQ+�H2 UTX ekyV- +Ƕ2bi@¨@/B`2 BMi2`M2 ¨ mM2 H�M;m2X
*2ii2 `2H�iBpBiû b2 K�MB72bi2 T�` HǶ2tBbi2M+2 /2 /Bzû`2Mi2b 7Q`K2b /2 p�`B�iBQM
HBM;mBbiB[m2 [mB bQMi T�`KB H2b T`BM+BT�mt Q#D2ib /Ƕûim/2 /2 H� bQ+BQHBM;mBb@
iB[m2X

*2 [mB MQmb BKTQ`i2 B+B- +Ƕ2bi [m2 H� i`�Mb7Q`K�iBQM [mǶBKTHB[m2 H2 T`Q+2b@
bmb /2 [m�MiB}+�iBQM 7�Bi /BbT�`�ŗi`2 H� p�`B�iBQM 2tBbi�Mi �m b2BM /ǶmM2 H�M;m2
T�`+2 [mǶBH BKTHB[m2 mM2 +`û�iBQM /2 +H�bb2b /QMi H2b HBKBi2b bûK�MiB[m2b bQMi
2M �TT�`2M+2 BMp�`B�#H2bX G2 MQK /2 +2b +H�bb2b MǶ2bi T�b bûK�MiB[m2K2Mi
p�`B�#H2 ¨ HǶBMiû`B2m` /m bvbiĕK2 bi�iBbiB[m2 [mB 2M � /û}MB H2b HBKBi2b- #B2M
[mǶBH bQBi bQmp2Mi +QKTQbû /2 KQib /2 H� H�M;m2 [mB bQMi- 2mt- BMi`BMbĕ[m2@
K2Mi bQmKBb ¨ H� p�`B�iBQM bQ+BQHBM;mBbiB[m2 /�Mb H2m` miBHBb�iBQM M�im`2HH2X

AMiû`2bbQMb@MQmb ¨ HǶ2t2KTH2 /2 H� +H�bb2 +?ƬK2m`X *QKK2 MQmb p2MQMb /2
HǶû+`B`2- mM i2`K2 +QKK2 +?ƬK2m` MǶ� T�b mM2 bB;MB}+�iBQM }t2 /�Mb HǶmiBHB@
b�iBQM M�im`2HH2 /2 H� H�M;m2 , BH 2bi bQmKBb ¨ H� p�`B�iBQM HBM;mBbiB[m2X AH MǶ2bi
T�b `�`2 /Ƕ2Mi2M/`2 /Bzû`2Mib T`QTQb bm` H2b +?ƬK2m`b , bB TQm` #2�m+QmT-
mM +?ƬK2m` 2bi bBKTH2K2Mi [m2H[mǶmM [mB MǶ� T�b /Ƕ2KTHQB- TQm` +2`i�BMb BH
bǶ�;Bi /ǶmM2 T2`bQMM2 [mB `2ÏQBi /2 HǶ�`;2Mi b�Mb i`�p�BHH2` 2i Tĕb2 �BMbB bm`
mM2 û+QMQKB2 c TQm` /Ƕ�mi`2b- BH bǶ�;Bi /ǶmM BM/BpB/m [mB �TT�`iB2Mi ¨ mM2
�`Kû2 /2 `ûb2`p2 T2`K2ii�Mi �mt 2KTHQv2m`b /Ƕ2t2`+2` mM2 T`2bbBQM bm` H2b
b�H�B`2b /2b T2`bQMM2b [mB QMi mM i`�p�BH c TQm` /Ƕ�mi`2b 2M+Q`2- mM +?ƬK2m`
2bi mM2 T2`bQMM2 [mǶBH 2bi Mû+2bb�B`2 /Ƕ�B/2` TQm` HmB �bbm`2` mM2 `ûBMb2`iBQM
T`Q72bbBQMM2HH2 2i bQ+B�H2X

.ǶmM TQBMi /2 pm2 bQ+BQHBM;mBbiB[m2- �m+mM2 /2 +2b �++2TiBQMb M2 T2mi
āi`2 +QMbB/û`û2 +QKK2 2t+HmbBp2 , 2HH2b +Q2tBbi2Mi 2i H� /û}MBiBQM �/KBb2 T�`
H2b T�`iB+BT�Mib ¨ mM2 BMi2`�+iBQM /ûT2M/`� i`ĕb 7`û[m2KK2Mi /m +QMi2ti2
+mHim`2H 2i bQ+B�H /�Mb H2[m2H mM û+?�M;2 � HB2m 2i /2 HǶB/2MiBiû /2b BMi2`HQ@
+mi2m`bX *2T2M/�Mi- KāK2 bB Ĝ MQmb HǶ�pQMb pm Ĝ +2 +QM+2Ti MǶ2bi T�b /m
iQmi mMBpQ[m2 2i `2MpQB2 ¨ mM2 KmHiBim/2 /2 `2T`ûb2Mi�iBQMb [mB +Q2tBbi2Mi
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/�Mb H2b BMi2`�+iBQMb /2b BM/BpB/mb 7`�M+QT?QM2b- BH 2tBbi2- /�Mb +?�[m2 úi�i-
mM2 /û}MBiBQM Dm`B/B[m2 `2H�iBp2K2Mi mMBpQ[m2 [mB T2`K2i /2 +QKTi2` H2b
+?ƬK2m`bX

G2 +?ƬK2m` /2pB2Mi �BMbB Ĝ /ĕb HQ`b [mǶBH 2bi BMiû;`û ¨ mM T`Q+2bbmb /2
[m�MiB}+�iBQM Ĝ mM2 +H�bb2 /ûHBKBiû2 T�` /2b +`Biĕ`2b [mB 7QMi } /2 +2ii2 p�@
`B�iBQM bQ+BQHBM;mBbiB[m2X *Ƕ2bi H¨ [mǶBMi2`pB2Mi mM T`Q#HĕK2 [m2 SQ`i2` (kjR)
/û+`Bi /2 H� 7�ÏQM bmBp�Mi2 , Ŀ KāK2 HǶQTû`�iBQM H� THmb ûHûK2Mi�B`2 /2b bi�@
iBbiB[m2b- H2 +QKTi�;2- MǶ� /2 b2Mb [m2 bB H2b Q#D2ib +QKTiûb T2mp2Mi āi`2
KQ#BHBbûb 2i +QMbB/û`ûb +QKK2 ?QKQ;ĕM2b ŀ UTX jNN c i`�/mBi /2 HǶ�M;H�BbVX
LQmb HǶ�pQMb pm BH 2bi /B{+BH2 /2 +QMbB/û`2` +?ƬK2m` +QKK2 mM2 +H�bb2 mMB@
pQ[m2 c HǶAMbiBimi M�iBQM�H /2 H� bi�iBbiB[m2 2i /2b ûim/2b û+QMQKB[m2b UALa11V
7`�MÏ�Bb bQmHB;M2 /Ƕ�BHH2m`b [m2 /ǶmM TQBMi /2 pm2 bi�iBbiB[m2 Ŀ H� /û}MBiBQM
/2b +?ƬK2m`b 2bi 2ti`āK2K2Mi b2MbB#H2 �mt +`Biĕ`2b `2i2MmbX ŀ _�TT2HQMb [mǶBH
bǶ�;Bi H¨ /ǶmM 2t2KTH2 T�`KB /Ƕ�mi`2b- 2i [m2 H2 KāK2 ivT2 /2 T`Q#HĕK2b b2
`2i`Qmp2 TQm` H� /û}MBiBQM /2 iQmi2b bQ`i2b /2 +H�bb2bX

1M HǶQ++m`2M+2- H2b +`Biĕ`2b H2b THmb +Qm`�KK2Mi miBHBbûb Ĝ /2p�Mi T2`@
K2ii`2 /Ƕ2z2+im2` /2b +QKT�`�BbQMb �m MBp2�m BMi2`M�iBQM�H Ĝ bQMi +2mt /m
"m`2�m BMi2`M�iBQM�H /m i`�p�BH U"AhV c BHb T`ûpQB2Mi [mǶmM +?ƬK2m` 2bi mM2
T2`bQMM2 Ŀ �;û2 /2 R8 �Mb Qm THmb- b�Mb 2KTHQB /m`�Mi mM2 b2K�BM2 /QMMû2 c
/BbTQMB#H2 TQm` i`�p�BHH2` /�Mb H2b /2mt b2K�BM2b c [mB � 2z2+imû- �m +Qm`b
/2b [m�i`2 /2`MBĕ`2b b2K�BM2b- mM2 /ûK�`+?2 �+iBp2 /2 `2+?2`+?2 /Ƕ2KTHQB
Qm � i`Qmpû mM 2KTHQB [mB +QKK2M+2 /�Mb H2b i`QBb KQBb ŀ (R83)X lM2 i2HH2
/û}MBiBQM- TQm`i�Mi miBHBbû2 /2 7�ÏQM ;ûMû`�HBbû2 TQm` H� /2b+`BTiBQM bi�iBb@
iB[m2 /m +?ƬK�;2- 2bi `2bi`B+iBp2 2i +2`i�BMb HQ+mi2m`b /2 H� H�M;m2 7`�MÏ�Bb2
i`Qmp2`�B2Mi H2b +?ƬK2m`b /2 H2m` /û}MBiBQM 2t+Hmb /2 H� +H�bb2 +?ƬK2m` /m
"AhX

AH M2 bǶ�;Bi T�b /2 +`BiB[m2` HǶ2tBbi2M+2 /2 +H�bb2b `B;Qm`2mb2K2Mi /û}MB2b
Ĝ BH MǶv �- /2 7�Bi- T�b /Ƕ�Hi2`M�iBp2 ¨ +2ii2 T`�iB[m2 HQ`b[mǶBH bǶ�;Bi /2 [m�M@
iB}2` Ĝ K�Bb #B2M /2 bQmHB;M2` [m2 HQ`b[mǶmM T?ûMQKĕM2 2bi /û+`Bi T�` mM2
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bi�iBbiB[m2- T�` 2t2KTH2 H2 +?ƬK�;2- mM2 b2mH2 /û}MBiBQM /2 +2 T?ûMQKĕM2
2bi T`Bb2 2M +QKTi2X G2 bB;M2 +?ƬK2m` /2 H� H�M;m2 7`�MÏ�Bb2 MǶ2bi /QM+ T�b
H2 KāK2 Q#D2i [m2 H� +H�bb2 +?ƬK2m` /ǶmM2 bi�iBbiB[m2 /m +?ƬK�;2- #B2M [mǶBH
2tBbi2 mM HB2M bûK�MiB[m2 2Mi`2 H2b /2mtX

GǶ2t2KTH2 bmBbb2 T2`K2i /2 KQMi`2` ¨ [m2H TQBMi H2b bi�iBbiB[m2b bQMi
b2MbB#H2b ¨ H� /û}MBiBQM /2b +H�bb2b TmBb[m2 /2mt +�`�+iû`Bb�iBQMb /m +?ƬK�;2
+Q2tBbi2Mi , HǶP{+2 7û/û`�H /2 H� bi�iBbiB[m2 UP6aV 2z2+im2 bQM `2+2Mb2K2Mi
b2HQM H2b +`Biĕ`2b /m "Ah- K�Bb H2 a2+`ûi�`B�i /Ƕúi�i ¨ HǶû+QMQKB2 Ua1*PV
T`Q+ĕ/2 ¨ mM +�H+mH /Bzû`2Mi , TQm` H2 a1*P 2bi +?ƬK2m` mM2 T2`bQMM2
�v�Mi 2z2+imû mM2 /2K�M/2 �mT`ĕb /ǶmM P{+2 `û;BQM�H /2 TH�+2K2Mi UP_SV-
i`�p�BHH�Mi KQBMb /2 e ?2m`2b T�` b2K�BM2b 2i ûi�Mi /BbTQMB#H2 BKKû/B�i2K2Mi
(k3y)X *2b BM/B+�i2m`b bi�iBbiB[m2b bQMi +2Mbûb `2M/`2 +QKTi2 /2 H� KāK2
`û�HBiû- K�Bb BHb T`Q/mBb2Mi /2b +?Bz`2b b2MbB#H2K2Mi /Bzû`2Mib ûi�Mi /QMMû [m2
H2 i�mt /2 +?ƬK�;2 �MMQM+û T�` H2 a1*P 2bi [m�bB BMp�`B�#H2K2Mi BM7û`B2m`
/ǶR-8W �m i�mt �MMQM+û T�` HǶP6aX *2b +`Biĕ`2b T`2MM2Mi 2M Qmi`2 2M +QKTi2
H2 ivT2 /2 /2K�M/2 [mǶ2z2+im2 mM2 T2`bQMM2 ¨ H� `2+?2`+?2 /ǶmM i`�p�BH +2
[mB 2bi mM ûHûK2Mi [mB `2bbQ`iB`� `�`2K2Mi /ǶmM2 /û}MBiBQM bQ+BQHBM;mBbiB[m2
/2 +2 [mǶ2bi mM +?ƬK2m`X

AH 7�mi bQmHB;M2` B+B- [mǶ�m+mM2 /2 +2b /û}MBiBQMb M2 T`ûpQBi /2 T`2M/`2 2M
+QKTi2 bB mM2 T2`bQMM2 b�Mb i`�p�BH `2ÏQBi 2z2+iBp2K2Mi mM2 �B/2 }M�M+Bĕ`2
HQ`b /2 b2b `2+?2`+?2b /Ƕ2KTHQB c H2b +`Biĕ`2b bi�iBbiB[m2b 7QMi- /2 7�Bi- �#bi`�+@
iBQM /2 H� [m2biBQM /2b �HHQ+�iBQMbX lM +?ƬK2m` /�Mb +2ii2 bi�iBbiB[m2 T2mi
/QM+ āi`2 mM2 T2`bQMM2 [mB `2ÏQBi mM2 �B/2 Tû+mMB�B`2 Qm MQM- +2 [mB T2mi 7�B`2
mM2 ;`�M/2 /Bzû`2M+2 /�Mb H2 [mQiB/B2M /2 /2mt T2`bQMM2b [mB �TT�`�Bbb2Mi
TQm`i�Mi bQmb H� KāK2 ûiB[m2ii2X

GQ`b[mǶBH bǶ�;Bi /Ƕ�HHQ+�iBQMb- H2b /Bzû`2M+2b 2Mi`2 /2mt úi�ib T2mp2Mi āi`2
BKTQ`i�Mi2b c +2b /Bzû`2M+2b MǶ�TT�`�Bbb2Mi T�b /�Mb H� bi�iBbiB[m2 /m +?Ƭ@
K�;2 TmBb[mǶ2HH2b M2 bQMi T�b T`Bb2b 2M +QKTi2 /�Mb H2b +`Biĕ`2b /û}MBiQB`2b
/2 H� +H�bb2 +?ƬK2m` /m "AhX � iBi`2 /Ƕ2t2KTH2 mM +?ƬK2m` 2M 6`�M+2 T2mi



RNR

T2`+2pQB` mM2 �HHQ+�iBQM +?ƬK�;2 bǶBH � ûiû b�H�`Bû �m KQBMb e R KQBb �m +Qm`b
/2b k9 /2`MB2`b KQBb Uje KQBb TQm` H2b +?ƬK2m`b /2 THmb /2 8j �MbV (jyR) c 2M
amBbb2 HǶ�HHQ+�iBQM +?ƬK�;2 MǶ2bi �++Q`/û2 [mǶ�mt +?ƬK2m`b �v�Mi i`�p�BHHû
Rk KQBb �m +Qm`b /2b /2mt /2`MBĕ`2b �MMû2b kX *2H� BKTHB[m2 [m2- /�Mb /2
MQK#`2mt +�b- mM +?ƬK2m` M2 pBi T�b mM2 `û�HBiû b2K#H�#H2 bǶBH 2bi 2M amBbb2
`QK�M/2 [m2 bǶBH 2bi 2M 6`�M+2- K�H;`û bQM �TT�`i2M�M+2 ¨ H� KāK2 +H�bb2
+?ƬK2m`X hQmi27QBb- /�Mb mM i�#H2�m /2 /QMMû2b- H2b /2mt +�b2b /ǶmM2 HB;M2
+Q``2bTQM/�Mi ¨ HǶûiB[m2ii2 +?ƬK�;2 b2 +QKT�`2Mi Ĝ T�` 2t2KTH2 HQ`b[m2 b2
i`Qmp2Mi +QM7`QMiûb H2b +?Bz`2b /m +?ƬK�;2 2Mi`2 H� 6`�M+2 2i 2M amBbb2 Ĝ
b�Mb 7�B`2 �TT�`�ŗi`2 +2b /Bzû`2M+2bX

AH bǶ�;Bi iQmDQm`b /m KāK2 KQi /2 H� H�M;m2 7`�MÏ�Bb2 Ĝ +?ƬK2m` Ĝ [mB
`2MpQB2- /�Mb HǶ2bT`Bi /2b HQ+mi2m`b- �mt /Bzû`2Mi2b �++2TiBQMb /2 +2 i2`K2X
J�Bb- +QKK2 MQmb HǶ�pQMb KQMi`û- H� p�`B�iBQM bQ+BQHBM;mBbiB[m2 /2 +2 i2`K2
/BbT�`�ŗi /ĕb HQ`b [mǶ2bi +?QBbB2 mM2 mMB[m2 /û}MBiBQM ¨ /2b }Mb /2 [m�MiB}+�@
iBQMX AH 2M `ûbmHi2 [mǶmM2 bi�iBbiB[m2 /m +?ƬK�;2 /û+`Bi mM T?ûMQKĕM2 [mB M2
+Q``2bTQM/ T�b Mû+2bb�B`2K2Mi ¨ HǶB/û2 [m2 H2b HQ+mi2m`b /m 7`�MÏ�Bb b2 7QMi
/m T?ûMQKĕM2 +?ƬK�;2X

*2 T�bb�;2 /ǶmM2 p�H2m` [m�HBi�iBp2 Ĝ H2b /û}MBiBQMb /m +?ƬK2m` T�` /2b
KQib [mB QMi mM2 /BK2MbBQM bûK�MiB[m2 p�`B�#H2 Ĝ ¨ mM2 p�H2m` [m�MiBi�iBp2
Ĝ H2 +?ƬK2m` /2pB2Mi mM Q#D2i mMB[m2 bm` H2[m2H mM +QKTi�;2- 7�Bb�Mi �#b@
i`�+iBQM /2 H� p�`B�iBQM BMi`BMbĕ[m2 /2 +2ii2 +H�bb2 T2mi bǶ2z2+im2` Ĝ QTĕ`2
mM2 `ûB}+�iBQM j /2b BM/BpB/mb- 2M +2 b2Mb [mǶBH H2b i`�Mb7Q`K2 2M Q#D2ib /ǶmM2
+H�bb2 ¨ H� /û}MBiBQM mMBpQ[m2- �#bi`�Bi2 2i +QMp2MiBQMM2HH2X GǶBM;ûMB2m` 7`�M@
Ï�Bb "2MD�KBM "�v�`/ (kN8)- KBHBi�Mi TQm` H2b HB#2`iûb 7QM/�K2Mi�H2b /�Mb H�
bQ+Bûiû /2 HǶBM7Q`K�iBQM- /û72M/ ¨ +2 T`QTQb HǶB/û2 [m2- HQ`b[m2 /2b BM/BpB/mb
bQMi TH�+ûb /�Mb /2b }+?B2`b Ĝ 2i /QM+ T�` 2ti2MbBQM HQ`b[mǶBHb bQMi `û/mBib

RX AH 2bi ¨ MQi2` [m2 +2b +`Biĕ`2b QMi +?�M;û }M kykR- HǶ�+iBpBiû b�H�`Bû2 KBMBK�H2 T�bb�Mi
/2 9 ¨ e KQBb TQm` Q#i2MB` mM2 �HHQ+�iBQMX

kX GQB 7û/û`�H2 bm` HǶ�bbm`�M+2@+?ƬK�;2 Q#HB;�iQB`2 2i HǶBM/2KMBiû 2M +�b /ǶBMbQHp�#BHBiû ,
�`iB+H2b N 2i Rj (e3)

jX o2`/BM;HB+?mM; +?2x J�`t c +Ƕ2bi@¨@/B`2- HBiiû`�H2K2Mi- H2 7�Bi /2 `2M/`2 Q#D2iX
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2M +?Bz`2b T�` /2b T`Q+2bbmb /2 [m�MiB}+�iBQM Ĝ- +2H� 2Mi`�ŗM2 BKK�M[m�#H2@
K2Mi H2m` `ûB}+�iBQM- +2 [mB- b2HQM HmB- `2M/ iQmi2b bQ`i2b /2 K�Hi`�Bi�M+2b
TQbbB#H2bX

GǶ2t2KTH2 /m +?ƬK�;2 T2`K2i /ǶBHHmbi`2` /2 7�ÏQM +QMp�BM+�Mi2 [m2 H2
T`Q+2bbmb /2 [m�MiB}+�iBQM 2bb2MiB�HBb2 H2 `û2H 2M +2 b2Mb [mǶBH `û/mBi H2b bB;M2b
HBM;mBbiB[m2b ¨ mM2 b2mH2 /û}MBiBQM �HQ`b [m2- +QKK2 H2 `�TT2H�Bi :mKT2`x 2i
G2MpBMbQM (Rje)- H2 Ŀ b2Mb ŀ MǶ2bi T�b 2MiBĕ`2K2Mi 2M+�TbmHû /�Mb H2 H2tB[m2
2i H� ;`�KK�B`2 /ǶmM2 H�M;m2X G� [m�MiB}+�iBQM 7�Bi /QM+- 2M [m2H[m2 bQ`i2-
HǶBMp2`b2 /ǶmM2 H�M;m2 TmBb[mǶ2HH2 2M+�TbmH2 mM b2mH Ŀ b2Mb ŀ /�Mb /2b +H�bb2b
2M Ŀ +QM}b[m�Mi ŀ �mt KQib H2m`b /û}MBiBQMb KmHiBTH2b 2i `2H�iBp2bX *2 7�Bb�Mi-
2HH2 i`�Mb7Q`K2 HǶBM7Q`K�iBQM 2tT`BK�#H2 T�` mM2 H�M;m2 bmD2ii2 ¨ p�`B�iBQM-
2i b2;K2Mi2 H2 `û2H 2M T�`iB2b �`iB}+B2HH2bX S�` +2ii2 i`�Mb7Q`K�iBQM- 2HH2 `ûB}2
H2b BM/BpB/mb +QM+2`Mûb 2M H2b `û/mBb�Mi ¨ /2b Q#D2ib /ǶmM2 +H�bb2X

*2ii2 +Bi�iBQM /2 .2b`QbBĕ`2b (N8)- MQmb T2`K2i /2 +QM+Hm`2 +2 +?�TBi`2 bm`
H� [m�MiB}+�iBQM 2M `27Q`KmH�Mi /2 7�ÏQM HBKTB/2 H2 T`QTQb [m2 MQmb �pQMb
i2Mm /�Mb +2 [mB T`û+ĕ/2 UTX Ry@RRV ,

G� bi�iBbiB[m2- 2i THmb ;ûMû`�H2K2Mi iQmi2b H2b 7Q`K2b /2 [m�M@
iB}+�iBQM UT�` 2t2KTH2 T`Q#�#BHBbi2 Qm +QKTi�#H2V- `2+QM};m`2Mi
2i i`�Mb7Q`K2Mi H2 KQM/2- T�` H2m` 2tBbi2M+2 KāK2- T�` H2m` /B7@
7mbBQM 2i H2m`b mb�;2b �`;mK2Mi�iB7b- [m2 +2mt@+B bQB2Mi b+B2MiB@
}[m2b- TQHBiB[m2b Qm DQm`M�HBbiB[m2bX lM2 7QBb H2b T`Q+û/m`2b /2
[m�MiB}+�iBQM +Q/B}û2b 2i `QmiBMBbû2b- H2m`b T`Q/mBib bQMi `ûB}ûbX
AHb i2M/2Mi ¨ /2p2MB` Ŀ H� `û�HBiû ŀ- T�` mM 2z2i /2 +HB[m2i B``û@
p2`bB#H2X G2b +QMp2MiBQMb BMBiB�H2b bQMi Qm#HBû2b- HǶQ#D2i [m�MiB}û
2bi +QKK2 M�im`�HBbû 2i HǶ2KTHQB /m p2`#2 Ŀ K2bm`2` ŀ pB2Mi K�@
+?BM�H2K2Mi ¨ HǶ2bT`Bi 2i bQmb H� THmK2X *2H� `2bi2 p`�B Dmb[mǶ¨
+2 [m2- TQm` /2b `�BbQMb ¨ �M�Hvb2` �m +�b T�` +�b- +2b Ŀ #Qŗi2b
MQB`2b ŀ bQMi `ûQmp2`i2b- ¨ HǶQ++�bBQM /2 +QMi`Qp2`b2bX



*?�TBi`2 RR

>BbiQ`B[m2 /2b T`�iB[m2b /2
[m�MiB}+�iBQM

LQmb �pQMb T�`Hû /2 H� K2bm`2 UNV TmBb /2 H� [m�MiB}+�iBQM URyV 2i i2`KBMû
T�` H2 +QMbi�i Ĝ T�`i�;û T�` .2b`QbBĕ`2b (N8) Ĝ [m2 H� b2+QM/2 ûi�Bi [m�bB
K�+?BM�H2K2Mi +QM7QM/m2 �p2+ H� T`2KBĕ`2- +QKK2 HǶBM/B[m2 HǶmiBHBb�iBQM BK@
KQ/û`û2 /m p2`#2 K2bm`2` /ĕb HQ`b [mǶmM Q#D2i 2bi [m�MiB}ûX AH bǶ�;Bi /ǶmM2
+�`�+iû`BbiB[m2 /2 MQi`2 ûTQ[m2 [mB 7�Bi bmBi2 ¨ HǶ�pĕM2K2Mi /2 H� K2bm`2 �m
b2Mb bi`B+iX *Ƕ2bi 2M 2z2i 2HH2- [mB � T2`KBb �mt b+B2M+2b /2 H� K�iBĕ`2 /2 bǶ�T@
Tmv2` bm` /2b /QMMû2b +QMbB/û`û2b +QKK2 Q#D2+iBp2b ;`�+2 �m /ûp2HQTT2K2Mi
/ǶQmiBHb Ĝ K�i?ûK�iB[m2b 2i i2+?MB[m2b Ĝ T2`K2ii�Mi /2 K�ŗi`Bb2` HǶ2``2m`
(kNj)X

�BMbB- H� ;ûMû`�HBb�iBQM /2 HǶB/û2 /2 K2bm`2 2bi mM bvKTiƬK2 /ǶmM2 MQmp2HH2
�TT`û?2MbBQM /m KQM/2 /QMi T�`H2 J2ix (kyk) HQ`b[mǶBH bQmHB;M2 [mǶ¨ T�`iB`
/m sAs2 bBĕ+H2- Ŀ b2mH +2 [mB T2mi āi`2 +QKTiû 2bi mM2 +�`�+iû`BbiB[m2 /2 H�
bQ+Bûiû KQ/2`M2X *2b /Bzû`2Mib KQ/2b /2 /2b+`BTiBQM 2Mi`2 HǶĕ`2 T`ûbi�iBbiB[m2
2i HǶĕ`2 bi�iBbiB[m2 7QMi �TT�`�ŗi`2 mM2 MQmp2HH2 +QKT`û?2MbBQM /2b ǳ7�BibǴ ŀ

RNj
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UTX jjN- i`�/mBi /2 HǶ�M;H�BbVX AH +QMpB2Mi �BMbB /2 +QKT`2M/`2 [m2H[m2b ûi�T2b
BKTQ`i�Mi2b /m /ûp2HQTT2K2Mi /2 H� bi�iBbiB[m2 [mB QMi +QMi`B#mû ¨ 2M 7�B`2
�mDQm`/Ƕ?mB mM ûHûK2Mi 2bb2MiB2H /2 HǶ�TT`û?2MbBQM /m KQM/2X

_2i`�+2` HǶ?BbiQB`2 /2 H� bi�iBbiB[m2 2bi mM2 2Mi`2T`Bb2 +QHQbb�H2 [mB � ûiû
HǶmM /2b T`BM+BT�mt Q#D2ib /Ƕûim/2 /Ƕ�H�BM .2b`QbBĕ`2b c H2 bQ+BQHQ;m2- ?BbiQ@
`B2M 2i bi�iBbiB+B2M 7`�MÏ�Bb v �++Q`/2 /Bp2`b Qmp`�;2b (N8- N9- Nj- Ne)X aB MQmb
MǶ�pQMb �m+mM2K2Mi HǶ�K#BiBQM /Ƕ2M 7�B`2 mM i�#H2�m �mbbB 2t?�mbiB7 [m2 H2
bB2M- MQmb MQmb #�b2`QMb iQmi27QBb bm` bQM i`�p�BH TQm` 2M 7�B`2 mM2 û#�m+?2
�mbbB miBH2 [m2 TQbbB#H2 /�Mb H2 +�/`2 /2 +2 i`�p�BHX

SQm` THmbB2m`b `�BbQMb- /`2bb2` mM ?BbiQ`B[m2 /2 H� bi�iBbiB[m2 MǶ2bi T�b
mM2 KBM+2 �z�B`2X G� T`2KBĕ`2 2bi [m2 H2 KQi 2bi TQHvbûKB[m2 , H� bi�iBbiB[m2
2bi ¨ H� 7QBb mM 2Mb2K#H2 /2 Kûi?Q/2b- 2i mM2 KBb2 2M �TTHB+�iBQM /2 +2b
/2`MBĕ`2b T`Q/mBb�Mi /2b bi�iBbiB[m2bX lM2 �mi`2 /B{+mHiû /û+QmH2 /m 7�Bi [m2
+2b Kûi?Q/2b bǶ�TTHB[m2Mi ¨ iQmi2b bQ`i2b /2 /QK�BM2b [mB M2 bQMi T�b Mû+2b@
b�B`2K2Mi BMi2`+QMM2+iûb +QKK2 HǶ2tTHB[m2 .2b`QbBĕ`2b (N8) /�Mb +2 T�bb�;2
UTX kjV ,

G� bi�iBbiB[m2 2bi T`ûb2Mi2 ¨ H� 7QBb /�Mb H2b b+B2M+2b [mB b2 T`û@
b2Mi2Mi +QKK2 /2b b+B2M+2b Ŀ iQmi +Qm`i ŀ U2M 2t+Hm�Mi /2 7�Bi H2b
b+B2M+2b bQ+B�H2bV- T�`+2 [m2 H2 7Q`K�HBbK2 /2 H� bi�iBbiB[m2 K�@
i?ûK�iB[m2 2i /2b T`Q#�#BHBiûb v 2bi Hû;BiBK2 R- 2i /�Mb H2b b+B2M+2b
/Bi2b ?mK�BM2b- +QKK2 HǶû+QMQKB2- H� /ûKQ;`�T?B2- H� bQ+BQHQ;B2-
HǶ?BbiQB`2- H� Tbv+?QHQ;B2 (XXX)X

aB H2b Kûi?Q/2b bi�iBbiB[m2b bQMi /ûbQ`K�Bb +QMbB/û`û2b +QKK2 7�Bb�Mi T�`iB2
/2b K�i?ûK�iB[m2b 2i i`Qmp2Mi mM2 �TTHB+�iBQM /�Mb /2 MQK#`2mt +?�KTb
b+B2MiB}[m2b- H� bi�iBbiB[m2 `ûTQM/ �mbbB ¨ mM2 �mi`2 /û}MBiBQMX 1HH2 bǶ2Mi2M/
/�Mb Ŀ bQM b2Mb ¨ T2m T`ĕb mMB}û �m +Qm`b /m sAs2 bBĕ+H2 ŀ +QKK2 HǶĿ 2bT�+2

RX LQmb �pQMb pm /�Mb +2 i`�p�BH [m2 +2ii2 Ŀ Hû;BiBKBiû ŀ 2bi ;�`�MiB2 T�` H� K2bm`2 �m
b2Mb bi`B+i [mB �miQ`Bb2 H2b b+B2MiB}[m2b ¨ �/QTi2` /2b `�BbQMM2K2Mib K�i?ûK�iB[m2b bm`
H2m`b Q#b2`p�iBQMb , H� K2bm`2 �m b2Mb bi`B+i 2bi mM2 ;�`�MiB2 /ǶQ#D2+iBpBiûX
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+Q;MBiB7 /Ƕû[mBp�H2M+2 +QMbi`mBi ¨ /2b }Mb T`�iB[m2b- TQm` /û+`B`2 /2b bQ+Bûiûb
?mK�BM2b- H2b �/KBMBbi`2` Qm H2b i`�Mb7Q`K2` ŀ (N9) UTX k3VX GǶmM2 /2b �ii`B@
#miBQMb +2Mi`�H2b /2 H� bi�iBbiB[m2 Ĝ /û+QmH�Mi /B`2+i2K2Mi /2 HǶûi�#HBbb2K2Mi
/2 +2i 2bT�+2 /Ƕû[mBp�H2M+2 Ĝ 2bi /2 `2M/`2- bm` iQmi bmD2i- /2b +QKT�`�BbQMb
2Mi`2 /Bzû`2Mib KQK2Mib Qm HB2mt TQbbB#H2bX

*2b /Bzû`2Mi2b /û}MBiBQMb /2 bi�iBbiB[m2 MQmb BM+Bi2Mi ¨ /BpBb2` +2 +?�TBi`2
2M /2mt T�`iB2b , HǶmM2 `2i`�Ï�Mi H2 /ûp2HQTT2K2Mi /2 H� bi�iBbiB[m2 +QKK2
2bT�+2 /2 /2b+`BTiBQM- /Ƕ�/KBMBbi`�iBQM 2i /2 i`�Mb7Q`K�iBQM /2b bQ+Bûiûb ?m@
K�BM2b 2i HǶ�mi`2 /û+`Bp�Mi H2 /ûp2HQTT2K2Mi ?BbiQ`B[m2 /2b Kûi?Q/2b bi�iBb@
iB[m2b 2i H2m` +QMbiBimiBQM 2M #`�M+?2 /2b K�i?ûK�iB[m2b T�` HǶ�/QTiBQM /2b
`�BbQMM2K2Mib T`Q#�#BHBbi2b /�Mb H2 +�H+mH /Ƕ2``2m`X *2b /2mt ?BbiQB`2b bQMi
HBû2b TmBb[m2 H2b #2bQBMb /2 HǶmM2 2tTHB[m2Mi H2b /ûp2HQTT2K2Mib /2 HǶ�mi`2-
/ûp2HQTT2K2Mib [mB ¨ H2m` iQm` `2/û}MBbb2Mi H2b #2bQBMb /2 H� T`2KBĕ`2X *2ii2
/BpBbBQM MQmb b2K#H2 iQmi27QBb `�BbQMM�#H2 T�`+2 [mǶ2HH2 MQmb �miQ`Bb2 ¨ /û@
+`B`2 /2mt �bT2+ib /2 H� bi�iBbiB[m2 [mB `ûTQM/2Mi ¨ /2mt /û}MBiBQMb /BbiBM+i2b
/m i2`K2 bi�iBbiB[m2X

RRXR G� bi�iBbiB[m2 +QKK2 b+B2M+2 /2 HǶúi�i

G� pQHQMiû /2b úi�ib /2 KB2mt +QMM�ŗi`2 H2m`b +�`�+iû`BbiB[m2b bQ+B�H2b 2bi
�Miû`B2m`2 �m /ûp2HQTT2K2Mi /2b Kûi?Q/2b [mB +QMbiBim2Mi �mDQm`/Ƕ?mB mM2
#`�M+?2 i`�Mb/Bb+BTHBM�B`2 /2b K�i?ûK�iB[m2b , +2 bQMi +2b T`�iB[m2b /2b úi�ib
[mB /QMM2Mi H2m` MQK ¨ H� bi�iBbiB[m2X a2HQM _2v (kek) mM TQBMi /2 pm2 7`û@
[m2Mi +QMbBbi�Mi ¨ Ŀ pQB` /�Mb HǶ2KTB`2 /2 H� bi�iBbiB[m2 mM bQmb@T`Q/mBi /2
H� b+B2M+2 KQ/2`M2- /QMi H2b Kûi?Q/2b- 2M b2 /Bzmb�Mi- �m`�B2Mi 2Mp�?B H2b
�z�B`2b ?mK�BM2b ŀ M2 +Q``2bTQM/ T�b ¨ H� `û�HBiû UTX R8VX
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1M 2z2i- Ŀ H2 /ûp2HQTT2K2Mi bi�iBbiB[m2 MǶ� T�b ûiû +QMbû+miB7 ¨ H� /2mtBĕK2
`ûpQHmiBQM b+B2MiB}[m2 k- K�Bb HmB � ûiû +QMi2KTQ`�BM- 2i M2 T2mi 2M �m+mM
+�b 2M āi`2 i2Mm TQm` mM2 +QMbû[m2M+2 ŀ UTX R8VX *QKK2 MQmb HǶ�pQMb pm
�m +?�TBi`2 N +QMb�+`û ¨ H� K2bm`2- +2 MǶ2bi [mǶ¨ T�`iB` /2 H� }M /m soAAA2
bBĕ+H2 [m2 H2b T`Q;`ĕb /�Mb H� +QM+2TiBQM /2b QmiBHb /2 K2bm`2 /�Mb H2b /Q@
K�BM2b ûH2+i`B[m2- K�;MûiB[m2- +?BKB[m2 2i +�HQ`B}[m2- 2i H2 T2`72+iBQMM2K2Mi
/2b i2+?MB[m2b T`Q#�#BHBbi2b `2M/2Mi TQbbB#H2 mM2 `ûTHB+�#BHBiû 2i mM2 K�ŗi`Bb2
bm{b�Mi2 /2b K�`;2b /Ƕ2``2m` TQm` [m2 H2b K2bm`2b bQB2Mi +QMbB/û`û2b +QKK2
Q#D2+iBp2bX

G2b T`2KBĕ`2b T`�iB[m2b bi�iBbiB[m2b /2b úi�ib- /QMi BH 2bi [m2biBQM /�Mb
+2ii2 b2+iBQM- bQMi Ĝ +QKK2 H2 bQmHB;M2 _2v (kek) Ĝ �Miû`B2m`2b 2i +QMi2KTQ@
`�BM2b ¨ +2b /ûp2HQTT2K2Mib /�Mb H2 /QK�BM2 /2 H� K2bm`2X .2 +2 TQBMi /2
pm2- Ŀ +QMbB/û`2` H� bi�iBbiB[m2 +QKK2 mM2 Kûi?Q/2 K�i?ûK�iB[m2 ¨ H�[m2HH2-
/�Mb mM b2+QM/ i2KTb- QM �m`�Bi 7�Bi �TT2H /�Mb H2 +?�KT TQHBiB[m2- û+QMQ@
KB[m2 2i bQ+B�H 2bi mM MQM@b2Mb- TmBb[m2 +Ƕ2bi �m +QMi`�B`2 /�Mb +2 +?�KT
[mǶ2HH2 � T`Bb M�Bbb�M+2 2i bǶ2bi /ûTHQvû2 ŀ UTX R8VX _2v �p�M+2- T�` �BHH2m`b-
[m2 +2 MǶ2bi [mǶ�m +Qm`b /2 H� /2mtBĕK2 KQBiBû /m sAs2 bBĕ+H2 [m2 H2b i2+?@
MB[m2b /2 H� bi�iBbiB[m2- 2i H2m` T2M/�Mi +H�bbB}+�i2m`- �TT�`�Bbb2Mi /�Mb H2b
b+B2M+2b /2 H� M�im`2 c Ŀ b� +QMbiBimiBQM 2M /Bb+BTHBM2 K�i?ûK�iB[m2 � ûiû THmb
i�`/Bp2 2M+Q`2- /�Mb H2b T`2KBĕ`2b /û+2MMB2b /m ss2 bBĕ+H2 ŀ UTX R8VX

.2b`QbBĕ`2b (N9) /û+`Bi Ŀ i`QBb i`�/BiBQMb [mB- K�H;`û H2m` �TT�`2Mi2 ?û@
iû`Q;ûMûBiû- QMi +?�+mM2 H2 bQm+B /2 +QM72+iBQMM2` /2b 7Q`K2b bm` H2b[m2HH2b
H2b ?QKK2b T2mp2Mi b2 K2ii`2 /Ƕ�++Q`/- /2b Q#D2ib- bmb+2TiB#H2b /ǶmM b�pQB`
+QKKmM ŀ UTX ke@kdVX AH ûpQ[m2 H2 +�b /2 HǶ�HH2K�;M2- Ŀ [mB � Hû;mû H2 KQi
bi�iBbiB[m2 j 2i mM2 i`�/BiBQM /2 /2b+`BTiBQM ;HQ#�H2 /2b úi�ib ŀ UTX k3VX G�

kX .�Mb H� i2`KBMQHQ;B2 /2 Em?M (Rdy) bm` HǶ2bbQ` /2b b+B2M+2b /Bi2b #�+QMB2MM2b
jX ai�iBbiBF 2bi mM2 i2`KBMQHQ;B2 T`QTQbû2 2M Rd9e T�` :Qii7`B2/ �+?2Mr�HH- T`Q72bb2m`

/2 HǶmMBp2`bBiû /2 :ƺiiBM;2M , +2 i2`K2 b2`�Bi bQBi /û`Bpû /2 HǶ�HH2K�M/ ai��ibFmM/2 @ ûim/2b
+BpB[m2b- bQBi /2 HǶBi�HB2M bi�iBbi� @ HǶ?QKK2 /Ƕúi�i (ky8)
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bi�iBbiB[m2 �HH2K�M/2 M2 `2bb2K#H�Bi 2M `B2M ¨ +2 [m2 MQmb 2Mi2M/QMb �mDQm`@
/Ƕ?mB T�` +2 i2`K2 , BH bǶ�;Bbb�Bi 2M `û�HBiû THmiƬi /ǶmM i`�p�BH i�tBMQKB[m2-
�KQ`+û /�Mb HǶ�HH2K�;M2 KQ`+2Hû2 /m soAA2 bBĕ+H2 UTX jRV ,

GǶ1KTB`2 2bi �HQ`b ûKB2iiû 2M T`ĕb /2 i`QBb +2Mib KB+`Q@úi�ib-
T�mp`2b 2i 2M `Bp�HBiû H2b mMb �p2+ H2b �mi`2bX G2b [m2biBQMb /2
/û}MBiBQM Qm /2 `2/û}MBiBQM /2b /`QBib 2i /2pQB`b /2b mMb 2i /2b
�mi`2b bQMi 2bb2MiB2HH2bX SQm` iQmi HBiB;2- bm` /2b T`Q#HĕK2b /2
i2``BiQB`2- /2 K�`B�;2- /2 bm++2bbBQM- BH 7�mi i`�M+?2` 2M �v�Mi `2@
+Qm`b �mt T`û+û/2Mib 2i ¨ HǶ2tû;ĕb2 /2b �`+?Bp2bX lM2 i2HH2 bBim�@
iBQM +QM7ĕ`2 �miQ`Biû 2i T`2biB;2 �mt 2bT`Bib TQ`iûb ¨ +�i�HQ;m2`
bvbiûK�iB[m2K2Mi THmiƬi [mǶ¨ +QMbi`mB`2 /2b +?Qb2b MQmp2HH2b (XXX)

*2ii2 bi�iBbiB[m2 MǶ2bi �HQ`b +QKTQbû2 [m2 Ŀ /ǶBM/B+�iBQMb 2tT`BKû2b 2M i2`K2b
HBiiû`�B`2b ŀ UTX jyV 2i M2 7�Bi T�b BMi2`p2MB` /2 +?Bz`2b c TQm` _2v (kek) Ŀ BH
bǶ�;Bbb�Bi �HQ`b #2�m+QmT KQBMb /2 MQK#`2` [m2 /2 K2ii`2 2M Q`/`2- /ǶBMbi�m@
`2` mM +�/`2 7Q`K2H ¨ bmBp`2 TQm` /û+`B`2 mM úi�i /�Mb b2b KmHiBTH2b �bT2+ib ŀ
UTX jyVX

*Ƕ2bi H� i`�/BiBQM �M;H�Bb2 Ĝ H� /2mtBĕK2 /û+`Bi2 T�` .2b`QbBĕ`2b (N9) Ĝ
[mB BMi`Q/mB`� H� T`2KBĕ`2 H� [m�MiB}+�iBQMX 1M 2z2i- HǶ�M;H2i2``2 �/QTi2
/ĕb H2 soAA2 bBĕ+H2- T�` HǶBMi`Q/m+iBQM /2 bQM �`Bi?KûiB[m2 TQHBiB[m2- Ŀ /2b
+QKTi�;2b /Ƕ2M`2;Bbi`2K2Mib `2HB;B2mt 2i �/KBMBbi`�iB7b- 2i /2b i2+?MB[m2b /2
+�H+mH T2`K2ii�Mi /2 H2b �M�Hvb2` 2i /2 H2b 2ti`�TQH2` ŀ UTX k3VX § 2M +`QB`2
.2b`QbBĕ`2b- +Ƕ2bi �p�Mi iQmi +2ii2 /2mtBĕK2 i`�/BiBQM [mB b2`� +QMbB/û`û2
+QKK2 /û+BbBp2 TQm` H2 /ûp2HQTT2K2Mi /2 H� bi�iBbiB[m2 UTX kNV ,

AH 2bi bȿ` [m2- /m TQBMi /2 pm2 /2 HǶ?BbiQB`2 /2 HǶ�++mKmH�iBQM
/2b i2+?MB[m2b bi�iBbiB[m2b- HǶ�`Bi?KûiB[m2 TQHBiB[m2 ¨ HǶ�M;H�Bb2
� Hû;mû /2b QmiBHb , H2 /ûTQmBHH2K2Mi /2b `2;Bbi`2b T�`QBbbB�mt /2
#�TiāK2b- /2 K�`B�;2b 2i /2 /û+ĕb U:`�mMi- 2M ReekV- H� +QMbi`m+@
iBQM /2b i�#H2b /2 KQ`i�HBiû 2i H2 +�H+mH /2b 2bTû`�M+2b /2 pB2
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U>mv;2Mb- 2M ReeNV- HǶ2biBK�iBQM /ǶmM2 TQTmH�iBQM ¨ T�`iB` /ǶmM
û+?�MiBHHQM �p2+ +�H+mH /ǶmM2 2``2m` ¨ +`�BM/`2 UG�TH�+2- 2M Rd38VX
1M `2p�M+?2- H� bi�iBbiB[m2 �HH2K�M/2- +�/`2 7Q`K2H /2 /2b+`BT@
iBQM ;HQ#�H2 /2 H� TmBbb�M+2 /2b úi�ib- M2 K2ii�Mi T�b HǶ�++2Mi
bm` H2b Kûi?Q/2b [m�MiBi�iBp2b- MǶ� `B2M i`�MbKBb /2 b2K#H�#H2X AH
2bi /QM+ MQ`K�H [mǶmM2 ?BbiQB`2 pm2 +QKK2 +2HH2 /2 H� ;2Mĕb2 /2b
i2+?MB[m2b BMbBbi2 bm` HǶ�`Bi?KûiB[m2 TQHBiB[m2- 2i i`�Bi2 H� i`�/B@
iBQM �HH2K�M/2 +QKK2 mM2 +QMbi`m+iBQM HBiiû`�B`2 /ûT�bbû2 2i /2
T2m /ǶBMiû`āiX

*2T2M/�Mi- +2`i�BMb �mi2m`b +QKK2 G�x�`b72H/ (Rdd) pQB2Mi /�Mb H� T`�iB[m2
/2 H� bi�iBbiB[m2 �HH2K�M/2 mM �p�Mi@;Qȿi /2 [m2biBQMb �v�Mi- T�` H� bmBi2-
�MBKû H� bQ+BQHQ;B2 KQ/2`M2 UTX kNR@kNkVX LQmb �pQMb MQmb KāK2 `2H2pû ¨
/Bzû`2Mi2b `2T`Bb2b- [m2 H� [m�MiB}+�iBQM 2M b+B2M+2b ?mK�BM2b 2bi bvbiûK�@
iB[m2K2Mi T`û+û/û2 2i +QmTHû2 /ǶmM i`�p�BH /2 +QMp2MiBQM- /2 /û}MBiBQM 2i /2
/ûHBKBi�iBQM /2 +H�bb2b [mB 2bi �m KQBMb �mbbB BKTQ`i�Mi [m2 H� T`Q/m+iBQM /2
+?Bz`2b c H� i`�/BiBQM �HH2K�M/2 Ĝ H� ai�iBbiBF /ǶQ`B;BM2 Ĝ 7�Bi /2 +2b [m2biBQMb
/2 +H�bbB}+�iBQM mM Q#D2i /ǶBMiû`āi [mB T`û+ĕ/2 H2b T`�iB[m2b /2 [m�MiB}+�iBQMX

G� i`QBbBĕK2 i`�/BiBQM /QMi T�`H2 .2b`QbBĕ`2b (N9) BMi2`pB2Mi THmb i�`/ /�Mb
HǶ?BbiQB`2- K�Bb +QMbiBim2 mM2 bQ`i2 /2 `ûmMBQM 2Mi`2 H2b �TT`Q+?2b �HH2K�M/2
2i �M;H�Bb2X AH bǶ�;Bi /2 HǶ�TT�`BiBQM /2 #m`2�m /2 Ŀ ai�iBbiB[m2 ;ûMû`�H2 ŀ /ĕb
Rd8e 2M amĕ/2 TmBb 2M R3yy 2M 6`�M+2 Qm b2 +QMbiBim2 Ŀ mM2 7Q`K2 Q`B;BM�H2 /2
ǳb+B2M+2b /Ƕúi�iǴ �p2+ b2b +Q`Tb /ǶBM;ûMB2m`b Bbbmb /2b ;`�M/2b û+QH2b 2i MQM
/2 HǶlMBp2`bBiû ŀ UTX k3VX *2b 2MiBiûb b2 #�iBbb2Mi bm` H2b /2mt D�K#2b +QMbiB@
imû2b T�` H2b T`�iB[m2b �HH2K�M/2b 2i �M;H�Bb2b /2 H� bi�iBbiB[m2 2i /2pB2MM2Mi
�BMbB ¨ H� 7QBb /2b HB2mt /2 /û}MBiBQM 2i /2 [m�MiB}+�iBQM /B`2+i2K2Mi HBûb �mt
úi�ib 2i T�`iB+BT�Mi ¨ H2m` +QMbi`m+iBQMX Ŀ J�Bb H2b #m`2�mt /2 bi�iBbiB[m2 Q7@
}+B2HH2 B;MQ`2Mi HQM;i2KTb H2b `2+?2`+?2b bm` H2b T`Q#�#BHBiûb Qm H� i?ûQ`B2 /2b
2``2m`b ŀ UTX kdV c +2 iQm`M�Mi- [mB 72`� 2Mi`2` H� bi�iBbiB[m2 /�Mb H2 /QK�BM2
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/2b b+B2M+2b K�i?ûK�iB[m2b MǶBMi2`pB2M/`� Ĝ MQmb H2 p2``QMb +B@�T`ĕb Ĝ [m2
#B2M THmb i�`/- �m iQm`M�Mi /m ss2 bBĕ+H2- K�H;`û mM2 BKTmHbBQM /QMMû2 T�`
�/QHT?2 Zm2i2H2i /�Mb H2 +Qm`�Mi /2b �MMû2b R3jy /ûD¨X

*2 MǶ2bi T�b TQm` �mi�Mi [m2 H� [m�MiB}+�iBQM 2i H� K�i?ûK�iBb�iBQM /2
H� bQ+Bûiû MǶ2bi T�b /�Mb HǶĕ`2 /m i2KTb �m iQm`M�Mi /m sAs2 bBĕ+H2 +QKK2 2M
iûKQB;M2 H� +`û�iBQM /2b T`2KB2`b #m`2�mt /2 Ŀ ai�iBbiB[m2 ;ûMû`�H2 ŀ ¨ +2ii2
ûTQ[m2 9 c +2 T�bb�;2 /2 *QM/Q`+2i (ee) BMBiB�H2K2Mi Tm#HBû 2M RdN8 Qz`2 mM2
�mi`2 BHHmbi`�iBQM /2 +2ii2 i2M/�M+2 ¨ 7�B`2 T�bb2` H2 +?Bz`2 /2b b+B2M+2b /2 H�
K�iBĕ`2 p2`b H2b b+B2M+2b ?mK�BM2b UTX 89yV ,

GǶ�TTHB+�iBQM /m +�H+mH �mt b+B2M+2b KQ`�H2b 2i TQHBiB[m2b MǶ� (XXX)
Tm M�ŗi`2 [mǶ¨ HǶûTQ[m2 Qɍ H2b K�i?ûK�iB[m2b QMi ûiû +mHiBpû2b
�p2+ bm++ĕb- +?2x H2b T2mTH2b /QMi H� HB#2`iû �Bi 2m H� i`�M[mBHHBiû
TQm` +QKT�;M2 2i H2b HmKBĕ`2b TQm` �TTmBX

*2i �TT2H ¨ 7�B`2 2tBbi2` H2b T2mTH2b 2i H2m` 2MpB`QMM2K2Mi bQmb mM2 7Q`K2
+QKTiû2 bǶBMb+`Bi- +QKK2 H2 bm;;ĕ`2 +2ii2 +Bi�iBQM- /�Mb H� +QMiBMmBiû /2 H�
_ûpQHmiBQM 7`�MÏ�Bb2X

*2HH2@+B b2 TH�+2 2HH2@KāK2 /�Mb H2 T`QHQM;2K2Mi /ǶmM +?�M;2K2Mi `�/B+�H
/2 H� /û}MBiBQM /2 HǶBM/BpB/mX _2v (kek) bQmHB;M2 [m2 +2 MǶ2bi [mǶ¨ T�`iB` /m
soAA2 bBĕ+H2 [m2 H2 i2`K2 BM/BpB/m 2bi Ŀ 2KTHQvû TQm` /ûbB;M2` bTû+B�H2K2Mi
mM K2K#`2 /2 HǶ2bTĕ+2 ?mK�BM2 ŀ UTX ekVX 1M /û+QmH2 mM2 `2+QM+2Tim�HB@
b�iBQM /2 HǶB/û2 /2 +QKKmM�miû 2i HǶûK2`;2M+2 /ǶmM2 bQ+Bûiû /2b BM/BpB/mb
UTX eR bbVX G2 T?BHQbQT?2 2i K�i?ûK�iB+B2M 2tTHB[m2 [m2 H� +QMbû[m2M+2 /2 +2b
+?�M;2K2Mib /2 T2`+2TiBQM 2bi mM2 `2/û}MBiBQM /m i2`K2 bQ+Bûiû , �m soAA2
bBĕ+H2- BH M2 /ûbB;M�Bi T�b 2M+Q`2 Ŀ H2b 7Q`K�iBQMb ?mK�BM2b 2M ;ûMû`�H- K�Bb
b2mH2K2Mi +2HH2b [mB `ûbmHi2Mi /ǶmM +QMi`�i- Q`B2Miû2b p2`b mM #mi ŀ UTX e9VX G2
soAAA2 bBĕ+H2 2bi /QM+ K�`[mû T�` mM2 MQmp2HH2 +QM+2TiBQM /2 H� bQ+Bûiû- /�Mb

9X § T�`iB` /2 R3yR- Qmi`2 H� amĕ/2 2i H� 6`�M+2- HǶ�M;H2i2``2- H� LQ`pĕ;2 2i H2 .�M2K�`F
T`Q+ĕ/2Mi û;�H2K2Mi ¨ mM `2+2Mb2K2Mi /2 H2m` TQTmH�iBQM iQmb H2b 8 �Mb (kek) UTX 8NVX
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H�[m2HH2 Ŀ HǶBM/BpB/m T`û2tBbi2 ¨ H� pB2 2M +QKKmM ŀ 2i MǶv 2Mi`2 [m2 T�` Ŀ mM
�+i2 /ûHB#û`û ŀ UTX e9V , Ŀ �m HB2m /Ƕāi`2 2bb2MiB2HH2K2Mi HBûb ŀ H2b BM/BpB/mb
bQMi /ûbQ`K�Bb T2`Ïmb +QKK2 Ŀ 2bb2MiB2HH2K2Mi bûT�`ûb ŀ UTX e8VX AH MǶ2bi ¨
+2 iBi`2 T�b bm`T`2M�Mi [m2 H� :`�M/2 _ûpQHmiBQM /2 Rd3N �Bi /û#Qm+?û bm`
H� .û+H�`�iBQM /2b /`QBib /2 HǶ?QKK2 2i /m +BiQv2M [mB `2+QMM�Bi /2b /`QBib
mMBp2`b2Hb �mt BM/BpB/mbX

SQm` _2v- Ŀ H� bi�iBbiB[m2 M2 b2 +QMi2Mi� T�b /Ƕ2Miû`BM2` HǶû;�HBb�iBQM /2b
+QM/BiBQMb T`Q+H�Kû2 T�` H� _ûpQHmiBQM ŀ UTX 3kVX 1M 2z2i- /2b /Bzû`2M+2b
bQ+B�H2b 2Mi`2 H2b BM/BpB/mb- [mB MǶ�p�B2Mi Dmb[mǶ�HQ`b ûiû T2`Ïm2b [m2 bQmb mM
�M;H2 [m�HBi�iB7- TQmp�B2Mi /ûbQ`K�Bb āi`2 KBb2b 2M HmKBĕ`2 bQmb HǶ�M;H2 /2 H�
[m�MiBiû , Ŀ G� bi�iBbiB[m2 bQmHB;M�Bi HǶ2tBbi2M+2- bm` 7QM/ /Ƕû;�HBiû 7Q`K2HH2-
/2 /Bzû`2M+2b `û2HH2b ûMQ`K2b- /QMi HǶQ#D2+iBp�iBQM +QMi`B#m� ¨ �++`û/Bi2` mM2
MQiBQM `B+?2 /Ƕ�p2MB`- +2HH2 /2 H� +H�bb2 bQ+B�H2 ŀ UTX 3jVX *Ƕ2bi /�Mb +2 +QMi2ti2
TQbi@`ûpQHmiBQMM�B`2 [m2 ;`�M/Bi �/QHT?2 Zm2i2H2i- /QMi MQmb p2``QMb /�Mb H�
bmBi2 /2 +2 i`�p�BH [m2 b� `2+?2`+?2 /2 HQBb `û;Bbb�Mi HǶ�+iBpBiû ?mK�BM2 K�`[m2
mM TQBMi /2 /ûT�`i /�Mb H� +QMbiBimiBQM /2 H� bi�iBbiB[m2 +QKK2 /Bb+BTHBM2
/2b K�i?ûK�iB[m2bX

RRXk G2 `�BbQMM2K2Mi T`Q#�#BHBbi2 2M bi�iBb@
iB[m2 , /2 Zm2i2H2i ¨ HǶûK2`;2M+2 /ǶmM2
/Bb+BTHBM2 /2b K�i?ûK�iB[m2b

G� bi�iBbiB[m2 Ĝ 2Mi2M/m2 +QKK2 mM 2Mb2K#H2 Kûi?Q/2b K�i?ûK�iB[m2b �m@
DQm`/Ƕ?mB i`�Mbp2`b�H ¨ MQK#`2 /2 b+B2M+2b Ĝ /û+QmH2 /ǶmM2 +QMbi`m+iBQM ?Bb@
iQ`B[m2 T`QT`2- [mB 2M /2bbBM2 H2b +QMiQm`b �+im2HbX LQmb p2``QMb [mǶ2HH2 MǶ2bi
T�b Mû2 /ǶmM2 /Bb+BTHBM2 bTû+B}[m2- K�Bb [mǶ2HH2 bǶ2bi- �m +QMi`�B`2- +QMbi`mBi2
/�Mb b2b �TTHB+�iBQMb ¨ H� 7QBb ¨ /2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b 2i ¨ /2b
b+B2M+2b /Bi2b Ŀ /m`2b ŀX *Ƕ2bi H� `�BbQM TQm` H�[m2HH2 +2ii2 ?BbiQB`2 /2 H�
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bi�iBbiB[m2 +QKK2 2Mb2K#H2 /2 Kûi?Q/2b MǶ2bi T�b BM/ûT2M/�Mi2 /2 bQM ûTQ@
MvK2- H� bi�iBbiB[m2 +QKK2 2bT�+2 /2 /2b+`BTiBQM- /Ƕ�/KBMBbi`�iBQM 2i /2
i`�Mb7Q`K�iBQM /2b bQ+Bûiûb ?mK�BM2b- /QMi BH � ûiû [m2biBQM +B@�p�MiX

.�Mb bQM Qmp`�;2 S?vbB[m2 bQ+B�H2- Qm 1bb�B bm` H2 /ûp2HQTT2K2Mi /2b 7�@
+mHiûb /2 HǶ?QKK2 (kjN) Ĝ T�`m TQm` H� T`2KBĕ`2 7QBb 2M R3j8 8 Ĝ Zm2i2H2i TQb2
H2b D�HQMb /2 +2 [mǶBH MQKK2 �HQ`b H� T?vbB[m2 bQ+B�H2- K�Bb [mB TQm``�Bi āi`2
+QMbB/û`û +QKK2 H� #�b2 /2 H� bQ+BQHQ;B2 [m�MiBi�iBp2X .Ƕ�T`ĕb .2b`QbBĕ`2b
(N8)- BH 2bi 2M 2z2i H2 T`2KB2` ¨ K2ii`2 2M �p�Mi H2 7�Bi [m2 Ŀ H2 ;`QmT2 bQ+B�H
� /2b bi`m+im`2b bTû+B}[m2b 2i /2b T`QT`Bûiûb /2 `û;mH�`Biû 2i /2 T`ûpBbB#BHBiû-
/QMi bQMi /ûMmûb H2b BM/BpB/mb- pQH�iBH2b 2i BKT`ûpBbB#H2b ŀ UTX R8eVX .�Mb H2
T�bb�;2 bmBp�Mi- Zm2i2H2i (kjN) bQmHB;M2- T�` 2t2KTH2- [m2 HǶ�+iBpBiû +`BKBM2HH2
�m b2BM /ǶmM úi�i bǶQ#b2`p2- �MMû2 �T`ĕb �MMû2- /�Mb /2b T`QTQ`iBQMb 2i /2b
7Q`K2b K�`[mû2b T�` /2b `û;mH�`Biûb Dmb[mǶ�HQ`b BMbQmTÏQMMû2b UTX N8@NdV ,

.�Mb iQmi +2 [mB b2 `�TTQ`i2 �mt +`BK2b- H2b KāK2b MQK#`2b b2
`2T`Q/mBb2Mi �p2+ mM2 +QMbi�M+2 i2HH2- [mǶBH b2`�Bi BKTQbbB#H2 /2
H� Kû+QMM�ŗi`2- KāK2 TQm` +2mt /2b +`BK2b- [mB b2K#H2`�B2Mi
/2pQB` û+?�TT2` H2 THmb ¨ iQmi2 T`ûpBbBQM ?mK�BM2- i2Hb [m2 H2b
K2m`i`2b- TmBb[mǶBHb b2 +QKK2ii2Mi- 2M ;ûMû`�H- ¨ H� bmBi2 /2
`Bt2b [mB M�Bbb2Mi b�Mb KQiB7b- 2i /�Mb H2b +B`+QMbi�M+2b- 2M �TT�@
`2M+2- H2b THmb 7Q`imBi2bX *2T2M/�Mi HǶ2tTû`B2M+2 T`Qmp2 [m2 MQM@
b2mH2K2Mi H2b K2m`i`2b bQMi �MMm2HH2K2Mi ¨ T2m T`ĕb 2M KāK2
MQK#`2- K�Bb 2M+Q`2 [m2 H2b BMbi`mK2Mib [mB b2`p2Mi ¨ H2b +QK@
K2ii`2 bQMi 2KTHQvûb /�Mb H2b KāK2b T`QTQ`iBQMb (XXX) LQmb TQm@
pQMb ûMmKû`2` /Ƕ�p�M+2 +QK#B2M /ǶBM/BpB/mb bQmBHH2`QMi H2m`b K�BMb

8X LQmb T`2M/`QMb H� HB#2`iû /Ƕ2M 2ti`�B`2 [m2H[m2b HQM;m2b +Bi�iBQMb- +�` +2`i�BMb T�b@
b�;2b /2 +2 i2ti2 bQMi 7`�TT�Mib /2 KQ/2`MBiû c Gû+mv2` (R3R) UTX jjk@jj9V 2i .2b`QbBĕ`2b
(N8) bǶûK2mp2Mi /Ƕ�BHH2m`b /2 +QMbi�i2` [m2 Ŀ bQM MQK MǶ�TT�`�ŗi T`2b[m2 D�K�Bb /�Mb H2b
;�H2`B2b /2 TQ`i`�Bib /2b Tĕ`2b 7QM/�i2m`b /2 H� bQ+BQHQ;B2 ŀ UTX kjNVX
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/m b�M; /2 H2m`b b2K#H�#H2b- +QK#B2M b2`QMi 7�mbb�B`2b- +QK@
#B2M b2`QMi 2KTQBbQMM2m`b c ¨ T2m T`ĕb +QKK2 QM T2mi ûMmKû`2`
/Ƕ�p�M+2 H2b M�Bbb�M+2b 2i H2b /û+ĕb [mB /QBp2Mi b2 bm++û/2`X

1i Zm2i2H2i M2 bǶ�``āi2 T�b H¨- TmBb[mǶBH iB`2 H2b +QMbû[m2M+2b /2 b2b +QMbi�i�@
iBQMb , H2b `û;mH�`Biûb /�Mb HǶ�TT�`BiBQM /2b T`Q#HĕK2b- Q#b2`p�#H2b T�` HǶ�M�@
Hvb2 bi�iBbiB[m2- BM/B[m2Mi H� Mû+2bbBiû Qm H� TQbbB#BHBiû /Ƕ�;B` bm` H2b +�mb2b
bQ+B�H2b /2b T`Q#HĕK2b KBb 2M HmKBĕ`2 UTX NdV ,

G� bQ+Bûiû `2M72`K2 2M 2HH2 H2b ;2`K2b /2 iQmb H2b +`BK2b [mB
pQMi b2 +QKK2ii`2- 2M KāK2 i2KTb [m2 H2b 7�+BHBiûb Mû+2bb�B`2b
¨ H2m` /ûp2HQTT2K2MiX *Ƕ2bi 2HH2- 2M [m2H[m2 bQ`i2- [mB T`ûT�`2
+2b +`BK2b- 2i H2 +QmT�#H2 MǶ2bi [m2 HǶBMbi`mK2Mi [mB H2b 2tû+mi2X
hQmi úi�i bQ+B�H bmTTQb2 /QM+ mM +2`i�BM MQK#`2 2i mM +2`i�BM
Q`/`2 /2 /ûHBib [mB `ûbmHi2Mi +QKK2 +QMbû[m2M+2 Mû+2bb�B`2 /2
bQM Q`;�MBb�iBQMX *2ii2 Q#b2`p�iBQM- [mB T2mi T�`�ŗi`2 /û+Qm`�@
;2�Mi2 �m T`2KB2` �#Q`/- /2pB2Mi +QMbQH�Mi2 �m +QMi`�B`2 [m�M/
QM HǶ2t�KBM2 /2 T`ĕb- TmBb[mǶ2HH2 KQMi`2 H� TQbbB#BHBiû /Ƕ�KûHBQ@
`2` H2b ?QKK2b- 2M KQ/B}�Mi H2m`b BMbiBimiBQMb- H2m`b ?�#Bim/2b c
HǶûi�i /2 H2m`b HmKBĕ`2b- 2i- 2M ;ûMû`�H- iQmi +2 [mB BM~m2 bm` H2m`
K�MBĕ`2 /Ƕāi`2X

.�Mb +2 +QMbi�i BH /û/Qm�M2- 2M T�`iB2 /m KQBMb- H2b BM/BpB/mb /2b +`BK2b
/QMi BHb bQMi H2b �mi2m`bX 1M 2z2i- /�Mb H� K2bm`2 Qɍ +2b Kû7�Bib b2K#H2Mi
pQmûb ¨ b2 T`Q/mB`2 HQ`b[m2 H2m`b +�mb2b M2 bQMi T�b +QK#�iim2b- BHb M2 bQMi
THmb H2 b2mH 7�Bi /2b BM/BpB/mb [mB H2b +QKK2ii2Mi c BHb bQMi �mbbB BM/mBib T�`
H� bQ+Bûiû [mB 2M 2bi H2 i?û�i`2X

Zm2i2H2i i2Mi2 /2 /ûKQMi`2` B+B- T�` H� bi�iBbiB[m2 bQ+B�H2 2i H2b BM7û`2M+2b
T`Q#�#BHBbi2b [mǶ2HH2 T2`K2i- [m2 H� K2BHH2m`2 7�ÏQM /Ƕ�;B` TQm` Hmii2` +QMi`2
HǶ�TT�`BiBQM /2 MQmp2�mt +`BK2b MǶ2bi T�b Mû+2bb�B`2K2Mi /2 TmMB` bûpĕ`2K2Mi
H2b +`BKBM2Hb Ĝ +2 b2`�Bi bǶ�ii�[m2` �mt +QMbû[m2M+2b Ĝ- K�Bb #B2M /2 KQ/B}2`
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H� bQ+Bûiû TQm` [m2 H2b �+i2b /ûHB+im2mt M2 bm`pB2MM2Mi THmb /�Mb H2b KāK2b
T`QTQ`iBQMbX 1M +2H�- BH TQbimH2 HǶ2ti2MbB#BHBiû �m bQ+B�H /2b `�BbQMM2K2Mib
�TTHB+�#H2b �mt +?Bz`2b 2M b+B2M+2b /Bi2b Ŀ /m`2b ŀX *2b `2K�`[m2b 7QM/2Mi
HǶB/û2 /2 /ûi2`KBMBbK2 bQ+B�H mM /2KB bBĕ+H2 �p�Mi [mǶúKBH2 .m`F?2BK (Ry9)
MǶû+`Bp2 [m2 Ŀ H� bQ+BQHQ;B2 M2 TQmp�Bi M�ŗi`2 [m2 bB HǶB/û2 /ûi2`KBMBbi2- 7Q`@
i2K2Mi ûi�#HB2 /�Mb H2b b+B2M+2b T?vbB[m2b 2i M�im`2HH2b- ûi�Bi 2M}M ûi2M/m2
¨ HǶQ`/`2 bQ+B�H ŀ UTX RyNVX

AH bǶ�;Bi TQm` Zm2i2H2i /Ƕ�/QTi2` /2b `�BbQMM2K2Mib T`Q#�#BHBbi2b- +QKK2
+2HmB /2 HǶm`M2 /2 "2`MQmHHB (k8)X G2 TQbimH�i /2 +2 /2`MB2` 2bi [mǶ2M 2M 27@
72+im�Mi mM ;`�M/ MQK#`2 /2 iB`�;2b /�Mb mM2 m`M2 QT�[m2 /�Mb H�[m2HH2 Ry
#�HH2b Ĝ +2`i�BM2b MQB`2b 2i /Ƕ�mi`2b #H�M+?2b Ĝ QMi ûiû TH�+û2b- BH 2bi TQbbB#H2
/ǶBM7û`2` +QK#B2M /2 #�HH2b #H�M+?2b 2i +QK#B2M /2 #�HH2b MQB`2b b2 i`Qmp2Mi
2z2+iBp2K2Mi /�Mb H2 `û+BTB2MiX aB- /�Mb HǶm`M2- b2 i`Qmp2Mi e #�HH2b #H�M+?2b
2i 9 #�HH2b MQB`2b 2i [m2 Ryy iB`�;2b bQMi 2z2+imûb- �HQ`b BH 2bi T`Q#�#H2 [mǶmM2
bQBt�Mi�BM2 /2 #�HH2b #H�M+?2b 2i [mǶmM2 [m�`�Mi�BM2 /2 #�HH2b MQB`2b bQB2Mi
2z2+iBp2K2Mi iB`û2bX 1M 2z2+im�Mi mM2 BM}MBiû /2 iB`�;2b- H� T`QTQ`iBQM /2
#�HH2b #H�M+?2b 2i /2 #�HH2b MQB`2b b2 i`Qmp�Mi /�Mb HǶm`M2 T2mi āi`2 BM7û`û2
�p2+ +2`iBim/2X SQm` >�+FBM; (Rjd) "2`MQmHHB 7�Bi �HQ`b H� T`2mp2 /2 HǶ2tBbi2M+2
/2 H� HQB 7�B#H2 /2b ;`�M/b MQK#`2b UTX R89V c +2ii2 /û+Qmp2`i2 Hû;BiBK2`� T�`
H� bmBi2 H2 T`BM+BT2 /2b bQM/�;2b 2z2+imûb bm` /2b û+?�MiBHHQMb `2T`ûb2Mi�iB7b
/ǶmM2 TQTmH�iBQMX

Zm2i2H2i- /QMi H� T`2KBĕ`2 /Bb+BTHBM2 2bi HǶ�bi`QMQKB2- 2bi 7�KBHB2` /2 +2b
`�BbQMM2K2Mib T`Q#�#BHBbi2b miBHBbûb MQi�KK2Mi /�Mb bQM /QK�BM2 /2 7Q`K�@
iBQM TQm` H2 i`�Bi2K2Mi /2b 2``2m`b /2 K2bm`2 (NR) UTX kkVX aQM ?vTQi?ĕb2 2bi
[m2 H2b T?ûMQKĕM2b ?mK�BMb 2i bQ+B�mt T`ûb2Mi2Mi H2b KāK2b `û;mH�`Biûb /�Mb
H2m` /Bbi`B#miBQM [m2 H2b T?ûMQKĕM2b M�im`2Hb 2i [mǶBH 2bi- /2 +2 7�Bi- TQbbB#H2
/2 H2m` �TTHB[m2` H2b `�BbQMM2K2Mib p�H�#H2b TQm` mM2 m`M2 /2 "2`MQmHHBX
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1M �M�Hvb�Mi +2ii2 Kûi�T?Q`2- BH 2bi �Bbû /2 +QKT`2M/`2 H2 `�BbQMM2K2Mi
QTû`û T�` Zm2i2H2iX G� b2mH2 7�ÏQM /2 +?�M;2` H2 `ûbmHi�i /ǶmM MQK#`2 BHHB@
KBiû /2 iB`�;2b 2bi /2 KQ/B}2` H2 +QMi2Mm /2 HǶm`M2X .�Mb H2 T�bb�;2 [m2 MQmb
�pQMb +Biû +B@/2bbmb- H� TQbbB#BHBiû /2 KQ/B}2` H� +QKTQbBiBQM /m `û+BTB2Mi /2@
pB2Mi- T�` 2ti2MbBQM 2i T�` �M�HQ;B2 ¨ +2ii2 BK�;2- Ŀ H� TQbbB#BHBiû /Ƕ�KûHBQ`2`
H2b ?QKK2b- 2M KQ/B}�Mi H2m`b BMbiBimiBQMb- H2m`b ?�#Bim/2b c HǶûi�i /2 H2m`b
HmKBĕ`2b- 2i- 2M ;ûMû`�H- iQmi +2 [mB BM~m2 bm` H2m` K�MBĕ`2 /Ƕāi`2 ŀ UTX NdVX
G� bQ+Bûiû 2bi 2M [m2H[m2 bQ`i2 HǶm`M2 2i b2mH2 H� KQ/B}+�iBQM /2 bQM +Q2m`
T2mi 2Mi`�ŗM2` /2b +?�M;2K2Mib Q#b2`p�#H2b 2M i2`K2b bi�iBbiB[m2bX Zm2i2H2i
(kjN) 7Q`KmH2 /Ƕ�BHH2m`b +2ii2 T`QTQbBiBQM /Ƕ2ti2MbBQM /2b `�BbQMM2K2Mib /2b
b+B2M+2b M�im`2HH2b p2`b H2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b /�Mb H� bmBi2 /2 bQM
i2ti2 /2 R3j8 UTX NdV ,

1HH2 M2 MQmb T`ûb2Mi2- �m 7QM/- [m2 HǶ2ti2MbBQM /ǶmM2 HQB /ûD¨ #B2M
+QMMm2 /2 iQmb H2b T?BHQbQT?2b [mB b2 bQMi Q++mTûb /2 H� bQ+Bûiû
bQmb H2 `�TTQ`i T?vbB[m2 , +Ƕ2bi [m2 i�Mi [m2 H2b KāK2b +�mb2b
bm#bBbi2Mi- QM /QBi �ii2M/`2 H2 `2iQm` /2b KāK2b 2z2ibX *2 [mB
TQmp�Bi 7�B`2 +`QB`2 [mǶBH MǶ2M ûi�Bi T�b /2 KāK2 /2b T?ûMQKĕM2b
KQ`�mt e- +Ƕ2bi HǶBM~m2M+2 i`QT ;`�M/2 [mǶQM � ;ûMû`�H2K2Mi bmT@
TQbû2 /2 iQmi i2KTb ¨ HǶ?QKK2 /�Mb iQmi +2 [mB b2 `�TTQ`i2
¨ b2b �+iBQMbX �BMbB- H2b T?ûMQKĕM2b KQ`�mt- [m�M/ QM Q#b2`p2
H2b K�bb2b- `2Mi`2`�B2Mi 2M [m2H[m2 bQ`i2 /�Mb HǶQ`/`2 /2b T?û@
MQKĕM2b T?vbB[m2b c 2i MQmb b2`BQMb +QM/mBib ¨ �/K2ii`2 +QKK2
T`BM+BT2 7QM/�K2Mi�H /�Mb H2b `2+?2`+?2b /2 +2ii2 M�im`2- [m2 THmb
H2 MQK#`2 /2b BM/BpB/mb [m2 HǶQM Q#b2`p2 2bi ;`�M/- THmb H2b T�`@
iB+mH�`Biûb BM/BpB/m2HH2b- bQBi T?vbB[m2b- bQBi KQ`�H2b- bǶ2z�+2Mi 2i
H�Bbb2Mi T`û/QKBM2` H� bû`B2 /2b 7�Bib ;ûMû`�mt 2M p2`im /2b[m2Hb
H� bQ+Bûiû 2tBbi2 2i b2 +QMb2`p2X

eX Ŀ S?ûMQKĕM2b KQ`�mt ŀ 2bi mM2 7Q`KmH2 /ûbmĕi2 TQm` T�`H2` /2b T?ûMQKĕM2b ?m@
K�BMb 2i bQ+B�mtX



RRXkX .1 Zl1h1G1h § GǶúJ1_:1L*1 .ǶlL1 .Aa*ASGAL1 .1a
J�h>úJ�hAZl1a

ky8

Zm2i2H2i BMbBbi2 bm` HǶBKTQ`i�M+2 /Ƕ2z2+im2` /2b Q#b2`p�iBQMb bm` mM ;`�M/
MQK#`2 /ǶBM/BpB/mb 2i `2T`Q/mBi �BMbB H2 `�BbQMM2K2Mi /2 HǶm`M2 /2 "2`MQmHHB ,
bB mM2 ;`�M/2 [m�MiBiû /2 iB`�;2b 2bi 2z2+imû2- BH 2bi TQbbB#H2 /2 iB`2` /2b
+QM+HmbBQMb bm` HǶ2MiB2` /m +QMi2Mm /2 HǶm`M2 c T�` 2ti2MbBQM- BH b2K#H2 TQb@
bB#H2 /2 iB`2` /2b +QM+HmbBQMb ;ûMû`�H2b bm` H� bQ+Bûiû 2M KmHiBTHB�Mi H2b Q#b2`@
p�iBQMb , H2b T�`iB+mH�`Biûb BM/BpB/m2HH2b /BbT�`�Bbb2Mi �m T`Q}i /ǶmM `2;�`/
/Ƕ2Mb2K#H2X

*2b `�BbQMM2K2Mib- 2M �TT�`2M+2 7`�TTûb �m +QBM /m #QM b2Mb- T�`i2Mi
+2T2M/�Mi Ĝ MQmb HǶ�pQMb pm /�Mb +2 [mB T`û+ĕ/2 Ĝ /m T`ûbmTTQbû [m2 H�
bQ+Bûiû 2bi mM Q#D2i �mbbB bBKTH2 [mǶmM2 m`M2 /�Mb H�[m2HH2 /2b 2MiBiûb `û2HH2b-
+QKK2 /2b #�HH2b MQB`2b 2i /2b #�HH2b #H�M+?2b- bQMi +QKTiû2b , HǶBHHmbBQM b2
bBim2 /�Mb H2 7�Bi [m2 MQmb �pQMb �z�B`2 ¨ mM mMBp2`b bBKTH2- b�Mb Q#D2ib
+QMp2MiBQMM2Hb 2i Qɍ H� p�`B�iBQM 2bi iQi�H2K2Mi �#b2Mi2X

LQmb �pQMb /û72M/m HǶB/û2 [mǶQmi`2 H2b Q#D2ib MQM@+QMp2MiBQMM2Hb d- b2mH2b
H2b mMBiûb /2 K2bm`2 T`ûb2Mi2Mi +2b [m�HBiûb /ǶBMp�`B�#BHBiû 2i /ǶBM+QMi2bi�@
#BHBiû , 2HH2b û+?�TT2Mi 2M 2z2i ¨ iQmi2 7Q`K2 /2 p�`B�iBQM 2i M2 /ûT2M/2Mi
T�b /2b H�M;m2b Ĝ H2m`b +H�bb2b 2i H2m`b ûiB[m2ii2b Ĝ /QMi H� bi`m+im`2 2bi- 2HH2-
BMi`BMbĕ[m2K2Mi p�`B�#H2X .2 +2ii2 BMp�`B�#BHBiû 2i BM+QMi2bi�#BHBiû /û+QmH2 H�
Kûi`QHQ;B2 `û�HBbi2 /2b b+B2M+2b /Bi2b Ŀ /m`2b ŀ 2i H� TQbbB#BHBiû /Ƕ2z2+im2` /2b
K2bm`2b [mB M2 bQMi T�b 2Mi�+?û2b /2 bm#D2+iBpBiûX

G2b i2Mi�iBp2b /2 Zm2i2H2i- ¨ T�`iB` /2b �MMû2b R3ky- û+?Qm2Mi b2HQM aiB@
;H2` 3 (k3N) TQm` H� `�BbQM T`BM+BT�H2 [mǶBH +QKK2ii�Bi mM2 2``2m` /2 HQ;B[m2
HBû2 ¨ H� p�`B�iBQM 2i ¨ HǶ?ûiû`Q;ûMûBiû /2b /QMMû2b /2 HǶ�+iBpBiû ?mK�BM2 ,
G�TH�+2 �p�Bi i?ûQ`Bbû [mǶmM2 +�mb2 +QMbi�Mi2 T2`im`#û2 T�` /2b +�mb2b �++B@
/2Mi2HH2b T`Q/mBb�Bi- bm` mM ;`�T?B[m2- mM2 +Qm`#2 2M +HQ+?2- Qɍ H2b Q#b2`p�@
iBQMb b2 `ûT�`iBbb�B2Mi �miQm` /ǶmM2 p�H2m` +2Mi`�H2X P`- Zm2i2H2i pQv�Bi /�Mb
+?�[m2 +Qm`#2 2M +HQ+?2 H2 bB;M2 /ǶmM2 +�mb2 +QMbi�Mi2 T2`im`#û2 T�` /2b

dX .QMi HǶ2tBbi2M+2 T`û2tBbi2 ¨ H2m` /û}MBiBQM
3X AH bǶBMiû`2bb2 �m /ûp2HQTT2K2Mi /2b Kûi?Q/2b bi�iBbiB[m2b /Ƕûp�Hm�iBQM /2 HǶBM+2`iB@

im/2 2Mi`2 Rd8y 2i RNyy
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+�mb2b �++B/2Mi2HH2b UTX k3NV c +2T2M/�Mi- +2 MǶ2bi T�b H� `ûT�`iBiBQM MQ`K�H2 N

[mB 2bi BM/B+�i`B+2 /ǶmM2 +�mb2 +QMbi�Mi2- K�Bb HǶBMp2`b2 , mM2 +�mb2 +QMbi�Mi2
T`Q/mBi mM2 +Qm`#2 /2 :�mbbX

GǶ?vTQi?ĕb2 /2 G�TH�+2 MǶ2bi- 2M 2z2i- T�b H� b2mH2 [mB HBp`2 mM2 i2HH2
/Bbi`B#miBQM 2i /2 MQK#`2mb2b `ûT�`iBiBQMb /2 +2 ivT2 bǶQ#b2`p2Mi �mbbB /�Mb
/2b /QMMû2b [mB M2 T`ûb2Mi2Mi T�b /Ƕ?QKQ;ûMûBiû T�`iB+mHBĕ`2X G� +QMbû[m2M+2
/2 +2H� 2bi [m2 Zm2i2H2i +QM+Hm�Bi [m2 b2b Q#b2`p�iBQMb `2TQb�B2Mi bm` /2b
+�iû;Q`B2b ?QKQ;ĕM2b- T`ûb2Mi�Mi mM2 b2mH2 +�mb2 +QMbi�Mi2- �HQ`b [mǶ2HH2b M2
HǶûi�B2Mi T�b (k3N) UTX k3NVX 1M +2H�- H� THmT�`i /2 b2b /QMMû2b M2 T`ûb2Mi�B2Mi
T�b H2b +�`�+iû`BbiB[m2b /2 bi�#BHBiû /ǶmM2 m`M2 /2 "2`MQmHHB 2i M2 T2`K2ii�B2Mi
�BMbB T�b HǶ�/QTiBQM b�Mb +QM/BiBQM /2b `�BbQMM2K2Mib T`Q#�#BHBbi2b [mB bǶv
`�TTQ`i2MiX

G2b �bi`QMQK2b Ĝ +Ƕûi�Bi HǶmM /2b KûiB2`b /2 7Q`K�iBQM /2 G�TH�+2 TmBb
/2 Zm2i2H2i Ĝ TQmp�B2Mi +H�bb2` H2m`b /QMMû2b � T`BQ`B ;`�+2 ¨ /2b +QM/B@
iBQMb mMB7Q`K2b /ǶQ#b2`p�iBQM `2M/m2b TQbbB#H2b T�` H2b mMBiûb 2i H2b QmiBHb /2
K2bm`2X G2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b- /�Mb H2b[m2HH2b H� K2bm`2 �m b2Mb
bi`B+i MǶ2bi T�b TQbbB#H2- MǶQMi T�b �++ĕb ¨ +2b +�iû;Q`B2b bi�#H2b 2i T`û/û}MB2b
(k3N) UTX k3N@kNyVX 1M 2z2i- MQmb HǶ�pQMb KQMi`û �p2+ HǶ2t2KTH2 +?ƬK2m`- H�
+`û�iBQM /2 +H�bb2b TQm` HǶQ#b2`p�iBQM bi�iBbiB[m2 T`Q/mBi BKK�M[m�#H2K2Mi
/2b HBKBi2b �#bi`�Bi2b 2Mi`2 H2b Q#D2ib Qm H2b BM/BpB/mb BM+Hmb /�Mb mM2 +H�bb2
2i +2mt [mB M2 bǶv i`Qmp2Mi T�bX *2H� p2mi /B`2 [m2 /2 i2HH2b +H�bbB}+�iBQMb
T`Q/mBb2Mi /2b /QMMû2b [mB bQMi iQmDQm`b ?ûiû`Q;ĕM2b bQmb +2`i�BMb `�TTQ`ibX
*2i ûi�i /2 7�Bi KQ/B}2 +QMbB/û`�#H2K2Mi H2b T�`�Kĕi`2b /2 HǶûp�Hm�iBQM /2
HǶBM+2`iBim/2 TQm` H2b bi�iBbiB[m2b ?mK�BM2b 2i bQ+B�H2bX a2HQM aiB;H2` (k3N)-
Zm2i2H2i M2 T�`pB2Mi T�b ¨ pQB` +2ii2 2K#ȿ+?2 2i +QM+Hmi ?�iBp2K2Mi ¨ mM2
?QKQ;ûMûBiû /2 b2b /QMMû2b- 2bb2MiB2HH2 ¨ H� KBb2 2M �TTHB+�iBQM /2b Kûi?Q/2b
T`Q#�#BHBbi2b K�ŗi`Bbû2b ¨ HǶûTQ[m2 UTX kNRVX

NX _ûT�`iBiBQM MQ`K�H2- ;�mbbB2MM2 Qm +Qm`#2 /2 :�mbb bQMi /Ƕ�mi`2b i2`KBMQHQ;B2b TQm`
MQKK2` mM2 +Qm`#2 2M +HQ+?2X
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1M +QMbû[m2M+2- bB H2b Kûi?Q/2b bi�iBbiB[m2b T`Q#�#BHBbi2b bQMi /2p2Mm2b
+QKKmM2b 2M �bi`QMQKB2 2i 2M ;ûQ/ûbB2 Ry 2Mi`2 Rd8y 2i R38y bQmb HǶBKTmH@
bBQM /2 G�TH�+2 RR- HǶûp�Hm�iBQM /2 HǶBM+2`iBim/2 T�` H2 +�H+mH /2b T`Q#�#BHBiûb
`2bi2`� ûHQB;Mû2 /m +?�KT /2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b T2M/�Mi mM �mi`2
bBĕ+H2 (k3N) UTX k3NV- +2 K�H;`û H2b i2Mi�iBp2b T`û+Q+2b /2 Zm2i2H2i /2 `û�HBb2`
H2 Ŀ T`Q;`�KK2 i`�+û T�` *QM/Q`+2i 2i G�TH�+2 ŀ , bQM �TTHB+�iBQM Ŀ ¨ HǶûim/2
/2 HǶmMBp2`b bQ+B�H ŀ (R3k)X

G2 i`�p�BH /2 Zm2i2H2i- #B2M [mǶ2Mi�+?û /Ƕ2``2m`b /2 HQ;B[m2- �m`� mM `2@
i2MiBbb2K2Mi BKTQ`i�Mi , Gû+mv2` (R3R) HmB `2+QMM�Bi MQi�KK2Mi H� T�i2`MBiû
/2 +2`i�BM2b �p�M+û2b [mB 7QMi /2 HmB mM �mi2m` /ûi2`KBM�Mi /�Mb H2 /ûp2@
HQTT2K2Mi /2b i2+?MB[m2b /2 /2b+`BTiBQM /2b bQ+Bûiûb ?mK�BM2bX AH ûMmKĕ`2
UTX jRN@jkyV , BV b2b bi�iBbiB[m2b Ŀ KQ`�H2b ŀ- +QKK2 /�Mb b2b i`�p�mt bm` H�
i�BHH2 /2b BM/BpB/mb (k9R)- bQM ûim/2 /2b i2M/�M+2b +`BKBM2HH2b ¨ /Bzû`2Mib �;2b
(k9k) 2i bQM ûim/2 bm` H2 /ûp2HQTT2K2Mi /m TQB/b /2b BM/BpB/mb (k9j) c BBV b�
Ŀ T?vbB[m2 bQ+B�H2 ŀ- ;`�+2 ¨ H�[m2HH2 BH `2K�`[m2`� HǶ2tBbi2M+2 /2 `û;mH�`Biûb
/�Mb HǶ�TT�`BiBQM /2 T?ûMQKĕM2b MQM@T?vbB[m2b +QKK2 H2 +`BK2- H2 K�`B�;2-
2i 72`� HǶ?vTQi?ĕb2 /2 HǶ2tBbi2M+2 /2 HQBb `û;Bbb�Mi H2 KQM/2 bQ+B�H (kjN) c BBBV
bQM +QMbi�i [m2 H2b +�`�+iû`BbiB[m2b T?vbB[m2b /2b ?mK�BMb bQMi `ûmMB2b �m@
iQm` /ǶmM2 p�H2m` +2Mi`�H2 /�Mb mM2 /Bbi`B#miBQM 2M +HQ+?2 , H� /Bbi`B#miBQM /2
H� ?�mi2m`- /m TQB/bXXX /2b BM/BpB/mb- HQ`b[mǶ2HH2 2bi TH�+û2 /�Mb mM ;`�T?B[m2-
`2bb2K#H2- /2 7�Bi- #2�m+QmT ¨ H� /Bbi`B#miBQM /2b 2``2m`b /2 K2bm`2b- +2 [mB
7�Bi +QM+Hm`2 ¨ Zm2i2H2i [mǶBH 2tBbi�Bi TQm` iQmi2b H2b +�`�+iû`BbiB[m2b T?v@
bB[m2b 2i KQ`�H2b mM2 p�H2m` KQv2MM2 2i B/û�H2 (kj3)X *2b /Bzû`2Mib i`�p�mt
KĕM2Mi Zm2i2H2i � 7Q`KmH2` HǶB/û2 [m2 H2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b Rk bQMi
K�i?ûK�iBb�#H2b �m KāK2 iBi`2 [m2 H2b b+B2M+2b /2 H� K�iBĕ`2 (R3R) UTX jkyVX

RyX H� ;ûQ/ûbB2 2bi HǶûim/2 /2 H� 7Q`K2 /2 H� h2``2- /m +�H+mH /2 b2b /BK2MbBQMb 2i /2 H�
K2bm`2 /2 bQM +?�KTb /2 ;`�pBiûX

RRX .2b /ûp2HQTT2K2Mib /2 +2b Kûi?Q/2b K�i?ûK�iB[m2b bQMi T�`�HHĕH2b �m T2`72+iBQM@
M2K2Mi /2b i2+?MB[m2b /2 K2bm`2 /�Mb H2b b+B2M+2b /Bi2b "�+QMB2MM2b +QKK2 MQmb HǶ�pQMb
pm �m +?�TBi`2 NX

RkX Zm2i2H2i `2+Qm`i ¨ mM2 �mi`2 i2`KBMQHQ;B2
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Gû+mv2` (R3R) b2 T2M+?2 bm` H� `û+2TiBQM /2 Zm2i2H2i 2M 6`�M+2 2i 2M
:`�M/2@"`2i�;M2 c H2b BMimBiBQMb T`Q#�#BHBbi2b /2 HǶ�bi`QMQK2 #2H;2 b2`QMi
/�Mb mM T`2KB2` i2KTb H�Bbbû2b /2 +Ƭiû- K�Bb b2b i`�p�mt �m`QMi mM2 BM@
~m2M+2 +QMbB/û`�#H2 bm` [m�i`2 �mi2m`b , qBHHB�K 6�``- �+?BHH2 :mBHH�`/-
GQmBb@�/QHT?2 "2`iBHHQM 2i C�+[m2b "2`iBHHQM [mB b2 b2`pB`QMi H�`;2K2Mi /2
b2b `2+?2`+?2b TQm` /ûp2HQTT2` mM2 b+B2M+2 [mB TQ`i2 /2TmBb :mBHH�`/ H2 MQK
/2 /ûKQ;`�T?B2 UTX jRd@jR3VX

J�H;`û mM �#�M/QM T�`iB2H /2b `�BbQMM2K2Mib T`Q#�#BHBbi2b /�Mb H2m` �T@
THB+�iBQM �mt T?ûMQKĕM2b ?mK�BMb �m +Qm`b /m sAs2 bBĕ+H2- Gû+mv2` MQi2
[m2 +2ii2 ûTQ[m2 2bi K�`[mû2 T�` mM2 BMi2Mb2 �+iBpBiû /�Mb H2 /QK�BM2 /2b
bi�iBbiB[m2b c >�+FBM; (Rj3) �#QM/2 /�Mb H2 KāK2 b2Mb 2i +QMbi�i2- TQm` b�
T�`i- Ŀ mM2 pû`Bi�#H2 �p�H�M+?2 /2 MQK#`2b BKT`BKûb ŀ ¨ T�`iB` /2b �MMû2b
R3ky 2M 1m`QT2 UTX R3- i`�/mBi /2 HǶ�M;H�Bb T�` _2v (kek) UTX RjVVX

G� `2M�Bbb�M+2 /m `�BbQMM2K2Mi T`Q#�#BHBbi2 �TTHB[mû �mt b+B2M+2b ?m@
K�BM2b 2i bQ+B�H2b MǶBMi2`pB2Mi- b2HQM Gû+mv2` (R3R)- [mǶ�m iQm`M�Mi /m ss2

bBĕ+H2 UTX jR3V- KQK2Mi /�Mb H2[m2H- /Ƕ�T`ĕb aiB;H2` (k3N)- H2 T`Q#HĕK2 /2
HǶ?ûiû`Q;ûMûBiû /2b /QMMû2b i`Qmp2`� }M�H2K2Mi mM2 `ûbQHmiBQM ;`�+2 ¨ i`QBb
?QKK2b , 6`�M+Bb :�HiQM- 6`�M+Bb 1/;2rQ`i? 2i E�`H S2�`bQM UTX kNRVX :�H@
iQM Ĝ /QMi H2b i`�p�mt 2m;ûMBbi2b `2bi2`QMb i`Bbi2K2Mi +ûHĕ#`2b Ĝ 7�Bi T�bb2`
/�Mb H2 /QK�BM2 /2 H� Tbv+?QHQ;B2 HǶB/û2 [m2 H� `2+?2`+?2 [m�MiBi�iBp2 /QBi b2
bm#biBim2` ¨ H� `2+?2`+?2 [m�HBi�iBp2 (ke9) ,

�m HB2m /Ƕ�M�Hvb2` /2 K�MBĕ`2 /2 THmb 2M THmb }M2 (XXX) mM T?ûMQ@
KĕM2 K2Mi�H ¨ T�`iB` /2 [m2H[m2b bmD2ib HQM;m2K2Mi Q#b2`pûb- b�
Kûi?Q/2 BM+Bi2 ¨ K2bm`2` i`ĕb `�TB/2K2Mi mM ;`�M/ MQK#`2 /ǶBM@
/BpB/mb- +2 [mB `2M/ TQbbB#H2 HǶûim/2 bi�iBbiB[m2 /2b /Bzû`2M+2b
BM/BpB/m2HH2b 2i HǶ�TT�`BiBQM /2b ûT`2mp2b [mǶQM �TT2HH2`� THmb
i�`/ H2b i2bib K2Mi�mtX
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S�` HǶ�TTHB+�iBQM /2 +2 ivT2 /2 Kûi?Q/2b ¨ HǶûim/2 /2b /Bzû`2M+2b T?vbB[m2b
K�Bb �mbbB ¨ +2HH2 /2b T`ûi2M/m2b bmTû`BQ`Biûb Qm BM7û`BQ`Biûb BMi2HH2+im2HH2b-
2i Ŀ 2M `�TTQ`i�Mi H2b /QMMû2b ¨ HǶ?û`û/Biû /2b bmD2ib +QM+2`Mûb ŀ- :�HiQM
�KĕM2`� HǶB/û2 /m +Q2{+B2Mi /2 +Q``ûH�iBQM (ke9)X E�`H S2�`bQM Ĝ bQM /Bb+BTH2
Ĝ TQm`bmBp`� H2 i`�p�BH /2 :�HiQM 2i �TTQ`i2`� H2 +QKTHûK2Mi i2+?MB[m2 ¨
b2b i`�p�mt bi�iBbiB[m2b , Ŀ S2�`bQM � /QMMû ¨ H� Kûi?Q/2 /2b +Q``ûH�iBQMb b�
7Q`K2 /û}MBiBp2 ŀ BMi`Q/mBb�Mi MQi�KK2Mi H2 +�H+mH /ǶBMi2`p�HH2b /2 +QM}�M+2
/�Mb HǶûp�Hm�iBQM /2 H� +Q``ûH�iBQM c b2b QmiBHb Ĝ ¨ HǶBMbi�` /m i2bi /m F?Bk Ĝ
bQMi 2M+Q`2 miBHBbûb /�Mb /2 MQK#`2mt /QK�BM2b b+B2MiB}[m2b 7�Bb�Mi �TT2H ¨
H� bi�iBbiB[m2 (kN9)X

1/;2rQ`i?- [m�Mi ¨ HmB- 2bi HǶĿ mM /2b T`2KB2`b 2i /2b T`BM+BT�mt �mi2m`b ¨
�pQB` miBHBbû- (XXX) H� 7Q`KmH�iBQM K�i?ûK�iB[m2 2M û+QMQKB2 ŀ (kR)X a2HQM aiB@
;H2` (k3N)- :�HiQM 2mi HǶB/û2- 1/;2rQ`i? 7mi +�T�#H2 /2 `2+QMM�ŗi`2 H2 TQi2MiB2H
/2 HǶB/û2 2i S2�`bQM +`û� H� Kûi?Q/QHQ;B2 [mB HmB /QMM� mM2 7Q`K2 +QM+`ĕi2
UTX kNRVX *2b i`�p�mt i`Qmp2`QMi 2MbmBi2 H2m` +QKTHûiBQM �p2+ H� +QKTHB+Biû
/2 _QM�H/ 6Bb?2`X *2 /2`MB2` /ûp2HQTT� MQi�KK2Mi H� MQiBQM /2 p�`B�M+2
(RR8) 2i- T2m �T`ĕb- HǶ�M�Hvb2 /2 p�`B�M+2 U�LPo�V (RR9)- mM i2bi bi�iBbiB[m2
2M+Q`2 +Qm`�KK2Mi miBHBbû TQm` /ûi2`KBM2` bB /2b KQv2MM2b Q#i2Mm2b T�` /2b
;`QmT2b /BbiBM+ib /Bzĕ`2Mi /2 7�ÏQM bB;MB}+�iBp2X

h�Mi 6Bb?2` [m2 :�HiQM 2i S2�`bQM- /ûp2HQTTĕ`2Mi H2m`b i2+?MB[m2b K�i?û@
K�iB[m2b /�Mb H2 +�/`2 /2 H2m`b i?ûQ`B2b 2m;ûMBbi2b- ¨ b�pQB` [mǶBHb TQm`bmB@
p�B2Mi +QKK2 i?ĕb2 T`BM+BT�H2 [m2 H2b �TiBim/2b Tbv+?B[m2b bQMi /ûi2`KBMû2b
T�` /2b 7�+i2m`b ?û`û/Bi�B`2bX P`- /Ƕ�T`ĕb "2`iQH/B (kd)- HǶ2m;ûMBbK2 +Q``2b@
TQM/ ¨ mM 2t2KTH2 /2 +2 [m2 *�M;mBH?2K (9d) �TT2HH2 mM2 B/ûQHQ;B2 b+B2M@
iB}[m2 c 2M 2z2i- BH bǶ�;Bi /ǶĿ mM2 bi`�iû;B2 TQHBiB[m2- Qm- THmb T`û+BbûK2Mi-
#BQTQHBiB[m2- pBb�Mi ¨ T`QKQmpQB` /2b #mib [mB ûi�B2Mi +QMbB/û`ûb +QKK2 bQm@
?�Bi�#H2b TQm` /2b `�BbQMb MQM@b+B2MiB}[m2b 2i MQM@i2+?MB[m2b ŀX 1M /Ƕ�mi`2b
i2`K2b- H� /ûK�`+?2 2m;ûMBbi2 M2 T�`i�Bi T�b /ǶmM2 BMi2MiBQM /2b+`BTiBp2 K�Bb
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T`2b+`BTiBp2 , �BMbB Ŀ BH M2 bǶ�;Bbb�Bi T�b /ǶmM2 b+B2M+2- +�` 2HH2 pBb�Bi ¨ H� KBb2
2M TH�+2 /2 T`�iB[m2b +QM+`ĕi2b ŀ (kd) UTX RkRV 2i MQM H� +QM}`K�iBQM Qm
HǶBM}`K�iBQM /Ƕ?vTQi?ĕb2bX

G2b Kûi?Q/2b bi�iBbiB[m2b /ûp2HQTTû2b T�` H2b i`QBb �mi2m`b /2p�B2Mi �BMbB
bQmi2MB` +2 [mǶBHb T`ûi2M/�B2Mi /ûD¨ b�pQB` 2i H2 7�Bb�B2Mi 2M BMi`Q/mBb�Mi iQmi2b
bQ`i2b /2 #B�Bb HBûb ¨ H2m` T2`+2TiBQM /m KQM/2 2i H2m`b +�iû;Q`Bb�iBQMbX *2
T�bb�;2 /2 *�M;mBH?2K (9d) T2`K2i /2 +QKT`2M/`2 H2 T`Q#HĕK2 Kû+�MB[m2
[mǶ2Mi`�ŗM2 HǶB/ûQHQ;B2 bm` /2b `ûbmHi�ib T`ûi2M/mK2Mi b+B2MiB}[m2b UTX 3V ,

*2 [m2 H� b+B2M+2 i`Qmp2 MǶ2bi T�b +2 [m2 HǶB/ûQHQ;B2 /QMM�Bi ¨
+?2`+?2`X G� T2`bBbi�M+2 /2b KQib M2 7�Bi `B2M ¨ HǶ�z�B`2- [m�M/ H2
+QMi2ti2 /2b Q`B2Mi�iBQMb 2i /2b Kûi?Q/2b 2bi �mbbB /Bzû`2Mi [m2
T2mp2Mi /Bzû`2` mM2 i2+?MB[m2 /2 H� TmHpû`Bb�iBQM /2b bQHB/2b 2i
mM2 i?ûQ`B2 /2 H� +QMp2`;2M+2 /2 K2bm`2b- �m TQBMi [m2 +2 [m2
HǶB/ûQHQ;B2 �MMQMÏ�Bi +QKK2 H2 bBKTH2 i`Qmp2 b� `û�HBiû b+B2MiB@
}[m2 /�Mb mM2 +Q?û`2M+2 /2 +QKTHB+�iBQMbX

SQm` "2`iQH/B (kd)- BH +QMpB2Mi /Ƕ2MpBb�;2` HǶ2m;ûMBbK2 Ŀ +QKK2 mM2 B/ûQHQ;B2
#B2M �M+`û2 /�Mb bQM +QMi2ti2 ?BbiQ`B[m2- [mB � ûiû `2KTH�+û2 T�` /2 pû`Bi�#H2b
7Q`K2b /2 b�pQB` b+B2MiB}[m2 ŀ UTX RkeVX *2 [mB /QBi �iiB`2` MQi`2 �ii2MiBQM
+Ƕ2bi [m2 H2b QmiBHb /ûp2HQTTûb T�` S2�`bQM 2i 6Bb?2` QMi TH2BM2K2Mi BMiû;`û
H� bi�iBbiB[m2 +QKK2 /Bb+BTHBM2 /2b K�i?ûK�iB[m2b 2i /2K2m`2Mi miBHBbûb ¨
MQi`2 ûTQ[m2 /�Mb /2 MQK#`2mt /QK�BM2b b+B2MiB}[m2bX

G2 7�Bi [m2 +2b Kûi?Q/2b �B2Mi ûiû BMBiB�H2K2Mi miBHBbû2b TQm` /ûKQMi`2`
H� p�HB/Biû /2 i?ĕb2b iQi�H2K2Mi /Bb+`û/Biû2b /2TmBb- /QBi MQmb �H2`i2` , H2b 2`@
`2m`b +QKKBb2b ¨ HǶûTQ[m2 T�` +2b �mi2m`b T2mp2Mi b2 `2T`Q/mB`2 ¨ +?�[m2 7QBb
[m2 H2m`b QmiBHb Ĝ `2+QMMmb +QKK2 p�H�#H2b T�` H� +QKKmM�miû b+B2MiB}[m2
Ĝ bQMi KBb 2M �TTHB+�iBQMX GǶmiBHBb�iBQM /2 +2b i2+?MB[m2b bi�iBbiB[m2b MǶ2bi
/QM+ �m+mM2K2Mi ;�`�Mi2 /2 p�HB/Biû b+B2MiB}[m2X *QMi`�B`2K2Mi ¨ mM2 B/û2
H�`;2K2Mi `ûT�M/m2- mM2 p�H2m` T BM7û`B2m`2 ¨ yXyR MǶBM/B[m2 T�b H� `B;m2m`
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/ǶmM2 TQbim`2- /ǶmM2 /ûK�`+?2- /ǶmM `�BbQMM2K2Mi Qm /ǶmM2 +QM+HmbBQM c +2
`ûbmHi�i T2`K2i /2 +QM+Hm`2 ¨ H� bB;MB}+�iBpBiû bi�iBbiB[m2 /ǶmM `ûbmHi�i- K�Bb
MǶ�M�Hvb2 T�b H� p�HB/Biû /2b +?QBt /2 [m�MiB}+�iBQM KBb 2M TH�+2 T�` mM b+B2M@
iB}[m2X .2 KāK2- mM i2H `ûbmHi�i K2i 2M HmKBĕ`2 HǶ2tBbi2M+2 /ǶmM2 +Q``ûH�iBQM-
K�Bb +2HH2@+B MǶ2bi T�b iQmDQm`b bvMQMvK2 /2 +�mb�HBiûX AH bǶ�;Bi /ǶmM2 2``2m`
/2 HQ;B[m2 , iQmi2b H2b `2H�iBQMb +�mb�H2b H�Bbb2Mi �TT�`�ŗi`2 mM2 +Q``ûH�iBQM-
K�Bb iQmi2b H2b +Q``ûH�iBQMb M2 bQMi T�b H2 bB;M2 /ǶmM2 `2H�iBQM +�mb�H2X

G2b 2m;ûMBbi2b 2m`2Mi `2+Qm`b �m i2bi /m [mQiB2Mi BMi2HH2+im2H UZAV Ĝ BMB@
iB�H2K2Mi /ûp2HQTTû T�` H2b 7`�MÏ�Bb "BM2i 2i aBKQM TQm` B/2MiB}2` /2b ûHĕp2b
2M /B{+mHiû 2i H2m` T`QTQb2` /2b 2Mb2B;M2K2Mib �/�Tiûb (3y) UTX 8eV Ĝ /�Mb
H2 #mi �pQmû /2 KQMi`2` [mǶBH 2tBbi�Bi mM2 +Q``ûH�iBQM 2Mi`2 ?û`û/Biû 2i BMi2H@
HB;2M+2X lM2 /Qm#H2 2``2m` /2 `�BbQMM2K2Mi b2 +�+?2 /�Mb +2ii2 �TT`Q+?2 , H�
T`2KBĕ`2 2bi H2 T`ûbmTTQbû [m2 H� /û}MBiBQM /2 HǶBMi2HHB;2M+2 MǶ2bi T�b +mHim@
`2HH2 2i [mǶ2HH2 2bi �BMbB K2bm`�#H2 ¨ HǶ�mM2 /2 +`Biĕ`2b Q#D2+iB7b p�H�Mi TQm`
iQmb Rj c H� b2+QM/2 2bi [mǶmM2 +Q``ûH�iBQM 2Mi`2 /2b i`�Bib ?û`û/Bi�B`2b 2i mM
b+Q`2 ûH2pû ¨ mM i2bi /2 ZA BM/B[m2 mM2 +�mb�HBiû 2Mi`2 ?û`û/Biû ;ûMûiB[m2 2i
BMi2HHB;2M+2X G2b i`�p�mt /2 "Qm`/B2m 2i S�bb2`QM (j3- jN) QMi KBb 2M HmKBĕ`2
HǶ2tBbi2M+2 /m T?ûMQKĕM2 /2 `2T`Q/m+iBQM bQ+B�H2 2i /m 7�Bi [mǶ¨ HǶû+QH2- H�
`ûmbbBi2 2bi �p�Mi iQmi HBû2 ¨ H� i`�MbKBbbBQM /2 /Bzû`2Mi2b 7Q`K2b /2 +�TBi�mt
Ĝ bvK#QHB[m2- bQ+B�H- û+QMQKB[m2- +mHim`2H Ĝ 7�pQ`Bb�Mi /2 7�Bi H2b 2M7�Mib /2
7�KBHH2b �Bbû2bX *2b `ûbmHi�ib bQMi /Ƕ�BHH2m`b +QM}`Kûb Ĝ bǶ�;Bbb�Mi /2 H� 7�B@
#H2bb2 /ǶmM QmiBH +QKK2 H2 i2bi /m ZA Ĝ T�` mM2 Tm#HB+�iBQM /2 *�T`QM 2i
.mvK2 (9N) KQMi`�Mi [m2 /2b 2M7�Mib �/QTiûb T�` mM2 7�KBHH2 �m bi�imi bQ@
+B�H ûH2pû Q#iB2MM2Mi- 2M KQv2MM2- /2 K2BHH2m`b `ûbmHi�ib ¨ mM i2bi /2 ZA [m2
/2b 2M7�Mib �/QTiûb T�` mM2 7�KBHH2 /û7�pQ`Bbû2 2i +2 /�Mb /2b T`QTQ`iBQMb
bBKBH�B`2b ¨ /2b 2M7�Mib #BQHQ;B[m2b Bbbmb /2 +2b ;`QmT2b bQ+B�mtX

RjX *Ƕ2bi mM T`ûbmTTQbû /2 K2bm`2X
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GǶB/û2 /ǶmM2 BMi2HHB;2M+2 i`�MbKBb2 ;ûMûiB[m2K2Mi 2bi /QM+ 7�mbb2- K�H@
;`û HǶ2tBbi2M+2 /ǶmM2 +Q``ûH�iBQM 2Mi`2 ?û`û/Biû 2i `ûbmHi�i ¨ mM i2bi /2 ZAX
*2ii2 +Q``ûH�iBQM 2bi /m2 ¨ mM2 +�mb2 +QKKmM2 , H2b T2`bQMM2b �mt ;ĕM2b
T`ûi2M/mK2Mi Ŀ BM7û`B2m`b ŀ �TT�`iB2MM2Mi H2 THmb ;ûMû`�H2K2Mi ¨ /2b +H�bb2b
/û7�pQ`Bbû2b +2 [mB 2tTHB[m2 H2m` `ûbmHi�i BM7û`B2m` ¨ /2b i2bib [mB 7�pQ`Bb2Mi
/2 7�+iQ /2b BM/BpB/mb /2b +H�bb2b /QKBM�Mi2bX G2b 2m;ûMBbi2b pQv�B2Mi HǶBM@
i2HHB;2M+2 bmTû`B2m`2 K2bm`û2 �mT`ĕb /2b H2m`b +QKK2 mM2 +QMbû[m2M+2 /2 H�
[m�HBiû /2 H2m` b�M;- �HQ`b [mǶ2HH2 MǶûi�Bi 2M `û�HBiû [m2 H� +QMbû[m2M+2 /2 H2m`
`�M;X S�`�/Qt�H2K2Mi- /2b i2bib /m ivT2 ZA MǶQMi �#bQHmK2Mi T�b /BbT�`m 2i
MQm``Bbb2Mi 2M+Q`2 iQmi2b bQ`i2b /2 i?ûQ`B2b c BH �TT�`�ŗi- T�` 2t2KTH2- +?2x
G�m`2Mi P#2`iQM2 (kR9) Ĝ Ŀ BMi2HH2+im2H ŀ �/Qm#û T�` H2b `2T`ûb2Mi�Mib H2b
THmb pBbB#H2b /2 HǶ2ti`āK2 /`QBi2 7`�MÏ�Bb2 i2Hb [m2 H� 7�KBHH2 G2 S2M Qm ú`B+
w2KKQm` (R8R) Ĝ [m2 HǶBMi2HHB;2M+2 2bi Ŀ i`ĕb 7Q`i2K2Mi ?û`û/Bi�B`2 ŀ (kR9)
UTX jk8V Qm 2M+Q`2 [m2 HǶBKKB;`�iBQM 7�Bi #�Bbb2` H2 ZA KQv2M /2 H� 6`�M+2
UTX jk9VX

G2b i?ĕb2b 2m;ûMBbi2b /û72M/m2b T�` H2b Tĕ`2b /2 H� bi�iBbiB[m2 KQ/2`M2
bQMi /QM+ BMp�HB/û2b T�` H2m` /ûK�`+?2 Tb2m/Q@b+B2MiB}[m2 2i?MQ+2Mi`û2 R9 2i
H2m` +QMpB+iBQM [m2 H2b +�T�+Biûb BMi2HH2+im2HH2b ?mK�BM2b /2p�B2Mi 2i TQm@
p�B2Mi āi`2 K2bm`û2b- K�Bb �mbbB T�` H2m` BM+�T�+Biû ¨ /BbiBM;m2` H2b +�mb2b
/2b +QMbû[m2M+2b /�Mb mM2 `2H�iBQM /2 +Q``ûH�iBQMX

G� M2mi`�HBiû �tBQHQ;B[m2 R8 2bi mM +QM+2Ti /ûp2HQTTû /ĕb RNRN T�` H2 bQ+BQ@
HQ;m2 J�t q2#2` (jyj) [mB T`ûpQBi [m2 H2 b+B2MiB}[m2 /2p`�Bi �/QTi2`- /�Mb
H2 +�/`2 /2 b2b `2+?2`+?2b- mM2 TQbim`2 [mB HmB T2`K2ii2 H� MQM@BKTQbBiBQM
/2 b2b T`QT`2b p�H2m`bX G2 7�Bi [m2 H2b Kûi?Q/2b K�i?ûK�iB[m2b /2 6Bb?2` 2i
S2�`bQM bQB2Mi /ûbQ`K�Bb `2+QMMm2b i2M/ ¨ T`Qmp2` [m2 H2 T`Q#HĕK2 /2 H2m`
i`�p�BH MǶ2bi T�b HBû �mt i2+?MB[m2b [mǶBHb QMi /ûp2HQTTû2b- K�Bb #B2M ¨ H2m`
TQbim`2 B/ûQHQ;B[m2 2i MQM@b+B2MiB}[m2X

R9X .û}MBiBQM mMB[m2 /2 HǶBMi2HHB;2M+2X
R8X h`�/m+iBQM +QMi`Qp2`bû2 2M 7`�MÏ�Bb TQm` H� q2`i7`2B?2Bi /2 J�t q2#2` (jyj) bQBi

HBiiû`�H2K2Mi HǶ�#b2M+2 /2 p�H2m`bX



RRXjX lL JúG�L:1 úSAahúJPGP:AZl1 kRj

.2 HǶ�pBb /2 *Q?2M (8N)- K�H;`û H2m`b 2``2m`b /2 `�BbQMM2K2Mi- +2b ?QKK2b
[mB }`2Mi ûK2`;2` H� bi�iBbiB[m2 +QKK2 mM2 #`�M+?2 /2b K�i?ûK�iB[m2b bQMi
¨ H� #�b2 /ǶmM2 `ûpQHmiBQM /ǶmM2 BKTQ`i�M+2 �mbbB ;`�M/2 TQm` H2b b+B2M+2b /2
H� pB2 2i H2b b+B2M+2b ?mK�BM2b 2i bQ+B�H2b [m2 H2 7mi H2 i`�p�BH /2 G�TH�+2 /�Mb H2
/QK�BM2 /2b +�H+mHb /Ƕ2``2m` bm` H2b K2bm`2b 2M �bi`QMQKB2X SQm` HmB- BH bǶ�;Bi
/ǶmM2 `ûpQHmiBQM /ǶmM ivT2 T�`iB+mHB2` BMBiBû2 T�` H2b i`�p�mt /2 Zm2i2H2i , 2HH2
b2 /BbiBM;m2 T�` H2 7�Bi [mǶ2HH2 �KĕM2 /2b i`�Mb7Q`K�iBQMb `�/B+�H2b /2 KQ/2b
/2 T2Mbû2- /�Mb mM T`2KB2` i2KTb /�Mb H2b +?�KTb /2 H� Kû/2+BM2 2i /2 H�
b�Miû Tm#HB[m2- T�` HǶ�TTHB+�iBQM /2 Kûi?Q/2b [m�MiBi�iBp2b UTX jdVX 1M +2H�-
2HH2 T`Q+ĕ/2 ¨ HǶ2KT`mMi �mt b+B2M+2b /2 H� K�iBĕ`2 /2 +2`i�BMb `�BbQMM2K2Mib
[mǶ2HH2 �/�Ti2 �m /QK�BM2 /2 H� /2b+`BTiBQM /2b úi�ib 2i /2 H� bQ+Bûiû c /2b
+?�KTb [mB- +QKK2 MQmb HǶ�pQMb /Bi- QMi +QMMm /2b /ûp2HQTT2K2Mib T�`�HHĕH2b
¨ H� /2mtBĕK2 `ûpQHmiBQM b+B2MiB}[m2 Re 2i �m /ûp2HQTT2K2Mi /2b i2+?MB[m2b
/2 K2bm`2 /�Mb H2b b+B2M+2b /Bi2b #�+QMB2MM2bX

RRXj lM KûH�M;2 ûTBbiûKQHQ;B[m2

*2ii2 ?BbiQB`2 [mB b2 /û+QKTQb2 2M THmbB2m`b MBp2�mt Ĝ 2Mi`2 /ǶmM +Ƭiû H�
pQHQMiû /2 +`û2` mM 2bT�+2 /Ƕû[mBp�H2M+2 Ŀ TQm` /û+`B`2 /2b bQ+Bûiûb ?mK�BM2b-
H2b �/KBMBbi`2` Qm H2b i`�Mb7Q`K2` ŀ (N9) UTX k3V 2i /2 HǶ�mi`2 H2 /ûp2HQTT2K2Mi
/2 Kûi?Q/2b [mB /2pB2MM2Mi- �m +QMi�+i /2b b+B2M+2b /2 H� M�im`2 2i /2 H� pB2-
mM2 #`�M+?2 /2b K�i?ûK�iB[m2b Ĝ 2bi ¨ H� #�b2 /ǶmM KûH�M;2 /2 i2+?MB[m2b
2i /2 i`�/BiBQMb /Bp2`b2bX SQm` .2b`QbBĕ`2b (N8)- BH 2M `ûbmHi2 [m2 H� bQ+BQHQ;B2
[m�MiBi�iBp2 2bi /ûbQ`K�Bb ?�#Biû2 Ŀ T�` i`QBb KQ/ĕH2b- Bbbmb /2 i`QBb ivT2b
/2 b+B2M+2b- K�Bb 2HH2 HǶB;MQ`2 2M ;ûMû`�H ŀ UTX ReRVX AH /BbiBM;m2 2M 2z2i
i`QBb +?�KTb b+B2MiB}[m2b [mB K�`[m2Mi 2M+Q`2 H2b Kûi?Q/2b [m�MiBi�iBp2b 2M
b+B2M+2b ?mK�BM2b 2i bQ+B�H2b , BV H2b b+B2M+2b /2 H� M�im`2- BBV H2b b+B2M+2b /2
H� pB2 2i BBBV H2b b+B2M+2b Dm`B/B[m2b 2i TQHBiB[m2b UTX RekVX

ReX /�Mb H� i2`KBMQHQ;B2 /2 Em?M (Rdy)X
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G2 i`�p�BH /ǶBM7Q`K�iBQM bm` H� bQ+Bûiû T�bb2 T�` H2b KāK2b QmiBHb [m2 H�
bQ+BQHQ;B2 TQm` +2 [mB 2bi /2b i2+?MB[m2b /2 [m�MiB}+�iBQM c BH 2bi �BMbB /B`2+@
i2K2Mi +QM+2`Mû T�` +2 KûH�M;2 ûTBbiûKQHQ;B[m2X G� bQ+BQHQ;B2 [m�MiBi�iBp2
2i- T�` 2ti2MbBQM- H2b /Bzû`2Mi2b T`�iB[m2b /m DQm`M�HBbK2 bQMi /QM+ pQmû2b ¨
K�MB2` Ŀ 2M KāK2 i2KTb THmbB2m`b QmiBHH�;2b- /2 bi�imib bQ+B�mt 2i i2+?MB[m2b
i`ĕb /Bzû`2Mib ŀ UTX RejV [mB M2 bQMi T�b Mû+2bb�B`2K2Mi 7�+BH2b ¨ B/2MiB}2`
2M `�BbQM /2 HǶQKMB+QMp2M�M+2 /2b +?Bz`2b U+7X b2+iBQM 8XkVX .�Mb H� bmBi2 /2
+2 i`�p�BH- MQmb T�bb2`QMb 2M `2pm2 H2b �TTQ`ib /2b i`QBb +?�KTb b+B2MiB}[m2b
`2H2pûb T�` .2b`QbBĕ`2b 2i KQMi`2`QMb H2m` BKT�+i bm` H2 /Bb+Qm`b �bbQ+Bû ¨
/2b Q#D2ib [m�MiB}ûbX

RRXjXR G2b b+B2M+2b /2 H� M�im`2 , H� K2bm`2

SQm` .2b`QbBĕ`2b (N8)- H2b b+B2M+2b /2 H� M�im`2 Rd b2 bQMi BKTQbû2b +QKK2
H2 KQ/ĕH2 T`2KB2`X G2b bi�iBbiB+B2Mb M2 T2mp2Mi- b2HQM HmB- T�b pû`Bi�#H2K2Mi
bǶ2M /û7�B`2 +�` H� /2K�M/2 Ĝ Q#b2`p�#H2 /�Mb H� `?ûiQ`B[m2 /2 iQmb H2b DQm`b
Ĝ 2bi +2HH2 /m Ŀ p`�B +?Bz`2 ŀ , BH 2tBbi2 mM2 /2K�M/2 T2`K�M2Mi2 TQm` /2b
K2bm`2b Q#D2+iBp2b 2i M2mi`2b , Ŀ H2 p`�B +?Bz`2 /m +?ƬK�;2- /2 H� ?�mbb2 /2b
T`Bt ŀ UTX ReyVX AH 2tBbi2 /QM+ Ŀ mM2 /2K�M/2 bQ+B�H2- 2Mi`2i2Mm2 �mbbB 2M
T�`iB2 T�` H2b bi�iBbiB+B2Mb 2mt@KāK2b- bQm+B2mt /2 bǶBMbTB`2` /m KQ/ĕH2 H2
THmb �+?2pû- +2HmB /2b b+B2M+2b /2 H� M�im`2 ŀ UTX ReyVX

RdX .2b`QbBĕ`2b miBHBb2 HǶ2tT`2bbBQM b+B2M+2b /2 H� M�im`2 [mǶBH QTTQb2 �mt b+B2M+2b /2 H�
pB2 2i �mt b+B2M+2b Dm`B/B[m2b 2i TQHBiB[m2bX LQmb T`û7û`QMb HǶmiBHBb�iBQM /2b i2`KBMQHQ;B2b
b+B2M+2b /2 H� K�iBĕ`2 Qm b+B2M+2b 2t�+i2b [mB `2M/2Mi H2b +�iû;Q`B2b b+B2M+2b /2 H� pB2 2i
b+B2M+2b /2 H� M�im`2 KQBMb 2t+HmbBp2bX a+B2M+2b /2 H� K�iBĕ`2 Qm b+B2M+2b 2t�+i2b �iiB`2Mi
THmb HǶ�ii2MiBQM bm` H2 7�Bi [m2 +2b +?�KTb bQMi +2mt /2 H� K2bm`2 �m b2Mb bi`B+i- +�` +2
bQMi H2b �ii`B#mib /2 H� K�iBĕ`2 [mB b2 H�Bbb2Mi [m�MiB}2` �p2+ T`û+BbBQM bm` H2b û+?2HH2b
+QMiBMm2b /m avbiĕK2 AMi2`M�iBQM�H /ǶmMBiûb Ua+B2M+2b 2t�+i2b 2bi /Ƕ�BHH2m`b mM �#mb /2
H�M;�;2 TmBb[mǶBH bǶ�;Bi Dmbi2K2Mi /2 T`û+BbBQM 2i MQM /Ƕ2t�+iBim/2VX
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lM bB;M2 /2 H� T`û/QKBM�M+2 /2 +2 KQ/ĕH2- 2bi H� T`û7û`2M+2 THmbB2m`b
7QBb `2H2pû2 TQm` KQi Ŀ K2bm`2 ŀ R3 [mB 2bi bQmp2Mi bm#biBimû ¨ /Ƕ�mi`2b
+QKK2 Ŀ BM/B+2 ŀ- Ŀ bvKTiƬK2 ŀ- Ŀ +QMp2MiBQM /Ƕû[mBp�H2M+2 ŀ Qm Ŀ /Q@
K�BM2 /Ƕ�+iBQM ŀ [mB bQMi ivTB[m2b /2b �mi`2b KQ/ĕH2b /QMi b2 MQm``Bbb2Mi
H2b +QMbi`m+iBQMb bi�iBbiB[m2b UTX ReyVX G2b �TT`Q+?2b b+B2MiB}[m2b /Bi2b /m`2b
b2 +�`�+iû`Bb2Mi T�` , BV HǶmiBHBb�iBQM /ǶmMBiûb /2 K2bm`2 BMp�`B�#H2b 2tT`BKû2b
bm` /2b û+?2HH2b +QMiBMm2b M2 `2TQb�Mi T�b bm` /2b +H�bb2b /û}MB2b �m T`û�@
H�#H2 c BBV mM2 miBHBb�iBQM /m +�H+mH T`Q#�#BHBbi2 pBb�Mi ¨ +Q``B;2` H2b 2``2m`b /2
K2bm`2 c 2i T�` 2ti2MbBQM- BBBV H2m` Kûi`QHQ;B2 `û�HBbi2 , mM2 K2bm`2 2bi mM2
7Q`K2 /2 [m�MiB}+�iBQM Q#D2+iBp2 2i HǶB/û2 /2 Ŀ p`�B +?Bz`2 ŀ 2bi Ĝ /�Mb +2
+�/`2 Ĝ Hû;BiBK2X *Ƕ2bi /Ƕ�BHH2m`b +2 /2`MB2` ûHûK2Mi [mB b2 i`Qmp2 ¨ HǶQ`B;BM2
/2 +2 [m2 MQmb �pQMb MQKKû H2 T`ûbmTTQbû /2 K2bm`2X

RRXjXk G2b b+B2M+2b /2 H� pB2 , H2b BM/B+2b 2i BM/B+�i2m`b

G2 /2mtBĕK2 +?�KT b+B2MiB}[m2 /QMi T�`H2 .2b`QbBĕ`2b T`Q/mBi /2b Q#D2ib
+?Bz`ûb 2M �TT�`2M+2 b2K#H�#H2b ¨ /2b K2bm`2b- +�` 2tT`BKûb bm` /2b û+?2HH2b
+QMiBMm2b RN UTX ReR@RekV ,

G2b K2bm`2b /2b b+B2M+2b /2 H� M�im`2- +QKK2 H2b BM/B+2b /2b
b+B2M+2b /2 H� pB2 ky bQMi 2tT`BKûb T�` /2b p�`B�#H2b +QMiBMm2b /B@
`2+i2K2Mi Q#b2`p�#H2b /�Mb H2 T`2KB2` +�b- 2i Ŀ H�i2Mi2b ŀ /�Mb H2
b2+QM/ +�bX J�Bb +2b p�`B�#H2b +�`�+iû`Bb2Mi iQmi HǶmMBp2`b ûim/Bû
/2 7�ÏQM mMB7Q`K2X 1HH2b T2mp2Mi āi`2 KQ/ûHBbû2b- �Dmbiû2b ¨ /2b
HQBb /2 T`Q#�#BHBiû- +QKT�`û2b- +Q``ûHû2b- `2;`2bbû2b- i2biû2b b2HQM
H2b Kûi?Q/2b /2 H� bi�iBbiB[m2 BM7û`2MiB2HH2X

R3X LQmb �pQMb KQMi`û bQM HB2M 7Q`i �p2+ H2b b+B2M+2b /2 H� M�im`2X
RNX am` HǶ2Mb2K#H2 /2b MQK#`2b `û2HbX
kyX LQb KBb2b 2M Bi�HB[m2X
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P`- +QKK2 MQmb HǶ�pQMb pm- +2`i�BMb BM/B+2b +QMbi`mBib 2M b+B2M+2b /2 H� pB2-
+QKK2 HǶBM/B+2 /2 `2T`Q/m+iBQM- H2 [mQiB2Mi BMi2HH2+im2H-XXX [m�M/ #B2M KāK2
BHb bQMi 2tT`BKûb bm` /2b û+?2HH2b +QMiBMm2b- M2 TQbbĕ/2Mi T�b H2b [m�HBiûb
/2 bi�#BHBiû 2i /2 `2T`Q/m+iB#BHBiû /2b K2bm`2b �m b2Mb bi`B+i [m2 MQmb �pQMb
/û}MB2b �m +?�TBi`2 N , +2b BM/B+�i2m`b MǶQMi HǶ�TT�`2M+2 /2 K2bm`2b [m2 T�`+2
[mǶBHb bǶ2tT`BK2Mi bm` HǶ2Mb2K#H2 /2b MQK#`2b `û2Hb +QKK2 /2b K2bm`2bX

*2T2M/�Mi- +2b p�H2m`b bQMi BKTQbbB#H2b ¨ Q#i2MB` /B`2+i2K2Mi , Ŀ 2HH2b �T@
T�`�Bbb2Mi +QKK2 /2b `ûbmHi�ib THmb Qm KQBMb `Q#mbi2b /2 HǶ�M�Hvb2 bi�iBbiB[m2
/2b p�`B�#H2b ǳT�i2Mi2bǴ- 2i bQMi bmTTQbû2b `2~ûi2` mM +QMi2Mm bQ+BQHQ;B[m2
THmb T`Q7QM/ 2i THmb ;ûMû`�HBb�#H2 [m2 +2b /2`MBĕ`2b ŀ (Nk) UTX RRjVX 1M `û�HBiû-
H� THmT�`i /2 +2b BM/B+2b M2 bQMi [m2 H� +`Bbi�HHBb�iBQM bQmb mM2 7Q`K2 +?Bz`û2
/2 T`�iB[m2b /2 [m�MiB}+�iBQM [mB M2 T2mp2Mi T�b b2 /û/Qm�M2` /ǶmM i`�p�BH
/2 /û}MBiBQMb /2 +H�bb2b 2i /2 /ûMQK#`2K2Mi [mB i`�Mb7Q`K2 2i mMB7Q`KBb2
BMi`BMbĕ[m2K2Mi H2b Q#D2ib [mǶBHb T`ûi2M/2Mi Q#b2`p2`X

*2ii2 +QMbi`m+iBQM /ǶBM/B+2b Qm /ǶBM/B+�i2m`b bǶBMb+`Bi /�Mb H2 T`QHQM;2@
K2Mi ?BbiQ`B[m2 /2b Kûi?Q/2b /ûp2HQTTû2 T�` 6Bb?2` /�Mb H2b �MMû2b RNky@
RNjy ¨ H� bmBi2 /2 :�HiQM 2i S2�`bQM c ¨ HǶûTQ[m2- Ŀ H2b b+B2M+2b /2 H� pB2
+?2`+?�B2Mi ¨ +QHH2` �m THmb T`ĕb /2b b+B2M+2b /2 H� M�im`2 ŀ (N8) UTX RekV
+2 [mB- 2M HǶQ++m`2M+2- 2i T�` H2 #B�Bb /2 +2 [m2 MQmb MQKKQMb H2 T`ûbmT@
TQbû /2 K2bm`2- � K2Mû +2b �mi2m`b /�Mb HǶBKT�bb2 /m `�BbQMM2K2Mi Tb2m/Q
b+B2MiB}[m2 [mB +�`�+iû`Bb2 HǶ2m;ûMBbK2X

LQmb �pQMb 2tTHB[mû- +B@�p�Mi- H2b HBKBi2b 2i H2b `Bb[m2b /ǶmM QmiBH +QKK2
H2 i2bi /m ZA , H� T`2KBĕ`2 2i H� THmb BKTQ`i�Mi2 2bi [mǶBH T�`i /m T`ûbmTTQbû
[m2 HǶBMi2HHB;2M+2 2bi /û}MB2 /2 H� KāK2 K�MBĕ`2 T�` iQmb 2i [mǶ2HH2 2bi �BMbB
K2bm`�#H2 Q#D2+iBp2K2MiX *Ƕ2bi mM H2m``2 [mB b2 +�+?2 /�Mb mM2 i`�/m+iBQM
`û+QM7Q`i�Mi2 2M MQK#`2b `û2Hb 2i +Ƕ2bi H� `�BbQM TQm` H�[m2HH2 /2 MQK#`2mt
BM/B+2b /m KāK2 ivT2 /2p`�B2Mi āi`2 miBHBbûb �p2+ H� THmb ;`�M/2 T`m/2M+2X
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RRXjXj G2b b+B2M+2b Dm`B/B[m2b 2i TQHBiB[m2b , H2b +H�bb2b
/Ƕû[mBp�H2M+2

SQm` .2b`QbBĕ`2b- ?Q`KBb H2b b+B2M+2b /2 H� pB2 2i /2 H� M�im`2- Ŀ mM2 i`QB@
bBĕK2 7Q`K2 /ǶB/2MiB}+�iBQM /2b Q#D2ib /2 H� bi�iBbiB[m2 BMi2`pB2Mi ŀX AH bǶ�;Bi
/2 H� +H�bb2 /Ƕû[mBp�H2M+2X 1HH2 2bi Ŀ mM2 +QMp2MiBQM- Bbbm2 /2b b+B2M+2b Dm@
`B/B[m2b 2i TQHBiB[m2b (XXX) mM2 +QMbi`m+iBQM ?mK�BM2- �z2+i�Mi /2b /`QBib 2i
/2b /2pQB`b +QKKmMb ¨ mM2 +H�bb2 /Ƕ?QKK2b /û}MBb T�` /2b HQBb- /2b `ĕ;H2@
K2Mib- /2b +QMp2MiBQMb Qm /2 bBKTH2b mb�;2b (XXX) ŀ UTX RekVX lM2 bi�iBbiB[m2
2bi �BMbB bQmp2Mi i`B#mi�B`2 /m /`QBi 2i /2b T`�iB[m2b �/KBMBbi`�iBp2bX LQmb
�pQMb BHHmbi`û +2 T?ûMQKĕM2 �p2+ HǶ2t2KTH2 /m +?ƬK�;2 , mM2 +H�bb2 +QKK2
+?ƬK2m` 2bi /û}MB2- TQm` H2b bi�iBbiB[m2b- T�` H� H2ii`2 /2 H� HQB 2i M2 `2+QmT2
T�b iQmi2b bQ`i2b /Ƕ�bT2+ib +QKKmMûK2Mi �bbQ+Bûb �m KQi Ŀ +?ƬK2m` ŀX

G2b úi�ib b2 bQMi /Qiûb- �m }H /2 H2m` +QMbi`m+iBQM- /2 bvbiĕK2b Dm`B/B[m2b
/û}MBbb�Mi /2b KQ/2b /2 7QM+iBQMM2K2Mi- /2b /`QBib- /2b Q#HB;�iBQMb- /2b
/ûHBib- /2b +`BK2bXXX G2 `ûb2�m bi�iBbiB[m2 /2 iQmi úi�i bǶ�TTmB2 2M T�`iB2 bm`
+2 bvbiĕK2 Dm`B/B[m2- K�Bb �mbbB bm` mM `ûb2�m i�tBMQKB[m2 /2b +�iû;Q`B2b
bQ+BQT`Q72bbBQMM2HH2b c iQmi +2b ûHûK2Mib bQMi H2 `ûbmHi�i /ǶmM2 +QMbi`m+iBQM
+QMp2MiBQMM2HH2 /û}MBbb�Mi mM i`ĕb ;`�M/ MQK#`2 /2 +H�bb2b [mB- T�` H2m`
+`Bbi�HHBb�iBQM /�Mb H2 /`QBi 2i H2b T`�iB[m2b- û+?�TT2Mi T�`iB2HH2K2Mi ¨ H�
p�`B�iBQM HBM;mBbiB[m2 kRX G2b /QK�BM2b Dm`B/B[m2 2i TQHBiB[m2 +`û2Mi �BMbB Ŀ /2b
+�iû;Q`B2b [mB /2pB2MM2Mi 2MbmBi2 BM+QMiQm`M�#H2b- H2 THmb bQmp2Mi /Bzû`2Mi2b
/ǶmM T�vb ¨ HǶ�mi`2 ŀ (Nk) UTX RR9VX G2b +QKT�`�BbQMb /2b bi�iBbiB[m2b 2Mi`2
THmbB2m`b úi�ib T2`/2Mi /QM+ bQmp2Mi /2 H2m` b2Mb- TmBb[m2 H2b Q#D2ib [mǶ2HH2b
Q#b2`p2Mi Ĝ T�`7QBb bQmb H2b KāK2b ûiB[m2ii2b Ĝ bQMi /Bzû`2MibX

.�Mb mM úi�i 7û/û`�H +QKK2 H� amBbb2- BH /2pB2Mi KāK2 T�`7QBb +QKTHB@
[mû /2 +QKT�`2` /2b bi�iBbiB[m2b 2Mi`2 /2mt +�MiQMb- HQ`b[m2 H2 /`QBi 7û@
/û`�H /ûHĕ;m2 mM2 +QKTûi2M+2 �m MBp2�m +�MiQM�HX lM 2t2KTH2 2bi 7Qm`MB

kRX �m KQBMb Dmb[mǶ¨ H2m` `2/û}MBiBQM T�` H2 Hû;BbH�i2m`X
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T�` H� /Bp2`bBiû /2b bvbiĕK2b û/m+�iB7bX AH 2bi TQbbB#H2 /2 HǶQ#b2`p2` bm` H�
};m`2 RRXRX *2ii2 pBbm�HBb�iBQM BHHmbi`2 H2 7�Bi [mǶ2z2+im2` mM +QKTi�;2 M�@
iBQM�H /m MQK#`2 /ǶûHĕp2b ¨ HǶû+QH2 T`BK�B`2- �m /2;`û b2+QM/�B`2 Qm ¨ HǶû+QH2
2M7�MiBM2 MǶ� ;mĕ`2 /2 b2Mb- TmBb[m2 H2b +�iû;Q`B2b û+QH2 T`BK�B`2- /2;`û b2@
+QM/�B`2 Qm û+QH2 2M7�MiBM2 T2mp2Mi iQmi2b p�`B2` /ǶmM +�MiQM ¨ HǶ�mi`2X

6B;m`2 RRXR Ĝ ai`m+im`2 /2b bvbiĕK2b b+QH�B`2b +�MiQM�mt- kyRefkyRd (89)
UTX jdV

.2b`QbBĕ`2b (Nk) bQmHB;M2 ¨ +2 iBi`2 [m2 H2b +QKK2Mi�i2m`b 2i �M�Hvbi2b /2
H� bQ+Bûiû- [mB `2+Qm`2Mi ¨ /2b #�M[m2b /2 /QMMû2b bi�iBbiB[m2b 7�+BH2K2Mi
�++2bbB#H2b- bQMi bQmp2Mi T2m +QMb+B2Mib /2 HǶ?ûiû`Q;ûMûBiû 2i /m +�`�+iĕ`2
+QMp2MiBQMM2H /2 +2`i�BM2b +H�bb2b [mǶBHb Q#b2`p2Mi UTX RR9VX G2 `Bb[m2 2bi 2M
[m2H[m2 bQ`i2 Ĝ TQm` T`2M/`2 mM2 BK�;2 Ĝ /2 /ûMQK#`2` /2b Q`�M;2b /�Mb mM
T�MB2` b�Mb b2 `2M/`2 +QKTi2 [m2 bǶv i`Qmp2Mi 2M `û�HBiû /2b Q`�M;2b 2i /2b
+HûK2MiBM2bX
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.2b`QbBĕ`2b �H2`i2 û;�H2K2Mi bm` H2 7�Bi [m2 +2`i�BM2b [m2biBQMb [mB bQMi �m
+Q2m` /2 HǶ�+im�HBiû- 2i [mB T`ûQ++mT2Mi �BMbB H2b TQTmH�iBQMb- i`�Mb7Q`K2Mi
H2m` bi�imi bi�iBbiB[m2 kk UTX RRNVX LQmb �pQMb /ûD¨ ûpQ[mû HǶ2t2KTH2 /m KQm@
p2K2Mi OJ2hQQ �v�Mi 7�Bi �m;K2Mi2` 7Q`i2K2Mi H2 MQK#`2 /2 TH�BMi2b TQm`
�;`2bbBQMb b2tm2HH2b (kk9)X G� b2mH2 H2+im`2 /2 H� bi�iBbiB[m2 /2 +2 ivT2 /2 /û@
MQM+B�iBQMb TQm``�Bi 7�B`2 +QM+Hm`2 ¨ HǶ�m;K2Mi�iBQM /2 +2 ivT2 /2 /ûHBib c 2HH2
2bi p`�Bb2K#H�#H2K2Mi- 2M `û�HBiû- �p�Mi iQmi H2 bB;M2 /ǶmM2 /ûi�#QmBb�iBQM
2M;2M/`û2 T�` mM KQmp2K2Mi bQ+B�H /2 K�bb2 [mB bǶ�{`K2 T�` bQM MQK ,
OJ2hQQ Ĝ HBiiû`�H2K2Mi Ŀ KQB �mbbB ŀX A+B- HǶ�m;K2Mi�iBQM bǶ2tTHB[m2 T�` H�
HB#û`�iBQM /2 H� T�`QH2 c /�Mb /Ƕ�mi`2b bBim�iBQMb- 2HH2 T2mi āi`2 H2 `2~2i /ǶmM2
T`Bb2 2M K�BM /ǶmM2 [m2biBQM /Ƕ�+im�HBiû T�` H2b TQHBiB[m2b , T�` 2t2KTH2 T�`
H� KBb2 2M TH�+2 /2 MmKû`Qb /Ƕ�B/2- T�` mM +?�M;2K2Mi /2b Hû;BbH�iBQMb- Qm
2M+Q`2 T�` /2b T`Q+û/m`2b /ǶQ#b2`p�iBQM �KûHBQ`û2bX

G2 /QK�BM2 /2b b+B2M+2b Dm`B/B[m2b 2i TQHBiB[m2 2bi /QM+ +2HmB [mB- b2HQM
.2b`QbBĕ`2b- �KĕM2 ¨ H� bi�iBbiB[m2 b� +mHim`2 /2 +H�bbB}+�iBQMX .�Mb H2 T`Q@
+2bbmb /ǶûH�#Q`�iBQM /2b +H�bb2b /Ƕû[mBp�H2M+2- /2mt ûi�T2b bQMi +QMbi�KK2Mi
2M D2m , H� /û}MBiBQM /2b +H�bb2b Ĝ +Ƕ2bi@¨@/B`2 HǶ2Mb2K#H2 /2b +?QBt +QMbiBim�Mi
H2m`b i`�Bib /û}MBiQB`2b Ĝ 2i H2 +Q/�;2 Ĝ ¨ b�pQB` HǶ�z2+i�iBQM /ǶmM +�b ¨ mM2
+H�bb2X *2b /2mt ûi�T2b /m i`�p�BH /2 +H�bbB}+�iBQM bQMi +QMp2MiBQMM2HH2b 2i
T`û+ĕ/2Mi iQmi2 TQbbB#BHBiû /2 /ûMQK#`2K2Mi , +Ƕ2bi ¨ /B`2- 2M /Ƕ�mi`2b i2`K2b-
[m2 H2b Q#D2ib BM+Hmb /�Mb mM2 +H�bb2 MǶ2tBbi2Mi 2Mb2K#H2b [m2 /ĕb HQ`b [mǶ2HH2b
QMi ûiû /û}MB2b TmBb �/KBb2b ¨ HǶBMiû`B2m` /2b +�iû;Q`B2b +`ûû2bX 1M +2H�- H2
`ûbmHi�i /ǶmM i2H /û+QKTi2 +QMbiBim2 mM2 �#bi`�+iBQM [mǶBH 2bi 2bb2MiB2H /2 M2
T�b QK2ii`2 �m KQK2Mi /2 +QKK2Mi2` mM2 bi�iBbiB[m2X

kkX .2b`QbBĕ`2b T�`H2 /2 Ŀ [m2biBQMb bQ+B�H2K2Mi Dm;û2b bQ+B�H2b ŀX
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*?�TBi`2 Rk

lM i`�Bi +�`�+iû`BbiB[m2 /ǶmM2
bQ+Bûiû MûQHB#û`�H2 \

G� +QMi`�BMi2 /ǶmM i`�Mb+Q/�;2 KQ/B}�Mi HǶBM7Q`K�iBQM Ĝ H� [m�MiB}+�iBQM Ĝ
MǶ� T�b 2KTā+?û MQi`2 KQM/2 /2 b2 `2KTHB` /2 +?Bz`2b [mB 7QMi /ûbQ`K�Bb
T�`iB2 /2 MQi`2 [mQiB/B2MX aB _2v (kek) T�`H2 /2 MQK#`B}+�iBQM- bQmHB;M�Mi
/�Mb H2 T`QHQM;2K2Mi /2 >�+FBM; (RjN) [m2- /2TmBb H� }M /m sAs2 bBĕ+H2- H�
/Q+i`BM2 /QKBM�Mi2 2bi [mǶmM Q#D2i M2 T2mi āi`2 +QKT`Bb [m2 HQ`b[mǶBH T2mi
āi`2 K2bm`û UTX 93V- /Ƕ�mi`2b MǶ?ûbBi2Mi T�b ¨ bQmHB;M2` [mǶ2HH2 2bi- /m TQBMi
/2 pm2 /2 H� KmHiBTHB+�iBQM /m `2+Qm`b �mt +?Bz`2b +QKK2 �`;mK2Mi- iQmi
¨ 7�Bi +�`�+iû`BbiB[m2 /m MûQHB#û`�HBbK2X *Ƕ2bi MQi�KK2Mi H2 +�b /2 *�`/QM
(8y) "Qm`/B2m (je) 2i .2b`QbBĕ`2b (N8) [m2 MQmb +Bi2`QMb �T`ĕb �pQB` i`�p�BHHû-
/�Mb +2 [mB bmBi- ¨ H� /û}MBiBQM /m MûQHB#û`�HBbK2X

SQm` HǶû+`Bp�BM 7`�MÏ�Bb 6`�MÏQBb "û;�m/2�m (kj) Ŀ MûQHB#û`�HBbK2 ŀ b2K#H2
āi`2 /2p2Mm- /�Mb iQmi2b H2b #Qm+?2b- H� +�mb2 /2 iQmb H2b K�mt /m KQM/2- �m
TQBMi /2 MǶāi`2 THmb pû`Bi�#H2K2Mi /û}MBbb�#H2- 2i +2H� 2M /ûTBi /m 7�Bi [m2

kkR
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Ĝ Ŀ +2`i�BMb bǶ�`K2Mi /2 `B;m2m` TQm` /QMM2` /2 H� +QMbBbi�M+2 �m KQi 2M
`û/mBb�Mi bQM +?�KT ŀ UTX RkNVX .�Mb +2 +?�TBi`2- MQmb i�+?2`QMb /2 `2H�v2`
H2 i`�p�BH /2b �mi2m`b `B;Qm`2mt /QMi T�`H2 "û;�m/2�mX

RkXR :2Mĕb2 /2 H� T2Mbû2 MûQHB#û`�H2

*2 +Qm`�Mi /2 T2Mbû2 û+QMQKB[m2- bQmp2Mi �bbQ+Bû �mt TQHBiB[m2b K2Mû2b T�`
_QM�H/ _2�;�M 2i J�`;�`2i h?�i+?2` �m iQm`M�Mi /2b �MMû2b RN3y- T`2M/`�Bi
2M `û�HBiû b2b `�+BM2b B/ûQHQ;B[m2b #B2M THmb iƬi- /�Mb H� T`2KBĕ`2 KQBiBû /m
ss2 bBĕ+H2- bB HǶQM 2M +`QBi JB+?2H 6Qm+�mHi (RRN)- 2i THmb `û+2KK2Mi "�`#�`�
aiB2;H2` (k33) [mB bǶ�TTmB2 bm` H2b i`�p�mt /2 +2 /2`MB2` UTX RjV ,

h�M/Bb [m2 H2b HB#û`�mt /m soAAA2 bBĕ+H2 2i H2b mHi`�@HB#û`�mt /2
H� }M /m sAs2 bBĕ+H2 T`ƬM�B2Mi mM H�Bbb2`@7�B`2 `2TQb�Mi bm` H�
#QMM2 M�im`2 /2 MQi`2 2bTĕ+2 2i /2 b2b T2M+?�Mib- +2Mbûb +QMi`B@
#m2` bTQMi�MûK2Mi �m #QM 7QM+iBQMM2K2Mi /m K�`+?û- H2b MûQHB@
#û`�mt QMi ûK2`;û- bmBi2 ¨ H� :`�M/2 .ûT`2bbBQM /2b �MMû2b RNjy-
2M `2D2i�Mi Dmbi2K2Mi +2 M�im`�HBbK2 M�ś7 TQm` 2M �TT2H2` �mt �`@
iB}+2b /2 HǶúi�i U/`QBi- û/m+�iBQM- T`Qi2+iBQM bQ+B�H2V +?�`;ûb /2
+QMbi`mB`2 �`iB}+B2HH2K2Mi H2 K�`+?û 2i /Ƕ�bbm`2` 2M T2`K�M2M+2
bQM �`#Bi`�;2 b2HQM /2b `ĕ;H2b HQv�H2b 2i MQM 7�mbbû2bX

*2 +Qm`�Mi b2 7QM/2 T`BM+BT�H2K2Mi bm` H2b i?ûQ`B2b /m DQm`M�HBbi2- /BTHQK�i2
2i 2bb�vBbi2 TQHBiB[m2 �Kû`B+�BM q�Hi2` GBTTK�MM UR33N@RNd9V (R3N) 2i `2@
TQb2- /Ƕ�T`ĕb H2b i`�p�mt /2 aiB2;H2` (k33)- bm` [m2H[m2b B/û2b bi`m+im`�Mi2b-
;HQ#�H2K2Mi �/QTiû2b T�` H2b bQ+Bûiûb Q++B/2Mi�H2b �+im2HH2bX

S`2KBĕ`2K2Mi- GBTTK�MM �bbmK2 mM TQBMi /2 pm2 ûHBiBbi2 /�Mb H2[m2H H2b
+BiQv2Mb KQv2Mb bQMi +QMbB/û`ûb +QKK2 bi`m+im`2HH2K2Mi 2M `2i�`/ bm` H2b
ûpQHmiBQMb MQmp2HH2b 2M;2M/`û2b T�` H� `ûpQHmiBQM BM/mbi`B2HH2 2i H� KQM/B�HB@
b�iBQM UTX jdVX Ŀ G� pQHQMiû M2 pB2Mi D�K�Bb /m T2mTH2- i2Mm TQm` mM2 ǳKmH@



RkXRX :1LĔa1 .1 G� S1Laú1 LúPGA"ú_�G1 kkj

iBim/2Ǵ B;MQ`�Mi2 2i BM+QKTûi2Mi2- K�Bb /m bQKK2i /2 HǶûHBi2- BM+�`Mû2 T�`
H2 ;`�M/ ?QKK2 û+H�B`û T�` H� b+B2M+2 ŀ UTX e8VX *Ƕ2bi /QM+ H2 `2iQm` ¨ mM
úi�i 7Q`i K�`[mû T�` HǶ�TT�`BiBQM /Ƕ2tT2`ib p2M�Mi ;mB/2` H2b /û+BbBQMb /2b
T2`bQMM2b i`B#mi�B`2b /m TQmpQB` UTX eRVX aiB2;H2` bQmHB;M2 +QKK2Mi HǶ�DQmi
/2 H� };m`2 /Ƕ2tT2`i `2M7Q`+2 H2 Kû+�MBbK2 /2 `2T`ûb2Mi�iBQM /m T2mTH2 2i
ûHQB;M2 /2 7�+iQ +2 /2`MB2` /m TQmpQB` /û+BbBQMM2H [mB 2bi TQm`i�Mi �m +2Mi`2
/2 H� T`QK2bb2 /ûKQ+`�iB[m2 UTX eRV ,

§ #B2M /2b û;�`/b- +2 KQ/ĕH2 MǶ� 2M `û�HBiû `B2M /2 i`ĕb MQm@
p2�m- TmBb[mǶBH T`QHQM;2 +2HmB i`�/BiBQMM2H /2 H� /ûKQ+`�iB2 `2T`û@
b2Mi�iBp2- �p2+ b2b /B{+mHiûb #B2M +QMMm2b , +QKK2Mi H2 T2mTH2
U/2KQbV T2mi@BH b2 7�B`2 `2T`ûb2Mi2`- b�Mb [m2 b2b `2T`ûb2Mi�Mib
M2 HmB +QM}b[m2Mi- �m MQK /2 H2m` p2`im Qm /2 H2m` b�pQB`- bQM
TQmpQB` UF`�iQbV Qm b� bQmp2`�BM2iû \ J�Bb H� MQmp2�miû /m KQ@
/ĕH2 T`QKm T�` GBTTK�MM pB2Mi /2 +2 [m2 +2ii2 [m2biBQM M2 b2
TQb2 KāK2 THmbX G2 ;Qmp2`M2K2Mi `2T`ûb2Mi�iB7 /QBi �m +QMi`�B`2
BM+�`M2` mM2 `mTim`2 M2ii2 �p2+ +2mt [mǶBH `2T`ûb2Mi2- i�Mi bm` H2
TH�M /m TQmpQB` [m2 /m b�pQB`X G2b `2T`ûb2Mi�Mib M2 /QBp2Mi bm`@
iQmi T�b `2bb2K#H2` ¨ H� K�bb2 /2b `2T`ûb2Miûb- bi`m+im`2HH2K2Mi
B;MQ`�Mi2 2i BM+�T�#H2 /2 /û+BbBQM û+H�B`û2X G2b /û+BbBQMb /QBp2Mi
b2 T`2M/`2 ¨ mM iQmi �mi`2 MBp2�m- b2 bQmbi`�v�Mi T�` T`BM+BT2 ¨
iQmi +QMi`ƬH2 /ûKQ+`�iB[m2 , +2HmB /2 H� i`�MbKBbbBQM /m b�pQB` T�`
/2b 2tT2`ib MQM ûHmb- [mB û+?�TT2Mi ¨ iQmi2 p�HB/�iBQM ûH2+iBp2-
p2`b H2 TQmpQB` /2b /B`B;2�Mib- +Qm`i@+B`+mBi�Mi bvbiûK�iB[m2K2Mi
H� bQmp2`�BM2iû TQTmH�B`2X

.�Mb mM i2H bvbiĕK2- +Ƕ2bi H� /ûKQ+`�iB2 KāK2 [mB 2bi `2KBb2 2M [m2biBQM c /2b
ûHBi2b- ;Qmp2`M�Mi �p2+ /2b 2tT2`ib- /ûiB2MM2Mi- /2 7�Bi- mM TQmpQB` [mB /�Mb
bQM 2t2`+B+2 M2 +QMpQ[m2 T`�iB[m2K2Mi T�b H2b TQTmH�iBQMbX *2b /2`MBĕ`2b b2
+?QBbBbb2Mi ûTBbQ/B[m2K2Mi /2b `2T`ûb2Mi�Mib 2M ûHBb�Mi /2b +�M/B/�ib [mB H2m`
`2bb2K#H2Mi 2M `û�HBiû �bb2x T2m , BH bm{i /2 b2 T2M+?2` bm` H� +QKTQbBiBQM /2
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H� K�DQ`Biû /2b T�`H2K2Mib 2i ;Qmp2`M2K2Mib /2b T�vb Q++B/2Mi�mt TQm` b2
`2M/`2 +QKTi2 [mǶBHb bQMi +QKTQbûb- /�Mb H2m` i`ĕb ;`�M/2 K�DQ`Biû- /2 T2`@
bQMM�HBiûb ?�mi2K2Mi [m�HB}û2b +2 [mB MǶ2bi T�b H2 +�b /2b TQTmH�iBQMb [mǶBHb
`2T`ûb2Mi2Mi 2i /B`B;2MiX .�Mb H2 T`QHQM;2K2Mi /m T�bb�;2 +Biû +B@/2bbmb- "�`@
#�`� aiB2;H2` (k33) TQb2 /Ƕ�BHH2m`b H� [m2biBQM /2 H� Hû;BiBKBiû /ǶmM i2H TQmpQB` ,
Ŀ [mǶ2bi@+2 [mB T2mi #B2M T`ûb2`p2` H2b 2tT2`ib 2i H2b /B`B;2�Mib 2mt@KāK2b /2
H� T`Q/m+iBQM /2 biû`ûQivT2b 2i H2m` T2`K2ii`2 /2 bǶ2t+2Ti2` /2 H� +QM/BiBQM
/2 HǶ2bTĕ+2 ?mK�BM2 \ ŀ UTX eRV

G2 TQHBiQHQ;m2 �Kû`B+�BM CQ?M .2r2v (Nd) R Ĝ +QMi2KTQ`�BM /2 GBTTK�MM
2i i?ûQ`B+B2M /ǶmM HB#û`�HBbK2 QTTQbû ¨ HǶB/û2 /2 p2`iB+�HBiû T`QKm2 T�` +2
/2`MB2` Ĝ bQmHB;M�Bi /ûD¨ +2 T`Q#HĕK2 /2 `2T`ûb2Mi�iBpBiûX AH /Bi 2M 2z2i /2
+2ii2 +H�bb2 /Ƕ2tT2`ib [mǶ2HH2 Ŀ 2bi BMûpBi�#H2K2Mi i2HH2K2Mi +QmTû2 /2b BM@
iû`āib +QKKmMb [mǶ2HH2 2M /2pB2Mi mM2 +H�bb2 �p2+ /2b BMiû`āib T`Bpûb 2i mM2
+QMM�Bbb�M+2 T`Bpû2- +2 [mB- 2M K�iBĕ`2 bQ+B�H2- MǶ2bi T�b mM2 +QMM�Bbb�M+2
/m iQmiX ŀ AH �DQmi2 ¨ +2 +QMbi�i [m2 Ŀ iQmi ;Qmp2`M2K2Mi T�` H2b 2tT2`ib
/�Mb H2[m2H H2b K�bb2b MǶQMi T�b HǶQTTQ`imMBiû /ǶBM7Q`K2` H2b 2tT2`ib bm` H2m`b
#2bQBMb M2 T2mi āi`2 �mi`2 +?Qb2 [mǶmM2 QHB;�`+?B2 ;û`û2 2M pm2 /2b BMiû`āib
/2 [m2H[m2b@mMb ŀ UTX RNd@RN3VX *Ƕ2bi +2 +QMbi�i [mB T2`K2i ¨ aiB2;H2` (k33)
/Ƕ�{`K2` [m2 H2 i`�p�BH +QM}/2MiB2H /Ƕ2tT2`ib Ŀ bǶ�++QKTHBbb�Mi 2M b2+`2i 2i
?Q`b /2 iQmi +QMi`ƬH2 /ûKQ+`�iB[m2 ŀ +QM/mBi ¨ H� Ŀ K�Mm7�+im`2 /m +QMb2M@
i2K2Mi ŀ T�` /2b i2+?MB[m2b /2 T`QT�;�M/2 UTX 8RVX

AH 2bi �bb2x bBKTH2 /2 b2 +QMp�BM+`2 [m2 +Ƕ2bi TQm`i�Mi H2 bvbiĕK2 T`QKm
T�` GBTTK�MM [mB bǶ2bi BKTQbû /�Mb H2b bQ+Bûiûb Q++B/2Mi�H2bX G� +`Bb2 /m +Q@
`QM�pB`mb � /Ƕ�BHH2m`b KBb 2M HmKBĕ`2 HǶBKTQ`i�M+2 +QHQbb�H2 T`Bb2 T�` iQmi2b
bQ`i2b /Ƕ2tT2`ib /�Mb H� KBb2 2M �TTHB+�iBQM /2b /Bzû`2Mi2b K2bm`2b TQm` Hmi@
i2` +QMi`2 H� T�M/ûKB2X .Ƕ�#Q`/ HǶû+QMQKB2 �p2+ mM /Bb+Qm`b /QKBM�Mi pBb�Mi
¨ KBMBKBb2` H2b `Bb[m2b [m2 `2T`ûb2Mi�Bi H2 pB`mb c TmBb 7�+2 ¨ b� T`Q;`2bbBQM
T`ûQ++mT�Mi2- mM /Bb+Qm`b /2b �miQ`Biûb pBb�Mi ¨ `2H�iBpBb2` HǶBKTQ`i�M+2 /2b

RX o2`bQM Q`B;BM�H2 , h?2 Sm#HB+ �M/ Bib S`Q#H2Kb /2 RNkd- i`�/mBi2 /2 HǶ�M;H�Bb T�`
w�bFX
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K�b[m2b /2 T`Qi2+iBQM , bQmp2MQMb@MQmb /m JBMBbi`2 /2 H� b�Miû bmBbb2 �H�BM
"2`b2i- �MMQMÏ�Mi H2 8 �p`BH kyky [m2 Ŀ H2 TQ`i ;ûMû`�HBbû /m K�b[m2- T�`iQmi
2i iQmi H2 i2KTb- M2 T`Qiĕ;2 T�b H2b T2`bQMM2b b�BM2b 2i T2mi KāK2 �pQB`
mM 2z2i +QMi`2@T`Q/m+iB7- 2M `2H�+?�Mi H2b +QKTQ`i2K2Mib ŀ c mM2 �{`K�@
iBQM- bBKBH�B`2 ¨ +2HH2b Q#b2`pû2b /�Mb H2b T�vb pQBbBMb- [mB � TQbi2`BQ`B H�Bbb2
bQM;2m`X *2 /Bb+Qm`b � K�H;`û iQmi T2`KBb /2 pQBH2` HǶ2bT�+2 /ǶmM i2KTb H�
TûMm`B2 ;ûMû`�HBbû2 /2 K�b[m2b 2M 1m`QT2 +2Mi`�H2 2i H� /ûT2M/�M+2 ¨ /2b
+?�ŗM2b /2 T`Q/m+iBQMb HQBMi�BM2bX LQi`2 +QMb2Mi2K2Mi ¨ +2ii2 bBim�iBQM /2
TûMm`B2 Ĝ b�Mb /Qmi2 2t+mb�#H2- pm2 HǶ�KTH2m` BKT`ûpBbB#H2 /2 H� bBim�iBQM Ĝ
�@i@BH ûiû K�Mm7�+im`û \

*Ƕ2bi }M�H2K2Mi H� bm`+?�`;2 /2b ?ƬTBi�mt 2i H2 MQK#`2 +`QBbb�Mi /2 /û@
+ĕb Ĝ /2b bB;M2b /ǶmM /`�K2 2M +Qm`b pBbB#H2b �mt v2mt /2 iQmb Ĝ [mB QMi
2Mi`�ŗMû H� /û+BbBQM /2 K2ii`2 2M TH�+2 mM T`2KB2` +QM}M2K2Mi ¨ H� KB@K�`b
kykyX SmBb- �T`ĕb H� T`2KBĕ`2 p�;m2- /Ƕ�mi`2b 2tT2`ib bQMi /2p2Mmb #B2M THmb
pBbB#H2b , H2b T`Q72bbBQMM2Hb /2 H� b�MiûX G� T`Q/m+iBQM [mQiB/B2MM2 /2 +?Bz`2b
Ĝ H2 MQK#`2 /2 MQmp2�mt +�b- H2 MQK#`2 /2 KQ`ib- H2 i�mt /2 TQbBiBpBiû- H2
i�mt /2 p�++BMûbXXX Ĝ 2bi /2p2Mm2 H� +Qm``QB2 2Mi`�BM�Mi 2i DmbiB}�Mi iQmi2b
H2b /û+BbBQMbX

AH M2 bǶ�;Bi T�b B+B /2 Dm;2` +2ii2 7�ÏQM /2 7QM+iBQMM2`- MB KāK2 /2 bm;;û`2`
[mǶBH �m`�Bi 7�HHm �;B` �mi`2K2Mi- K�Bb #B2M /2 `2+QMM�ŗi`2 [m2 H2b QmiBHb 2i H2b
T2`bQMM2b [mB �++QKT�;M2Mi H2b T`Bb2b /2 /û+BbBQM û+?�TT2Mi ¨ iQmi2 p�HB/�@
iBQM /ûKQ+`�iB[m2X G2b �+iBQMb /2b �miQ`Biûb bQMi 2M+�/`û2b T�` /2b 2tT2`ib
/QMi H� Hû;BiBKBiû 2bi ûi�#HB2 T�` H2m` bi�imi T`Q72bbBQMM2H 2i H2m`b iBi`2b- K�Bb
2M �m+mM +�b TQM/û`û2b T�` /2b T`Q+2bbmb ?Q`BxQMi�mt 7�Bb�Mi BMi2`p2MB` H�
TQTmH�iBQMX G� HB;M2 /û+BbBQMM2HH2 T`2M/ �BMbB H2 `Bb[m2 Ĝ TQm` `2T`2M/`2 H2b
i2`K2b /2 .2r2v Ĝ /Ƕāi`2 Ŀ +QmTû2 /2b BMiû`āib +QKKmMb ŀX

.�Mb H2 +�b /2 +2ii2 T�M/ûKB2- BH � 7�HHm 7�B`2 7�+2 ¨ mM ~û�m BM�ii2M/m
2i /ǶmM2 /BK2MbBQM /B{+BH2K2Mi T`ûpBbB#H2- 7�+2 �m[m2H H2b TQmpQB`b 2M TH�+2
QMi /ȿ `û�;B` /�Mb HǶm`;2M+2X aB H� +`Bb2 �m`�Bi Tm /QMM2` HB2m ¨ /2b +?QBt
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/Bzû`2Mib- +2 MǶ2bi T�b TQm` �mi�Mi H2 K2BHH2m` 2t2KTH2 TQm` BHHmbi`2` H� p2`@
iB+�HBiû /ǶmM TQmpQB` [mB /2p�Bi Dmbi2K2Mi �bbm`2` mM2 ;`�M/2 `û�+iBpBiû 7�+2
¨ HǶm`;2M+2X *Ƕ2bi TQm`[mQB MQmb �HHQMb T�`H2` /ǶmM �mi`2 2t2KTH2 [mB �m`�Bi
Tm /2p2MB` 2K#HûK�iB[m2 /ǶmM2 QTiBQM /ûKQ+`�iB[m2 /Bzû`2Mi2- b�Mb /Qmi2
THmb /2r2viB2MM2 , +2HH2 /2 H� *QMp2MiBQM +BiQv2MM2 TQm` H2 +HBK�i KBb2 2M
TH�+2 2M 6`�M+2 T�` H2 *QMb2BH û+QMQKB[m2- bQ+B�H 2i 2MpB`QMM2K2Mi�H bm`
/2K�M/2 /m S`2KB2` KBMBbi`2 ú/Qm�`/ S?BHBTT2 2M Q+iQ#`2 kyRNX

*2ii2 *QMp2MiBQM � `2;`QmTû R8y +BiQv2Mb iB`ûb �m bQ`i T�`KB H� TQTmH�iBQM
7`�MÏ�Bb2 2i �p�Bi TQm` Q#D2+iB7 Ŀ /2 /û}MB` mM2 bû`B2 /2 K2bm`2b T2`K2ii�Mi
/Ƕ�ii2BM/`2 mM2 #�Bbb2 /Ƕ�m KQBMb 9yW /2b ûKBbbBQMb /2 ;�x ¨ 2z2i /2 b2``2
/ǶB+B kyjy UT�` `�TTQ`i ¨ RNNyV /�Mb mM 2bT`Bi /2 DmbiB+2 bQ+B�H2 ŀ (dy)X aB +2
/BbTQbBiB7 2bi /Ƕ�#Q`/ �MMQM+û T�` H2 S`ûbB/2Mi 1KK�Mm2H J�+`QM- BH `2T`2M/
mM2 T`QTQbBiBQM BMBiB�H2K2Mi 7Q`KmHû2 T2M/�Mi H2 KQmp2K2Mi bQ+B�H /2b ;BH2ib
D�mM2b ¨ T�`iB` /2 kyR3 2i `ûTQM/ /ǶmM2 7�ÏQM Q`B;BM�H2 ¨ mM2 KBb2 bQmb
T`2bbBQM /ǶmM +?27 /Ƕúi�i 7`�MÏ�Bb bQmp2Mi i�tû /ǶûHBiBbK2X 1HH2 2bi /QM+ mM2
2tTû`B2M+2 /ûKQ+`�iB[m2 BM?�#Bim2HH2 ¨ MQi`2 ûTQ[m2 k- Q#i2Mm2 bmBi2 �mt
KQ#BHBb�iBQMb /ǶmM2 T�`iB2 2M +QHĕ`2 /m T2mTH2 7`�MÏ�BbX *QMi`�B`2K2Mi ¨ H�
7Q`KmH2 /2p2Mm2 ?�#Bim2HH2 /�Mb H2b bQ+Bûiûb MûQHB#û`�H2b- +2 M2 bQMi THmb /2b
2tT2`ib [mB bQMi �K2Mûb ¨ �bbBbi2` 2i Hû;BiBK2` H2 TQmpQB` /�Mb b2b /û+BbBQMb
K�Bb mM û+?�MiBHHQM /2 TQTmH�iBQM [mB b2 p2mi `2T`ûb2Mi�iB7 /2 b� /Bp2`bBiû jX

GǶmM /2b Kû`Bi2b /ǶmM2 i2HH2 bQHmiBQM 2bi /2 `ûTQM/`2 ¨ H� +`BiB[m2 /ûD¨
7Q`KmHû2 2M RNkd T�` .2r2v [mǶmM2 +H�bb2 +QKTQbû2 /2 b2mHb 2tT2`ib Ŀ 2bi
BMûpBi�#H2K2Mi i2HH2K2Mi +QmTû2 /2b BMiû`āib +QKKmMb [mǶ2HH2 2M /2pB2Mi mM2
+H�bb2 �p2+ /2b BMiû`āib T`Bpûb 2i mM2 +QMM�Bbb�M+2 T`Bpû2- +2 [mB- 2M K�iBĕ`2
bQ+B�H2- MǶ2bi T�b mM2 +QMM�Bbb�M+2 /m iQmiX ŀ 1M �++Q`/�Mi mM TQmpQB` /û@

kX "2`M�`/ J�MBM (RNj) 2tTHB[m2 /�Mb bQM Qmp`�;2 S`BM+BT2b /m ;Qmp2`M2K2Mi `2T`û@
b2Mi�iB7 [m2 H2 iB`�;2 �m bQ`i ûi�Bi HǶmM /2b KQ/2b /2 /ûbB;M�iBQM Q`B;BM2H /2b `2T`ûb2Mi�Mib
/�Mb HǶ�i?ĕM2b /2 H� :`ĕ+2 �MiB[m2 , +2ii2 /ûK�`+?2 M2 T2mi �BMbB T�b āi`2 [m�HB}û2 /2
T`QT`2K2Mi BMMQp�Mi2X

jX LQmb TQmpQMb MQmb /2K�M/2` bB mM û+?�MiBHHQM /2 R8y T2`bQMM2b +QMbiBim2 #B2M H�
7Q`KmH2 B/û�H2 c +Ƕ2bi iQmi27QBb mM2 �mi`2 [m2biBQMX
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+BbBQMM2H ¨ mM û+?�MiBHHQM �Hû�iQB`2 /2 H� TQTmH�iBQM Ĝ `2T`ûb2Mi�iB7 /2 b�
/Bp2`bBiû Ĝ +2 bQMi H2b BMiû`āib +QKKmMb /2b /Bzû`2Mi2b bi`�i2b bQ+B�H2b [mB
bQMi T`Bb 2M +QKTi2X :BH .2H�MMQB (kd8)- +?2`+?2m` ¨ a+B2M+2 SQ S�`Bb- �7@
}`K2 [m2 Ŀ H2 iB`�;2 �m bQ`i �bbm`2 mM2 `2T`ûb2Mi�iBpBiû THmb BKTQ`i�Mi2 [m2
H2 pQi2X AH 7�pQ`Bb2 H2 /û+HQBbQMM2K2Mi- TmBb[m2 H2b T2`bQMM2b iB`û2b �m bQ`i Ĝ
[mB pB2MM2Mi bQmp2Mi /ǶmMBp2`b i`ĕb /Bzû`2MibgĜ T2mp2Mi b2 `2M+QMi`2`- BMi2`@
�;B` 2i T`2M/`2 /2b /û+BbBQMb 2Mb2K#H2X ŀ .2 7�ÏQM +QMi`2@BMimBiBp2- H2 iB`�;2
�m bQ`i T2`K2i ¨ H� K�DQ`Biû /2 H� TQTmH�iBQM /Ƕāi`2 `2T`ûb2Miû2 T�` /2b T2`@
bQMM2b [mB HmB `2bb2K#H2Mi THmb [m2 /�Mb mM bvbiĕK2 T`ûpQv�Mi mM2 ûH2+iBQM
/2 +�M/B/�ib /ûD¨ Ŀ i`Bûb ŀ bQ+B�H2K2MiX

1KK�Mm2H J�+`QM 7Q`KmH2 mM2 T`QK2bb2 HQ`b /ǶmM2 +QM7û`2M+2 /2 T`2bb2
/m k8 �p`BH kyRN (k) , Ŀ +2 [mB bQ`iB`� /2 +2ii2 *QMp2MiBQM b2`�- D2 KǶv 2M;�;2-
bQmKBb b�Mb }Hi`2- bQBi �m pQi2 /m S�`H2K2Mi- bQBi �m `û7û`2M/mK- bQBi ¨ �T@
THB+�iBQM `û;H2K2Mi�B`2 /B`2+i2X ŀ *Ƕ2bi 2MbmBi2 �m +Qm`b /2 b2Ti `2M+QMi`2b
/2 i`QBb DQm`b- `ûT�`iB2b 2Mi`2 Q+iQ#`2 kyRN 2i DmBM kyky- [m2 H� *QMp2MiBQM
+BiQv2MM2 TQm` H2 +HBK�i � i`�p�BHHû 2M i2M�Mi +QKTi2 /2b �pBb /2b mMb 2i
/2b �mi`2b 2i ûi�#HB mM `�TTQ`i /2 9ey T�;2b `û/B;û T�` b2b K2K#`2b c R9N
T`QTQbBiBQMb +QM+`ĕi2b bQMi �K2Mû2bX 1M `û�+iBQM ¨ +2 `ûbmHi�i- H2 S`ûbB/2Mi
7`�MÏ�Bb `2MQmp2HH2 b� T`QK2bb2 H2 kN DmBM kyky (Rky)- 2M v �DQmi�Mi mM2 +QM/B@
iBQM , Ŀ D2 pQmb +QM}`K2 [m2 DǶB`�B �m #Qmi /2 +2 +QMi`�i KQ`�H [mB MQmb HB2
2M i`�MbK2ii�Mi H� iQi�HBiû /2 pQb T`QTQbBiBQMb ¨ HǶ2t+2TiBQM /2 i`QBb /Ƕ2Mi`2
2HH2bX ŀ

GQ`b[mǶ�``Bp2 }M�H2K2Mi H2 T`QD2i /2 HQB +HBK�i /m ;Qmp2`M2K2Mi +2Mbû
/QMM2` 2z2i �mt T`û+QMBb�iBQMb /2 H� *QMp2MiBQM- H2 Ry 7ûp`B2` kykR- +Ƕ2bi
H� /û+2TiBQM TQm` H2b +BiQv2Mb BKTHB[mûb , H2 i2ti2 2bi pB/û /ǶmM2 T�`iB2 bm#@
bi�MiB2HH2 /m +QMi2Mm /2K�M/û T�` H2b R8yX lM2 2M[māi2 /m DQm`M�H 2M HB;M2
_2TQ`i2``2 (k83) /�iû2 /m jR K�`b kykR- T�bb2 2M `2pm2 H2b R9N T`QTQbBiBQMb
2i KQMi`2 [m2 b2mH2b R8 /Ƕ2Mi`2 2HH2b QMi ûiû 2z2+iBp2K2Mi `2i`�Mb+`Bi2b c dN
T`QTQbBiBQMb /BbT�`�Bbb2Mi iQi�H2K2Mi 2i 88 bm;;2biBQMb bQMi KQ/B}û2b Qm
û/mH+Q`û2bX GQ`b /ǶmM2 `ûmMBQM i2Mm2 2M pBbBQ+QM7û`2M+2 H2b kd 2i k3 7ûp`B2`
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kykR- H2b K2K#`2 /2 H� *QMp2MiBQM b2 bQMi `2i`Qmpûb TQm` ûp�Hm2` H2b `ûTQMb2b
�TTQ`iû2b T�` H2 ;Qmp2`M2K2Mi ¨ H2m`b T`QTQbBiBQMb , mM2 MQi2 /2 j-j bm` Ry
2bi �ii`B#mû2 ¨ HǶ�+iBQM /m ;Qmp2`M2K2Mi 9 2i H2b iûKQB;M�;2b `2+m2BHHBb 7QMi
�TT�`�ŗi`2 H� /û+2TiBQM , Ŀ MQb K2bm`2b QMi ûiû i`�Mb7Q`Kû2b 2M K2bm`2ii2b ŀ-
Ŀ QM 2bi p2Mm MQmb +?2`+?2` TQm` 7�B`2 mM i`�p�BH- K�Bb }M�H2K2Mi- MQb �pBb-
BHb MǶ2M iB2MM2Mi T�b +QKTi2 ŀ- Ŀ mM2 7mKBbi2`B2 ŀ- Ŀ H2 ;Qmp2`M2K2Mi MQmb
� KûT`Bbûb ŀ- Ŀ QM � ûiû TB;2QMMû ŀ- Ŀ QM bǶ2bi b2`pB /2 MQmb +QKK2 /ǶmM
KQm+?QB` /2 TQ+?2 ŀ (k8N)X

.�Mb mM `�TTQ`i (kR8)- HǶP#b2`p�iQB`2 /2b KmHiBM�iBQM�H2b /ûMQM+2 mM T`Q@
D2i /2 HQB Ŀ pB/û /2 iQmi2 bm#bi�M+2 2i /2 iQmi2 �K#BiBQM ŀ bmBi2 ¨ mM2 Qz2MbBp2
K2Mû2 T�` H2b b2+i2m`b BM/mbi`B2Hb- MQi�KK2Mi HǶ�miQKQ#BH2- HǶ�û`B2M- HǶ�;`Q@
+?BKB2 2i H� Tm#HB+Biû UTX kVX GǶP#b2`p�iQB`2 bQmHB;M2 [m2 Ŀ H� *QMp2MiBQM
+BiQv2MM2 �p�Bi ûiû +QMÏm2 TQm` Qmp`B` H� /Bb+mbbBQM �m@/2H¨ /2 HǶ2Mi`2@bQB /2b
BM/mbi`B2Hb 2i /2 HǶ�/KBMBbi`�iBQM- �}M /2 K2M2` ¨ /2 p`�Bb +?�M;2K2Mib ŀ
K�Bb /ûTHQ`2 [m2 H2b HQ##B2b Ŀ QMi `ûmbbB H2m` i`�p�BH /2 b�T2 ŀ `2+Qm`�Mi
MQi�KK2Mi ¨ Ŀ /2b ǳ2tT2`ibǴ [mB +�+?2Mi H2m`b HB2Mb �p2+ H2b BM/mbi`B2Hb ŀ
UTX kVX *Ƕ2bi �BMbB [m2 /2b ;`QmT2b /ǶBMiû`āib bQMi T�`p2Mmb ¨ Ŀ Q#i2MB` H2 /û@
i`B+Qi�;2 /2b T`QTQbBiBQMb /2b ǳ+BiQv2MbǴ ŀ UTX 9V �HQ`b [m2 THmbB2m`b ûim/2b
�p�B2Mi KQMi`û [m2 +2b /2`MBĕ`2b ûi�B2Mi bQmi2Mm2b T�` mM2 7Q`i2 K�DQ`Biû /2
H� TQTmH�iBQM 7`�MÏ�Bb2 8X

*2i 2t2KTH2 BHHmbi`2 /2 7�ÏQM 7`�TT�Mi2 +QKK2Mi H2b bQ+Bûiûb Q++B/2Mi�H2b
bQMi 2z2+iBp2K2Mi /B`B;û2b , MQmb bQKK2b ?�#Bimûb ¨ T2Mb2` [m2 MQmb pB@
pQMb /�Mb /2b bvbiĕK2b i`ĕb /ûKQ+`�iB[m2b c +2T2M/�Mi- HǶ�M�Hvb2 /Ƕ2t2KTH2b-
+QKK2 +2HmB /2 H� *QMp2MiBQM +BiQv2MM2 TQm` H2 +HBK�i- K�Bb �mbbB H� H2+im`2
/ǶQmp`�;2b /2 T?BHQbQT?2b /2 MQi`2 ûTQ[m2 +QKK2 Ŀ AH 7�mi bǶ�/�Ti2` ŀ , bm`
mM MQmp2H BKTû`�iB7 TQHBiB[m2 /2 "�`#�`� aiB2;H2` (k33) Ĝ Qmp`�;2 /�Mb H2[m2H

9X L2 /BbBQMb@MQmb T�b [m2 b2mH +2 [mB T2mi āi`2 +?Bz`û 2bi +�`�+iû`BbiB[m2 /2 H� bQ+Bûiû
KQ/2`M2 \

8X oQB` T�` 2t2KTH2 mM bQM/�;2 K2Mû T�` HǶBMbiBimi 1H�#2 �mT`ĕb /ǶmM û+?�MiBHHQM /2
Ryyy T2`bQMM2b , (RyN)X
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2HH2 `2pB2Mi MQi�KK2Mi bm` H2b /û#�ib [mB QMi KBb �mt T`Bb2b CQ?M .2r2v 2i
q�Hi2` GBTTK�MM- 2i HǶBM~m2M+2 B/ûQHQ;B[m2 /2 +2 /2`MB2` bm` MQi`2 ûTQ[m2 Ĝ
MQmb Qmp`2 H2b v2mt bm` /Ƕ�mi`2b TQbbB#BHBiûb THmb Ŀ ?Q`BxQMi�H2b ŀ /2 /ûKQ@
+`�iB2X aiB2;H2` `ûbmK2 H2b TQbBiBQMb /2b /2mt �Kû`B+�BMb /�Mb +2 T�bb�;2 /2
bQM HBp`2 UTX eeV ,

h�M/Bb [m2 GBTTK�MM- 2i iQmb H2b MûQHB#û`�mt �T`ĕb HmB- i?ûQ`Bb2Mi
mM2 `û;mH�iBQM /2 H� bQ+Bûiû [mB +QK#BM2 H2 b�pQB` /2b 2tT2`ib 2i
H2b �`iB}+2b /m /`QBi- .2r2v M2 `2+QMM�ŗi /Ƕ2tTû`BK2Mi�iBQM pû@
`Bi�#H2 [mǶ¨ H� +QM/BiBQM [mǶ2HH2 bQBi +QM/mBi2 T�` HǶBMi2HHB;2M+2
+QHH2+iBp2 /2b Tm#HB+b- 2HH2@KāK2 BMbûT�`�#H2 /2 H� /BK2MbBQM �7@
72+iBp2 /2 iQmi2 2tTû`B2M+2X �HQ`b [m2 TQm` GBTTK�MM TmBb TQm`
H2b MûQHB#û`�mt �Kû`B+�BMb- �HHQm2` +2 `ƬH2 ¨ H� T`ûi2M/m2 BMi2HHB@
;2M+2 /2b Tm#HB+b MB2 H� `û�HBiû /2b T`Q+2bbmb ûpQHmiB7b- �m `2;�`/
/2b[m2Hb HǶ�z2+iBpBiû /2b K�bb2b 2i HǶBMi2HHB;2M+2 ?mK�BM2 �TT�@
`�Bbb2Mi +QKK2 `B;B/2b- `2i�`/�i�B`2b 2i BM�/�Tiû2bX

1M �M�Hvb�Mi H2 +�b /2 H� *QMp2MiBQM +BiQv2MM2 TQm` H2 +HBK�i- 7Q`+2 2bi
/2 +QMbi�i2` [m2 +2b /2mt i?ûQ`B2b bǶv �z`QMi2MiX AH b2K#H2 iQmi27QBb- ¨ Hm@
KBĕ`2 /2 +2i 2t2KTH2- [m2 +Ƕ2bi TQm` HǶ?2m`2 mM2 �TT`Q+?2 GBTTK�MMB2MM2
[mB HǶ2KTQ`i2 bm` H� pBbBQM +QHH2+iBpBbi2 /2 .2r2v- TmBb[m2 +2 bQMi }M�H2K2Mi
/2 TmBbb�Mib ;`QmT2b b2+QM/ûb /Ƕ2tT2`ib [mB �m`QMi /û+B/û /m +QMi2Mm 2z2+@
iB7 /2 H� HQB bm` H2 +HBK�i- +2H� 2M /ûTBi /2b T`QK2bb2b T`ûbB/2MiB2HH2b 2i /m
bQmiB2Mi TQTmH�B`2 TQm` H2b +QM+HmbBQMb /2 H� *QMp2MiBQMX

aiB2;H2` +QMbi�i2- T�` �BHH2m`b- [m2 bm` H2 TH�M TQHBiB[m2- H2 `ƬH2 /m T2mTH2
/�Mb H2b /ûKQ+`�iB2b MûQHB#û`�H2b 2bi HBKBiû UTX eeV ,
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AH MǶ� [m2 H2 TQmpQB` Ŀ 7`�+iBQMMû ŀ /2 /B`2 Ŀ QmB ŀ Qm Ŀ MQM ŀ (XXX)
aQM `ƬH2 b2 #Q`M2 ¨ +QMb2MiB` TQM+im2HH2K2Mi �mt bvK#QH2b [m2
HmB 2MpQB2Mi H2b H2�/2`b- ¨ H2b p�HB/2` +QKK2 bB;M�mt /2 `�HHB2K2Mi
2{+�+2b- HmB T2`K2ii�Mi /2 b2 `�bb2K#H2` 2M mM2 K�bb2 ?QKQ;ĕM2
(XXX)

G� H2+im`2 /2 +2b HB;M2b MQmb 7�Bi T2Mb2` ¨ H� /ûKQ+`�iB2 ?2HpûiB[m2 , mM
bvbiĕK2 [mB +QMpQ[m2 H2 T2mTH2 �mt m`M2b THmbB2m`b 7QBb T�` �M c TQm` +?�[m2
Q#D2i- b2mH2b /2mt `ûTQMb2b bQMi T`Bb2b 2M +QKTi2 , Ŀ QmB ŀ 2i Ŀ MQM ŀX

AH +QMpB2Mi /2 bQmHB;M2` [mǶBH MǶ2bi T�b `�`2 /2 pQB` HǶQTBMBQM Tm#HB[m2
Ŀ `2iQm`Mû2 ŀ ¨ HǶ�TT`Q+?2 /2b pQi�iBQMbX S`2MQMb- TQm` BHHmbi`2` +2 7�Bi-
HǶBMBiB�iBp2 /Bi2 Ŀ TQm` /2b KmHiBM�iBQM�H2b `2bTQMb�#H2b ŀ }M�H2K2Mi `27mbû2
T�` mM2 K�DQ`Biû /2b +�MiQMb bmBbb2b H2 kN MQp2K#`2 kyky �HQ`b [mǶ2HH2 ûi�Bi
/QMMû2 ;�;M�Mi2 ¨ THmb /2 ejW /�Mb H2b T`QD2+iBQM /ǶmM2 2M[māi2 /2 ;b7X"2`M
(RkN)- bB 2HH2 �p�Bi /ȿ �pQB` HB2m H2 Rk Q+iQ#`2 kyky , Ŀ G2b T�`iBb�Mb +QKTi2Mi
(XXX) mM2 �p�M+2 /2 jy TQBMib /2 TQm`+2Mi�;2 �p�Mi H� +�KT�;M2 T`BM+BT�H2 ŀ
UTX eV 2tTHB[m2 HǶBMbiBimi /2 bQM/�;2 /�Mb bQM `�TTQ`iX

Zm2 bǶ2bi BH T�bbû 2Mi`2 i2KTb \ *QKK2Mi 2tTHB[m2` [mǶ2M 93 DQm`b b2mH2@
K2Mi H� TQTmH�iBQM +?�M;2 �mbbB K�bbBp2K2Mi /Ƕ�pBb \ 1bi@2HH2 /2p2Mm2 bTQM@
i�MûK2Mi Ŀ `�BbQMM�#H2 ŀ /�Mb b� T`Bb2 /2 /û+BbBQM- Qm +2 `27mb �@i@BH ûiû
K�Mm7�+im`û \ lM �`iB+H2 /m h2KTb /�iû /m e MQp2K#`2 kyky (9e) MQmb `�T@
T2HH2 [m2 H2b �/p2`b�B`2b /2 HǶBMBiB�iBp2 b2 +QKTQb�B2Mi Ŀ /2b 7�ŗiBĕ`2b û+QMQ@
KB[m2b +QKK2 1+QMQKB2bmBbb2- /2 H� THmT�`i /2b �bbQ+B�iBQMb T�i`QM�H2b /m
T�vb 2i /2 H� K�DQ`Biû /2b +?�K#`2b +�MiQM�H2b /2 +QKK2`+2 ŀ c /2 Ŀ THm@
bB2m`b �bbQ+B�iBQMb 2i 7û/û`�iBQMb /2 #`�M+?2b bTû+B}[m2b (XXX)- +QKK2 +2HH2b
/2b +QbKûiB[m2b 2i /2b /ûi2`;2Mib Qm /2b 2Mi`2T`Bb2b T?�`K�+2miB[m2b ŀ c
Ŀ H2b BM/mbi`B2b /2b K�+?BM2b- /2b Hm#`B}�Mib- /2b i2tiBH2b 2i /m +?Q+QH�i ŀX
GǶBMBiB�iBp2 ûi�Bi 2M Qmi`2 +QK#�iim2 T�` H2 ;Qmp2`M2K2Mi 2i mM2 K�DQ`Biû /m
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T�`H2K2Mi �BMbB [m2 Ŀ T�` H2b T�`iBb i`�/BiBQMM2Hb /m +�KT #Qm`;2QBb ŀX G2b
2MD2mt û+QMQKB[m2b TQm` H2b /Bzû`2Mib b2+i2m`b T`û+Biûb ûi�B2Mi i2Hb [m2 H2m`
KQ#BHBb�iBQM � ûiû iQi�H2 �m +Qm`b /m KQBb T`û+û/2Mi H� pQi�iBQMX

6Q`KmH2` HǶ?vTQi?ĕb2 [m2 H2b KBHB2mt [mB QMi 2m `�BbQM /2b T`QTQbBiBQMb /2
H� *QMp2MiBQM +BiQv2MM2 TQm` H2 +HBK�i 2M 6`�M+2 M2 bQMi T�b i`ĕb /Bzû`2Mib
/2 +2mt [mB QMi T2`KBb /2 7�B`2 +?�M;2` HǶQTBMBQM /2 H� TQTmH�iBQM bmBbb2 ¨
HǶ�TT`Q+?2 /2 +2 pQi2 b2K#H2 `�BbQMM�#H2X G� [m2biBQM [mB /2K2m`2 Qmp2`i2
2bi +2HH2 [mB 2bi /2 b�pQB` bB +2ii2 +H�bb2 /QKBM�Mi2 2bi KB2mt TH�+û2 [m2 H2b
TQTmH�iBQMb /�Mb H2m` 2MiB2` TQm` /û+B/2` /2 +2 [mB 2bi #QM TQm` 2HH2bX

RkXk .2 GBTTK�MM ¨ 6`B2/K�M

.�Mb H� b2+iBQM T`û+û/2Mi2- MQmb �pQMb �M�Hvbû H� ;2Mĕb2 2i H2b +�`�+iû`Bb@
iB[m2b ;ûMû`�H2b /2 H� /Q+i`BM2 MûQHB#û`�H2 Bbbm2 /2 H� T`2KBĕ`2 KQBiBû /m
ss2 bBĕ+H2 �miQm` /2 H� };m`2 /2 q�Hi2` GBTTK�MM , MQmb �pQMb MQi�KK2Mi
KQMi`û [m2 +2 HB#û`�HBbK2 bǶ�++QKKQ/�Bi #B2M /ǶmM2 ;Qmp2`M�M+2 HQBM /m
T2mTH2 T�` /2b ûHBi2b- T`ûi2M/mK2Mi THmb ¨ KāK2 /2 /û+B/2` /2 H� #QMM2
K�`+?2 /m KQM/2 K�H;`û H2 `Bb[m2 /2 bǶûHQB;M2` /2b BMiû`āib +QKKmMb- pQB`2
/2b T`BM+BT2b /ûKQ+`�iB[m2bX

*2 MǶ2bi iQmi27QBb [m2 /ĕb HǶ�T`ĕb@;m2``2 [m2 H2b ûHûK2Mib +QMbiBimiB7b /2
H� T2Mbû2 û+QMQKB[m2 MûQHB#û`�H2 T`2M/`QMi 7Q`K2X *Ƕ2bi iQmi /Ƕ�#Q`/ /�Mb
H2 +�/`2 /ǶmM ;`QmT2 /2 `û~2tBQM Ĝ H� bQ+Bûiû /m JQMi@SĕH2`BM Ĝ �bb2K#Hû
MQi�KK2Mi �miQm` /2 /2mt û+QMQKBbi2b- HǶ�mi`B+?B2M 6`B2/`B+? >�v2F UR3NN@
RNNkV 2i HǶûi�bmMB2M JBHiQM 6`B2/K�M URNRk@kyReV [m2 +2 /2bbBM2Mi H2b i`�Bib
/û}MBiQB`2b /2 H� 7Q`K2 /2 HB#û`�HBbK2 û+QMQKB[m2 /ûbQ`K�Bb ?û;ûKQMB[m2
/�Mb H2b bQ+Bûiûb Q++B/2Mi�H2b (3R)X a2`;2 �m/B2` bQmHB;M2 [m2 +2ii2 bQ+Bûiû
`ûmMBi- /ĕb RN93 U2M amBbb2- MQM HQBM /2 o2p2vV- mM +2`+H2 ûH�`;B /Ƕ�M+B2Mb
K2K#`2b /m +QHHQ[m2 GBTTK�MM U/2 RNj3V c BH bǶ�;Bi- 2M [m2H[m2 bQ`i2- /ǶmM2
MQmp2HH2 `2M+QMi`2 /2 T2Mb2m`b /m HB#û`�HBbK2 b2 `2i`Qmp�Mi �T`ĕb H� b2+QM/2
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;m2``2 KQM/B�H2 2M pm2 /2 7�B`2 H� T`QKQiBQM /ǶmM2 û+QMQKB2 /2 K�`+?û
/û`û;mHû2 2M `ûTQMb2 ¨ mM F2vMûbB�MBbK2 `ûT�M/m 2i +�`�+iû`Bbû MQi�KK2Mi
T�` H� T`QKQiBQM /ǶmM úi�i `û;mH�i2m` /2b K�`+?ûb- T�` mM2 TQHBiB[m2 /2 TH2BM
2KTHQB 2i T�` mM +QMi`ƬH2 /2b T`BtX

G� }M /2b �MMû2b RNey +QMbiBim2 H2 KQK2Mi /2 /Bp2`b2b +`Bb2b �p2+- 2M
Q++B/2Mi- H� bi�;M�iBQM /2 H� +`QBbb�M+2 2i mM2 BM~�iBQM K�`[mû2- K�Bb û;�@
H2K2Mi mM2 +QMi2bi�iBQM ;ûMû`�HBbû2 /2b KQ/ĕH2b /QKBM�Mib 2i /2 H� 7�ÏQM /2
;Qmp2`M2` H2b bQ+Bûiûb (3R)X

*Ƕ2bi mM KQK2Mi /2 #�b+mH2 [mB T2`K2i �mt *?B+�;Q #Qvb Ĝ /2b û+QMQ@
KBbi2b /m ;`QmT2 /2 JBHiQM 6`B2/K�M Ĝ /Ƕ2t2`+2` mM2 BM~m2M+2 bm` H2b T`Q@
;`�KK2b /2b T�`iBb +QMb2`p�i2m`b ûi�bmMB2Mb 2i #`Bi�MMB[m2b- /QMi H2b TQ`i2b
/`�T2�mt b2`QMi T�` H� bmBi2 _QM�H/ _2�;�M 2i J�`;�`2i h?�i+?2`- HQ`b[m2
iQmb /2mt �++û/2`QMi �mt THmb ?�mi2b 7QM+iBQMb /2 H2m` úi�i `2bT2+iB7 �m
iQm`M�Mi /2b �MMû2b RN3yX �p�Mi +2H�- 7�Bi MQi�#H2- H2b *?B+�;Q #Qvb �p�Bi ûiû
+?�`;ûb /2 TH�MB}2` H� TQHBiB[m2 û+QMQKB[m2 /m `û;BK2 /B+i�iQ`B�H +?BHB2M /m
;ûMû`�H SBMQ+?2i �T`ĕb H2 Tmib+? /2 RNdj (3R) eX

.�Mb H� pBbBQM /2 HǶû+QH2 /2 *?B+�;Q- H2 ;Qmp2`M2K2Mi � TQm` pQ+�iBQM
T`BM+BT�H2 /Ƕ�bbm`2` H� HB#2`iû /2b �+i2m`b /2 HǶû+QMQKB2 c +Ƕ2bi +2 [mB i`�Mb@
T�`�ŗi /2 +2 T�bb�;2 /2 6`B2/K�M (Rkk) d /�Mb HǶBMi`Q/m+iBQM /2 bQM Qmp`�;2
*�TBi�HBbK2 2i HB#2`iû UTX keV ,

GǶ?QKK2 HB#`2 M2 b2 /2K�M/2 MB +2 [m2 bQM T�vb T2mi 7�B`2 TQm`
HmB MB +2 [m2 HmB@KāK2 T2mi 7�B`2 TQm` bQM T�vbX G� [m2biBQM [mǶBH
b2 TQb2 2bi THmiƬi H� bmBp�Mi2 , Ŀ SQm` MQmb /û+?�`;2` [m2H[m2
T2m /2 MQb `2bTQMb�#BHBiûb BM/BpB/m2HH2b- TQm` �ii2BM/`2 MQb /Bp2`b
#mib- TQm` `û�HBb2` MQb /Bzû`2Mib /2bb2BMb- 2i- bm`iQmi- TQm` T`û@
b2`p2` MQi`2 HB#2`iû- +QKK2Mi TQmpQMb@MQmb- K2b +QKT�i`BQi2b

eX *2H� b2K#H2 +Q``Q#Q`2` H2 7�Bi [m2 H2b MûQHB#û`�mt b2 T`ûQ++mT2Mi THmb /2 HB#2`iû
û+QMQKB[m2 [m2 /2 /ûKQ+`�iB2X

dX h2ti2 Q`B;BM�H /2 RNekX
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2i KQB- miBHBb2` H2 ;Qmp2`M2K2Mi \ ŀ 1i �mbbB , Ŀ *QKK2Mi 2KTā@
+?2` H2 ;Qmp2`M2K2Mi- MQi`2 +`û�im`2- /2 /2p2MB` mM KQMbi`2 [mB
/ûi`mB`� +2ii2 HB#2`iû (XXX) \ ŀ

1M /Ƕ�mi`2b i2`K2b- H2 +Qm`�Mi /2 T2Mbû2 MûQHB#û`�H T�`i /2 HǶB/û2 [m2 H2
TQmpQB` 2i H2b BMbi`mK2Mib /2 HǶúi�i /QBp2Mi āi`2 2MiBĕ`2K2Mi KBb �m b2`pB+2
/2b �+i2m`b /ǶmM2 û+QMQKB2 /2 K�`+?û /�Mb H�[m2HH2 BH MǶBMi2`pB2Mi T�b- bB +2
MǶ2bi TQm` T`Qiû;2` b2b �+i2m`bX G2 MûQHB#û`�HBbK2 MǶ2bi /QM+ T�b mM2 7Q`K2
/Ƕ�M�`+?BbK2 c +Ƕ2bi mM2 /Q+i`BM2 /�Mb H�[m2HH2 H� T`Qi2+iBQM /2b BMiû`āib û+Q@
MQKB[m2b T`Bpûb 2bi H2 `ƬH2 T`2KB2` /2 HǶúi�iX

.�Mb *�TBi�HBbK2 2i HB#2`iû- 6`B2/K�M /ûi�BHH2 H2b /QK�BM2b TQm` H2b[m2Hb-
b2HQM HmB- HǶúi�i /2K2m`2 2bb2MiB2H , BH BMbBbi2 bm` HǶBKTQ`i�M+2 /2 T`Qiû;2` 2i
;�`�MiB` H2 `2bT2+i /m /`QBi /2 H� T`QT`Bûiû T`Bpû2 T�` H2 TQmpQB` Dm`B/B[m2
UTX 8N@eyV c bm` H� Mû+2bbBiû /Ƕ�;B` +QMi`2 H2b bBim�iBQMb /2 KQMQTQH2b- /QM@
M�Mi MQi�KK2Mi H2b 2t2KTH2b /m `�BH- /2 H� /Bbi`B#miBQM /m +Qm``B2` 2i /2b
�miQ`Qmi2b UTX ek@e8VX 6`B2/K�M b2 KQMi`2 ;ûMû`�H2K2Mi i`ĕb +`BiB[m2 /2b
KQMQTQH2b /Ƕúi�i UTX R38@ky8V- +2 [mB 2bi �mbbB ¨ BMb+`B`2 /�Mb H2 +QMi2ti2
B/ûQHQ;B[m2 /2 H� ;m2``2 7`QB/2 2i /2 H� pQHQMiû /2 +QMbiBim2` mM2 /Q+i`BM2 2M
iQmb TQBMib /Bzû`2Mi2 /2 +2HH2 /m #HQ+ /2 HǶ1biX

6`B2/K�M /`2bb2 mM2 HBbi2 /ǶûHûK2Mib- [mB M2 bQMi T�b +QKT�iB#H2b �p2+ b�
pBbBQM /m HB#û`�HBbK2 2i [mǶBH bQm?�Bi2`�Bi �BMbB pQB` ûHBKBMûb /�Mb bQM T�vb-
H2b úi�ib@lMBb , H2b T`Q;`�KK2b ûi�iB[m2b /2 bQmiB2M ¨ H� T�`Biû /2b T`Bt c
H2b i�t2b 2i `2bi`B+iBQMb bm` HǶBKTQ`if2tTQ`i 3 c H2 +QMi`ƬH2 ;Qmp2`M2K2Mi�H
/2 H� T`Q/m+iBQM c H2 +QMi`ƬH2 /2b HQv2`b c H2 b�H�B`2 KBMBKmK Qm K�tBKmK c
H2b �p�Mi�;2b +QM+m``2MiB2Hb /�Mb H2b /QK�BM2b Qɍ HǶúi�i 2bi mM �+i2m` /m
K�`+?û c H2 +QMi`ƬH2 T�` HǶúi�i /2 H� `�/BQ 2i /2 H� iûHûpBbBQM c H2b T`Q;`�KK2b
/2 bû+m`Biûb bQ+B�H2b c H2b T`Q;`�KK2b /2 bm#p2MiBQMM2K2Mi /2 HQ;2K2Mib c H�

3X *2i ûHûK2Mi b2 `ûbmK2 ¨ +2ii2 7Q`KmH2 [m2 HǶû+QMQKBbi2 �/`2bb2 �m `2bi2 /m KQM/2 ,
Ŀ LQi`2 K�`+?û pQmb 2bi Qmp2`iX o2M/2x@v +2 [m2 pQmb TQmp2x 2i pQmH2x p2M/`2X liBHBb2x
H2b #ûMû}+2b TQm` �+?2i2` +2 [m2 pQmb /ûbB`2x ŀ UTX RkkVX
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+QMb+`BTiBQM 2M i2KTb /2 T�Bt Ub2`pB+2 Q#HB;�iQB`2V c H2 }M�M+2K2Mi Tm#HB+ /2b
T�`+b M�iBQM�mt c HǶBMi2`/B+iBQM /2 7�B`2 /m i`�MbTQ`i /2 +Qm``B2` mM2 �+iBpBiû
Hm+`�iBp2 c H2b `Qmi2b Tm#HB[m2b ¨ Tû�;2 UTX dy@dkVX

.�Mb H2 j2 +?�TBi`2 /2 *�TBi�HBbK2 2i HB#2`iû- 6`B2/K�M /ûp2HQTT2 HǶ�`;m@
K2Mi [mB `2M/`� b� T2Mbû2 +ûHĕ#`2 , TQm` HmB- 2i H2b KQMûi�`Bbi2b b2 `2p2M/B@
[m�Mi /2 bQM +Qm`�Mi /2 T2Mbû2- H2 i�mt /2 +`û�iBQM KQMûi�B`2 /QBi āi`2 THmb
Qm KQBMb û[mBp�H2Mi �m i�mt /2 +`QBbb�M+2 /ǶmM úi�i c b2HQM 6`B2/K�M- H2b
#�M[m2b +2Mi`�H2b M2 /QBp2Mi /QM+ THmb āi`2 �HB;Mû2b bm` /2b BMiû`āib bQ+B�mt
2i TQHBiB[m2b- K�Bb bm` H� +`QBbb�M+2 Ŀ `û2HH2 ŀ /2 HǶû+QMQKB2X AH �p�M+2 �BMbB
[m2- +2 /QMi H2b úi�ib@lMBb QMi #2bQBM- Ŀ TQm` H� bi�#BHBiû û+QMQKB[m2 +QKK2
TQm` H� +`QBbb�M+2- +Ƕ2bi /ǶmM2 `û/m+iBQM- 2i MQM T�b /ǶmM2 �m;K2Mi�iBQM- /2
HǶBMi2`p2MiBQM ;Qmp2`M2K2Mi�H2 ŀ UTX d9V NX

1M +QMbû[m2M+2- 6`B2/K�M b2 TQbBiBQMM2 +QMi`2 /2b ?�mbb2b /2 /ûT2Mb2b
Tm#HB[m2b [mB M2 b2`�B2Mi T�b /B`2+i2K2Mi HBû2b ¨ H� +`QBbb�M+2- �/K2ii�Mi
HǶB/û2 /2 TQHBiB[m2b /Ƕ�mbiû`Biû HQ`b /2b Tû`BQ/2b /2 +QMi`�+iBQM /2 HǶû+QMQKB2X
1M +2H�- BH TH�+2 H� +`û�iBQM /2 `B+?2bb2b +QKK2 mM T`û�H�#H2 /2 /ûT2Mb2b [m2
TQm``�B2Mi +QMb2MiB` H2 ;Qmp2`M2K2Mi 2i +QMi2bi2 �BMbB HǶB/û2 F2vMûbB2MM2 [m2
HǶúi�i DQm2 mM `ƬH2 /2 +QMi`2TQB/b 2M Tû`BQ/2 /2 `û+2bbBQMX *Ƕ2bi 2M iB`�Mi
+2 }H [m2 6`B2/K�M +QM+Hmi ¨ H� Mû+2bbBiû /2 #�Bbb2` H� }b+�HBiû TQm` `û/mB`2
HǶBM~m2M+2 /2 HǶúi�i bm` HǶû+QMQKB2 UTX Rk8VX

S�` �BHH2m`b- BH b2 TQbBiBQMM2 `�/B+�H2K2Mi 2M QTTQbBiBQM �mt Kû+�MBbK2b
/ǶBKTQbBiBQM T`Q;`2bbBp2 [mB HmB T�`�Bbb2Mi Ŀ mM 2t2KTH2 ûpB/2Mi /ǶmiBHBb�iBQM
/2 H� +Q2`+BiBQM TQm` T`2M/`2 ¨ +2`i�BMb 2i TQm` /QMM2` ¨ /Ƕ�mi`2b ŀ UTX k8eVX
.2 bQM TQBMi /2 pm2 Ŀ H� bi`m+im`2 /2 HǶBKTƬi bm` H2 `2p2Mm [mB (XXX) T�`�ŗi
H� K2BHH2m`2 2bi +2HH2 /ǶmM BKTƬi ¨ i�mt mMB7Q`K2 ŀX 6`B2/K�M +QK#BM2`�Bi
+2 T`Q;`�KK2 /2 ~�i i�t Ŀ �p2+ HǶ�#QHBiBQM /2 HǶBKTƬi bm` H2b `2p2Mmb /2b
bQ+Bûiûb ŀ- K�Bb 2M /2K�M/�Mi �mt �+iBQMM�B`2b /2 +2HH2b@+B /2 7�B`2 };m`2`

NX AH +QMpB2Mi /2 MQi2` [m2 +2H� � TQm` 2z2i /2 b�+`�HBb2` HǶBM/B+�i2m` SA"- [mB TQm`@
i�Mi Ĝ MQmb HǶ�pQMb KQMi`û Ĝ 2bi mM2 +QMbi`m+iBQM +QMp2MiBQMM2HH2 M2 7�Bb�Mi +Q``2bTQM/`2
Ŀ +`QBbb�M+2 ŀ [mǶ¨ mM2 b2mH2 /û}MBiBQMX
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H2b 7`mBib /2 H2m`b +�TBi�mt /�Mb H2m` /û+H�`�iBQM /2 `2p2Mmb UTX k8eVX 1M
+QKTHûK2Mi- 6`B2/K�M /û72M/ mM BKTƬi Mû;�iB7 bm` H2b `2p2Mmb H2b THmb 7�B#H2b
UTX k3jV 2i mM2 /2bi`m+iBQM /2b Ŀ K2bm`2b /2biBMû2b ¨ T`QKQmpQB` H2 #B2M@āi`2
/2 ;`QmT2b T�`iB+mHB2`b ŀ UTX keRV i2HH2b [m2 H2b HQ;2K2Mib Tm#HB+b- H2b HQBb bm`
H2b b�H�B`2b KBMBK�mt 2i H2 Kû+�MBbK2 /2 bû+m`Biû bQ+B�H2X

RkXkXR G2 MûQHB#û`�HBbK2 2M 1m`QT2 2i T�` HǶ1m`QT2

*2ii2 B/ûQHQ;B2 /2b *?B+�;Q "Qvb � �mDQm`/Ƕ?mB ;�;Mû H2 pB2mt +QMiBM2Mi c H2b
bTû+B}+Biûb Q`;�MBb�iBQMM2HH2b- bQ+B�H2b- BM/mbi`B2HH2b- KQMûi�B`2b- XXX /2b úi�ib
2m`QTû2Mb ?û`Biû2b /2 H� HQM;m2 ?BbiQB`2 bQMi T2m ¨ T2m ;QKKû2b /�Mb H� `2@
+?2`+?2 /ǶmM2 mMB7Q`KBb�iBQM T�` H� +QMbi`m+iBQM 2m`QTû2MM2 c +Ƕ2bi HǶQ++�bBQM
/ǶmM2 /BzmbBQM /2b B/û�mt 7`B2/K�MB2MbX

�K�#H2 (d) /û+`Bi +2 iQm`M�Mi �KQ`+û /�Mb H2 +Qm`�Mi /2b �MMû2b RN3y
T`BM+BT�H2K2Mi /�Mb H2 #mi Ŀ /Ƕ�#QHB` H2b #�``Bĕ`2b }b+�H2b 2i /Qm�MBĕ`2b ŀ
UTX Rj3V- HǶQ#D2+iB7 �pQmû ûi�Mi- ¨ i2`K2- H� HB#û`�HBb�iBQM /m K�`+?û 2m`Q@
Tû2MX *2ii2 +QMbi`m+iBQM T`2M/`� 7Q`K2 2M RN3d- �p2+ HǶ�/QTiBQM /2 HǶ�+i2
mMB[m2 1m`QTû2M bB;Mû T�` Rk úi�ib /Ƕ1m`QT2 +2Mi`�H2X G2b +QMbû[m2M+2b /2
+2i �++Q`/ bQMi ûMmKû`û2b T�` HǶû+QMQKBbi2 UTX Rj3@RjNV ,

1M RN3d@RN33 ûi�Bi ûH�#Q`û mM T`QD2i /2 /B`2+iBp2b bm` H� HB#û`�HB@
b�iBQM /2b KQmp2K2Mib /2 +�TBi�mtX 1M RN3N@RNNR ûi�Bi H�M+û H2
T`Q+2bbmb [mB �HH�Bi �#QmiB` �m i`�Biû /2 J��bi`B+?i 2i- 2M RNNj-
ûi�Bi Tm#HBû H2 HBp`2 #H�M+ BMiBimHû G� *`QBbb�M+2- H� +QKTûiBiBpBiû
2i HǶ2KTHQBX (e9) AH `2+QKK�M/�Bi mM2 bû`B2 /2 Ŀ `û7Q`K2 bi`m+@
im`2HH2b ŀ 2i /2 Ŀ T�+i2b M�iBQM�mt TQm` HǶ2KTHQB ŀ /2biBMûb ¨
T`QKQmpQB` /2b `û7Q`K2b /m K�`+?û /m i`�p�BH , #�Bbb2 /2b +Q@
iBb�iBQMb bQ+B�H2b /2b 2Mi`2T`Bb2b- �HHĕ;2K2Mi /2b Ŀ +QMi`�BMi2b ŀ
bm` H2b 2Mi`2T`Bb2b- ûpQHmiBQM Ŀ `�BbQMM�#H2 ŀ /2b b�H�B`2b 2i �mi`2b
Ŀ `û7Q`K2b ŀX
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�K�#H2 bQmHB;M2 T�` �BHH2m`b [m2 +2i �;2M/� /2 ivT2 MûQHB#û`�H bǶBKTQb2
�mt úi�ib 2M bǶ�p�MÏ�Mi ¨ mM MBp2�m bmT`�M�iBQM�H Ĝ HǶ1m`QT2 Ĝ 2i ?Q`b /m
+�/`2 /ûKQ+`�iB[m2 T`ûpm T�` H2b BMbiBimiBQMb /2 +?�[m2 úi�iX �BMbB- BH +Bi2
/2mt `2T`ûb2Mi�Mi /m T�i`QM�i 7`�MÏ�Bb , HǶmM b�Hm�Mi H� Ŀ +QMi`�BMi2b 1m`Q@
Tû2MM2 ŀ T2`K2ii�Mi /ǶBKTQb2` /2b `û7Q`K2b ¨ H� 6`�M+2- HǶ�mi`2 bQmHB;M�Mi
[m2 Ŀ HǶ1m`QT2 2bi mM2 K�+?BM2 ¨ `û7Q`K2` H� 6`�M+2 +QMi`2 b� pQHQMiû ŀ RyX

*Ƕ2bi �BMbB [m2- /�Mb H2 +Qm`�Mi /2b j8 /2`MBĕ`2b �MMû2b- bǶ2bi BKTQbû 2M
1m`QT2- ?Q`b /2 iQmi +�/`2 /ûKQ+`�iB[m2 +H�B`- mM KQ/ĕH2 7QM/û bm` H2b B/û2b
MûQHB#û`�H2b /2 H� bQ+Bûiû /m JQMi@SĕH2`BMX AH bǶQ#b2`p2 MQi�KK2Mi T�` mM2
HB#û`�HBb�iBQM ;ûMû`�HBbû2 /m K�`+?û /2b iûHû+QKKmMB+�iBQMb- /2 HǶûM2`;B2- /m
i`�MbTQ`i �û`B2M 2i 72``QpB�B`2 (3k) c T�` H� +`û�iBQM 2M RNN3 /2 H� "�M[m2
*2Mi`�H2 2m`QTû2MM2 +QKK2 b2mH2 ûK2ii`B+2 /ǶmM2 KQMM�B2 mMB[m2 Ĝ HǶ1m`Q
Ĝ 2i /QMi H2 `ƬH2 T`BM+BT�H 2bi /2 bǶ�bbm`2` /ǶmM �HB;M2K2Mi /2 HǶBM~�iBQM bm` H�
+`QBbb�M+2 c 2i T�` H� KBb2 2M TH�+2 /ǶmM2 HB#`2 +B`+mH�iBQM /2b K�`+?�M/Bb2b-
/2b b2`pB+2b 2i /2b +�TBi�mtX *2 T`Q;`�KK2 /2 i`�Mb7Q`K�iBQM 2i /2 HB#û`�@
HBb�iBQM 2bi 7Q`i2K2Mi 2KT`mMi /m HB#û`�HBbK2 /2 6`B2/K�M [m2 MQmb �pQMb
/û+`Bi 2M b2+iBQM RkXkX

RkXj G� };m`2 /Ƕ2tT2`i 2i H� +`û�iBQM /ǶmM �`@
;mK2Mi /Ƕ�miQ`Biû T�bb�Mi T�` H2 MQK#`2

.�Mb H2b b2+iBQMb [mB T`û+ĕ/2Mi- MQmb MQmb bQKK2b �ii2Hûb ¨ /û}MB` 2i +�`�+@
iû`Bb2` +2 [mB +QMbiBim2 H2 MûQHB#û`�HBbK2X LQmb �pQMb KQMi`û [m2 +2 +Qm`�Mi
bǶ�TTmB2 Ĝ T�`i�Mi /2b i`�p�mt /2 q�Hi2` GBTTK�MM /�Mb H� T`2KBĕ`2 KQBiBû
/m ss2 bBĕ+H2 Ĝ bm` HǶB/û2 [mǶmM2 bQ+Bûiû ;Qmp2`Mû2 HQBM /m T2mTH2 2i /2b BM@
iû`āib +QKKmMb T�` /2b ûHBi2b ûi�Bi bQm?�Bi�#H2 URkXRVX � +2H� b2 bQMi �DQmiûb

RyX S`QTQb /2 kyyj /2 1`M2bi@�MiQBM2 a2BHHBĕ`2- T`ûbB/2Mi /m J2/27 UJQmp2K2Mi /2b
2Mi`2T`Bb2b /2 6`�M+2V- 2i /2 .2MBb E2bbH2` pB+2 T`ûbB/2Mi /m J2/27 2M kyyy c `�TTQ`iûb
T�` �K�#H2 (d) UTX R98VX
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H2b i`�p�mt /2b û+QMQKBbi2b /2 HǶû+QH2 /2 *?B+�;Q [mB QMi i?ûQ`Bbû Ĝ �miQm` /2
H� };m`2 +2Mi`�H2 /2 JBHiQM 6`B2/K�M Ĝ H� Mû+2bbBiû /2 K2ii`2 H2b BMbi`mK2Mib
/2 HǶúi�i �m b2`pB+2 /m T`Bpû 2i /2 `û/mB`2 �m K�tBKmK bQM BKT�+i +QKK2
�+i2m` /m K�`+?û URkXkVX

aB MQmb �pQMb 7�Bi +2 /ûiQm` T�` H� T?BHQbQT?B2 TQHBiB[m2- +Ƕ2bi T�`+2 [m2
HǶûHûK2Mi [mB MQmb BMiû`2bb2 /2 T`BK2 �#Q`/ Ĝ mM2 [m�MiB}+�iBQM iQmb �xBKmib
/�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM Ĝ 2bi T�`iB+mHBĕ`2K2Mi +�`�+iû`BbiB[m2 /2
+2ii2 ûTQ[m2 /Bi2 MûQHB#û`�H2X

G2b +?Bz`2b 2i H2b bi�iBbiB[m2b bQMi 2M 2z2i T�`iB2 BMiû;`�Mi2 /m H�M;�;2
/2b û+QMQKBbi2b- K�Bb �mbbB /Ƕ�mi`2b ivT2b /Ƕ2tT2`ib /QMi T�`H2 aiB2;H2`X G2
+?Bz`2 b2K#H2 2M 2z2i āi`2 Ĝ T�` HǶB/û2 /2 K2bm`2 RR [mǶBH pû?B+mH2 Ĝ H2 ;�;2
/ǶmM /Bb+Qm`b b+B2MiB}[m2 K�`[mû /Ƕ2tT2`iBb2 2i /ǶQ#D2+iBpBiûX .�Mb +2 KāK2
Q`/`2 /ǶB/û2- SQ`i2` (kjk) �{`K2 UTX 3 c i`�/mBi /2 HǶ�M;H�BbV ,

(XXX) mM2 /û+BbBQM T`Bb2 2M 7QM+iBQM /2b +?Bz`2b UQm /2 `ĕ;H2b 2t@
THB+Bi2b /ǶmM �mi`2 ivT2V � �m KQBMb HǶ�TT�`2M+2 /Ƕāi`2 Dmbi2 2i
BKT2`bQMM2HH2X GǶQ#D2+iBpBiû b+B2MiB}[m2 7Qm`MBi /QM+ mM2 `ûTQMb2
¨ mM2 /2K�M/2 KQ`�H2 /ǶBKT�`iB�HBiû 2i /Ƕû[mBiûX G� [m�MiB}+�@
iBQM 2bi mM KQv2M /2 T`2M/`2 /2b /û+BbBQMb b�Mb �pQB` HǶ�B` /2
/û+B/2`X

*Ƕ2bi �BMbB- [mǶBMbB/B2mb2K2Mi- b2HQM �H�BM amTBQi (kNk) Ĝ Dm`Bbi2 2i T`Q72bb2m`
�m *QHHĕ;2 /2 6`�M+2 Ĝ Ŀ H� bi�iBbiB[m2 ûH�#Q`2 /2b ûMQM+ûb [mB û+?�TT2Mi ¨ H�
`û~2tBpBiû /m H�M;�;2 2i �+[mBĕ`2Mi T�` H¨ KāK2 mM2 TmBbb�M+2 /Q;K�iB[m2
T�`iB+mHBĕ`2 ŀ UTX R9RVX

LQmb +QKK2M+BQMb +2ii2 b2+iBQM 2M bQmHB;M�Mi [m2 H2b bi�iBbiB[m2b 7QMi
T�`iB2 BMiû;`�Mi2 /m H�M;�;2 /2 HǶ2tT2`iBb2X *2T2M/�Mi- /�Mb H2 /Bb+Qm`b /2
HǶBM7Q`K�iBQM- H� };m`2 KāK2 /2 HǶ2tT2`i Ĝ +�`�+iû`BbiB[m2 /m MûQHB#û`�HBbK2
Ĝ MǶ2bi bQmp2Mi T�b /B`2+i2K2Mi T`ûb2Mi2 , b� K�`[m2 MǶ�TT�`�ŗi T�`7QBb [mǶ¨

RRX .2 Kûi`QHQ;B2 `û�HBbi2X
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i`�p2`b /2b MQK#`2b [mB bQMi ûH�#Q`ûb �BHH2m`b- K�Bb b2 `2i`Qmp2Mi /�Mb mM2
i`ĕb ;`�M/2 [m�MiBiû /2 bmD2ibX *2ii2 2ti`�MûBiû /2 H� T`Q/m+iBQM /2b bi�iBb@
iB[m2b `2M7Q`+2 HǶB/û2 /2 Ŀ TmBbb�M+2 /Q;K�iB[m2 ŀ- TmBb[mǶ2M HǶ�#b2M+2 /2
H2m` +QM+2Ti2m`- +2 MǶ2bi T�b H� p�HB/Biû /2b +?Bz`2b [mB b2 i`Qmp2 KBb2 2M
/Bb+mbbBQM c +2 bQMi- �m +QMi`�B`2- +2b +?Bz`2b [mB b2K#H2Mi �TTQ`i2` /2 H� Hû@
;BiBKBiû �m `2bi2 /m +QMi2MmX 1M +2 b2Mb- MQmb 7Q`KmHQMb HǶ?vTQi?ĕb2 [m2 H2b
bi�iBbiB[m2b bQMi KQ#BHBbû2b +QKK2 /2b ûHûK2Mib [mB b2 bm#biBim2Mi ¨ H� };m`2
/2 HǶ2tT2`i- [mB MǶ2bi- 2M [m2H[m2 bQ`i2- T`ûb2Mi2 [mǶ¨ i`�p2`b +2b Q#D2ib `2H�vûb
T�` /2b DQm`M�HBbi2bX 1M /Ƕ�mi`2b i2`K2b- H2b +?Bz`2b T`2MM2Mi- 2M �TT�`2M+2-
H� TH�+2 /2 +2b T2`bQMM2b /Ƕ�miQ`Biû 2M H2m` �#b2M+2 2i bmb+Bi2- MQi�KK2Mi
T�` H2 T`ûbmTTQbû /2 K2bm`2- HǶB/û2 /Ƕ2tT2`iBb2 2i /2 b�pQB`X

amTBQi M2 b2 +QMi2Mi2 T�b /2 +QKT�`2` H2b ûMQM+ûb +QMi2M�Mi /2b bi�@
iBbiB[m2b ¨ /2b /Q;K2b- +Ƕ2bi@¨@/B`2 /2 pû`Biûb 7QM/�K2Mi�H2b /Ƕ2bb2M+2 `2HB@
;B2mb2 c BH /û72M/ �mbbB HǶB/û2 [mǶBH 2tBbi2 mM HB2M ûi`QBi 2Mi`2 mM 2M;�;2K2Mi
TQHBiB[m2 HB#û`�H Ubm` H2 TH�M û+QMQKB[m2V 2i mM2 7QB /�Mb H� b+B2MiB}+Biû /2
HǶ�M�Hvb2 û+QMQKB[m2 UTX R3eVX �BMbB- b2HQM HmB- Ŀ H2 T`QT`2 /m bvbiĕK2 /2
+`Qv�M+2 MûQHB#û`�H- +Ƕ2bi [mǶBH T`ûi2M/ bǶ�/Qbb2` ¨ H� b+B2M+2 2i û+?�TT2` T�`
+QMbû[m2Mi �m +QMi`ƬH2 /ûKQ+`�iB[m2 ŀ RkX

amTBQi `2M7Q`+2 bQM �`;mK2Mi 2M KQMi`�Mi +QKK2Mi- 2M RNeN- mM ;`QmT2
/Ƕû+QMQKBbi2b `ûmbbBi mM Ŀ iQm` /2 T�bb2@T�bb2 ŀ 2M +`û�Mi mM T`Bt LQ#2H
/Ƕû+QMQKB2 Ĝ b�Mb HǶ�p�H /2 H� 6QM/�iBQM LQ#2H- ;�`�Mi2 /2b pQ2mt i2bi�K2M@
i�B`2b /Ƕ�H7`2/ LQ#2H Ĝ bQmb HǶ�TT2HH�iBQM T`Bt /Ƕû+QMQKB2 /2 H� #�M[m2 /2
amĕ/2 ¨ H� KûKQB`2 /Ƕ�H7`2/ LQ#2H RjX AH pQBi /2``Bĕ`2 +2ii2 K�MQ2mp`2 H2 #mi
/Ƕûi�#HB` [m2 Ŀ HǶû+QMQKB2 `2Hĕp2`�Bi /2 HǶQ#D2+iBpBiû- [mǶ2HH2 b2`�Bi mM2 b+B2M+2
+QKT�`�#H2 ¨ H� T?vbB[m2- H� +?BKB2 Qm H� Kû/2+BM2 ŀ (ek) UTX kk9VX G2 T`Q@
#HĕK2 `ûbB/2 /�Mb H2 7�Bi [m2 HǶû+QMQKB2 MǶ2bi Dmbi2K2Mi T�b mM2 b+B2M+2 /2
K2bm`2b �m b2Mb bi`B+i , H2b QmiBHb +?Bz`ûb [mB bǶv `2M+QMi`2Mi /û+QmH2Mi /2

RkX 1ti`�Bi /ǶmM 2Mi`2iB2M /�Mb *QHHQK#�i 2i *mpBHHB2` (ek) UTX kkjVX
RjX *2 iQm` /2 7Q`+2 2bi H2 bmD2i +2Mi`�H /2 HǶQmp`�;2 h?2 LQ#2H 6�+iQ` /2 Pz2` �

aƺ/2`#2`; (kRN)X
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+?QBt ?mK�BMb 2i /2 T`Q+2bbmb /2 [m�MiB}+�iBQM [mB Ĝ +QKK2 MQmb HǶ�pQMb
KQMi`û Ĝ i`�Mb7Q`K2Mi 2i 2bb2MiB�HBb2Mi H2 KQM/2 [mǶBHb /û+`Bp2Mi , H2b BM@
/B+2b 2i �mi`2b i�mt [mB �++QKT�;M2Mi H2b û+QMQKBbi2b /�Mb H2m`b +2`iBim/2b
/ûT2M/2Mi- 2M 2z2i- iQmDQm`b /ǶmM i`�p�BH bm#D2+iB7 /2 /û}MBiBQM /2 +H�bb2bX

*2T2M/�Mi- T�` H� +`û�iBQM /ǶmM T`Bt T`2biB;B2mt- Ŀ H2 T`Bt LQ#2H /Ƕû+Q@
MQKB2 ŀ- mM2 +2`i�BM2 pBbBQM /2 HǶQ`;�MBb�iBQM /2b bQ+Bûiûb ?mK�BM2b b2 /Qi2
/ǶmM QmiBH T2`K2ii�Mi /2 Hû;BiBK2` b2b `2T`ûb2Mi�MibX *2 T`Bt- [mB Ŀ +QKTi2
T�`KB b2b H�m`û�ib THmbB2m`b K2K#`2b /2 H� bQ+Bûiû /m JQMi@SĕH2`BM R9 ŀ (kNk)
UTX R3eV- T�`KB H2b[m2Hb MQi�KK2Mi 6`B2/`B+? >�v2F 2i JBHiQM 6`B2/K�M R8-
+QM7ĕ`2 Kû+�MB[m2K2Mi mM2 �miQ`Biû b+B2MiB}[m2 �mt i?ûQ`B2b /2b û+QMQKBbi2b
MûQHB#û`�mt- TmBb[mǶBH H2b TH�+2 bm` H2 KāK2 TH�M [m2 /2b T?vbB+B2Mb- /2b +?B@
KBbi2b 2i /2b #BQHQ;Bbi2bX

amTBQi 2bi +QMb+B2Mi /m 7�Bi [m2 H2 MûQHB#û`�HBbK2 bǶ�++QKKQ/2 /ǶmM2 pB@
bBQM `2bi`2BMi2 /2 H� /ûKQ+`�iB2X GQ`b /ǶmM2 +QM7û`2M+2 /2 T`ûb2Mi�iBQM /2
bQM HBp`2 (kNR)- BH +QKT�`2 /Ƕ�BHH2m`b HǶlMBQM 1m`QTû2MM2 �+im2HH2 ¨ mM2 bQ`i2
/2 Ŀ /B+i�im`2@/ûKQ+`�iB2 ŀ , Ŀ pQmb pQi2x i�Mi [m2 pQmb pQmH2x c K�Bb BH 7�mi
pQi2` /�Mb H2 #QM b2Mb- 2i bB pQmb M2 pQi2x T�b /�Mb H2 #QM b2Mb , +2 b2`�
T�`2BH ŀX

*2 [mǶBH MQKK2 H� ;Qmp2`M�M+2 T�` H2b MQK#`2b Re MǶ2bi T�b mM T?ûMQKĕM2
MQmp2�m , amTBQi 2tTHB[m2 [m2 H2 i�vHQ`BbK2 /m /û#mi /m ss2 Ĝ mM2 7Q`K2 /2
/BpBbBQM /m i`�p�BH 7�Bb�Mi /2b Qmp`B2`b /2b ûHûK2Mib /2 H� K�+?BM2 T`Q/m+@
iBQM Rd Ĝ TmBb- /ĕb H2b �MMû2b RN8y- H� /B`2+iBQM T�` Q#D2+iB7b Ĝ /�Mb H�[m2HH2
H2b i`�p�BHH2m`b HB#`2b /2 H2m` BMi2HHB;2M+2 bQMi- 2M [m2H[m2 bQ`i2- T`Q;`�KKûb
TQm` �ii2BM/`2 /2b #mib Ĝ bQMi /2b 7Q`K2b /ǶQ`;�MBb�iBQM /m i`�p�BH }t�Mi /2b
Q#D2+iB7b +?Bz`ûbX

R9X 3 K2K#`2b TQm` āi`2 2t�+i , 6`B2/`B+? >�v2F- J�m`B+2 �HH�Bb- JBHiQM 6`B2/K�M-
:2Q`;2 aiB;H2`- C�K2b JX "m+?�M�M- :�`v "2+F2` 2i _QM�H/ *Q�b2X

R8X G�m`û�ib `2bT2+iBp2K2Mi 2M RNd9 2i RNdeX
ReX *Ƕ2bi H2 iBi`2 /2 bQM Qmp`�;2 (kNk) /2 kyR8X
RdX amTBQi bQmHB;M2 [m2 H2 i�vHQ`BbK2 � BMbTB`û THmbB2m`b `û;BK2b- MQi�KK2Mi HǶlMBQM

aQpBûiB[m2X
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a2HQM amTBQi HǶ�pĕM2K2Mi /2 H� /Q+i`BM2 MûQHB#û`�H2- ¨ T�`iB` /2b �MMû2b
RN3y- 2Mi`�ŗM2 mM2 BMp2`bBQM /�Mb H� HQ;B[m2 /2 H� /ûKQ+`�iB2 , H2 `ĕ;M2 /2 H� HQB
ûi�Bi 2M T`BM+BT2 mM +�/`2 ûH�#Q`û T�` iQmb [mB bmTTQb2 /2 H� T�`i /2 +?�+mM
H� +�T�+Biû /2 T`2M/`2 2M +QMbB/û`�iBQM HǶBMiû`āi ;ûMû`�H 2i MQM@b2mH2K2Mi
H2b BMiû`āib T`BpûbX P`- Ŀ H2 /Q;K2 /2 H� ;HQ#�HBb�iBQM 2i /m MûQHB#û`�HBbK2 ŀ
Ĝ /QMi MQmb �pQMb KQMi`û H2b i2M�Mib 2i H2b �#QmiBbb�Mi /�Mb H� T2Mbû2 /2
JBHiQM 6`B2/K�M URkXkV Ĝ 2bi [m2 H2b `ĕ;H2b /QBp2Mi āi`2 Q`;�MBbû2b �miQm` /2
HǶBMiû`āi T`Bpû (RR3)X

lM2 T�`iB2 /2 +2 7QM+iBQMM2K2Mi `2Mp2`bû bǶ�TTmB2 bm` HǶB/û2 [m2 HǶû+QMQ@
KB2 b2`�Bi mM2 b+B2M+2 `2TQb�Mi bm` mM2 Kûi`QHQ;B2 `û�HBbi2 2i /2b QmiBHb T2`@
K2ii�Mi /2b K2bm`2b Q#D2+iBp2bX P`- amTBQi bQmHB;M2 [m2 H2b KQ/ĕH2b û+QMQKû@
i`B[m2b bQMi /2b QmiBHb +QMbi`mBib ¨ T�`iB` /2 +H�bb2b bm#D2+iBp2b 2i +QMp2MiBQM@
M2HH2b 2i b2`p2Mi �BMbB THmiƬi ¨ i`�/mB`2 2M MQK#`2b mM2 pBbBQM T`û/û+QmTû2
/2b bQ+Bûiûb ?mK�BM2b TQm` DmbiB}2` /2b TQHBiB[m2b û+QMQKB[m2bX AH H2 KQMi`2
/�Mb +2i 2ti`�Bi UTX k9yV ,

G� ;Qmp2`M�M+2 T�` H2b MQK#`2b +QM7ĕ`2 mM TQmpQB` BKK2Mb2 ¨
+2mt [mB +QM+Qm`2Mi ¨ H2m` 7�#`B+�iBQM- /ĕb HQ`b [m2 +2ii2 7�#`B+�@
iBQM 2bi +QMÏm2 +QKK2 `2H2p�Mi /ǶmM b�pQB` i2+?MB[m2 û+?�TT�Mi
¨ iQmi /û#�i +QMi`�/B+iQB`2X

AH bǶ�;Bi #B2M- +QM7Q`KûK2Mi ¨ +2ii2 `2K�`[m2- /2 K�Mm7�+im`2` /2b �`;m@
K2Mib /Ƕ�miQ`Biû T�` H� +`û�iBQM /2 #�ii2`B2b /ǶBM/B+�i2m`b QT�[m2b- K�Bb 2M
�TT�`2M+2 BM7Q`Kûb T�` H� b+B2M+2X GǶ�`;mK2Mi /Ƕ�miQ`Biû Ĝ sss2 bi`�i�;ĕK2
`?ûiQ`B[m2 /Ƕ�`i?m` a+?QT2M?�m2` (kdj) /�Mb HǶ�`i /Ƕ�pQB` iQmDQm`b `�BbQM Ĝ
T2`K2i �++Q`/2` /2 H� p�H2m` ¨ mM T`QTQb 2M 7QM+iBQM /2 bQM Q`B;BM2 THmiƬi
[m2 /2 bQM +QMi2Mm c +2H� +QMbBbi2 ¨ 7�B`2 �TT2H ¨ mM2 �miQ`Biû THmiƬi [mǶ¨ H�
`�BbQM UTX 8eVX G2 7�Bi /Ƕ�pQB` 7QM/û HǶB/û2 [m2 HǶû+QMQKB2 �TT�`iB2Mi �m +2`+H2
/2b b+B2M+2b 2t�+i2b- MQi�KK2Mi 2M HmB +QMbiBim�Mi mM T`Bt LQ#2H- +QMi`B#m2
¨ �bb2QB` +2ii2 �miQ`Biû 2i ¨ HmB +QM7û`2` mM `2bT2+i i`ĕb H�`;2X
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�H�M EB`K�M (Red)- û+QMQKBbi2 #`Bi�MMB[m2 2i 7`�MÏ�Bb- T`Q72bb2m` /2b mMB@
p2`bBiûb 2i /B`2+i2m` /Ƕûim/2b /2 HǶú+QH2 /2b ?�mi2b ûim/2b 2M b+B2M+2b bQ+B�H2b
+QMbi�i2 Ĝ 7Q`i /2 bQM `2;�`/ /ǶBMBiBû 2i /2 +QMM�Bbb2m` /m KBHB2m Ĝ H2b HBKBi2b
/ǶmM2 û+QMQKB2 pm2 +QKK2 mM2 b+B2M+2 /Bi2 Ŀ /m`2 ŀ , Ŀ LQmb �pQMb ûiû TBû;ûb
T�` H� pB2BHH2 �K#BiBQM /2b û+QMQKBbi2b (XXX) /2 /ûp2HQTT2` mM2 i?ûQ`B2 b+B2MiB@
}[m2 /2 HǶû+QMQKB2X ŀ .m ?�mi /2 b� HQM;m2 2tTû`B2M+2- BH `2+QMM�Bi H2b û+?2+b
/2 HǶû+QMQKûi`B2 , Ŀ BH � ûiû /ûKQMi`û [m2 H2b i?ûQ`B2b K�+`Qû+QMQKB[m2b 2i
}M�M+Bĕ`2b KQ/2`M2b QMi /2b #�b2b /û7�BHH�Mi2b ŀ UTX 9j9VX

*2b +QMbi�i�iBQMb M2 +QMbiBim2Mi T�b mM 7�Bi MQmp2�m c BH v � k8 �Mb- H2
bQ+BQHQ;m2 SB2``2 "Qm`/B2m (je) û+`Bp�Bi ¨ T`QTQb /m MûQHB#û`�HBbK2- [mǶBH 2bi
Ŀ mM2 miQTB2 [mB- �p2+ HǶ�B/2 /2 H� i?ûQ`B2 û+QMQKB[m2 /QMi 2HH2 b2 `û+H�K2-
T�`pB2Mi ¨ b2 T2Mb2` +QKK2 H� /2b+`BTiBQM b+B2MiB}[m2 /m `û2HX ŀ G2b ûHûK2Mib
[m2 MQmb �pQMb ûMmKû`ûb B+B b2K#H2Mi HmB /QMM2` `�BbQMX

RkX9 G2 MQmp2�m bi�imi `?ûiQ`B[m2 /2b +?Bz`2b

aB MQmb `2+QMM�BbbQMb pQHQMiB2`b ¨ HǶû+QMQKB2 bQM +�`�+iĕ`2 /2 b+B2M+2 Ĝ #B2M
[m2 KQBMb 2t�+i2 [mǶ2HH2 M2 b2 T`ûb2Mi2 ;ûMû`�H2K2Mi Ĝ MQi`2 i`�p�BH 2Mi2M/
bQmHB;M2` [mǶ2HH2 MǶ2bi T�b mM2 b+B2M+2 `2TQb�Mi bm` /2b K2bm`2b- K�Bb [mǶ2HH2
T`Q/mBi /2b Q#D2ib +?Bz`ûb +`û�Mi mM2 BHHmbBQM /2 K2bm`2bX 1HH2 T�`pB2Mi ¨
`2M/`2 +2 i`QKT2@HǶQ2BH TQbbB#H2 T�` mM2 miBHBb�iBQM ;ûMû`�HBbû2 /ǶBM/B+�i2m`b
2i /2 KQ/ĕH2b T`Q/mBb�Mi /2b `ûbmHi�ib 2tT`BKûb bm` HǶ2Mb2K#H2 /2b MQK#`2b
`û2Hb- +QKK2 H2b K2bm`2bX *�`/QM (8y) KQMi`2 /�Mb H2 T�bb�;2 [mB bmBi- +QK@
K2Mi +2b �`i27�+ib bi�iBbiB[m2b KQ#BHBbûb +QKK2 /2b T`2mp2b /Ƕ�miQ`Biû 2i
/Ƕ2tT2`iBb2 QMi +?�M;û /2 bi�imi �m +Qm`b /2b 9y /2`MBĕ`2b �MMû2b UTX NV ,

AMbi`mK2Mib /2 +QMM�Bbb�M+2- H2b bi�iBbiB[m2b ûi�B2Mi �mbbB +QMÏm2b
+QKK2 /2b BMbi`mK2Mib TQHBiB[m2b �mt K�BMb /2b /û+B/2m`bX 1M
Ŀ T?QiQ;`�T?B�Mi ŀ H2 KQM/2- 2HH2b /QMM�B2Mi �mt ?QKK2b /2
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TQmpQB` /2b QmiBHb TQm` ûp�Hm2`- +?QBbB` 2i 7�B`2 �;B` (XXX) § T�`@
iB` /2b TQHBiB[m2b MûQHB#û`�H2b /2b �MMû2b RN3y- QM �bbBbi2 ¨ mM2
;ûMû`�HBb�iBQM /2 H� +�H+mH�#BHBiû 2i ¨ mM2 bvbiûK�iBb�iBQM /2 H�
TQHBiB[m2 /2b BM/B+�i2m`bX G� T`ûb2M+2 /2b [m�MiB}+�i2m`b /�Mb H�
pB2 bQ+B�H2 b2 7�Bi T�`iQmi b2MiB`X "�`QKĕi`2b- BM/B+2b 2i T�HK�`ĕb
2Mi`2T`2MM2Mi /2 +?Bz`2` /2b �+iBpBiûb [mB- Dmb[mǶ�HQ`b- MǶûi�B2Mi
T�b K2bm`û2b Qm /QMi H� [m�MiB}+�iBQM M2 7�Bb�Bi T�b HǶQ#D2i /ǶmM2
�ii2MiBQM +QMbi�Mi2 2i BM[mBĕi2X

*2 T`QTQb /2 *�`/QM H�Bbb2 2Mi2M/`2 [mǶBH v �m`�Bi mM2 �TT`û?2MbBQM /Bzû@
`2Mi2b /2b BM/B+�i2m`b +?Bz`ûb /2TmBb H2b �MMû2b RN3yX .2b`QbBĕ`2b (N8) +QMbi�i2
H2 KāK2 T?ûMQKĕM2 UTX RNV ,

GǶûK2`;2M+2 /ǶmM úi�i MûQHB#û`�H- 2M HB2m 2i TH�+2 /2 HǶúi�i@
T`QpB/2M+2 2i /2 HǶúi�i F2vMûbB2M THmb Qm KQBMb TH�MB}û /2b �M@
Mû2b RNjy ¨ RN3y- � ûiû HǶQ++�bBQM /2 i`�Mb7Q`K�iBQMb T`Q7QM/2b
/2b KQ/�HBiûb /2 `2+Qm`b ¨ HǶ�`;mK2Mi bi�iBbiB[m2X

aǶBHb ûi�B2Mi �mT�`�p�Mi 2KTHQvûb +QKK2 QmiBHb /ǶQ#b2`p�iBQM /m KQM/2- T2`@
K2ii�Mi- �p�Mi iQmi- /2 T`2M/`2 /2b /û+BbBQMb- H2b +?Bz`2b b2`p2Mi /ûbQ`K�Bb
�mbbB ¨ DmbiB}2` H2b /û+BbBQMb 2i H2b TQHBiB[m2b KBb2b 2M TH�+2 , BHb bQMi /2p2Mmb
/2b QmiBHb /2 +QMpB+iBQMX AH MǶ2bi T�b ¨ 2t+Hm`2 [m2 +2 +?�M;2K2Mi /�Mb H�
TH�+2 `?ûiQ`B[m2 /2b MQK#`2b bQBi �mbbB mM2 +QMbû[m2M+2 /2 HǶ�``Bpû2 /2b iûHû@
pBb2m`b /�Mb H� THmT�`i /2b 7Qv2`b- /�Mb H2 +Qm`�Mi /2b �MMû2b RNdy (Rkj) R3 c BH
bǶ�;Bbb�Bi �HQ`b /ǶmM MQmp2�m KQv2M /2 /BzmbBQM Ĝ 2i � 7Q`iBQ`B /2 +QMpB+iBQM
Ĝ [mB � b�Mb �m+mM /Qmi2 KQ/B}û +QMbB/û`�#H2K2Mi H� K�MBĕ`2 /2 7�B`2 /2
HǶBM7Q`K�iBQM- MQi�KK2Mi bm` H2 TH�M [m�MiBi�iB7X

AH b2K#H2`�Bi- 2M iQmb H2b +�b- [mǶBH v �Bi 2m mM ;HBbb2K2Mi 2i [m2 /2b
QmiBHb BMBiB�H2K2Mi T`ûpmb TQm` `2;�`/2`- �M�Hvb2` 2i +QKT`2M/`2 H� bQ+Bûiû
T�` mM �mi`2 T`BbK2 Ĝ H� bi�iBbiB[m2 /QMM2 H� TQbbB#BHBiû �mt úi�ib /2 K2ii`2

R3X SQm` HǶ2t2KTH2 /2 H� 6`�M+2X
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2M HmKBĕ`2 /2b T`Q#HĕK2b BMpBbB#H2b b�Mb 2HH2 2i /Ƕ�;B` bm` +2mt@+B Ĝ bQB2Mi
/2p2Mmb /2b �`;mK2Mib T2`K2ii�Mi /2 DmbiB}2` 2i Hû;BiBK2` H2b �+iBQMb /m
TQmpQB`X *2H� �KĕM2 H2 #B�Bb /�M;2`2mt +QMbBbi�Mi ¨ pQB` H2b +QMbû[m2M+2b
Q#b2`pû2b T�` +2 T`BbK2 bi�iBbiB[m2 /2p2MB` H2b +�mb2b /ǶmM2 �+iBQM 2M pm2
/2 7�B`2 +?�M;2` +2b +?Bz`2b , mM2 T?QiQ;`�T?B2 2bi 2M [m2H[m2 bQ`i2 miBHBbû2
+QKK2 mM #�`QKĕi`2X

*2H� MQmb `�TT2HH2 H2 `Bb[m2- 7Q`KmHû T�` amTBQi (kNk)- [m2 ;Qmp2`M2` T�`
H2b MQK#`2b Ŀ +QM7ĕ`2 mM TQmpQB` BKK2Mb2 ¨ +2mt [mB +QM+Qm`2Mi ¨ H2m` 7�@
#`B+�iBQM ŀ UTX k9yVX *2 /�M;2` 2bi /B`2+i2K2Mi HBû ¨ +2ii2 MQmp2HH2 miBHBb�iBQM
`?ûiQ`B[m2 /2b bi�iBbiB[m2b- TmBb[m2 +QM+Qm`B` ¨ H� 7�#`B+�iBQM /2b MQK#`2b
û[mBp�mi Ĝ /ĕb HQ`b [m2 +2b MQK#`2b b2`p2Mi 2MbmBi2 ¨ +QMp�BM+`2 Ĝ ¨ K�@
Mm7�+im`2` /2b �`;mK2Mib /Ƕ�miQ`Biû T2`K2ii�Mi /2 DmbiB}2` 2i Hû;BiBK2` H2b
�+iBQMb T�bbû2b 2i 7mim`2b /2b TQmpQB`b 2M TH�+2X LQmb �pQMb T�` 2t2KTH2 pm
[m2 H� /û}MBiBQM /2 H� +H�bb2 +?ƬK2m` TQmp�Bi 7�B`2 +QMbB/û`�#H2K2Mi p�`B2` H�
bi�iBbiB[m2 /m +?ƬK�;2X AH bm{`�Bi �BMbB- T�` mM �+i2 Hû;BbH�iB7- /2 7�B`2 +?�M@
;2` +2ii2 /û}MBiBQM TQm` Q#i2MB` mM �`;mK2Mi T2`K2ii�Mi /2 +QMp�BM+`2 [m2
H2b TQHBiB[m2b K2Mû2b QMi +QMi`B#mû ¨ `û/mB`2 H2 +?ƬK�;2X S2mi@āi`2 /2p`BQMb@
MQmb THmiƬi /B`2 Ŀ BH � bm{ ŀ \

RkX9XR .2mt 2t2KTH2b iQTB[m2b

.�Mb +2ii2 b2+iBQM MQmb �#Q`/2`QMb /2mt 2t2KTH2b [mB BHHmbi`2Mi +2ii2 i`�Mb@
7Q`K�iBQM /2b KQ/�HBiûb /2 `2+Qm`b ¨ HǶ�`;mK2Mi bi�iBbiB[m2 , HǶBMp2`bBQM /2
H� +Qm`#2 /m +?ƬK�;2 2M 6`�M+2 ¨ HǶ�TT`Q+?2 /2b T`ûbB/2MiB2HH2b /2 kykk 2i
H� `ĕ;H2 J��bi`B+?B2MM2 /2b jW /2 /û}+Bi /m SA"X

LQmb /BbBQMb- +B@/2bbmb- [mǶBH b2`�Bi TQbbB#H2 /2 KQ/B}2` +QMbB/û`�#H2K2Mi
H2b `ûbmHi�ib T`Q/mBib T�` mM BM/B+�i2m` /ǶQ#b2`p�iBQM /m +?ƬK�;2X LQmb T2M@
bQMb [m2 +Ƕ2bi 2t�+i2K2Mi +2 [mB bǶ2bi T�bbû 2Mi`2 kykR 2i kykk 2M 6`�M+2X
lM2 BKTQ`i�Mi2 #�Bbb2 /m i�mt /2 +?ƬK�;2 2bi +QMbi�iû2 �m +Qm`b /m /2`MB2`
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i`BK2bi`2 /2 kykR (R8d)- K�Bb +QKK2 MQmb H2 p2``QMb- +2ii2 /BKBMmiBQM M2
+Q``2bTQM/ T�b ¨ mM2 `û/m+iBQM /2 H� T`û+�`Biû Qm ¨ mM2 �KûHBQ`�iBQM bm` H2
K�`+?û /2 HǶ2KTHQB , BH bǶ�;Bi /ǶmM2 p�`B�iBQM bm` mM BM/B+�i2m` /QMi H2 7QM+@
iBQMM2K2Mi +QMp2MiBQMM2H 2bi i2+?MB[m2 2i T2m +QMMm /m ;`�M/ Tm#HB+X �BMbB-
BH b2K#H2`�Bi [mǶ¨ HǶ�TT`Q+?2 /2b ûH2+iBQMb T`ûbB/2MiB2HH2b 7`�MÏ�Bb2b /2 kykk
H2 ;Qmp2`M2K2Mi /2 H� _ûTm#HB[m2 1M J�`+?2 �Bi KBb 2M TH�+2 mM2 `û7Q`K2 /m
+?ƬK�;2 [mB � T2`KBb /2 7�B`2 �TT�`�ŗi`2 mM2 #�Bbb2 MQi�#H2 /m i�mt- Dmbi2
¨ i2KTb TQm` HǶ2Mi`û2 2M +�KT�;M2 /2 bQM +�M/B/�i 1KK�Mm2H J�+`QMX

AH 7�mi b�pQB` [mǶ2M 6`�M+2- H2b +?ƬK2m`b bQMi +H�bbû 2M 8 +�iû;Q`B2b ,
�- "- *- . 2i 1 (keR)X G� +�iû;Q`B2 � `2;`QmT2 H2b +BiQv2Mb b�Mb 2KTHQB-
i2Mmb /Ƕ�++QKTHB` Ŀ /2b �+i2b TQbBiB7b /2 `2+?2`+?2 /Ƕ2KTHQB (XXX) [m2H [m2 bQBi
H2 +QMi`�i ŀX G� +�iû;Q`B2 " 2M;HQ#2 +2mt [mB QMi i`�p�BHHû �m K�tBKmK d3
?2m`2b /�Mb H2 KQBb- +2mt �v�Mi 2z2+imû THmb /2 d3 ?2m`2b ûi�Mi +QKTi�#BHBbûb
/�Mb H� +�iû;Q`B2 *X 1M}M- H� +�iû;Q`B2 . +QKT`2M/ H2b BMb+`Bib MQM@i2Mmb /2
`2+?2`+?2` mM 2KTHQB U2M 7Q`K�iBQM Qm 2M �``āi K�H�/B2V- 2i H� +�iû;Q`B2 1
+QKTi�#BHBb2 H2b +BiQv2Mb 2M +QMi`�i �B/ûX

.Ƕ�T`ĕb HǶALa11 (R8N)- H2b /2mt BM/B+�i2m`b T`BM+BT�mt miBHBbûb 2M 6`�M+2
TQm` b+`mi2` 2i +QKK2Mi2` H2 +?ƬK�;2- bQMi H2b +?Bz`2b /2 H� +�iû;Q`B2 � 2i H2b
+?ƬK2m`b �m b2Mb /m "Ah- [mB bQMi +QMbiBimûb- K�DQ`Bi�B`2K2Mi- /ǶmM2 T�`iB2
/2b +�iû;Q`B2b � 2i "X 1M K2ii�Mi 2M TH�+2 /2b TQHBiB[m2b 7�Bb�Mi T�bb2`
/2b +?ƬK2m`b /2 H� +�iû;Q`B2 � U2i "V p2`b H2b +�iû;Q`B2b *- . 2i 1- +2b
/2`MB2`b /BbT�`�Bbb2Mi /QM+ /2b bi�iBbiB[m2b H2b THmb miBHBbû2b c +2H� T2`K2i /2
;ûMû`2` /2b BM/B+�i2m`b KQMi`�Mi /2b i2M/�M+2b 7�pQ`�#H2bX *Ƕ2bi H2 +QMbi�i
[mǶ�miQ`Bb2 mM2 �M�Hvb2 ;HQ#�H2 , H2 MQK#`2 /2 +?ƬK2m`b BMb+`Bib 2bi `2biû
bi�#H2 U2MpB`QM e KBHHBQMb /2 T2`bQMM2bV- K�Bb H2 i�mt /2 +?ƬK�;2 �MMQM+û
/û#mi kykk 2bi 2M 7Q`i2 #�Bbb2 (R8d)X

oQvQMb +QM+`ĕi2K2Mi +QKK2Mi 7QM+iBQMM2 +2 bi`�i�;ĕK2 bQT?BbiB[m2 ,
/ǶmM2 T�`i- H2b +?ƬK2m`b bQ`i2Mi /2 H� +�iû;Q`B2 � /ĕb HQ`b [mǶBHb i`Qmp2Mi
mM +QMi`�i /ǶBMiû`BK- Qm mM +QMi`�i +Qm`iX *2 ivT2 /2 +QMi`�i `2T`ûb2Mi2 2M@
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pB`QM 38W /2b 2K#�m+?2b 2M 6`�M+2 �m /2`MB2` i`BK2bi`2 kykR- 3 +QMi`�ib
bm` Ry QMi KāK2 mM2 /m`û2 /2 KQBMb /ǶmM KQBb (R8e)X *2b 2K#�m+?2b T`û@
+�B`2b bQMi 7�pQ`Bbû2b T�` H2 /m`+Bbb2K2Mi /2 HǶ�++ĕb ¨ /2b BM/2KMBb�iBQMb /ĕb
HǶ2Mi`û2 2M �TTHB+�iBQM- H2 R2` Q+iQ#`2 kykR- /2 H� `û7Q`K2 /m +?ƬK�;2 (ky3)X

Zm�i`2 ûHûK2Mib /2 +2ii2 `û7Q`K2 bQMi T`QT`2b ¨ +QMi`�BM/`2 /2b BM/BpB/mb
¨ �++2Ti2` +2 ivT2 /2 +QMi`�ib T`û+�B`2b , BV H� Tû`BQ/2 /2 i`�p�BH KBMBKmK
TQm` �++û/2` ¨ HǶ�bbm`�M+2@+?ƬK�;2 2bi `�K2Mû2 ¨ e bm` H2b k9 /2`MB2`b KQBb
�m HB2m /2 9 bm` H2b k3 /2`MB2`b KQBb c BBV H2 b2mBH KBMBKmK TQm` H2 `2+?�`;2K2Mi
/2b /`QBib �m +?ƬK�;2- T�bb2 ¨ e KQBb �m R2` /û+2K#`2 kykR- �m HB2m /2 mM
KQBb T`û+û/2KK2Mi c +2b /2mt T`2KBĕ`2b K2bm`2b 2Mi`�BM2Mi /2b `�/B�iBQMb /2
TƬH2 2KTHQB , 8kǶjyy `�/B�iBQMb �/KBMBbi`�iBp2b bQMi +QMbi�iû2b �m +Qm`b /m
/2`MB2` i`BK2bi`2 /2 kykR bQBi RNW /2 THmb T�` `�TTQ`i �m i`BK2bi`2 T`û+û/2Mi
(j9) c BBBV HǶBM/2KMBb�iBQM 2bi `2M/m2 /û;`2bbBp2 ¨ T�`iB` /m d2 KQBb TQm` H2b
b�H�B`2b bmTû`B2m`b ¨ 9Ƕ8yy 2m`Qb #`mib K2Mbm2Hb (ky3) c BpV mM MQmp2�m KQ/2
/2 +�H+mH T`QpQ[m2 Ŀ mM2 #�Bbb2 /m KQMi�Mi /2 HǶ�HHQ+�iBQM TQmp�Mi �HH2`
Dmb[mǶ¨ 9jW ŀ (RRR)X

1M T�`�HHĕH2- +2b /m`+Bbb2K2Mib TQmbb2Mi +2`i�BM2b T2`bQMM2b ¨ b2 H�M+2`
/�Mb HǶ�miQ@2Mi`2T`2M�`B�i U+2b T2`bQMM2b /BbT�`�Bbb2Mi /2 H� +�iû;Q`B2 � /m
+?ƬK�;2V , 2M kykR- 2MpB`QM e9yǶyyy KB+`Q 2Mi`2T`Bb2b QMi- 2M 2z2i- ûiû +`ûû2b
2M 6`�M+2X J�Bb H2b KB+`Q 2Mi`2T`2M2m`b T2`ÏQBp2Mi mM `2p2Mm K2Mbm2H /2
8Nyī 2M KQv2MM2 RN 2i mM2 i`ĕb ;`�M/2 K�DQ`Biû /Ƕ2Mi`2 2mt bQMi i`ĕb T`û+�B`2b
(Rk3)X

hQmi Qm T�`iB2 /2 H� #�Bbb2 Ŀ ?BbiQ`B[m2 ŀ /m +?ƬK�;2 �MMQM+û2 T�` H�
_ûTm#HB[m2 1M J�`+?2 bǶ2tTHB[m2- T�` +QMbû[m2Mi- /ǶmM2 T�`i- T�` /2b `�/B�@
iBQMb �/KBMBbi`�iBp2b 2i- /Ƕ�mi`2 T�`i- T�` mM bû`B2mt /m`+Bbb2K2Mi /2 HǶ�++ĕb
¨ /2b �HHQ+�iBQMb TQmbb�Mi /2 MQK#`2mt BM/BpB/mb ¨ �++2Ti2` /2b +QMi`�ib
T`û+�B`2b Qm ¨ +?2`+?2` /Ƕ�mi`2b bQHmiBQMb +QKK2 HǶ�miQ@2Mi`2T`2M�`B�iX lM2

RNX 1i H� KQBiBû � /2b `2p2Mmb BM7û`B2m`b ¨ jjyīX
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T�`iB2 /2b /2K�M/2m`b /Ƕ2KTHQB ;HBbb2Mi û;�H2K2Mi /2 H� +�iû;Q`B2 � p2`b H2b
+�iû;Q`B2b . 2i 1 bmBi2 ¨ HǶBMi`Q/m+iBQM /2 TH�Mb /2 7Q`K�iBQM /2b +?ƬK2m`b
�K2Mûb T�` H� `û7Q`K2 (RRR) kyX

G2 jy b2Ti2K#`2 kykR Ĝ �p�Mi HǶ2Mi`û2 2M pB;m2m` /2 +2ii2 `û7Q`K2 /m
R2` Q+iQ#`2 Ĝ mM2 +2Mi�BM2 /Ƕû+QMQKBbi2b- T�`KB H2b[m2Hb h?QK�b SBF2iiv-
�m`ûHB2 h`Qmpû 2i .QKBMB[m2 SHB?QM- bǶûK2mp2Mi- /�Mb mM2 i`B#mM2 (RRR) �m
JQM/2 /m KQK2Mi +?QBbB TQm` K2M2` /2 i2Hb +?�M;2K2Mib , Ŀ +2ii2 `û7Q`K2 p�
iQm+?2` /2 i`ĕb MQK#`2mt �HHQ+�i�B`2b /2 HǶ�bbm`�M+2@+?ƬK�;2- 2M /BKBMm�Mi
/`�biB[m2K2Mi H2 KQMi�Mi /2b �HHQ+�iBQMb /�Mb mM +QMi2ti2 /2 +`Bb2 b�Mb
T`û+û/2MiX ŀ AHb H� Dm;2Mi Ŀ BM2{+�+2- BMDmbi2 2i TmMBiBp2 ŀ c TQm` 2mt- Ŀ 2HH2
� TQm` b2mH Q#D2+iB7 /2 7�B`2 /2b û+QMQKB2b Ĝ THmb /2 k KBHHB�`/b /Ƕ2m`Qb Ĝ �m
T`Bt /ǶmM2 �m;K2Mi�iBQM /2 H� T�mp`2iû /2b +?ƬK2m`b 2i /2 H2m`b 7�KBHH2bX ŀ

*2b û+QMQKBbi2b bQMi- ¨ MQi`2 b2Mb- T�bbûb ¨ +Ƭiû /ǶmM2 �mi`2 2tTHB+�iBQM
TQbbB#H2 TQm` H� KBb2 2M TH�+2 /ǶmM2 i2HH2 `û7Q`K2 ¨ +2 KQK2Mi@H¨ , H� Mû+2bbBiû
/2 T`Q/mB`2 /2b +?Bz`2b +QMp�BM+�Mib 2M pm2 /2 HǶûH2+iBQM T`ûbB/2MiB2HH2X .Bp2`b
+QKK2Mi�i2m`b QMi `2H2pû +2 bi`�i�;ĕK2 (k8d- j9)- T�`7�Bi2K2Mi BHHmbi`û T�`
H2 /2bbBM�i2m` �HH�M "�`i2 UpQB` };m`2 RkXRV [mB `û�;Bi �p2+ ?mKQm` �mt
MQmp2HH2b `ĕ;H2b 2Mi`û2b 2M pB;m2m` 2M 6`�M+2 ¨ HǶ�miQKM2 kykR (kyj) 2i [mB QMi
2z2+iBp2K2Mi T2`KBb /2 7�B`2 �TT�`�ŗi`2 mM2 #�Bbb2 /2b +?Bz`2b /m +?ƬK�;2
¨ HǶ?Bp2` kykkX

LQi`2 /2mtBĕK2 2t2KTH2 /2 +2ii2 i`�Mb7Q`K�iBQM /2b KQ/�HBiûb /2 `2+Qm`b
¨ HǶ�`;mK2Mi bi�iBbiB[m2 MQmb 2bi bm;;û`û T�` .2b`QbBĕ`2b (N8)X AH bǶ�;Bi /m
+?�M;2K2Mi /�Mb HǶmiBHBb�iBQM /m T`Q/mBi BMiû`B2m` #`mi USA"V [mB 2bi mM
BM/B+�i2m` +Q``2bTQM/�Mi ¨ H� p�H2m` /2b #B2Mb 2i b2`pB+2b T`Q/mBib bm` H2
i2``BiQB`2 /ǶmM T�vb �m +Qm`b /ǶmM2 Tû`BQ/2 /QMMû2X aB Ŀ +2HmB@+B �p�Bi ûiû BMB@
iB�H2K2Mi +QMbi`mBi 2i miBHBbû- /�Mb H2b �MMû2b RN9y ¨ RN3y- +QKK2 mM ûHûK2Mi
/ǶmM û/B}+2 �`iB+mHû +QKTH2t2- +2HmB /2 H� +QKTi�#BHBiû M�iBQM�H2 ŀ /2biBMû

kyX *2 MǶ2bi T�b mM K�H 2M bQB /2 T`QTQb2` /2b 7Q`K�iBQMb ¨ /2b T2`bQMM2b �m +?ƬK�;2-
K�Bb BH 7�mi bQmHB;M2` [m2 +2H� +QMi`B#m2 ¨ 7�B`2 ûpQHm2` H2b +?Bz`2b /m +?ƬK�;2 ¨ H� #�Bbb2X
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6B;m`2 RkXR Ĝ .2bbBM /2 �HH�M "�`i2 (ky)

Ŀ ¨ KQ/ûHBb2` 2i K2ii`2 2M ƾmp`2 /2b TQHBiB[m2b F2vMûbB2MM2b- Qm ¨ ûi�v2` H�
+Q?û`2M+2 /2 T`ûpBbBQMb K�+`Qû+QMQKB[m2b- /�Mb H2 +�/`2 /ǶmM2 TH�MB}+�iBQM
BM/B+�iBp2 ŀ- BH � 2MbmBi2 Ŀ ûiû miBHBbû BbQHûK2Mi- +QKK2 ǳBM/B+�i2m` /2 `B@
+?2bb2Ǵ Qm /2 ǳ#B2M@āi`2Ǵ ŀ UTX RNVX .ĕb HQ`b- +2i Q#D2i- +`ûû- ¨ HǶQ`B;BM2- TQm`
āi`2 HǶmM2 /2b MQK#`2mb2b D�m;2b T2`K2ii�Mi /2 TH�MB}2` 2i ;mB/2` HǶ�+iBQM
/2 HǶúi�i- 2bi /2p2Mm- 2i /2K2m`2 �mDQm`/Ƕ?mB- mM BM/B+�i2m` 2i mM �`;mK2Mi
2M 7�p2m` /2 TQHBiB[m2b /2p�Mi ¨ iQmi T`Bt +QMi`B#m2` ¨ bQM �m;K2Mi�iBQM
2ifQm ¨ H� `û/m+iBQM /2b #m/;2ibX G2 SA" 2bi �mDQm`/Ƕ?mB 2tTHQBiû �mbbB #B2M
/�Mb /2b �`;mK2Mi�B`2b KBHBi�Mib 2i ;`�M/ Tm#HB+- [m2 T�` /2b 2tT2`ib /2
/Bzû`2Mib /QK�BM2b TQm` H� +`û�iBQM /2 KQ/ĕH2b 2M iQmb ;2M`2b (N8) UTX RNVX
G2 SA" 2bi T�` 2t2KTH2 HǶmM /2b +`Biĕ`2b T`Bb 2M +QKTi2 T�` >2HHBr2HH 2i �HX
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(R9k) TQm` ûi�#HB` +?�[m2 �MMû2 H2 qQ`H/ ?�TTBM2bb `2TQ`i , mM2 Tm#HB+�iBQM
[mB � H� /Qmi2mb2 T`ûi2MiBQM /2 TQmpQB` +H�bb2` H2b T�vb /m THmb ?2m`2mt �m
KQBMb ?2m`2mtX

AH 2bi TQm`i�Mi 7�+BH2 /2 b2 +QMp�BM+`2 T�` HǶ�#bm`/2 [m2 H2 SA" MǶ2bi [mǶmM
BM/B+�i2m` 2i [m2 H2b +QM+HmbBQMb [mǶBH b2K#H2 �miQ`Bb2` M2 bQMi [mǶ?vTQi?û@
iB[m2bX 1M 2z2i- 2M K�M/�i�Mi mM2 2Mi`2T`Bb2 TQm` +`2mb2` /2b i`Qmb- TmBb
mM2 �mi`2 TQm` H2b `2#Qm+?2`- mM úi�i 7�Bi �m;K2Mi2` bQM SA"X AH MǶv � T�b
#2bQBM /Ƕāi`2 û+QMQKBbi2 TQm` b2 `2M/`2 +QKTi2 [mǶ�m+mM2 `B+?2bb2 Qm �m+mM
#B2M@āi`2 M2 T2mp2Mi `ûbmHi2` /2 +2ii2 �#2``�iBQMX AH M2 bǶ�;Bi H¨ [m2 /ǶmM
2t2KTH2- K�Bb BH BHHmbi`2 H2b HBKBi2b /ǶmM BM/B+�i2m` +QKK2 H2 SA" c BH 2bi THm@
iƬi mM �`iû7�+i +?QBbB T�`+2 [mǶBH T2`K2i /2 K2ii`2 2M HmKBĕ`2 /2b i2M/�M+2b
;ûMû`�H2b T�` mM2 �TT`QtBK�iBQM 7�+BH2 /Ƕmb�;2X

LQmb p2``QMb +B@�T`ĕb [m2 +2i Q#D2i bi�iBbiB[m2- ¨ H� TQ`iû2 TQm`i�Mi �T@
T`QtBK�iBp2- � ;�;Mû mM2 BKTQ`i�M+2 iQmi ¨ 7�Bi bm`T`2M�Mi2 2i [mǶBH 2bi
/2p2Mm- /2 K�MBĕ`2 i`ĕb BM+QM;`m2- mM2 pû`Bi�#H2 p�H2m` BMi2`M�iBQM�H2 /2 `û@
7û`2M+2X G2 i`�Biû /2 J��bi`B+?i +QMbiBim2 mM2 /ûKQMbi`�iBQM û+H�i�Mi2 /2
+2i ûi�i /2 7�Bi c 2M pB;m2m` /2TmBb RNNj- BH T`ûpQBi MQi�KK2Mi [m2 H2 /û}+Bi
#m/;ûi�B`2 /ǶmM úi�i /2 HǶlMBQM 2m`QTû2MM2 /QBi `2bi2` BM7û`B2m` ¨ jW /2 bQM
SA" 2i bQM 2M/2ii2K2Mi iQi�H BM7û`B2m` ¨ eyW /m SA"X .Ƕ�T`ĕb _2v (kek) +Ƕ2bi
H� T`2KBĕ`2 7QBb [m2 /2b úi�ib ûHĕp2Mi /2b ;`�M/2m`b bi�iBbiB[m2b Ŀ �m `�M;
/ǶûHûK2Mib 2tTHB+Bi2b /2 HǶ2t2`+B+2 /m /`QBi ŀ UTX NVX

aB +2b `ĕ;H2b bQMi 2M �TT�`2M+2 H2 `ûbmHi�i /ǶmM2 `û~2tBQM b+B2MiB}[m2 T�`+2
[mǶ2HH2 bQMi H2 7�Bi /Ƕû+QMQKBbi2b +QKTûi2Mib 2i `2TQb2Mi bm` /2b 7QM/2K2Mib
Ŀ 2tT2`ib ŀ- BH 2bi BMiû`2bb�Mi /2 b2 T2M+?2` bm` HǶQ`B;BM2 BM�ii2M/m2 /2 H� `ĕ;H2
/2b jW 2M b2 THQM;2�Mi /�Mb H� H2+im`2 /ǶmM �`iB+H2 /2 bQM Ŀ BMp2Mi2m` ŀ-
HǶû+QMQKBbi2 :mv �#2BHH2 (R)X AH v `�+QMi2 +QKK2Mi- 7`�B+?2K2Mi /BTHƬKû
/2 HǶú+QH2 L�iBQM�H2 /2 H� ai�iBbiB[m2 2i /2 HǶ�/KBMBbi`�iBQM ú+QMQKB[m2
U1La�1V- BH bǶ2bi `2i`Qmpû 2M RN3R- 7�+2 ¨ mM S`ûbB/2Mi JBii2`�M/ T`2bbû
/ǶBKTQb2` mM2 +2`i�BM2 `B;m2m` #m/;ûi�B`2 ¨ b2b KBMBbi`2b ,
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G2 S`ûbB/2Mi � m`;2KK2Mi 2i T2`bQMM2HH2K2Mi /2K�M/û ¨ /Bb@
TQb2` /ǶmM2 `ĕ;H2- bBKTH2- miBHBi�B`2- K�Bb K�`[mû2 /m +?`āK2 /2
HǶ2tT2`i- 2i T�` H¨ b�Mb �TT2H- pBi`B}�Mi2- [mǶBH �m`� #2�m D2m /2
#`�M/B` ¨ H� 7�+2 /2b THmb +Q`B�+2b /2 b2b pBbBi2m`b #m/;ûiBpQ`2bX

�#2BHH2 2tTHB[m2 �HQ`b- +QKK2Mi- /�Mb HǶm`;2M+2 2i �p2+ HǶ�B/2 /ǶmM +QHHĕ;m2-
BH � #`B+QHû mM2 `ĕ;H2 [mB 72`�Bi Q{+2 /Ƕ�`;mK2Mi 7`�TTû /Ƕ2tT2`iBb2 ,

G2 +QmT 2bi pBi2 DQmûX G� #Qmû2 iQmb mb�;2b TQm` b�mp2i�;2 /m
K�+`Q@û+QMQKBbi2 2M K�H /2 `û7û`2M+2- +Ƕ2bi H2 SA" , iQmi +QK@
K2M+2 2i iQmi bǶ�+?ĕp2 �p2+ H2 SA"- iQmi +2 [mB 2bi mM T2m ;`Qb
b2K#H2 TQmpQB` HmB āi`2 `�BbQMM�#H2K2Mi `�TTQ`iûX .QM+ +2 b2`�
H2 `�iBQ /û}+Bi bm` SA"X aBKTH2 c ûHûK2Mi�B`2 KāK2- +QM}`K2`�Bi
mM /ûi2+iBp2 7�K2mtX �p2+ /m /û}+Bi bm` SA"- QM +`QBi iQmi /2
bmBi2 pQB` [m2H[m2 +?Qb2 /2 +H�B`X

GǶû+QMQKBbi2 ûi�Bi �HQ`b +QMb+B2Mi [m2 H2 +`Biĕ`2 [mǶBH /û}MBbb�Bi M2 `2TQb�Bi
bm` �m+mM 7QM/2K2Mi b+B2MiB}[m2 ,

LQmb `2;�`/QMb [m2HH2 2bi H� THmb `û+2Mi2 T`ûpBbBQM /2 SA" T`Q@
D2iû2 T�` HǶALa11 TQm` RN3kX LQmb 7�BbQMb 2Mi`2` /�Mb MQi`2 +�H@
+mH2ii2 H2 bT2+i`2 /2b Ryy KBHHB�`/b /2 /û}+Bi [mB #Qm;2 bm` MQi`2
#m`2�m TQm` H2 #m/;2i 2M T`ûT�`�iBQMX G2 `�TTQ`i /2b /2mt MǶ2bi
T�b HQBM /2 /QMM2` jWX *Ƕ2bi #B2M- jW c Ï� MǶ� T�b /Ƕ�mi`2 7QM/2@
K2Mi [m2 +2HmB /2b +B`+QMbi�M+2b- K�Bb +Ƕ2bi #B2MX

�#2BHH2 MǶ�p�Bi �m+mM2K2Mi �MiB+BTû [m2 +2i �`i27�+i BMp2Miû bm` H2 +QBM /ǶmM2
i�#H2 û+?�TT2`�Bi T�`2BHH2K2Mi ¨ iQmi +QMi`ƬH2X AH +QMbi�i2 [m2 +2i �`;mK2Mi
bi�iBbiB[m2- +QMbi`mBi /2 iQmi2b TBĕ+2b TQm` HǶQ++�bBQM- � ûiû 2MbmBi2 `ûBM@
p2biB 2i /ûiQm`Mû , Ŀ �BMbB pB2MM2Mi /2 M�ŗi`2- 2i- TB`2- /ǶBM}Hi`2` H2b 2bT`Bib
+QKK2 mM +QMi�KBM�Mi- H2b MQiBQMb /2 ǳ/û}+Bi �++2Ti�#H2Ǵ 2i /2 ǳKQMi�Mi
`�BbQMM�#H2Ǵ , iQK#2` 2M i`ĕb HQm`/ /û}+Bi- +2H� M2 bǶ�M�Hvb2 [mǶ2M `û7û`2M+2 ¨
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HǶ�MMû2 /QMi QM T�`H2 2i MQM �m T�`+Qm`b /Ƕ2M/2ii2K2Mi bm` H2[m2H QM bǶBMb+`Bi
(XXX) ŀ GǶû+QMQKBbi2 b�Bi [m2 bQM +`Biĕ`2 MǶ2bi T�b b+B2MiB}[m2K2Mi 7QM/û 2i
/ûTHQ`2 ,

G2 T`Q+2bbmb /Ƕ�++mHim`�iBQM 2bi K�BMi2M�Mi �+?2pû c QM � `ûmbbB
¨ /ûTQ`i2` H2 +m`b2m` , +2 [mB 2bi `�BbQMM�#H2- +2 MǶ2bi T�b /2 pQB`
/�Mb H2 /û}+Bi mM �++B/2Mi- T2mi@āi`2 Mû+2bb�B`2- K�Bb [mǶBH 7�mi
+Q``B;2` b�Mb /ûH�B +QKK2 QM bQB;M2 mM2 #H2bbm`2 c MQM- +2 [mB
2bi /û+`ûiû `�BbQMM�#H2 +Ƕ2bi /Ƕ�DQmi2` +?�[m2 �MMû2 ¨ H� /2ii2
b2mH2K2Mi mM2 +2Mi�BM2 /2 KBHHB�`/b U2M 7`�M+b 7`�MÏ�Bb /2 RN3kVX
*Ƕ2bi +2H�- /ûbQ`K�Bb- [mǶQM �TT2HH2 ǳK�ŗi`Bb2Ǵ , 2M /2bbQmb /2
jW /m SA"- /Q`b i`�M[mBHH2 +BiQv2M- H� /2ii2 b2 /BH�i2- K�Bb BH M2
b2 T�bb2 `B2MX

AH +QM+Hmi 2M Dm;2�Mi bûpĕ`2K2Mi +2mt [mB b2 b2`p2Mi /2 +2 `�iBQ /2 jW +QKK2
/ǶmM2 `ĕ;H2 �#bQHm2 , Ŀ [m�M/ H2 b�;2 KQMi`2 H� HmM2- HǶBK#û+BH2 `2;�`/2 H2
/QB;i- /Bi H2 T`Qp2`#2 +?BMQBb c [m�M/ H2 b�;2 KQMi`2 HǶ2M/2ii2K2Mi- HǶBM+QK@
Tûi2Mi /BTHƬKû `2;�`/2 H2 jW /m SA" kRX ŀ

LQmb +QMbi�iBQMb- +B@�p�Mi- [m2 /2b QmiBHb bi�iBbiB[m2b BMBiB�H2K2Mi T`ûpmb
TQm` Q++mT2` mM2 TH�+2 bm` H2 i�#H2�m /2 #Q`/ /2b /B`B;2�Mib Ĝ /2b D�m;2b
[mB /QBp2Mi iQmi2b āi`2 T`Bb2b 2M +QMbB/û`�iBQM /�Mb H� +QM/mBi2 QTiBK�H2
/ǶmM úi�i Ĝ �p�B2Mi /ûbQ`K�Bb û+?�TTû ¨ +2ii2 b2mH2 miBHBb�iBQM- /2p2M�Mi
/2b BM/B+�i2m`b Tm#HB+b /2p�Mi T2`K2ii`2 /Ƕûi�v2` iQmi2b bQ`i2b /2 i?ûQ`B2b
2t+û/�Mi H�`;2K2Mi H2m` Q#D2+iB7 BMBiB�HX *2 +QMbi�i 2bi �mbbB 7Q`KmHû T�`
�#2BHH2 ,

Pɍ HǶQM �m`� +QKT`Bb [m2 }t2` H2 T`QD2+i2m` bm` H2 /û}+Bi /ǶmM2
�MMû2 /QMMû2 MǶ� ;mĕ`2 /2 b2Mb c 2i [m2 H2 `�TTQ`i2` �m SA" /2
+2ii2 KāK2 �MMû2 HmB 2M 7�Bi T2`/`2 mM T2m THmbX G2 `�iBQ /û}+Bi

kRX AH +QMpB2Mi iQmi /2 KāK2 /2 K2MiBQMM2` [m2 iQmb H2b û+QMQKBbi2b M2 bǶ�++Q`/2Mi T�b
bm` H2b `Bb[m2b bmTTQbûb [m2 `2T`ûb2Mi2 H� /2ii2 Tm#HB[m2 /2b úi�ibX



RkX9X G1 LPlo1�l ah�hlh _>úhP_AZl1 .1a *>A66_1a k8R

bm` SA" T2mi �m KB2mt b2`pB` /ǶBM/B+�iBQM- /2 D�m;2 , BH bBim2 mM
Q`/`2 /2 ;`�M/2m`- BH bQmTĕb2 mM2 �KTH2m`- 2i 7Qm`MBi mM2 B/û2 Ĝ
K�Bb ;mĕ`2 THmb Ĝ BKKû/B�i2- BMimBiBp2 /2 H� /û`Bp2X J�Bb 2M �m+mM
+�b BH MǶ� iBi`2 ¨ b2`pB` /2 #QmbbQH2 c BH M2 K2bm`2 `B2M , BH MǶ2bi T�b
mM +`Biĕ`2X a2mH2 � p�H2m` mM2 �M�Hvb2 `�BbQMMû2 /2 H� +�T�+Biû /2
`2K#Qm`b2K2Mi- +Ƕ2bi ¨ /B`2 mM2 �M�Hvb2 /2 bQHp�#BHBiû , MǶBKTQ`i2
[m2H #�M[mB2` UQm MǶBKTQ`i2 [m2H K�`+?û- +2 [mB `2pB2Mi �m KāK2V
pQmb H2 /B`�X

G� `ĕ;H2 /2b jW MǶ�- /2 HǶ�p2m /2 bQM +`û�i2m`- �m+mM 7QM/2K2MiX lM /û}+Bi
#m/;ûi�B`2 b2 /û+`ĕi2 2M 7QM+iBQM /2b +B`+QMbi�M+2b 2i MQM 2M 7QM+iBQM /ǶmM
+`Biĕ`2 bi�iBbiB[m2 }t2 c TQm`i�Mi- +2i BM/B+�i2m` � ûiû miBHBbû +QKTHĕi2K2Mi
+QMi`2 M�im`2 2i �m@/2H¨ /2 +2 [mǶBH TQmp�BiX Ŀ SmBb mM DQm` H2 i`�Biû /2
J��bi`B+?i T�`mi bm` H2 KûiB2`X *2 jW- QM HǶ�p�Bi bQmb H� K�BM- +Ƕ2bi mM2
+QKKQ/Biû c 2M 6`�M+2 QM 2M mb�Bi- T2Mb2x 5 +?Bz`2 /Ƕ2tT2`i 5 AH T�bb2 /QM+ ¨
HǶ1m`QT2 c 2i /2 H¨- TQm` mM T2m- BH bǶûi2M/`�Bi �m KQM/2X ŀ

LQmb �pQMb KQMi`û- ¨ i`�p2`b +2i 2t2KTH2 /m SA"- +QKK2Mi mM QmiBH BMB@
iB�H2K2Mi miBHBbû /�Mb H� +QM/mBi2 /2b úi�ib +QKK2 mM BM/B+�i2m` T2`K2ii�Mi
mM `2;�`/ bm` bQM 7QM+iBQMM2K2Mi kk � ûiû +QKTHĕi2K2Mi i`�Mb7Q`Kû 2M mM2
Ŀ K2bm`2 ŀ [m�bB b�+`û2 U/Q;K�iB[m2V- /2 H�[m2HH2 /2p�Bi /ûT2M/`2 H� #QMM2
K�`+?2 /m KQM/2X *2ii2 i`�Mb7Q`K�iBQM- BKTmi�#H2 ¨ /2b KQ/2b /2 `û~2tBQMb
�M�HQ;m2b �mt b+B2M+2b /2 H� K�iBĕ`2 2i H2m` Kûi`QHQ;B2 `û�HBbi2 Ĝ H� K2bm`2
�m b2Mb bi`B+i Ĝ 2bi T`Q#HûK�iB[m2X

§ +2 iBi`2- BH 7�mi MQi2` [mǶ2M kyky- /2b û+QMQKBbi2b /2 `2MQK +QKK2
h?QK�b SBF2iiv 2i b2b +QHHĕ;m2b (kkd) BMbBbi2Mi bm` H� Mû+2bbBiû /2 i`Qmp2`
Ŀ mM MQmp2�m T�`�/B;K2 +�T�#H2 /2 /ûT�bb2` H2 ǳ+QMb2Mbmb /2 J��bi`B+?iǴ ŀX
:BHH2b _�p2�m/ (k8e)- û+QMQKBbi2 ?ûiû`Q/Qt2- HmB �mbbB- bQmHB;M2- TQm` b� T�`i-
[mǶBH MǶ2bi Ŀ T�b TQbbB#H2- MB KāK2 bQm?�Bi�#H2 /2 `2KTH�+2` H2 SA" ŀ- K�Bb
[mǶBH b2`�Bi TQbbB#H2 /2 Ŀ HmB �/DQBM/`2 /Ƕ�mi`2b BM/B+�i2m`b �}M /2 KB2mt

kkX 1i ûp2Mim2HH2K2Mi mM2 KBb2 2M ûpB/2M+2 /Ƕ�MQK�HB2bX
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TBHQi2` MQi`2 bQ+Bûiû ŀ UTX R8jVX S�` +2ii2 `2K�`[m2- BH K2i 2M ûpB/2M+2 H2 7�Bi
[m2 HǶBM/B+�i2m` +?QBbB 2bi #B2M H2 `2~2i /2b +?QBt /2 +2mt [mB H2 +QMÏQBp2Mi
2i /2b Q#D2+iB7b [mǶBHb TQm`bmBp2Mi , +?�M;2` H2b +QKTQb�Mi2b /ǶmM BM/B+�i2m`
+QKK2 H2 SA" T2`K2i /2 KQ/B}2` HǶQ`/`2 /2b T`BQ`Biûb [m2 MQmb TH�ÏQMb /�Mb
mM i2H Q#D2i c +2i Q`/`2 2bi /û}MB T�` /2b Q`B2Mi�iBQMb B/ûQHQ;B[m2bX

*2H� BHHmbi`2 +2 [m2 MQmb K2iiBQMb 2M HmKBĕ`2 /�Mb MQi`2 +?�TBi`2 +QMb�+`û
¨ H� [m�MiB}+�iBQM URyV , +2 ivT2 /ǶBM/B+2b MǶ� [m2 T2m 2M +QKKmM �p2+ /2b
K2bm`2b �m b2Mb bi`B+i- /QMi H� [m�HBiû T`2KBĕ`2 2bi Dmbi2K2Mi /2 M2 T�b 7�B`2
BMi2`p2MB` H� bm#D2+iBpBiû /�Mb H2b Q#b2`p�iBQMbX

RkX9Xk .2 HǶQmiBH /2 T`Bb2 /2 /û+BbBQM ¨ HǶQ#D2i /2 ;Qm@
p2`M2K2Mi�HBiû

lM �mi`2 ûHûK2Mi +�`�+iû`Bb�Mi H� `mTim`2 MûQHB#û`�H2 2bi bQmH2pû T�` *�`/QM
(8y) /�Mb H� T�`iB2 /m i2ti2 [m2 MQmb �pQMb �KTmiû2 /m T�bb�;2 +Biû 2M T�;2
k9k UTX NV ,

(XXX) .2TmBb H2m` iQm` /ǶBpQB`2- bi�iBbiB+B2Mb- bQ+BQHQ;m2b 2i û+QMQ@
Kĕi`2b p2BHH�B2Mi ¨ +2 [m2 HǶ2tBbi2M+2 /2b K2bm`2b MǶBM~m2M+2 T�b
H2 +QKTQ`i2K2Mi /2b Ŀ K2bm`ûb ŀ kj (XXX)

AH `2bbQ`i /2 +2 T�bb�;2 [mǶmM2 �ii2MiBQM T�`iB+mHBĕ`2 ûi�Bi �++Q`/û2 ¨ HǶBM@
~m2M+2 [m2 TQmp�Bi �pQB` H� /BzmbBQM /2b bi�iBbiB[m2b bm` H2 +QKTQ`i2K2Mi
bQ+B�H /2b TQTmH�iBQMb c BH b2K#H2`�Bi [m2 H2b +QMbû[m2M+2b /ǶmM2 miBHBb�iBQM
Tm#HB[m2 /ǶBM/B+�i2m`b 2i /2 p�`B�#H2b [mB bQMi TQm`i�Mi T2Mbûb /2 T`BK2
�#Q`/ TQm` āi`2 BMb+`Bi2b Ŀ bm` mM +�/`�M /m i�#H2�m /2 #Q`/ /2 HǶ?QKK2

kjX *�`/QM �/K2i mM2 /û}MBiBQM THmb H�`;2 /2 H� K2bm`2- /�Mb +2 T�bb�;2 HǶ�+iBpBiû
?mK�BM2 2bi T2`Ïm2 +QKK2 K2bm`�#H2X
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/Ƕ�+iBQM ŀ (Nk) UTX Rk9V bQBi /ûbQ`K�Bb �++2Tiû2X �BMbB H2b bi�iBbiB[m2b bQMi
/2p2Mm2b /2b Q#D2ib /2 +QMpB+iBQM- T�`iB+BT�Mi ¨ KQ/B}2` H2 +QKTQ`i2K2Mi
/2b TQTmH�iBQMbX

*2ii2 miBHBb�iBQM ¨ /2b }Mb /2 +QMpB+iBQM M2 +Q``2bTQM/ T�b �m #mi /�Mb
H2[m2H +2b QmiBHb �p�B2Mi ¨ HǶQ`B;BM2 ûiû T2MbûbX G2b bi�iBbiB[m2b QMi 2M 2z2i ûiû
+QMÏm2b +QKK2 /2b Q#D2ib T2`K2ii�Mi /2 K2ii`2 2M HmKBĕ`2 /2b T?ûMQKĕM2b
[mB M2 T2mp2Mi āi`2 T2`Ïmb /Ƕ�m+mM2 �mi`2 K�MBĕ`2 [mǶ¨ i`�p2`b H2m` miBHBb�@
iBQM , 2HH2b T2`K2ii2Mi 2M [m2H[m2 bQ`i2 /2 7�B`2 /2b T?QiQ;`�T?B2b /2 HǶûi�i /2
H� bQ+Bûiû [mB bǶ�pĕ`2Mi 2bb2MiB2HH2b ¨ H� +QM/mBi2 /2b úi�ibX �/QHT?2 Zm2i2H2i
(kjN) Ĝ /QMi MQmb �pQMb KQMi`û [mǶBH ûi�Bi mM T`û+m`b2m` /2 H� /ûKQ;`�T?B2
2i /2 H� bQ+BQHQ;B2 /ĕb H� T`2KBĕ`2 KQBiBû /m sAs2 bBĕ+H2 Ĝ BHHmbi`2 +2i ûi�i /2
7�Bi T�` HǶ2t2KTH2 /2 H� KQ`i�HBiû c 2HH2 M2 T2mi 2M 2z2i āi`2 +QMMm2 [m2 /ĕb
HQ`b [mǶ2HH2 2bi Q#b2`pû2 bQmb mM �M;H2 bi�iBbiB[m2 UTX eV ,

Zm2HH2b b2`�B2Mi MQb +QMM�Bbb�M+2b bm` H� KQ`i�HBiû /2 HǶ2bTĕ+2 ?m@
K�BM2- bB HǶQM MǶ�p�Bi Q#b2`pû [m2 /2b BM/BpB/mb \ �m HB2m /2b HQBb
�/KB`�#H2b �mt[m2HH2b 2HH2 2bi bQmKBb2- MQmb MǶ�m`BQMb �mDQm`@
/Ƕ?mB [mǶmM2 bû`B2 /2 7�Bib BM+Q?û`2Mib [mB M2 T2`K2ii`�B2Mi /2
bmTTQb2` �m+mM2 bmBi2- �m+mM Q`/`2 /�Mb H� K�`+?2 /2 H� M�im`2X

*2i 2t2KTH2 BHHmbi`2 [m2 +2b QmiBHb bQMi 2z2+iBp2K2Mi +QKK2 /2b BM/B+�i2m`b
bm` H2 i�#H2�m /2 #Q`/ /ǶmM pû?B+mH2- TQm` `2T`2M/`2 H� Kûi�T?Q`2 /2 .2b@
`QbBĕ`2b (Nk)X .�Mb H� +QM/mBi2 /2b úi�ib- BHb T2`K2ii2Mi- 2M 2z2i- /ǶQ#b2`p2`
/2b T?ûMQKĕM2b BKT2`+2TiB#H2b b�Mb +2ii2 �B/2 2i /QMM2Mi H� TQbbB#BHBiû �mt
Ŀ +QM/m+i2m`b ŀ /Ƕ�/�Ti2` H2m` +QKTQ`i2K2Mi /2 ;Qmp2`M�MibX G2b +QMbi�ib
/2 Zm2i2H2i bQMi `ûpQHmiBQMM�B`2b ¨ HǶûTQ[m2 ¨ H�[m2HH2 BH H2b 7Q`KmH2- KāK2
bǶBHb T�`�Bbb2Mi ûpB/2Mib �mDQm`/Ƕ?mBX AH �m`�Bi T�` 2t2KTH2 ûiû BKTQbbB#H2 /2
b2 `2M/`2 +QKTi2 /2 HǶ�KTH2m` /2 H� +`Bb2 /m +QpB/@RN- bB MQmb MǶ�pBQMb T�b
2m /ǶQmiBHb bi�iBbiB[m2b ¨ MQi`2 /BbTQbBiBQM TQm` 2M bmBp`2 HǶûpQHmiBQMX AM/û@
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T2M/�KK2Mi /2 iQmi2 +QMbB/û`�iBQM bm` H� 7�ÏQM /2 +QKTi2` H2b BM72+iBQMb 2i
H2b /û+ĕb- H2b QmiBHb miBHBbûb- KāK2 bǶBHb T`ûb2Mi2Mi T�`7QBb /2b /û7�mib- MǶ2M
/2K2m`2Mi T�b KQBMb 2bb2MiB2HbX

*Ƕ2bi HQ`b[m2 H2m` miBHBb�iBQM 2bi /ûpQvû2- [mǶBHb /2pB2MM2Mi /2b Q#D2ib
+QMi`2 M�im`2 2i HǶ2t2KTH2 /m +QpB/@RN 2M 7Qm`MBi HǶBHHmbi`�iBQM , H2b bi�iBb@
iB[m2b T2`K2ii2Mi �mt /B`B;2�Mib /ǶQ#b2`p2` HǶûpQHmiBQM /2 H� +`Bb2 b�MBi�B`2
2i /2 T`2M/`2 /2b K2bm`2b H2b THmb �/�Tiû2b TQbbB#H2b 2M b2 7QM/�Mi bm` /2b
Ŀ T?QiQ;`�T?B2b ŀ TQM+im2HH2b /2 H� bBim�iBQM c +?�[m2 úi�i }t2- /�Mb H2 +�/`2
/2 b2b BMbiBimiBQMb- H2b K�MBĕ`2b /2 +QKTi2` H2b K�H�/2b- H2b KQ`ib- H2b p�++B@
Mûb- H2b ;mû`Bb- H� 7�ÏQM /Ƕûim/B2` HǶûpQHmiBQM /m pB`mbXXX G2b BM/B+�i2m`b �BMbB
T`Q/mBib T2`K2ii2Mi /2 TH�MB}2` 2i /ǶQ#b2`p2` HǶûpQHmiBQM /2 H� +`Bb2 /�Mb +2
+�/`2 BMbiBimiBQMM2H 2i /2 T`2M/`2 /2b /û+BbBQMb û+H�B`û2b T�` +2b T?QiQ;`�@
T?B2bX

J�Bb /ĕb HQ`b [m2 +2b bi�iBbiB[m2b b2`p2Mi ¨ 7�B`2 /2b +QKT�`�BbQMb 2Mi`2
/2b úi�ib- [mB MǶQMi TQm`i�Mi T�b QTiû TQm` H2b KāK2b +QMp2MiBQMb /2 [m�M@
iB}+�iBQM /m T?ûMQKĕM2 2i TQm` H2b KāK2b QmiBHb TQm` Hmii2` +QMi`2 H� +`Bb2 c
[m2 /2b 2Mi`2T`Bb2b T?�`K�+2miB[m2b b2 b2`p2Mi /2 +2b +?Bz`2b TQm` bQmHB@
;M2` HǶ2{+�+Biû /ǶmM i`�Bi2K2Mi miBHBbû ¨ i2H Qm i2H 2M/`QBi �p2+ /2b `ûbmHi�ib
bi�iBbiB[m2K2Mi Q#b2`p�#H2b c [m2 /2b TQHBiB+B2Mb /2 HǶQTTQbBiBQM bQmiB2MM2Mi-
+?Bz`2b 2M K�BM- [m2 i2H �mi`2 úi�i � �;B THmb 2{+�+2K2Mi TmBb[m2 b2b +?Bz`2b
bQMi K2BHH2m`b c [m2 H2b Kû/B�b Tm#HB2Mi iQmb H2b DQm`b H2b MQmp2�mt +?Bz`2b ¨
+QmTb /2 iBi`2b bT2+i�+mH�B`2b c [m2 /2b TQHBiB+B2Mb 2M TH�+2 bQmiB2MM2Mi [m2
H2 TQ`i /m K�b[m2 2bi BMmiBH2- TmBb[m2 H2b T�vb [mB T`�iB[m2Mi HǶQ#HB;�iBQM
/2 bQM TQ`i T`ûb2Mi2Mi mM2 bBim�iBQM b�MBi�B`2 iQmi �mbbB K�mp�Bb2XXX c �HQ`b-
2HH2b /2pB2MM2Mi /2b �`i27�+ib KûH�M;2�Mi b�Mb KûM�;2K2Mi +�mb2b 2i +QMbû@
[m2M+2bX 1HH2b bQMi B+B /2b Q#D2ib `?ûiQ`B[m2b 2i û+?�TT2Mi �m #mi 2i �m +�/`2
/2 H2m` +QMbi`m+iBQMX
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*QKK2 H2 /Bi *�`/QM (8y)- H2b BM/B+�i2m`b +?Bz`ûb M2 T�`iB+BT2Mi THmb b2mH2@
K2Mi �m T`Q+2bbmb /2 ;Qmp2`M2K2Mi 2i /2 T`Bb2 /2 /û+BbBQM c BHb /2pB2MM2Mi
/2 THmb 2M THmb /2b QmiBHb T2`K2ii�Mi /2 Hû;BiBK2` UQm /ûHû;BiBK2`V HǶ�+iBQM
/2 HǶúi�i Qm /Ƕ�+i2m`b T`Bpûb �mT`ĕb /2 H� TQTmH�iBQMX 1M +2 b2Mb BHb /2@
pB2MM2Mi /2b Q#D2ib /2 ;Qmp2`M2K2Mi�HBiû Ĝ b2HQM H� /û}MBiBQM /2 6Qm+�mHi
(RRN) Ĝ +Ƕ2bi@¨@/B`2 [mǶBHb 7�pQ`Bb2Mi HǶ2t2`+B+2 /m TQmpQB` TQHBiB[m2 Q`;�MBbû
T�` mM2 M�iBQM Qm mM úi�i iQmi 2M T2`K2ii�Mi /2 `2+m2BHHB` Ŀ H2 +QMb2Mi2@
K2Mi �+iB7 /2b BM/BpB/mb [mB T�`iB+BT2Mi ¨ H2m` T`QT`2 ;Qmp2`M�M+2 ŀ (R8y)X
G2b Q#D2ib bi�iBbiB[m2b +QMi`B#m2Mi ¨ /QMM2` mM2 Hû;BiBKBiû �m /Bb+Qm`b- �mbbB
#B2M /2b ;Qmp2`M�Mib [m2 /2b �mi`2b �+i2m`b- 2i T�`iB+BT2Mi ¨ H� +QMbi`m+@
iBQM /m +QMb2Mi2K2Mi , BHb �;Bbb2Mi- /2 7�Bi- +QKK2 /2b �`;mK2Mib /Ƕ�miQ`Biûb
[mB pB2MM2Mi- 2M [m2H[m2 bQ`i2- �ii2bi2` /2 H� b+B2MiB}+Biû /ǶmM2 T`QTQbBiBQM
T�` HǶ�/QTiBQM /2b `�BbQMM2K2Mib HQ;B[m2b Bbbmb /2 H� Kûi`QHQ;B2 `û�HBbi2 /2b
b+B2M+2b /2 H� K�iBĕ`2X

P`- ¨ HǶQ`B;BM2 /2 +2ii2 BKT`2bbBQM /2 `B;m2m` 2i /2 b+B2MiB}+Biû +QM7û`û2
¨ iQmb H2b +?Bz`2b- BH 2tBbi2- +QKK2 MQmb HǶ�pQMb bQmHB;Mû +B@�p�Mi �p2+ H�
/û}MBiBQM /2 .2b`QbBĕ`2b (Nk)- mM2 +QM7mbBQM 2Mi`2 HǶB/û2 /2 K2bm`2 Bbbm2 /2b
b+B2M+2b /2 H� K�iBĕ`2 2i /2 [m�MiB}+�iBQMX G� K2bm`2 2bi- `�TT2HQMb@H2- mM
T`Q+2bbmb /2 KBb2 2M �TTHB+�iBQM /2 +QMp2MiBQMb /ûD¨ bi�#BHBbû2b- T2`K2ii�Mi
/2 T�bb2` /ǶmM2 ;`�M/2m` T?vbB[m2 ¨ mM2 ;`�M/2m` +?Bz`û2 T�` mM2 T`Q+û/m`2
M2 7�Bb�Mi T�b BMi2`p2MB` H� bm#D2+iBpBiû /2b BM/BpB/mb 2z2+im�Mi H2 K2bm`�;2X
G2b �mi`2b T`Q+2bbmb /2 [m�MiB}+�iBQM b2 +QKTQb2Mi- �m +QMi`�B`2- ¨ H� 7QBb /2
HǶûi�T2 T`û�H�#H2 /2 +QMp2MiBQM 2i /2 /û}MBiBQM- TmBb /ǶmM2 ûi�T2 /2 /ûMQK@
#`2K2Mi /ǶQ#D2ib T`Q/mBb�Mi /2b +?Bz`2b c +2mt@+B bQMi /QM+ BMi`BMbĕ[m2K2Mi
K�`[mûb /ǶmM2 +2`i�BM2 bm#D2+iBpBiûX G� T`2KBĕ`2 ûi�T2 7�Bi T�`iB2 BMiû;`�Mi2
/m T`Q+2bbmb /2 [m�MiB}+�iBQM- K�Bb 2HH2 +QMi`B#m2 �mbbB T�`7QBb- MQmb HǶ�pQMb
pm- ¨ 2bb2MiB�HBb2` H2b Q#D2ib [mǶ2HH2 K2i 2M +?Bz`2b 2i ¨ `ûB}2` H2b BM/BpB/mb-
[mB T�` H2m` BMb+`BTiBQM /�Mb /2b +H�bb2b 2i /2b i�#H2�mt /2 /QMMû2b bQMi
`û/mBib ¨ /2b Q#D2ib Q#b2`p�#H2b bQmb mM b2mH T`BbK2X
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1M b+B2M+2b /2 H� M�im`2- mM /2;`û +2HbBmb 2bi mM2 +H�bb2 /QMi H� /û}MBiBQM
2bi BMp�`B�#H2 2i BM+QMi2biû2 , 2HH2 MǶ2bi THmb HǶQ#D2i /2 +QMp2MiBQMb MQmp2HH2b c
2M +QMi`�bi2- MQmb �pQMb pm [m2 H� +H�bb2 +?ƬK2m` 2bi BMbi�#H2 , 2HH2 T2mi
p�`B2` 2M 7QM+iBQM /2b BM/B+�i2m`b +?QBbBb- K�Bb �mbbB 2M 7QM+iBQM /2b +`Biĕ`2b
Dm`B/B[m2b 2i �/KBMBbi`�iB7b 2M pB;m2m` /�Mb mM i2KTb 2i /�Mb mM HB2mX *QKK2
H2 bQmHB;M2 .2b`QbBĕ`2b (Ne)- HǶûi�T2 /2 +QMp2MiBQM 2bi �m KQBMb �mbbB BKTQ`@
i�Mi2 [m2 HǶûi�T2 /2 KBb2 2M +?Bz`2bX .�Mb HǶûi�#HBbb2K2Mi /2 MQK#`2mb2b
+H�bb2b 2i /�Mb H� +QMbi`m+iBQM /ǶBM/B+�i2m`b bi�iBbiB[m2b +QKK2 +2HmB /m +?Ƭ@
K�;2- BMi2`pB2MM2Mi /ǶBMMQK#`�#H2b T2`bQMM2b [mB T`2MM2Mi /2b /û+BbBQMb ¨
HǶQK#`2 /2b +?Bz`2b [mB bQMi 2MbmBi2 T`Q/mBibX .2b`QbBĕ`2b `�TT2HH2 /Ƕ�BHH2m`b
[m2 +2ii2 ûi�T2 2bb2MiB2HH2 /2 H� [m�MiB}+�iBQM 2bi bQmp2Mi Kû+QMMm2 /2b Tm@
#HB+b T`Q72bbBQMM2Hb +QKK2 H2b bQ+BQHQ;m2b- H2b û+QMQKBbi2b- H2b DQm`M�HBbi2b-
K�Bb �mbbB /m Tm#HB+ 2M ;ûMû`�H UTX j3VX

GǶmM2 /2b ?vTQi?ĕb2b +2Mi`�H2b /2 +2 i`�p�BH 2bi [m2 H2b `�BbQMM2K2Mib
HQ;B[m2b �TTHB[mûb �mt K2bm`2b bQMi i`�MbTQbûb ¨ /2b bBim�iBQMb Qm H2b +?Bz`2b
M2 bQMi T�b Q#i2Mmb T�` /2b K2bm`2b bi`B+iQ b2MbmX AH bǶ�;Bi /ǶmM T?ûMQKĕM2
[m2 MQmb �TT2HQMb H2 T`ûbmTTQbû /2 K2bm`2X P`- MQmb H2 p2``QMb- bǶBH bǶ�pĕ`2
[mǶBH 2tBbi2- +2 T`ûbmTTQbû � mM BKT�+i bû`B2mt bm` H� p�H2m` /2 pû`Biû /2
iQmi2b bQ`i2b /ǶBM7Q`K�iBQMb BM/mBi2b T�` /2b bi�iBbiB[m2b UR9VX

.�Mb +2 +?�TBi`2- MQmb �pQMb /ûp2HQTTû HǶB/û2 [m2 H� T`QHB7û`�iBQM /2b
�`;mK2Mib bi�iBbiB[m2b 2bi +�`�+iû`BbiB[m2 /m MûQHB#û`�HBbK2 2i /2 b� T`�iB[m2
/2 H� ;Qmp2`M2K2Mi�HBiû Ĝ +Ƕ2bi@¨@/B`2 ¨ mM2 7Q`K2 /2 ;Qmp2`M�M+2 pBb�Mi
¨ `2+m2BHHB` H2 +QMb2Mi2K2Mi �+iB7 /2b BM/BpB/mb ;Qmp2`MûbX *2ii2 7Q`K2 /2
+QM/mBi2 /2b úi�ib 7�Bi BMi2`p2MB` H2b bi�iBbiB[m2b +QKK2 Q#D2ib /2 +QMpB+iBQM
2i bǶ2M b2`i TQm` T`Q/mB`2 mM2 `?ûiQ`B[m2 /2 HǶ2tT2`iBb2X .�Mb H� bmBi2 /2 +2
i`�p�BH MQmb �M�Hvb2`QMb H2 `ƬH2 +Hû /2b Kû/B�b /�Mb mM2 i2HH2 +QM};m`�iBQMX
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RkX8 G2b Kû/B�b , /2b �+i2m`b /m bvbiĕK2 MûQ@
HB#û`�H

GǶ2tT`2bbBQM K�Mm7�+im`2 /m +QMb2Mi2K2Mi KQ#BHBbû2 T�` "�`#�`� aiB2;H2`
(k33) UTX 8RV 7�Bi Mû+2bb�B`2K2Mi û+?Q ¨ HǶQmp`�;2 J�Mm7�+im`BM; *QMb2Mi /2
LQ�K *?QKbFv 2i 1/r�`/ aX >2`K�M (R98) k9 Tm#HBû TQm` H� T`2KBĕ`2 7QBb 2M
RN33X G2b /2mt �mi2m`b v �M�Hvb2Mi H2 `ƬH2 /2b Kû/B�b /2 K�bb2 �Kû`B+�BMb
/�Mb H� 7�#`B+�iBQM /m +QMb2Mi2K2Mi /2 H� TQTmH�iBQM ¨ H� +QM/mBi2 /2b BMb@
iBimiBQMb T�` /2b Ŀ ûHBi2b ŀ UTX RyVX LQ�K *?QKbFv 2tTHB[m2 /Ƕ�BHH2m`b /�Mb
mM2 BMi2`pB2r /QMMû2 2M kyR3 (8) [m2 HǶ2tT`2bbBQM J�Mm7�+im`BM; *QMb2Mi 2bi
2KT`mMiû2 /B`2+i2K2Mi ¨ q�Hi2` GBTTK�MM- ¨ [mB 2bi �ii`B#mû k8 H� }HB�iBQM
/m KQ/ĕH2 MûQHB#û`�HX

G2 `ƬH2 /2b Kû/B�b /2 ;`�M/2 �m/B2M+2 bǶBMb+`Bi /QM+ Ĝ /m TQBMi /2 pm2
+?QKbFv2M Ĝ /�Mb HǶ�.L /2 +2 MQmp2�m HB#û`�HBbK2 /QMi MQmb �pQMb pm [mǶBH
b2 +�`�+iû`Bb2 T�` mM TQmpQB` /�Mb H2[m2H Ŀ H2b `2T`ûb2Mi�Mib M2 /QBp2Mi bm`@
iQmi T�b `2bb2K#H2` ¨ H� K�bb2 /2b `2T`ûb2Miûb- bi`m+im`2HH2K2Mi B;MQ`�Mi2
2i BM+�T�#H2 /2 /û+BbBQM û+H�B`û2 ŀ (k33) UTX eRV 2i /QMi BH bǶ�;Bi /2 K�Mm@
7�+im`2` H2 +QMb2Mi2K2Mi T�` /2b i2+?MB[m2b /2 T`QT�;�M/2 (R98) UTX 8RVX G�
/2b+`BTiBQM /2 +2 KQ/ĕH2 T`QT�;�M/Bbi2 T�bb�Mi T�` H2b Kû/B�b 2bi �m +Q2m`
/m i`�p�BH /2 *?QKbFv 2i >2`K�M c MQmb �HHQMb 2M `ûbmK2` B+B H2b TQBMib 7QM@
/�K2Mi�mt TmBb `û�M�Hvb2` H2b 2t2KTH2b /2 H� *QMp2MiBQM +BiQv2MM2 TQm` H2
+HBK�i 2M 6`�M+2 2i /2 H� pQi�iBQM Ŀ TQm` /2b KmHiBM�iBQM�H2b `2bTQMb�#H2b ŀ
2M amBbb2 ¨ i`�p2`b +2 T`BbK2X

k9X G� 7�#`B+�iBQM /m +QMb2Mi2K2Mi Qm 2M+Q`2 G� 7�#`B[m2 /2 HǶQTBMBQM Tm#HB[m2 , G�
TQHBiB[m2 û+QMQKB[m2 /2b Kû/B�b �Kû`B+�BMb bQMi /2mt /2b iBi`2b +?QBbBb TQm` H2b i`�/m+iBQMb
2M 7`�MÏ�BbX

k8X LQi�KK2Mi T�` "�`#�`� aiB2;H2` (k33)X
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GǶmM /2b T`2KB2`b +QMbi�ib [mǶQTĕ`2Mi *?QKbFv 2i >2`K�M 2bi [m2- /�Mb
H2b bQ+Bûiûb Q++B/2Mi�H2b- H2 i2`K2 T`QT�;�M/2 2bi ;ûMû`�H2K2Mi �bbQ+Bû /2
T`BK2 �#Q`/ ¨ /2b úi�ib [m�HB}ûb /Ƕ�miQ`Bi�B`2b , HQ`b[m2 H2 TQmpQB` 2bi
+QM+2Mi`û /�Mb H2b K�BMb /ǶmM úi�i #m`2�m+`�iB[m2- H2 KQMQTQH2 bm` H2b Kû@
/B�b T�` HǶúi�i 2i H� +2Mbm`2 Q{+B2HH2 `2M/2Mi ûpB/2Mi H2 7�Bi [m2 H2b Kû/B�b
b2`p2Mi H2b BMiû`āib /ǶmM2 ûHBi2 /QKBM�Mi2X AH T�`�ŗi- 2M `2p�M+?2- #B2M THmb
+QKTHB[mû /2 `2+QMM�ŗi`2 mM bvbiĕK2 T`QT�;�M/Bbi2 HQ`b[m2 H2b Kû/B�b bQMi
2M K�BMb T`Bpû2b 2i HQ`b[m2 H� +2Mbm`2 2bi Q{+B2HH2K2Mi �#b2Mi2 UTX e3VX *Ƕ2bi
¨ H� /2b+`BTiBQM /2 +2 KQ/ĕH2 /2 T`QT�;�M/2 /�Mb /2b bQ+Bûiûb /Bi2b /ûKQ@
+`�iB[m2b [m2 bǶ�iiĕH2Mi H2b /2mt +?2`+?2m`bX

.�Mb J�Mm7�+im`BM; *QMb2Mi- BHb `2K2ii2Mi 2M [m2biBQM HǶB/û2 `ûT�M/m2
[m2 H2b Kû/B�b /2 K�bb2 �;Bbb2Mi +QKK2 mM +QMi`2@TQmpQB` /�Mb H2b bQ+Bûiûb
Q++B/2Mi�H2b c Qm- 2M /Ƕ�mi`2b i2`K2b- [mǶBHb BM7Q`K2Mi 2i b2`p2Mi H2 Tm#HB+
�}M [mǶBH TmBbb2 KB2mt bǶ2M;�;2` /�Mb H2b T`Q+2bbmb /ûKQ+`�iB[m2b 2i p2BHH2`
¨ +2 [m2 b2b BMiû`āib bQB2Mi T`ûb2`pûb T�` +2mt [mB H2 `2T`ûb2Mi2MiX SQm` H2b
/2mt �mi2m`b H2b Kû/B�b b2`pB`�B2Mi �m +QMi`�B`2 ¨ 7�#`B[m2` H2 +QMb2Mi2K2Mi
/2b TQTmH�iBQMb 2M H2b �HB;M�Mi bm` H2b BMiû`āib /2b ûHBi2b c BHb +QMbiBim2`�B2Mi
�BMbB mM2 bQ`i2 /2 K�+?BM2 T`QT�;�M/Bbi2 [mB 2t2`+2 bQM �+iBQM ¨ i`�p2`b +BM[
}Hi`2b , H� /BK2MbBQM û+QMQKB[m2 /m Kû/B� c H2 TQB/b /2 H� Tm#HB+Biû c H2 TQB/b
/2b bQm`+2b Q{+B2HH2b c H2b T`2bbBQMb /2 /Bp2`b2b Q`;�MBb�iBQMb Qm BM/BpB/mb bm`
H2b HB;M2b û/BiQ`B�H2b /Bp2`;2Mi2b 2i H2 }Hi`2 B/ûQHQ;B[m2 /2 H� bQ+Bûiû UTX eNVX

G� /BK2MbBQM û+QMQKB[m2 /m Kû/B� , H2b Kû/B�b /2 K�bb2 T`Bpûb bQMi
;ûMû`�H2K2Mi H� T`QT`Bûiû /2 ;`�M/b ;`QmT2b [mB QMi /ǶBKTQ`i�Mib BMiû`āib
û+QMQKB[m2b 2M /2?Q`b /2 H2m`b �+iBpBiûb Kû/B�iB[m2b , BH 2bi /�Mb H2m` BMiû`āi
/2 T`QKQmpQB` iQmi +2 [mB 7�pQ`Bb2 H2m` T`Q}iX 1M RN33 *?QKbFv 2i >2`@
K�M bQmHB;M2Mi- 2M +Bi�Mi "�;/BFB�M (R3) ke- [m2 kN +QKT�;MB2b Kû/B�iB[m2b
ûi�B2Mi `2bTQMb�#H2b /2 H� KQBiBû /2b +QMi2Mmb DQm`M�HBbiB[m2b /2b úi�ib@lMBb

keX h2ti2 Q`B;BM�H /2 RN3d
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UTX dkVX AHb KQMi`2Mi [m2 H� THmT�`i /2 +2b +QKT�;MB2b bQMi 2M;�;û2b /�Mb
/Ƕ�mi`2b T�Mb /2 HǶû+QMQKB2 2i /û;�;2Mi /2b T`Q}ib /2 /Bzû`2Mi2b �+iBpBiûb
[mǶBH +QMpB2Mi- TQm` 2HH2b- /2 T`QKQmpQB` 2M b2 b2`p�Mi /2b Kû/B�b /2 K�bb2
UTX d9VX

G2 TQB/b /2 H� Tm#HB+Biû , H2b Kû/B�b +Qȿi2Mi #B2M THmb [m2 +2 [m2 H2b
+QMbQKK�i2m`b bQMi T`āib ¨ T�v2` TQm` H2m`b BM7Q`K�iBQMb (R98) UTX 3yVX
GǶ�`;2Mi T2`K2ii�Mi /2 T`Q/mB`2 /2b +QMi2Mmb T`QpB2Mi /QM+ T`BM+BT�H2K2Mi
/2 +QKT�;MB2b T`Bpû2b �mt[m2HH2b bQMi /û/Bû2b /2b 2bT�+2b Tm#HB+Bi�B`2bX *2
M2 bQMi T�b H2b Kû/B�b [mB p2M/2Mi /2b T`Q/mBib ¨ H2m`b �m/B2M+2b- K�Bb H2
+QMi`�B`2 , H2b �m/B2M+2b bQMi ;�`�MiB2b ¨ /2b 2Mi`2T`Bb2b T`Bpû2b [mB TH�+2Mi
/2b Tm#HB+Biûb /�Mb H2b Kû/B�b 2M û+?�M;2 /Ƕ�`;2Mi- }M�MÏ�Mi �BMbB H� T`Q/m+@
iBQM /2b +QMi2MmbX

G2b �MMQM+2m`b �+[mBĕ`2Mi /2 7�+iQ mM ;`�M/ TQmpQB` ;`�+2 ¨ +2 Kû+�@
MBbK2- +�` b�Mb 2mt- H2b Kû/B�b +2bb2Mi /Ƕāi`2 pB�#H2b UTX 39VX GQ`b[m2 H�
Tm#HB+Biû bǶ2bi /ûp2HQTTû2 /�Mb H2b DQm`M�mt- H2b iBi`2b [mB MǶûi�B2Mi T�b bQm@
i2Mmb T�` /2b Tm#HB+Bi�B`2b b2 bQMi `2i`Qmpûb 2M pû`Bi�#H2 /B{+mHiû 7�+2 ¨ mM2
+QM+m``2M+2 /2p2Mm2 KQBMb +?ĕ`2 +�` 2HH2 TQmp�Bi T`QTQb2` /2b T`Bt /2 p2Mi2
#B2M THmb �ii`�+iB7b UTX 39VX

G2b +?QBt /2b Tm#HB+Bi�B`2b BM~m2M+2Mi /QM+ H� T`QbTû`Biû /2b Kû/B�b 2i
�bbm`2 BM }M2 H2m` bm`pB2 UTX 39VX lM2 BHHmbi`�iBQM /2 +2 T?ûMQKĕM2 2bi T`Q@
TQbû2 T�` *m``�M (d9) [mB 2tTHB[m2 [m2 H� /BbT�`BiBQM /2 i`QBb ;`�M/b iBi`2b /2
H� T`2bb2 #`Bi�MMB[m2 Ĝ h?2 amM/�v *BiBx2M- h?2 >2`�H/ 2i h?2 L2rb *?`Q@
MB+H2b Ĝ 2bi BKTmi�#H2 � HǶ�#b2M+2 /2 Tm#HB+Bi�B`2b bQm?�Bi�Mi H2b bQmi2MB` ,
H� /BbT�`BiBQM /2 +2b BMbiBimiBQMb ¨ 7Q`ib iB`�;2b [mB T`QTQb�B2Mi Ŀ mM +�/`2
�Hi2`M�iB7 /Ƕ�M�Hvb2 2i /2 +QKT`û?2MbBQM- +QMi2bi�Mi H2b bvbiĕK2b /2 `2T`û@
b2Mi�iBQM /QKBM�Mib ŀ UTX k89- i`�/mBi /2 HǶ�M;H�BbV TQm``�Bi 2tTHB[m2`- b2HQM
*m``�M- H2 /û+HBM +QMbû+miB7 /m T�`iB i`�p�BHHBbi2 #`Bi�MMB[m2 UG�#Qm`VX
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*?QKbFv 2i >2`K�M (R98) +QMi2bi2Mi /QM+ HǶB/û2 [m2 HǶ2ti2MbBQM ¨ /2b
Tm#HB+b iQmDQm`b THmb H�`;2b /2b Kû/B�b /2 K�bb2 2bi mM2 ;�`�MiB2 /2 /ûKQ@
+`�iB2 , TQm` 2mt- +2 `�BbQMM2K2Mi 2bi BM7QM/û TmBb[m2 H� pBbB#BHBiû /ǶmM Kû/B�
2bi �p�Mi iQmi �bbm`û2 T�` HǶ�`;2Mi T2`K2ii�Mi /2 H2 /Bzmb2` ¨ H�`;2 û+?2HH2 ,
+2i �`;2Mi MǶ2bi T�b M2mi`2 +�` H2b Tm#HB+Bi�B`2b QMi H2 TQmpQB` /2 bQmi2MB` H2b
iBi`2b 2i H2b +QMi2Mmb [mB b2`QMi H2b THmb T`Q}i�#H2b TQm` 2mt ¨ KQv2M 2i HQM;
i2`K2 UTX 3eVX

G2 TQB/b /2b bQm`+2b Q{+B2HH2b , H2b Kû/B�b /2 K�bb2 bQMi 2Mi`�ŗMûb
/�Mb mM2 `2H�iBQM bvK#BQiB[m2 �p2+ /2b bQm`+2b /ǶBM7Q`K�iBQM TmBbb�Mi2b- T�`
Mû+2bbBiû û+QMQKB[m2 2i T�` BMiû`āib `û+BT`Q[m2bX AHb QMi 2M 2z2i mM2 Q#HB@
;�iBQM /2 T`Q/mB`2 /2 HǶBM7Q`K�iBQM /2 7�ÏQM `û;mHBĕ`2 2i +QMiBMm2- iQmi 2M
bǶ�bbm`�Mi mM2 #�H�M+2 û+QMQKB[m2 b�BM2 , iQmi [mQiB/B2M /QBi T`QTQb2` ¨
b2b H2+i2m`b mM MQmp2�m iB`�;2 +?�[m2 DQm` c H2 iûHûDQm`M�H M2 +QMM�ŗi T�b /2
+QM;ûX .2 +2 7�Bi- BH 2tBbi2- /2 H� T�`i /2b Kû/B�b- mM #2bQBM +QMbi�Mi /2
MQmp2HH2b BM7Q`K�iBQMb ¨ T`Q/mB`2 [mB HB2 +2b /2`MB2`b ¨ mM +2`i�BM MQK#`2 /2
bQm`+2b BM+QMiQm`M�#H2b UTX 3NVX

*Ƕ2bi 2M +2 b2Mb [m2 /Bzû`2Mib iBi`2b /ûT2M/2Mi 7Q`i2K2Mi /2 +2`i�BMb TmBib
72`iBH2b /ǶBM7Q`K�iBQMb Ŀ +Hûb 2M K�BM ŀX Pmi`2 H2b ;`�M/2b �;2M+2b /2 T`2bb2b
M�iBQM�H2b 2i BMi2`M�iBQM�H2b- *?QKbFv 2i >2`K�M ûMQM+2Mi +QKK2 2t2KTH2b
/2 bQm`+2b UTQm` H2b úi�ib@lMBbV , H� J�BbQM "H�M+?2- H2 S2Mi�;QM2 2i H2
.ûT�`i2K2Mi /Ƕúi�i Qm- �m MBp2�m HQ+�H- H2b K�B`B2b Qm H2b /ûT�`i2K2Mib /2
TQHB+2X � +Ƭiû /2 +2b bQm`+2b ûi�iB[m2b- H2b /2mt �mi2m`b MQKK2Mi û;�H2K2Mi
H2b ;`�M/b �+i2m`b T`Bpûb /2 HǶû+QMQKB2 UTX 3NVX

lM2 /2b `�BbQMb TQm` H2b Kû/B�b /2 K�bb2 /2 b2 b2`pB` �mT`ĕb /2 +2b bQm`+2b
Q{+B2HH2b /2 HǶBM7Q`K�iBQM 2bi [mǶBHb T2mp2Mi �BMbB b2 i�`;m2` /Ƕāi`2 /2b /Bzm@
b2m`b Ŀ Q#D2+iB7b ŀ /2 MQmp2HH2b- +�` +2b BM7Q`K�iBQMb bQMi T`ûbmKû2b }�#H2b-
TmBb[mǶ2HH2b T`QpB2MM2Mi /ǶBMbiBimiBQMb Ŀ /B;M2b /2 +QM}�M+2 ŀ UTX NyVX
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lM �mi`2 ûHûK2Mi 2tTHB[m�Mi H2 +?QBt /2 +2b bQm`+2b 2bi [mǶ2HH2b T`QTQb2Mi
/2b +QMi2Mmb bQmp2Mi T`û7�#`B[mûb 2i pmH;�`Bbûb UTX NjV , BH +Qȿi2 KQBMb +?2`
/2 `2T`Q/mB`2 +2b BM7Q`K�iBQMb iQmi2b T`āi2b- Qm T`2b[m2- [m2 /2 7�B`2 /m
DQm`M�HBbK2 /ǶBMp2biB;�iBQM UTX NyVX *?QKbFv 2i >2`K�M pQMi Dmb[mǶ¨ /B`2
[m2 Ŀ H2b #m`2�m+`�iB2b /2b TmBbb�Mib �bbm`2Mi /2b bm#bB/2b �mt Kû/B�b /2
K�bb2 ŀ c 2M H2m` Qz`�Mi /2b +QMi2Mmb- 2HH2b T2`K2ii2Mi ¨ +2b /2`MB2`b /ǶûT�`@
;M2` H2b +Qȿib /ǶmM2 +`û�iBQM T`QT`2 /ǶBM7Q`K�iBQM UTX N9VX .Ƕ�mi`2b bQm`+2b
/ǶBM7Q`K�iBQM bQMi bQmp2Mi B;MQ`û2b- 2M T�`iB+mHB2` bB H2m` `û+Bi M2 +Q``2bTQM/
T�b ¨ H� HB;M2 Ŀ Q{+B2HH2 ŀ UTX N9VX

*?QKbFv 2i >2`K�M +QMbi�i2Mi û;�H2K2Mi HǶ�TT�`BiBQM- /�Mb H2b Kû/B�b
ûi�bmMB2Mb- /2 H� };m`2 Ŀ /Ƕ2tT2`i ŀ UTX N8VX 1HH2 �TT�`�ŗi- b2HQM 2mt- 2M `û�+@
iBQM ¨ H� `2KBb2 2M [m2biBQM /2b bQm`+2b Q{+B2HH2b T�` /2b ;`QmT2b /BbbB/2Mib
DQmBbb�Mi /ǶmM2 ;`�M/2 �miQ`Biû +QKK2 H2b mMBp2`bBi�B`2bX *2ii2 +QMi2bi�iBQM
/2b bQm`+2b Ŀ ?�#Bim2HH2b ŀ 2bi +QK#�iim2 ¨ HǶ�B/2 /2 Ŀ +QMi`2@2tT2`ib ŀ T�vûb
;`�bb2K2Mi TQm` };m`2` ¨ HǶ�Mi2MM2 Qm /�Mb /2b �`iB+H2b +QKK2 +QMbmHi�MibX
*2ii2 miBHBb�iBQM /2 Ŀ +QMi`2@2tT2`ib ŀ T2`K2i /2 `2/B`B;2` HǶBM7Q`K�iBQM /�Mb
H2 b2Mb bQm?�Biû T�` H2 ;Qmp2`M2K2Mi kd 2i Ŀ H2 K�`+?û ŀ (R99) UTX k3NVX

*2i �TT2H �mt 2tT2`ib- ;�`�Mib /2 H� [m�HBiû /2 HǶBM7Q`K�iBQM- MQmb `�T@
T2HH2 H2b i?ûQ`B2b /2 q�Hi2` GBTTK�MM- TQm` [mB H� pQHQMiû pB2Mi Ŀ /m bQKK2i
/2 HǶûHBi2- BM+�`Mû2 T�` H2 ;`�M/ ?QKK2 û+H�B`û T�` H� b+B2M+2 ŀ (k33) UTX e8VX
LQmb `�TT2HQMb- ¨ +2 iBi`2- +QKK2Mi H2b û+QMQKBbi2b k3 b2 bQMi 7Q`;ûb mM2
BK�;2 /2 b+B2MiB}[m2b Q#D2+iB7b- MQi�KK2Mi T�` H� +`û�iBQM /ǶmM T`Bt T`2b@
iB;B2mt 2bi�KTBHHû Ŀ LQ#2H ŀ- 2i [m2 +2ii2 +QMbi`m+iBQM bǶ�bbQ+B2 /ǶmM2 T`Q@
/m+iBQM /2 bi�iBbiB[m2b p�H�Mi +QKK2 /2b �`;mK2Mib /Ƕ�miQ`BiûX G� };m`2 /2
HǶ2tT2`i DQm2 mM `ƬH2 7QM/�K2Mi�H HQ`b[mǶBH bǶ�;Bi /2 H� +`û/B#BHBiû /2b bQm`+2b
/2 HǶBM7Q`K�iBQM , bQM +QbimK2- bQM bi�imi 2i b2b +?Bz`2b Ĝ /m +�TBi�H +mHim`2H
2i bvK#QHB[m2 �m b2Mb #Qm`/B2mbB2M Ĝ HǶ�miQ`Bb2 ¨ /ûi2`KBM2` [m2HH2 2bi Ŀ H�
#QMM2 BM7Q`K�iBQM ŀX

kdX 1M HǶQ++m`2M+2 H2 ;Qmp2`M2K2Mi /2 _QM�H/ _2�;�M
k3X LQi�KK2Mi H2b MQmp2�mt HB#û`�mt /2 H� bQ+Bûiû /m JQMi@SĕH2`BMX
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G2b T`2bbBQMb /2 /Bp2`b2b Q`;�MBb�iBQMb Qm BM/BpB/mb bm` H2b HB;M2b
û/BiQ`B�H2b /Bp2`;2Mi2b , *?QKbFv 2i >2`K�M (R98) /ûMQM+2Mi /2b Kû@
+�MBbK2b /2 `2KBb2 �m T�b /2 Kû/B�b [mB T`QTQb2`�B2Mi /2b +QMi2Mmb Qm /2b
HB;M2b û/BiQ`B�H2b /ûpB�Mi /2b HB;M2b Q{+B2HH2b T`û+û/2KK2Mi ûpQ[mû2bX *2mt@
+B bǶ2tTQb2Mi ¨ +2 [m2 H2b �mi2m`b �TT2HH2Mi /2b ~�Fb- [m2 HǶQM TQm``�Bi i`�@
/mB`2 T�` �p�H�M+?2 /2 +`BiB[m2bX

*2b �p�H�M+?2b T`2MM2Mi /2b 7Q`K2b i`ĕb p�`Bû2b , H2ii`2b- +Qm``B2`b- +QmTb
/2 }Hb- TûiBiBQMb- TQm`bmBi2b 2M DmbiB+2- /Bb+Qm`b Qm `�TTQ`ib ¨ +?�`;2 /2p�Mi
H2 +QM;`ĕb- K2M�+2b Qm �+iBQMb TmMBiBp2b- TQmp�Mi āi`2 Q`;�MBbû2b T�` HǶúi�i
+2Mi`�H- HQ+�H2K2Mi Qm T�` HǶ�+iBQM BM/ûT2M/�Mi2 /ǶBM/BpB/mb Qm /ǶBMbiBimiBQMb
UTX NNVX 1bbmv2` /2 i2HH2b �ii�[m2b T2mi bǶ�pû`2` BM+QM7Q`i�#H2- pQB`2 +Qȿi2mt-
TQm` /2b Kû/B�b [mB 2M bQMi H� +B#H2 , Qmi`2 H2b /û;�ib /ǶBK�;2 2i H� TQi2M@
iB2HH2 7mBi2 /2b +QMbQKK�i2m`b- /2b Tm#HB+Bi�B`2b Ĝ /QMi MQmb �pQMb bB;M�Hû
HǶBKTQ`i�M+2 THmb ?�mi Ĝ T2mp2Mi b2 `2iB`2` T�` T2m` [m2 H2m`b T`Q/mBib bQB2Mi
#Qv+Qiiûb Qm �bbQ+Bûb ¨ +2ii2 K�mp�Bb2 BK�;2 UTX NNVX

P`+?2bi`2` mM2 �p�H�M+?2 2{+�+2 bm` mM Kû/B� /BbbB/2Mi 2bi +Qȿi2mtX *Ƕ2bi
H� `�BbQM TQm` H�[m2HH2 mM2 i2HH2 2Mi`2T`Bb2 2bi Ĝ /Ƕ�T`ĕb *?QKbFv 2i >2`K�M
Ĝ THmb 7�+BH2K2Mi K2Mû2 T�` H2 TQmpQB` 2M TH�+2 2i b2b `ûb2�mt /ǶBM~m2M+2
UTX NNVX � iBi`2 /Ƕ2t2KTH2- BHb `�TT2HH2Mi H2b BMp2biBbb2K2Mib BKTQ`i�Mib �m
+Qm`b /2b �MMû2 RNdy 2i RN3y /2 ;`QmT2b /Ƕ2Mi`2T`Bb2b- MQM b2mH2K2Mi /�Mb H2
bQmiB2M /2 TQHBiB[m2b- K�Bb �mbbB /�Mb H2 /ûp2HQTT2K2Mi /ǶBMbiBimiBQMb /QMi
HǶmM /2b Q#D2+iB7b 2bi /2 K2ii`2 bQmb T`2bbBQM H2b Kû/B�b TQm` [mǶBHb bǶ�HB;M2Mi
bm` HǶ�;2M/� /2 +2b +Q`TQ`�iBQMbX G2b /2mt �mi2m`b K2MiBQMM2Mi MQi�KK2Mi
HǶ�;2M+2 �++m`�+v BM J2/B� 7QM/û2 2M RNeN 2i `2+QMMm2 /2 MQb DQm`b +QKK2
mM r�i+?/Q; Ĝ mM +?B2M /2 ;�`/2 Ĝ /m +�KT +QMb2`p�i2m` UTX RyRVX

GǶQ#D2+iB7 /2 +2 Kû+�MBbK2 /Ƕ�p�H�M+?2 /2 +`BiB[m2b 2bi /2 D2i2` H2 /Bb+`û/Bi
bm` /2b B/û2b Qm /2b Kû/B�b [mB `2K2ii`�B2Mi 2M +�mb2 H2 /Bb+Qm`b /QKBM�Mi-
�}M [mǶBHb M2 TmBbb2Mi T�b 2Mi`�p2` H2 T`Q+2bbmb /2 7�#`B+�iBQM /m +QMb2Mi2@
K2MiX
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G2 }Hi`2 B/ûQHQ;B[m2 /2 H� bQ+Bûiû , }M�H2K2Mi- H2 /2`MB2` ûHûK2Mi KBb
2M �p�Mi T�` H2b /2mt �mi2m`b 2bi +2HmB /2 HǶ2MM2KB +QKKmMX G2b `ûpQHmiBQMb
bQpBûiB[m2- +?BMQBb2 2i +m#�BM2 +QMbiBim2Mi /2b i`�mK�iBbK2b TQm` H2b ûHBi2b
Q++B/2Mi�H2b 2i H2b �#mb /2b úi�ib +QKKmMBbi2b QMi +QMi`B#mû ¨ ûH2p2` HǶQTTQ@
bBiBQM �m +QKKmMBbK2 �m `�M; /2 T`2KB2` T`BM+BT2 /2 HǶB/ûQHQ;B2 Q++B/2Mi�H2
UTX RyjVX

GǶB/ûQHQ;B2 2bi 2{+�+2 TQm` KQ#BHBb2` mM2 TQTmH�iBQM +QMi`2 mM 2MM2KB
+QKKmM c mM +QM+2Ti +QKK2 +QKKmMBbK2 2bi bm{b�KK2Mi ~Qm TQm` āi`2
miBHBbû +QKK2 mM2 ûiB[m2ii2 /Bb+`û/Bi�Mi2 /ǶmM2 `2/Qmi�#H2 2{+�+Biû +QMi`2
iQmi2 T2`bQMM2 [mB TQ`i2`�Bi T�` 2t2KTH2 /2b `2p2M/B+�iBQMb TQm` HBKBi2` H�
T`QT`Bûiû T2`bQMM2HH2 Qm b2 TQbBiBQMM2`�Bi 2M 7�p2m` /ǶmM K2BHH2m` T�`i�;2 /2b
`B+?2bb2b UTX RyjVX

aB +2i 2t2KTH2 2bi �M+`û /�Mb H2 +QMi2ti2 /2 H� ;m2``2 7`QB/2 2i /2 i2M@
bBQMb pû`Bi�#H2b 2Mi`2 HǶ1bi 2i HǶPm2bi- +2 /Bb+Qm`b B/ûQHQ;B[m2 H�Bbb2 /2b i`�+2b
T`Q7QM/2bX S�` 2t2KTH2- HQ`b[m2 2M kykR mM DQm`M�HBbi2 /2 H� `�/BQ iûHûpBbBQM
bmBbb2 i2M/ bQM KB+`QT?QM2 ¨ mM ûi�bmMB2M TQm` HmB /2K�M/2` bQM #BH�M /m
T`2KB2` KQBb /2 T`ûbB/2M+2 /2 CQ2 "B/2M kN- +2 /2`MB2` �{`K2 , Ŀ H2b /ûKQ@
+`�i2b 7QMi �p�H2` H2 +QKKmMBbK2 �mt �Kû`B+�BMb (XXX) [m�M/ +2 b2`� i2`KBMû
QM b2`� +QKK2 H2 o2M2xm2H� ŀ , +Ƕ2bi mM2 `2T`Q/m+iBQM /ǶûHûK2Mib /2 H�M;�;2
/�Mb H� +QMiBMmBiû /2 HǶB/ûQHQ;B2 /QKBM�Mi2 /û+`Bi2 T�` *?QKbFv 2i >2`K�MX

RkXe G� bBim�iBQM �+im2HH2 2M amBbb2 2i 2M 6`�M+2

SHmb /ǶmM iB2`b /2 bBĕ+H2 �T`ĕb H� T�`miBQM /2 J�Mm7�+im`BM; *QMb2Mi- H2 KQ@
/ĕH2 ûH�#Q`û T�` *?QKbFv 2i >2`K�M bǶ�pĕ`2 T�`iB+mHBĕ`2K2Mi �/�Tiû ¨ HǶ�M�@
Hvb2 /2 H� bBim�iBQM Kû/B�iB[m2 bmBbb2 2i 7`�MÏ�Bb2X LQmb bQm?�BiQMb HǶBHHmbi`2`
2M Q#b2`p�Mi +2b MQmp2�mt +QMi2ti2b ¨ i`�p2`b H2m` T`BbK2 c MQmb T�bb2`QMb

kNX SQm` H2 iûHûDQm`M�H /2 RN:jy /m kN �p`BH kykR (k8y)
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2M `2pm2- /�Mb H� bmBi2 /2 +2 i`�p�BH- H2b +BM[ }Hi`2b /2 H� Ŀ K�+?BM2 T`QT�@
;�M/Bbi2 ŀ /û+`Bi2 T�` H2b /2mt �mi2m`b , H� /BK2MbBQM û+QMQKB[m2 /m Kû/B� c
H2 TQB/b /2 H� Tm#HB+Biû c H2 TQB/b /2b bQm`+2b Q{+B2HH2b c H2b T`2bbBQMb /2 /B@
p2`b2b Q`;�MBb�iBQMb Qm BM/BpB/mb bm` H2b HB;M2b û/BiQ`B�H2b /Bp2`;2Mi2b 2i H2
}Hi`2 B/ûQHQ;B[m2 /2 H� bQ+Bûiû UTX eNVX

LQiQMb B+B- �p�Mi +2 bm`pQH- [m2 MQi`2 i`�p�BH TQ`i2 bm` mM +Q`Tmb /2 +QMi2@
Mmb /ǶBM7Q`K�iBQM /m b2`pB+2 /2 HǶ�m/BQpBbm2H Tm#HB+ bmBbb2 `QK�M/ U_haVX aB
MQmb MQmb BMiû`2bbQMb û;�H2K2Mi ¨ H� 6`�M+2- +Ƕ2bi T�`+2 [mǶ2HH2 `2pāi mM2
BKTQ`i�M+2 T�`iB+mHBĕ`2 /�Mb H� +QMbQKK�iBQM /2b Kû/B�b 2M _QK�M/B2 , 2M
2z2i- /2 MQK#`2mt Kû/B�b /2 MQi`2 ;`�M/ pQBbBM bQMi ¨ H� 7QBb /BbTQMB#H2b 2i
i`ĕb `2;�`/ûb /�Mb H� T�`iB2 7`�M+QT?QM2 /2 MQi`2 T�vb- +QKK2 H2 +QM}`K2
/2b /QMMû2b /2 HǶP{+2 7û/û`�H /2 H� bi�iBbiB[m2 (kkR) [mB bQmHB;M2 [m2 Ŀ HǶmiB@
HBb�iBQM /2 H� iûHûpBbBQM 2M amBbb2 2bi 7Q`i2K2Mi K�`[mû2 T�` H2b +?�ŗM2b /2b
T�vb pQBbBMb (XXX) ŀ c +2H� +QM+2`M2 eNW /m i2KTb /Ƕ�Mi2MM2 2M amBbb2 `QK�M/2
2M kykRX *2ii2 i2M/�M+2 +QM+2`M2 û;�H2K2Mi H2b iBi`2b û+`Bib- K�Bb H� +QMbQK@
K�iBQM 2t�+i2 /2 +2b +QMi2Mmb 2bi THmb /B{+BH2 ¨ K2bm`2` jyX

G� /BK2MbBQM û+QMQKB[m2 /m Kû/B� , LQmb �pQMb pm [m2 /�Mb H2b
úi�ib@lMBb /2b �MMû2b RN3y- H� THmT�`i /2b Kû/B�b ûi�B2Mi `�ii�+?ûb ¨ /2b
;`�M/b ;`QmT2b �v�Mi /2b BMiû`āib BKTQ`i�Mib /�Mb /Ƕ�mi`2b T�Mb /2 HǶû+Q@
MQKB2X LQmb p2``QMb [m2 K�H;`û HǶ2tBbi2M+2 /2 Kû/B�b Tm#HB[m2b 7Q`ib- H�
bBim�iBQM 2bi b2K#H�#H2 �+im2HH2K2Mi 2M amBbb2 2i 2M 6`�M+2X

1M amBbb2 HǶ2Mi`2T`Bb2 Sm#HB+QK 2bi K�M/�iû2 T�` HǶP{+2 7û/û`�H /2 H�
+QKKmMB+�iBQM /2TmBb kyRd TQm` T`Q/mB`2 �MMm2HH2K2Mi mM `�TTQ`i bm` HǶûi�i
/m T�vb�;2 Kû/B�iB[m2X .2 HǶ�p2m /2 +2ii2 bi`m+im`2- Ŀ BH /2pB2Mi /2 THmb
2M THmb /B{+BH2 /Ƕv pQB` +H�B` /�Mb HǶ2M+?2pāi`2K2Mi /2b 2Mi`2T`Bb2b /�Mb H2
T�vb�;2 Kû/B�iB[m2 bmBbb2 2i H2b bi`m+im`2b /2b T`QT`Bûiûb ŀ (kje)X 1HH2 `2Hĕp2-
+2T2M/�Mi- [m2 Ŀ /2TmBb /2b �MMû2b /ûD¨- /2b i2M/�M+2b /2 +QM+2Mi`�iBQM

jyX PmB- H2 i2KTb /Ƕ�Mi2MM2 2bi #B2M mM Q#D2i [mB b2 H�Bbb2 K2bm`2`X
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bQMi Q#b2`p�#H2b bm` H2 K�`+?û /2b Kû/B�b bmBbb2b ŀX am` H2b Rdk K�`[m2b
/2 Kû/B�b �M�Hvbû2b T�` HǶ2Mi`2T`Bb2- N3 bQMi `�ii�+?û2b K�DQ`Bi�B`2K2Mi ¨
3 ;`�M/b ;`QmT2b T`Bpûb , �w J2/B2M U�w J2/B2M �:V- *> J2/B� U*>
J2/B� >QH/BM; �:V- 1a> Jû/B�b U1/BiBQMb amBbb2b >QH/BM; a�V- :`mTTQ
*Q``B2`2 /2H hB+BMQ U*Q``B2`2 /2H hB+BMQ >QH/BM; a�V- Lww@J2/B2M;`mTT2
U�FiB2M;2b2HHb+?�7i 7Ƀ` /B2 L2m2 wɃ`+?2` w2BimM;V- _BM;B2` U_BM;B2` �:V-
aQK2/B� UaQK2/B� �:V- hs :`QmT Uhs :`QmT �:V c Qm �m b2`pB+2 Tm#HB+ ,
a_: aa_ Ua+?r2Bx2`Bb+?2 _�/BQ@ mM/ 62`Mb2?;2b2HHb+?�7iVX

.�Mb mM2 bû`B2b /Ƕ�`iB+H2b #�TiBbûb h�K2/B� S�T2`b (R9R)- H2 DQm`M�H 2M
HB;M2 ?2B/BXM2rb �M�Hvb2 2M /ûi�BH H2b T`�iB[m2b /m THmb ;`�M/ /2 +2b ;`QmT2b
T`Bpûb hs :`QmTX AH 2bi ¨ H� iāi2 /2 THmb /2 8y iBi`2b UT`BM+BT�H2K2Mi 2M HB;M2
2i T�TB2`V- K�Bb û;�H2K2Mi �+iB7 /�Mb H2b TH�+2b /2 K�`+?û 2M HB;M2 U_B+�`/Q-
>QK2;�i2-XXXV 2i H� Tm#HB+BiûX �`im` oQ;2H- `û/�+i2m` 2M +?27 /m "mM/ Dmb[mǶ2M
kyR8 �{`K2 /�Mb H2b +QHQMM2 /2 ?2B/BXM2rb �m bmD2i /2 +2 ;`QmT2- ?û`BiB2`
/m h�;2b �Mx2B;2` , Ŀ +2 MǶ2bi THmb mM ;`QmT2 /2 T`2bb2- +Ƕ2bi mM ;`QmT2 [mB
p2mi ;�;M2` #2�m+QmT /Ƕ�`;2Mi 2i [mB 7�Bi /2 H� T`2bb2 ŀX G2 DQm`M�H 2M HB;M2
bQmHB;M2 2M Qmi`2 /2b HB2Mb T`BpBHû;Bûb /2 hs :`QmT �p2+ H2 KQM/2 TQHBiB[m2
/2 iQmb #Q`/b- K�Bb T`BM+BT�H2K2Mi �p2+ HǶ2ti`āK2 /`QBi2X

AH +QMpB2Mi /2 bQmHB;M2` B+B [mǶBH 2bi +QKTHB[mû /2 i`Qmp2` 2M amBbb2 /2b
BM7Q`K�iBQMb bm` H2b `ûb2�mt /ǶBM~m2M+2 /2 +2b ;`QmT2b /2 T`2bb2X 1M 6`�M+2-
2M `2p�M+?2- G2 JQM/2 /BTHQK�iB[m2 2i �+`BK2/ T`Q/mBb2Mi +?�[m2 �MMû2
mM2 +�`i2 [mB `ûbmK2 2i pmH;�`Bb2 H2b `ûb2�mt [mB bQmb@i2M/2Mi H2b THmb ;`�M/b
Kû/B�b /2 HǶ?2t�;QM2X G� p2`bBQM kykR /2 +2ii2 +�`i2 U6B;m`2 RkXkV T2`K2i
/2 b2 `2M/`2 +QKTi2 /2b BKTQ`i�Mi2b `�KB}+�iBQMb 2tBbi�Mi 2Mi`2 +2`i�BM2b
/2b THmb ;`�M/2b 7Q`imM2b 7`�MÏ�Bb2b 2i H� THmT�`i /2b BKTQ`i�Mib Kû/B�b /m
T�vbX

*2 T?ûMQKĕM2 /2 +QM+2Mi`�iBQM 2bi T�` �BHH2m`b b+`miû- /2TmBb H2 KQBb /2
D�MpB2` kykk- T�` mM2 +QKKBbbBQM /Ƕ2M[māi2 bûM�iQ`B�H2 c +2HH2@+B T`Q+ĕ/2 ¨ /2b
�m/BiBQMb �mT`ĕb /2 /Bzû`2Mib �+i2m`b /m T�vb�;2 Kû/B�iB[m2 7`�MÏ�BbX G2 7�Bi
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KāK2 /2 HǶ2tBbi2M+2 /ǶmM2 i2HH2 +QKKBbbBQM BM/B[m2 mM2 T`Bb2 /2 +QMb+B2M+2
/2b 7`2BMb ¨ HB#2`iû /2 H� T`2bb2 TQmp�Mi /û+QmH2` /ǶmM2 i2HH2 bBim�iBQM /2
/ûT2M/�M+2 ¨ /2b BMiû`āib û+QMQKB[m2b T`BpûbX

"2`M�`/ �`M�mHi Ĝ ?QKK2 H2 THmb `B+?2 /m KQM/2 HǶ2bT�+2 /ǶmM i2KTb
2i T`QT`Bûi�B`2 /m ;`QmT2 /2 T`Q/mBib /2 Hmt2 GoJ> Ĝ �BMbB [m2 oBM+2Mi
"QHHQ`û Ĝ ¨ H� iāi2 /m ;`QmT2 oBp2M/B Ĝ b2 i`Qmp2Mi T�`KB H2b T2`bQMM�HBiûb
�m/BiBQMMû2bX GQ`b /2 bQM BMi2`p2MiBQM /m ky D�MpB2` kykk (kj8)- H2 T`2KB2` +Biû
`2+QMM�Bi DQm2` mM `ƬH2 /�Mb H2b Kû/B�b- K�Bb bQmHB;M2 û;�H2K2Mi [m2 +2 MǶ2bi
T�b mM2 �+iBpBiû `2Mi�#H2 TQm` bQM ;`QmT2 , Ŀ H2b T2`i2b bQMi bm#bi�MiB2HH2b ŀ c
BH �{`K2 /Ƕ�BHH2m`b [m2 H2b Kû/B�b /QMi BH 2bi �+iBQMM�B`2 MǶ�m`�Bi T2mi@āi`2
T�b Tm bm`pBp`2 b�Mb +2H�X a2HQM b2b /B`2b- BH TQm`bmBi �p�Mi iQmi HǶQ#D2+iB7 /2
`2M/`2 +2b iBi`2b `2Mi�#H2b 2i `û7mi2 HǶB/û2 [mǶBH �m`�Bi mM2 [m2H+QM[m2 BM~m2M+2
bm` H� 7Q`K�iBQM /2 HǶQTBMBQMX *QKK2 MQmb H2 p2``QMb +B@�T`ĕb- /2``Bĕ`2 +2ii2
7�Ï�/2 p2`im2mb2- b2 +�+?2Mi [m2H[m2b ?BbiQB`2b +QMMm2b [mB TQM/ĕ`2Mi +2ii2
p2`bBQM /m Kû+ĕM2 #B2M7�Bi2m`X �`M�mHi 2b[mBp2 H2b bmD2ib [mB 7�+?2Mi- K�Bb
�/K2i [mǶBH TQbbĕ/2 /2b iBi`2b /QMi BH �/?ĕ`2 ¨ H� HB;M2 û/BiQ`B�H2 2i [mǶBH
p2``�Bi /ǶmM K�mp�Bb Q2BH /2b �`iB+H2b [mB bǶ2M /Bbi�M+B2`�B2Mi i`QTX

GQ`b /2 bQM �m/BiBQM /m RN D�MpB2` kykk (kjj)- oBM+2Mi "QHHQ`û `ûTQM/
TQm` b� T�`i ¨ /2b [m2biBQMb bm` H� /Bp2`bBiû /2b �+iBpBiûb- ?Q`b T`2bb2- /2 bQM
;`QmT2 , i`�MbTQ`ib 2i HQ;BbiB[m2 U7`2i K�`BiBK2- i2``2bi`2 2i �û`B2MV- QTû`�@
iBQMb /Qm�MBĕ`2b- �+iBpBiûb TQ`im�B`2b 2M �7`B[m2- /Bbi`B#miBQM /ǶûM2`;B2- HQ;Bb@
iB[m2 Tûi`QHBĕ`2 2i /Bbi`B#miBQM /2 T`Q/mBib Tûi`QHB2`b- +?2KBMb /2 72`- +?BKB2
/m TH�biB[m2- 7�#`B+�iBQM /2 #�ii2`B2b- �;`B+mHim`2 UMQi�KK2Mi /�Mb HǶ?mBH2 /2
T�HK2 2M �bB2 2i 2M �7`B[m2V- D2mt pB/ûQb- bTQ`ib- HǶBMbiBimi /2 bQM/�;2 *a�-
H� TH�i27Q`K2 /2 /BzmbBQM 2M HB;M2 .�BHvKQiBQMXXX

J�Bb +Ƕ2bi �p�Mi iQmi H� T`Q;`2bbBp2 T`Bb2 2M K�BM /2 Kû/B�b /2TmBb H2b
�MMû2b kyyy- bǶ�++ûHû`�Mi /�Mb H2b �MMû2b kyRy Ĝ H2 `�+?�i /m ;`QmT2 *�M�H-
TmBb H� +`û�iBQM /2 *@L2rb- +QMbû+miBp2 ¨ mM2 HB[mB/�iBQM /ǶA@iûHû- 2i THmb
`û+2KK2Mi H� `2T`Bb2 /m ;`QmT2 G�;�`/ĕ`2 U1m`QT2 R- S�`Bb J�i+?- CQm`@
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6B;m`2 RkXk Ĝ Jû/B�b 7`�MÏ�Bb , [mB TQbbĕ/2 [mQB \ (RdN)
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M�H /m /BK�M+?2XXXV Ĝ [mB T`ûQ++mT2 H2b bûM�i2m`bX *2 bQMi- 2M T�`iB+mHB2`-
H2b Kûi?Q/2b /m ;`QmT2 /2 "QHHQ`û 2i HǶûpQHmiBQM /2b +QMi2Mmb [mB bQMi �m
+2Mi`2 /2b /Bb+mbbBQMb , HǶ�``Bpû2 /2 oBp2M/B jR +QśM+B/2- ¨ +?�[m2 7QBb- �p2+ H2
/ûT�`i /2 MQK#`2mt DQm`M�HBbi2b 2i HǶBMbi�HH�iBQM 2i H� #�M�HBb�iBQM /2 T`QTQb
Ŀ `�+Bbi2b- b2tBbi2b- tûMQT?Q#2 ŀ bm` /2b +?�ŗM2b [mB bǶ2M;�;2Mi TQm`i�Mi ¨
mM THm`�HBbK2 /ǶQTBMBQMX

*2ii2 pBQH2M+2 ûpQ[mû2 T�` H� +QKKBbbBQM bûM�iQ`B�H2 2bi û;�H2K2Mi KBb2
2M HmKBĕ`2 T�` H2 /Q+mK2Mi�B`2 H2 avbiĕK2 " (key) /2 _2TQ`i2`b b�Mb 7`QM@
iBĕ`2bX G2 +?`QMB[m2m` S�i`B+F *Q?2M bǶv 2tT`BK2 ¨ T`QTQb /2 H� `2T`Bb2 /2 H�
`�/BQ 1m`QT2 R , TQm` HmB H2 ;`QmT2 /2 "QHHQ`û +QM72+iBQMM2 Ŀ mM2 `�/BQ HQr
+Qbi ŀ- b�Mb KQv2Mb /û/Bûb ¨ H� T`Q/m+iBQM /2 HǶBM7Q`K�iBQM c /�Mb H2 KāK2
/Q+mK2Mi�B`2 H� DQm`M�HBbi2 Ab�#2HH2 _Q#2`ib �{`K2 [m2 H2 K�;M�i � +QMbiB@
imû /�Mb b2b `û/�+iBQMb /2b û[mBT2b [mB Ŀ bQBi bQMi /Ƕ�++Q`/ (�p2+ HmB)- bQBi
MǶQb2Mi T�b T�`H2`- K�Bb [mB 2M iQmb +�b- bQMi KBb2b �m T�b ŀX � +2 iBi`2- H2 `û@
/�+i2m` 2M +?27 /m Kû/B� BM/ûT2M/�Mi ai`22iS`2bb J�i?B2m JQH�`/ bQmHB;M2
Ĝ `2H�i�Mi /2b T`QTQb /2 oBM+2Mi "QHHQ`û HQ`b /2 bQM `�+?�i /m ;`QmT2 T`BbK�
K2/B� 2M �p`BH kykR Ĝ [m2 H� T`2bb2 `2T`ûb2Mi2 TQm` HmB mM QmiBH /2 T`QT�@
;�M/2 TQHBiB[m2 2i û+QMQKB[m2 (kyy) , H2 DQm`M�HBbK2 /ǶBMp2biB;�iBQM M2 b2`i ¨
`B2M /�Mb mM i2H bvbiĕK2 2i b2 `2i`Qmp2 �BMbB ûp�+mû- HB#û`�Mi /ǶBKTQ`i�Mi2b
K�MM2b }M�M+Bĕ`2bX

G2 kR D�MpB2` kykk- 1/rv SH2M2H Ĝ T�i`QM 2i K2K#`2 7QM/�i2m` /m THmb
;`�M/ Kû/B� BM/ûT2M/�Mi 7`�MÏ�Bb Jû/B�T�`i Ĝ /2K�M/2- /2p�Mi H� +QK@
KBbbBQM bûM�iQ`B�H2 bmb@K2MiBQMMû2 (kj9)- [m2 bQBi `2+QMMm2 HǶBM+QKT�iB#BHBiû
2Mi`2- /ǶmM +Ƭiû- mM2 �+iBpBiû û/BiQ`B�H2 /ǶBM7Q`K�iBQM 2i- /2 HǶ�mi`2- HǶ2tBb@
i2M+2 /Ƕ�mi`2b BMiû`āib c BH �TT2HH2 T�` �BHH2m`b /2 b2b pQ2mt [m2 bQBi ;�`�MiB2
HǶBM/ûT2M/�M+2 iQi�H2 /2b `û/�+iBQMb T�` H� KBb2 2M TH�+2 /ǶmM2 T`Qi2+iBQM
Dm`B/B[m2X AH /Bi /Ƕ�`M�mHi 2i /2 "QHHQ`û [mǶBHb M2 bQMi T�b /2b T?BH�Mi?`QT2b-

jRX G2 ;`QmT2 /2 oBM+2Mi "QHHQ`û
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K�Bb [mǶBHb Ŀ �+?ĕi2Mi /2 HǶBM~m2M+2 2i /2 H� T`Qi2+iBQM ŀ 2i H2b �++mb2 /2 M2
T�b āi`2 HB#û`�mt TQHBiB[m2K2MiX AH `2Hĕp2 2M Qmi`2 [m2 H2 ;`QmT2 GoJ> 2bi
H2 T`2KB2` #ûMû}+B�B`2 /2b �B/2b Tm#HB[m2b ¨ H� T`2bb2 jkX

.m TQBMi /2 pm2 /2 H� +QM+2Mi`�iBQM /2b Kû/B�b- H� bBim�iBQM 2M 6`�M+2 2i
2M amBbb2 b2K#H2 Ĝ �m pm /2 +2 [mB T`û+ĕ/2 Ĝ +QKT�`�#H2 ¨ H� bBim�iBQM [m2
/û+`Bp2Mi *?QKbFv 2i >2`K�M (R98) /�Mb H2b úi�ib@lMBb /2b �MMû2b RN3yX .2b
;`�M/b ;`QmT2b BKTH�Miûb /�Mb /Bzû`2Mib /QK�BM2b /2 HǶû+QMQKB2 TQbbĕ/2Mi
/ǶBKTQ`i�Mi2b T�`ib /�Mb H2b Kû/B�bX AH MǶ2bi T�b BKT2`iBM2Mi /2 T2Mb2` [mǶBHb
b2 b2`p2Mi /m TQmpQB` /2 /BzmbBQM [m2 +2b Kû/B�b H2m` +QM7ĕ`2Mi TQm` 7�pQ`Bb2`
H2m`b �mi`2b /QK�BM2b /Ƕ�+iBpBiûb- K�Bb �mbbB TQm` 7�B`2 ûHB`2 /2b `2T`ûb2Mi�Mib
[mB KĕM2`QMi /2b TQHBiB[m2b �p�Mi�;2mb2b TQm` 2mtX

*2ii2 bBim�iBQM Kû/B�iB[m2 bǶBMb+`Bi /�Mb H� /2b+`BTiBQM [m2 MQmb �pQMb
7�Bi2 /m MûQHB#û`�HBbK2X G2 T?BHQbQT?2 C�+[m2b _�M+Bĕ`2 (Ryj) +QMbi�i2 mM2
i`�Mb7Q`K�iBQM /2b Kû/B�b [mB +QśM+B/2 �p2+ H2m` +QM+2Mi`�iBQM �+im2HH2 2i
H2m` `2+?2`+?2 /2 `2Mi�#BHBiû c TQm` HmB Ŀ H2b Kû/B�b bQMi /2p2Mmb mM2 bQ`i2 /2
Tû/�;Q;B2 /2 HǶQ`/`2 /QKBM�Mi- mM2 Tû/�;Q;B2 /m TQmpQB` ŀ /QMi HǶQ#D2+iB7
2bi /Ƕ2tTHB[m2` mM Q`/`2 /2b +?Qb2b c +Ƕ2bi Ŀ mM2 `?ûiQ`B[m2 /2 H� Mû+2bbBiû-
mM2 `?ûiQ`B[m2 /2 H� b+B2M+2 ŀX GǶBMp2biB;�iBQM Ĝ ¨ b�pQB` mM2 T`Q/m+iBQM
T`QT`2 /ǶBM7Q`K�iBQM Ĝ b2 7�Bi THmb `�`2 bm` H� THmT�`i /2b ;`�M/b +�M�mt
2i +QMDQBMi2K2Mi H� T�`QH2 /QMMû2 ¨ /2b };m`2b /Ƕ�miQ`Biû TQm` /û+`vTi2`
HǶBM7Q`K�iBQM b2 7�Bi THmb 7`û[m2Mi2 , Ŀ K�BMi2M�Mi +Ƕ2bi �m MQK /2 HǶ2tT2`iBb2
2i /m b�pQB` [m2 HǶQM ;Qmp2`M2X ŀ *2b KQib MQmb `�TT2HH2Mi +2mt /2 "�`#�`�
aiB2;H2` (k33) bQmHB;M�Mi HǶ2tBbi2M+2 /ǶmM2 K�Mm7�+im`2 /2 MQi`2 +QMb2Mi2K2Mi
T�bb�Mi MQi�KK2Mi T�` H� };m`2 /2 HǶ2tT2`i UTX 8RVX

SQm` _�M+Bĕ`2 (Ryj) BH 7�mi bQ`iB` /2 HǶB/û2 [m2 H2b Kû/B�b MQmb i`QKT2Mi ,
Ŀ H2b Kû/B�b M2 MQmb i`QKT2Mi T�b- BHb +QMbQHB/2Mi mM2 pBbBQM /m KQM/2 Qɍ BH v
� +2mt [mB b�p2Mi 2i +2mt [mB M2 b�p2Mi T�b ŀX *Ƕ2bi T`QT`2K2Mi GBTTK�MMB2M ,

jkX AH b2 i�BHH2 Ŀ H� T�`i /m HBQM ŀ 2M 2KTQ+?�Mi THmb /2 Re KBHHBQMb /Ƕ2m`Qb /Ƕ�B/2
Tm#HB[m2X
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H2 K2bb�;2 bQmb@D�+2Mi 2bi [m2 Ŀ H2b `2T`ûb2Mi�Mib M2 /QBp2Mi bm`iQmi T�b `2b@
b2K#H2` ¨ H� K�bb2 /2b `2T`ûb2Miûb- bi`m+im`2HH2K2Mi B;MQ`�Mi2 2i BM+�T�#H2
/2 /û+BbBQM û+H�B`û2 ŀ TQm` `2T`2M/`2 H2b i2`K2b /2 aiB2;H2` (k33) UTX eRVX .�Mb
mM2 i2HH2 +QMbi`m+iBQM- H� KQ#BHBb�iBQM `?ûiQ`B[m2 /2b +?Bz`2b +QMi`B#m2Mi Ĝ
MQmb HǶ�pQMb KQMi`û Ĝ ¨ /QMM2` mM2 �miQ`Biû M�im`2HH2 ¨ iQmi2b bQ`i2b /ǶBM@
i2`p2M�Mib- ¨ +QKK2M+2` T�` H2b û+QMQKBbi2b MûQHB#û`�mt /QMi HǶB/ûQHQ;B2 2bi
?û;ûKQMB[m2 /�Mb H� THmT�`i /2b T�vb Q++B/2Mi�mt /2TmBb H2b �MMû2b RN3yX

G2 TQB/b /2 H� Tm#HB+Biû , LQmb �pQMb bQmHB;Mû- +B@�p�Mi- HǶBKTQ`i�M+2 /2
H� Tm#HB+Biû TQm` H� bm`pB2 û+QMQKB[m2 /2 MQK#`2mt Kû/B�b , b�Mb 2HH2- BH 2bi
/B{+BH2 /2 }M�M+2` mM DQm`M�HBbK2 bû`B2mt ¨ mM T`Bt [m2 H2b H2+i2m`b b2`�B2Mi
T`āib ¨ T�v2` 7�+2 ¨ H� +QM+m``2M+2 /2b iBi`2b ;`�imBib Qm T2m QMû`2mtX *2H�
/QMM2 7�i�H2K2Mi mM +2`i�BM TQmpQB` �mt �MMQM+2m`b TmBb[mǶ2M b2 `2iB`�Mi-
BHb T2mp2Mi K2ii`2 /2b `û/�+iBQMb 2M /B{+mHiûb }M�M+Bĕ`2bX *Ƕ2bi H� `�BbQM
TQm` H�[m2HH2 /2b DQm`M�HBbi2b T2mp2Mi `2+?B;M2` ¨ 2M[māi2` Qm Tm#HB2` /2b
BM7Q`K�iBQMb +QKT`QK2ii�Mi2b bm` mM TmBbb�Mi T�`i2M�B`2X

lM i2H `2i`�Bi /2 H� Tm#HB+Biû MǶ2bi T�b BHHû;�H- `�BbQM TQm` H�[m2HH2 BH T2mi
T�bb2` BM�T2`Ïm c TQm` �mi�Mi- +Ƕ2bi mM2 T`�iB[m2 [mB 2tBbi2 2i [mB TH�+2- /2
7�Bi- mM2 ûTû2 /2 .�KQ+Hĕb �m /2bbmb /2 `û/�+iBQMb [mB /ûT2M/2Mi /2 H�
K�MM2 }M�M+Bĕ`2 /û;�;û2 T�` +2b T�`i2M�`B�ibX lM 2t2KTH2 2bi T`QTQbû T�`
H� *QKKBbbBQM /Ƕ2M[māi2 bûM�iQ`B�H2 bm` H� +QM+2Mi`�iBQM /2b Kû/B�b (kj8) ,
"2`M�`/ �`M�mHi 2bi BMi2``Q;û bm` H2 `2i`�Bi /2 H� Tm#HB+Biû /m ;`QmT2 GoJ>
/2b +QHQMM2b /2 GB#û`�iBQM- bmBi2 ¨ mM iBi`2 �v�Mi /ûTHm �m T`BM+BT�H BMiû`2bbû
2M b2Ti2K#`2 kyRk jj c TmBb bm` mM �mi`2 `2i`�Bi 2M MQp2K#`2 kyRd /m [mQiB/B2M
G2 JQM/2 j9 bmBi2 ¨ /2b 2M[māi2b bm` H2b �+iBpBiûb /m ;`QmT2 /�Mb /2b T�`�/Bb
}b+�mtX �`M�mHi M2 MB2 T�b- K�Bb /û7�mbb2 , BH 2M �p�Bi H2 /`QBi 2i H2 TQmpQB`X

jjX R8yǶyyyī /2 Tm#HB+Biû 2M KQBMbX
j9X SQm` mM KQMi�Mi 2biBKû ¨ eyyǶyyyīX
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AH 2bi +H�B` [mǶ�T`ĕb +2b /2mt ûpûM2K2Mib- /2b iBi`2b [mB /ûT2M/2Mi /2
HǶ�`;2Mi /ǶGoJ> v `û~û+?B`QMi ¨ /2mt 7QBb �p�Mi /2 Tm#HB2` /2b 2M[māi2b ¨
+?�`;2X *2i 2t2KTH2 BHHmbi`2 TH2BM2K2Mi [m2 H2 T`Q#HĕK2 /2 /ûT2M/�M+2 �mt
Tm#HB+Bi�B`2b- `2H2pû T�` *?QKbFv 2i >2`K�M (R98)- MǶ2bi T�b bTû+B}[m2 �m
+QMi2ti2 /2b úi�ib@lMBb /�Mb H2b �MMû2b RN3yX

G2 TQB/b /2b bQm`+2b Q{+B2HH2b , G� bBim�iBQM /2 /ûT2M/�M+2 /2b ;`QmT2b
/2 T`2bb2 T`Bpûb 2i Tm#HB+b ¨ /2b 7Qm`MBbb2m`b Q{+B2Hb /ǶBM7Q`K�iBQMb /û+`Bi2
T�` *?QKbFv 2i >2`K�M 2bi +QKT�`�#H2 �m 7QM+iBQMM2K2Mi �+im2H 2M 6`�M+2
2i 2M amBbb2X G2b /2mt �mi2m`b K2MiBQMM2Mi- 2Mi`2 �mi`2b bQm`+2b- H� J�B@
bQM "H�M+?2- H2 S2Mi�;QM2- H2 .ûT�`i2K2Mi /Ƕúi�i- H2b K�B`B2b 2i H2b /û@
T�`i2K2Mib /2 TQHB+2X .2 7�ÏQM bBKBH�B`2- H2b BMbiBimiBQMb TQHBiB[m2b 2i `û@
;�HB2MM2b /2 6`�M+2 2i /2 amBbb2 7Qm`MBbb2Mi /2b +QKKmMB[mûb 2i /2b /Qb@
bB2`b /2 T`2bb2 Ĝ MQi�KK2Mi T�` HǶBMi2`Kû/B�B`2 /2b *�#BM2ib KBMBbiû`B2Hb
U6_V 2i /2 H� *?�M+2HH2`B2 7û/û`�H2 U*>V- K�Bb �mbbB /2b `2T`ûb2Mi�iBQMb `û@
;BQM�H2bf/ûT�`i2K2Mi�H2bf+�MiQM�H2b 2i +QKKmM�H2b Ĝ [mB 7�+BHBi2Mi ;`�M/2@
K2Mi H2 i`�p�BH /ǶûH�#Q`�iBQM 2i /2 /BzmbBQM /2 HǶBM7Q`K�iBQM 2M 7Qm`MBbb�Mi
/2b +QMi2Mmb THmb Qm KQBMb T`āib ¨ HǶ2KTHQBX

1M THmb /2 +2b bQm`+2b ûi�iB[m2b- H� bBim�iBQMb 2bi +QKT�`�#H2 /m TQBMi /2
pm2 /2b ;`�M/2b �;2M+2b /2 T`2bb2- ¨ +2H� T`ĕb [m2 H� THmT�`i /Ƕ2Mi`2 2HH2b
�TT�`iB2MM2Mi /ûbQ`K�Bb ¨ /2b ;`QmT2b T`BpûbX �m MBp2�m BMi2`M�iBQM�H i`QBb
;`�M/2b �;2M+2b 7Qm`MBbb2Mi H� THmb ;`�M/2 T�`iB2 /2 HǶBM7Q`K�iBQM ;HQ#�H2 ,
HǶ�;2M+2 �Kû`B+�BM2 �bbQ+B�i2/ S`2bb U�SV- [mB �TT�`iB2Mi ¨ /2b ;`QmT2b /2
Kû/B�b ûi�bmMB2Mb c HǶ�;2M+2 6`�M+2 S`2bb2 U�6SV- BM/ûT2M/�Mi2- [mQB[m2
`�ii�+?û2 ¨ HǶúi�i 7`�MÏ�Bb c 2i HǶ�;2M+2 +�M�/Q@#`Bi�MMB[m2 _2mi2`b T`QT`Bûiû
/m ;`QmT2 +�M�/B2M h?QKbQM �+iB7 /�Mb HǶû/BiBQM- H� }M�M+2 2i H2 +QMb2BH
Dm`B/B[m2 (RNR) UTX kVX GǶ�;2M+2 iûHû;`�T?B[m2 bmBbb2 U�haV /2p2Mm2 E2vbiQM2@
�ha- bmBi2 ¨ H� 7mbBQM /m ;`QmT2 �p2+ HǶ�;2M+2 T?QiQ;`�T?B[m2 /m KāK2 MQK
2M kyR3- 2bi H� T`BM+BT�H2 �;2M+2 /2 T`2bb2 /2 amBbb2X
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*2b ;`�M/2b �Mi2MM2b Ĝ �S- �6S- _2mi2`b 2i /Ƕ�mi`2b +QKK2 E2vbiQM2@
�ha Ĝ DQm2Mi mM `ƬH2 +2Mi`�H /�Mb H� /BzmbBQM 2i H2 i`B /2 HǶBM7Q`K�iBQM c
Ŀ H� ;`�M/2 7Q`+2 /2 +2b �;2M+2b 2bi /2 T`�iB[m2` mM DQm`M�HBbK2 ¨ RyyW
7�+im2HX hQmi2b H2b i`QBb T`BpBHû;B2Mi HǶ2t�+iBim/2 ¨ H� `�TB/BiûX ŀ (Ryk) UTX RRV ,
HQ`b[mǶmM2 MQmp2HH2 2bi `2H�vû2 T�` HǶmM2 /Ƕ2Mi`2 2HH2- 2HH2 � ûiû- 2M T`BM+BT2-
KBMmiB2mb2K2Mi pû`B}û2 2i T2mi �BMbB āi`2 /Bzmbû2 i2HH2 [m2HH2 T�` H2b Kû/B�bX
*2 bQMi �BMbB [mQiB/B2MM2K2Mi /2 i`ĕb ;`�M/2b [m�MiBiûb /2 /ûTā+?2b +QM+Bb2b-
`ûTmiû2b }�#H2b- [m2 H2b iBi`2b /2 T`2bb2 T`Bpûb 2i Tm#HB+b `2T`2MM2Mi ¨ H2m`
+QKTi2 BMiû;`�H2K2Mi Qm 2M H2b KQ/B}�Mi UTX kVX

AH b2K#H2 HQ;B[m2 [m2 H2b úi�ib 2i H2m`b Q`;�M2b /Bzmb2Mi /2 HǶBM7Q`K�iBQM
¨ HǶ�ii2MiBQM /2b +BiQv2Mb- T�` bQm+B /2 i`�MbT�`2M+2- K�Bb û;�H2K2Mi TQm`
DmbiB}2` H2m` +QM/mBi2 /2b �z�B`2b c H� [m2biBQM /2 HǶBM/ûT2M/�M+2 /2b bQm`+2b
Q{+B2HH2b b2 TQb2 /QM+ THmb /B`2+i2K2Mi bǶ�;Bbb�Mi /2b �;2M+2b /2 T`2bb2X G�
+`Bb2 /2b Kû/B�b i`�/BiBQMM2Hb- [mB 7QMi 7�+2 ¨ mM2 +QM+m``2M+2 ûMQ`K2 /2b T`Q@
/mBib /m r2#- TQmbb2 +2b ;`�M/2b 2MiBiûb ¨ b2 i`Qmp2` /2 MQmp2HH2b `2bbQm`+2b
[mB K2ii2Mi ¨ K�H H2m` T`QK2bb2 /ǶBM/ûT2M/�M+2X �BMbB HǶ�6S � T�` 2t2KTH2
7QM/û 2M kyRy mM2 �;2M+2 /2 +QKKmMB+�iBQM #�TiBbû2 �6S a2`pB+2b (RN) Ĝ
MQmp2HH2K2Mi 6�+ibiQ`v Ĝ [mB 7Qm`MBi /2b +QMi2Mmb Tm#HB+Bi�B`2b ¨ /2b ;`�M/b
;`QmT2b j8 c 2M /û+QmH2 TQm` T`BM+BT�H T`Q#HĕK2 [m2 Ŀ +2mt [mB iQm`M2Mi H2b
pB/ûQb TQm` �6S a2`pB+2b bQMi bQmp2Mi /2b DQm`M�HBbi2b `2TQ`i2`b /ǶBK�;2 (XXX)
[mB iQm`M2Mi �mbbB /2b `2TQ`i�;2b TQm` HǶ�6S ŀX *2i ûi�i /2 7�Bi TQmbb2 H�
DQm`M�HBbi2 .Q`Qi?û2 "�`#� ¨ b2 TQb2` /2mt BMûpBi�#H2b [m2biBQMb , Ŀ J�Bb
+QKK2Mi HB`�@i@QM /ûbQ`K�Bb- mM2 /ûTā+?2 /2 HǶ�6S +QMb�+`û2 ¨ *Q+�@*QH� \
_Bb[m2@i@QM /2 b2 /2K�M/2` bB H2 DQm`M�HBbi2 [mB HǶ� `û/B;û2 ûi�Bi +QKTHĕi2@
K2Mi HB#`2 \ ŀ GǶ�6S b2 i`Qmp2 2M Qmi`2 T�`7QBb +`BiB[mû2 TQm` b� /ûT2M/�M+2
}M�M+Bĕ`2 ¨ HǶúi�i 7`�MÏ�Bb [mB T`QpQ[m2 Ŀ H2 `Bb[m2 /2 +QM7QM/`2 ǳpQBt /2 H�
6`�M+2Ǵ 2i DQm`M�HBbK2 ŀ (Ryk) UTX RRVX

j8X GB/H- *Q+�@*QH�- J+ .QM�H/b- a�KbmM;- LBbb�MXXX TQm` M2 +Bi2` [mǶ2mt , ?iiTb,
ffrrrX7�+ibiQ`vX�;2M+vf\H�M;47`

https://www.factstory.agency/?lang=fr
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1M amBbb2 û;�H2K2Mi +2`i�BMb bǶBMi2``Q;2Mi bm` HǶBM/ûT2M/�M+2 /2 HǶ�;2M+2
E2vbiQM2@�haX *2HH2@+B Ŀ DQm2 mM `ƬH2 7QM/�K2Mi�H TQm` H� +Q?ûbBQM /m T�vb
2i H� HB#`2 7Q`K�iBQM /2 HǶQTBMBQM Tm#HB[m2 ŀ (RkR)X 1M 2z2i- Ŀ HǶ�ha �bbmK2
mM2 i�+?2 2bb2MiB2HH2 /2 b2`pB+2 Tm#HB+ ŀ 2M +Qmp`�Mi /2b ûpûM2K2Mib TQHB@
iB[m2b- Dm/B+B�B`2b- û+QMQKB[m2b- bTQ`iB7b 2i +mHim`2Hb- [mB û+?�TT2`�B2Mi b�Mb
2HH2 ¨ iQmi2 T`ûb2M+2 Kû/B�iB[m2X 6`�M+?BMB bQmHB;M2 H2 7�Bi [m2 +2ii2 7QM+iBQM
2bb2MiB2HH2 2bi KBb2 2M Tû`BH T�` HǶ�TT�`BiBQM /ǶmM2 HQ;B[m2 /2 T`Q}iX GǶ�;2M+2
b2 i`Qmp2 /2TmBb b� 7mbBQM /2 kyR3- 2Mi`2 2Mi`2 H2b K�BMb /2 HǶ�;2M+2 /2 T`2bb2
�mi`B+?B2MM2 �S� U�+iBQMM�B`2 ¨ jyWV 2i /2 hs :`QmT U�+iBQMM�B`2 ¨ k9WV
/QMi MQmb �pQMb /ûD¨ T�`Hû T`û+û/2KK2MiX

J�Bb mM +?�M;2K2Mi /2 K2Mi�HBiû Ĝ 7�Bb�Mi T�bb2` HǶ�ha /ǶmM Ŀ b2`pB+2 Tm@
#HB+ je ŀ b�Mb `2+?2`+?2 /2 T`Q}i- ¨ mM2 bQ+Bûiû �MQMvK2 `2M/�Mi /2b +QKTi2b
¨ b2b b2mHb �+iBQMM�B`2b Ĝ BMi2`pB2Mi �p�Mi +2ii2 7mbBQM ¨ 2M +`QB`2 H2b T`Q@
TQb /m /B`2+i2m` ;ûMû`�H jd /2 HǶ�ha J�`Fmb a+?r�# T�`mb /�Mb H� Lww �K
aQMMi�; 2i `2H�vûb T�` G2 h2KTb 2M D�MpB2` kyR3 (R8) ,

SQm`[mQB T2Mb2@i@QM [m2 MQmb �pQMb HǶQ#HB;�iBQM /2 T`QTQb2` mM
b2`pB+2 Tm#HB+ \ (XXX) GǶ�ha MǶ2bi T�b mM2 Q`;�MBb�iBQM ¨ #mi MQM
Hm+`�iB7- K�Bb mM2 2Mi`2T`Bb2 [mB � TQm` #mi /2 7�B`2 /2b #ûMû@
}+2b `�BbQMM�#H2bX �BMbB- HǶ�ha MǶ� /2 `2bTQMb�#BHBiû [mǶ2Mp2`b
b2b �+iBQMM�B`2bX

*2ii2 TQbBiBQM i`�M+?2 bBM;mHBĕ`2K2Mi �p2+ +2`i�BM2b T`QK2bb2b 7Q`KmHû2b
/�Mb mM2 #`Q+?m`2 /2 HǶ�ha T�`m2 2M kyy3 (R9) [mB `ûbQMM2Mi /ûbQ`K�Bb
+QKK2 /2b pQ2mt TB2mtX G2b T�bb�;2b bmBp�Mib M2 H�Bbb2Mi 2M 2z2i T�b �m;m@
`2` /m +?�M;2K2Mi [mB bǶQ#b2`p2`� /�Mb H2b /Bt �MMû2b +QMbû+miBp2b , Ŀ HǶ�ha
`2KTHBi (XXX) mM2 KBbbBQM /ǶBMiû`āi ;ûMû`�H- /�Mb H� K2bm`2 Qɍ 2HH2 +QMi`B#m2
¨ H� 7Q`K�iBQM /2 HǶQTBMBQM Tm#HB[m2 2i- +2 7�Bb�Mi- �m 7QM+iBQMM2K2Mi /2 H�

jeX *2 bQMi H2b i2`K2b /2 6`�M+?BMBX
jdX Cmb[mǶ2M kyR3X
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/ûKQ+`�iB2 ŀ UTX eV c Ŀ 2HH2 MǶ2bi T�b 7QM/�K2Mi�H2K2Mi i2Mm2 /2 `û�HBb2` /2b
#ûMû}+2b ŀ UTX dV c Ŀ (2HH2) T`Q+ĕ/2 /2 K�MBĕ`2 `û~û+?B2 2i �p2+ bQBM- TQm` ¨
H� 7QBb �bbm`2` bQM �p2MB` 2i ;�`�MiB` bQM BM/ûT2M/�M+2 ŀ UTX RRVX

G� 7mbBQM �p2+ E2vbiQM2 2i H2b `2bi`m+im`�iBQMb 7�Bb�Mi T�bb2` /2 kyR3 ¨
kyky- H2 MQK#`2 /2 TQbi2b ¨ TH2BM i2KTb /2 kRe ¨ Rd9 2i H2 +?Bz`2 /Ƕ�z�B`2b
/2 9j ¨ jd KBHHBQMb /2 7`�M+b (RkR)- b2 DmbiB}2`�B2Mi T�` H2b +Qȿib BKTQ`i�Mi /2
H� `û/�+iBQM 2i mM /û}+Bi bi`m+im`2H (R8) c K�Bb H2 p2`b2K2Mi /2 Rk-9 KBHHBQMb
/2 7`�M+b /2 /BpB/2M/2b �mt �+iBQMM�B`2b /û#mi kyR3 (RR)- �HQ`b [m2 H2 ;`QmT2
7�Bb�Bi ûi�i /2 T2`i2b ¨ ?�mi2m` /2 j-R KBHHBQMb TQm` kyRd- T`āi2 ¨ HǶû[mBpQ[m2X

G� bvMi?ĕb2 /2 +2 #`27 bm`pQH 2bi [m2 H2 ;`QmT2 E2vbiQM2@�ha b2K#H2 /û@
T2M/`2 /2b KāK2b `ûb2�mt /ǶBM~m2M+2 [m2 H� T`2bb2 ?2HpûiB[m2- TmBb[mǶBH 2bi
2M T�`iB2 T`QT`Bûiû /2b ;`�M/b ;`QmT2b [mB `2+Qm`2Mi ¨ b2b b2`pB+2b c /2 THmb
HǶ�;2M+2 b2K#H2 /ûbQ`K�Bb bǶBMb+`B`2 �p�Mi iQmi /�Mb mM2 HQ;B[m2 /2 `2Mi�#BHBiû
2i M2 T`ûb2Mi2 THmb Mû+2bb�B`2K2Mi mM bQm+B /ǶBKT�`iB�HBiû 2i /ǶBM/ûT2M/�M+2X
�BMbB H� T`BM+BT�H2 bQm`+2 /ǶBM7Q`K�iBQM 2M amBbb2 2bi 2M T�`iB2 bQmKBb2 ¨ /2b
BMiû`āib BKTQ`i�Mib /�Mb /Ƕ�mi`2b T�Mb /2 HǶû+QMQKB2 /m T�vb- +2 [mB TQb2
mM T`Q#HĕK2 M2i /ǶBM/ûT2M/�M+2 /2 HǶBM7Q`K�iBQMX G� bBim�iBQM 2bi /Bzû`2Mi2
2M 6`�M+2 �p2+ mM2 �6S DQmBbb�Mi /ǶmM2 +QM/BiBQM /ǶQ`;�MBbK2 T`Bpû- K�Bb
}M�M+û2 T`BM+BT�H2K2Mi T�` HǶúi�i 7`�MÏ�Bb , HǶBM/ûT2M/�M+2 /2 H� HB;M2 û/B@
iQ`B�H2 `2bi2 �m +Q2m` /2 H� T`QK2bb2 7Q`KmHû2 T�` HǶ�6S ¨ HǶ2M/`QBi /2 b2b
+HB2Mib 2i T�`i2M�B`2b- KāK2 bB Ĝ MQmb HǶ�pQMb pm Ĝ +2ii2 BM/ûT2M/�M+2 2bi
[m2H[m2 T2m `2KBb2 2M [m2biBQM T�` H2b �+iBpBiûb /2 HǶ�;2M+2 6�+ibiQ`v- T�`@
i2M�B`2 /Ƕ�6S (RN)X

G2b T`2bbBQMb /2 /Bp2`b2b Q`;�MBb�iBQMb Qm BM/BpB/mb bm` H2b HB;M2b
û/BiQ`B�H2b /Bp2`;2Mi2b , LQmb �pQMb i`�Biû +B@�p�Mi /2b ~�Fb (R98) [m2
MQmb �pQMb i`�/mBi T�` H2 i2`K2 �p�H�M+?2b , /2b Kû+�MBbK2b /2 `2KBb2 �m
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T�b- /û+H2M+?ûb +QMi`2 /2b Kû/B�b [mB T`QTQb2`�B2Mi /2b +QMi2Mmb Qm /2b
HB;M2b û/BiQ`B�H2b /ûpB�Mi /2b HB;M2b Q{+B2HH2b Qm /û`�M;2�Mi2b TQm` /2b ;`�M/b
;`QmT2bX

1M 6`�M+2- +2b �p�H�M+?2b T`2MM2Mi T�`7QBb H� 7Q`K2 /2 T`Q+ĕb 2M /Bz�@
K�iBQM , Ŀ +2`i�BM2b 2Mi`2T`Bb2b MǶ?ûbBi2Mi T�b ¨ `2+Qm`B` ¨ HǶBMiBKB/�iBQM
Dm`B/B[m2 TQm` 7�B`2 i�B`2 H2b +`BiB[m2b ŀ (kRe) UTX kNV c +Ƕ2bi H� `�BbQM TQm`
H�[m2HH2 +2 ivT2 /2 T`Q+ĕb 2bi �TT2Hû Ŀ #�BHHQM ŀ , BH TQm`bmBi �p�Mi iQmi
HǶQ#D2+iB7 /ǶûiQmz2` /2b BM7Q`K�iBQMb +QKT`QK2ii�Mi2b 2i b2 b2`i /2 H� DmbiB+2
TQm` 7�B`2 +2bb2` mM T`ûDm/B+2X SQm` H2b 2Mi`2T`Bb2b [mB �ii�[m2Mi 2M DmbiB+2-
+2b T`Q+û/m`2b Ŀ QMi H2 /Qm#H2 �p�Mi�;2 /ǶBMiBKB/2` H2b +`BiB[m2b- K�Bb �mbbB
/2 /ûiQm`M2` HǶ�ii2MiBQM /m Tm#HB+ /2b 7�Bib [m2 +2b +`BiB[m2b 2Mi2M/�B2Mi /û@
MQM+2` ŀ UTX kNVX SQm` /2b ;`�M/b ;`QmT2b- Ŀ +2b T`Q+ĕb #�BHHQMb `2T`ûb2Mi2Mi
mM +Qȿi }M�M+B2` Mû;HB;2�#H2 ŀ UTX kNV c TQm` H2b �bbQ+B�iBQMb Qm H2b T2iBib Kû@
/B�b �ii�[mûb- 2M `2p�M+?2- /2 i2HH2b TQm`bmBi2b T2mp2Mi bǶ�pû`2` i`ĕb HQm`/2b
2i T2b�Mi2b , Ŀ KāK2 HQ`b[mǶBHb ;�;M2Mi- BHb /QBp2Mi ;ûMû`�H2K2Mi �bbmK2`
2mt@KāK2b H2b 7`�Bb /2 H2m` /û72Mb2 ŀ UTX kNVX

lM 2t2KTH2 `û+2Mi UkykRV 2bi 7Qm`MB T�` H2 T`Q+ĕb 2M /Bz�K�iBQM BMi2Miû
T�` "2`M�`/@>2M`B Gûpv +QMi`2 H2 Kû/B� BM/ûT2M/�Mi 2M HB;M2 "H�bi j3 ¨
H� bmBi2 /Ƕ�`iB+H2b BMiBimHûb Z�i�` *QMM2+iBQM (jj)- K2ii�Mi 2M +�mb2- 2Mi`2
�mi`2b jN ">G- TQm` H2 `ƬH2 [mǶBH �m`�Bi DQmû /�Mb H� +QMbi`m+iBQM /ǶmM `û+Bi
7�Bb�Mi T�bb2` H� ;m2``2 2M GB#v2 UkyRRV TQm` mM2 BMi2`p2MiBQM ?mK�MBi�B`2
2M û+?�M;2 /ǶBKTQ`i�Mi2b bQKK2b /Ƕ�`;2Mi p2`bû2b T�` H2 Z�i�`X

j3X G2 Kû/B� "H�bi- H2 bQm|2 /2 HǶBM7Q 2bi H�M+û 2M kykR T�` H2 DQm`M�HBbi2 .2MBb _Q#2`i-
?�#Bimû /2b T`Q+û/m`2b #�BHHQMb MQi�KK2Mi /�Mb H2 +�/`2 /2 b2b `ûpûH�iBQMb bm` H2b /vb7QM+@
iBQMM2K2Mib /2 H� #�M[m2 Hmt2K#Qm`;2QBb2 *H2�`bi`2�KX AH bQ`iB`� #H�M+?B- 2M kyRR- �T`ĕb
mM2 /û+2MMB2 /2 T`Q+û/m`2b Dm/B+B�B`2b ¨ `ûTûiBiBQM (ke8) , Ŀ DǶ�B �z`QMiû bQBt�Mi2@/2mt
T`Q+û/m`2b Dm/B+B�B`2b ŀX

jNX GǶ�M+B2M +QmTH2 T`ûbB/2MiB2H a�`FQxv@"`mMB- HǶ�M+B2M T`ûbB/2Mi /2 H� 6B7� JB+?2H SH�@
iBMB- 2i HǶ�M+B2M b2+`ûi�B`2 ;ûMû`�H /m S`ûbB/2Mi a�`FQxv , *H�m/2 :mû�Mi 2i [m2H[m2b �mi`2b
b2 i`Qmp2Mi û;�H2K2Mi û+H�#Qmbbûb T�` +2b �`iB+H2bX
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G� `û/�+iBQM /2 "H�bi � ûiû #H�M+?B2 (kN)- H� DmbiB+2 �v�Mi +QMbB/û`û [m2 H2b
BM7Q`K�iBQMb KQMi`�Mi [m2 ">G �p�Bi ûiû H2 /2biBM�i�B`2 /ǶmM T�v2K2Mi /2
N-R KBHHBQMb /Ƕ2m`Qb T�` HǶûKB` /m Z�i�` ûi�B2Mi 7QM/û2b bm` /2b /Q+mK2Mib Q7@
}+B2HbX G� 7Q`KmH�iBQM /2 HǶ?vTQi?ĕb2 b2HQM H�[m2HH2 +2i �`;2Mi HmB ûi�Bi �/`2bbû
TQm` H2 `ƬH2 DQmû /�Mb H� T`QT�;�M/2 2M 7�p2m` /ǶmM2 BMi2`p2MiBQM �`Kû2 /2
H� 6`�M+2 2M GB#v2 2M kyRR- M2 +QMi`2pB2Mi T�b- b2HQM H2 i`B#mM�H /2 T`2KBĕ`2
BMbi�M+2- �mt `ĕ;H2b /ûQMiQHQ;B[m2b /m DQm`M�HBbK2 9y (jR)X

G2 +QMi2ti2 �+im2H 7`�MÏ�Bb T`QTQb2 /Ƕ�mi`2b BHHmbi`�iBQMbX lM �`iB+H2 /Ƕ�p2@
HBM2 (Re) KQMi`2 T�` 2t2KTH2 [m2 H2 KBHHB�`/�B`2 oBM+2Mi "QHHQ`û Ĝ /QMi BH ûi�Bi
/ûD¨ [m2biBQM THmb ?�mi Ĝ i2Mi2 /2TmBb /2b �MMû2b /2 #�BHHQMM2` H2b Kû/B�b
[mB 2M[māi2Mi bm` b2b �+iBpBiûb , J2/B�T�`i- 6`�M+2 AMi2`- 6`�M+2 k- 6`�M@
+2BM7Q- "�bi�K�;- K�Bb �mbbB /2b PL:b +QKK2 _2�+i 2i a?2`T�X JāK2 bǶBH
T2`/ HǶ2Mb2K#H2 /2 b2b T`Q+ĕb 2M /Bz�K�iBQM- BH TQm`bmBi b2b �ii�[m2b bvbiû@
K�iB[m2b 2M iB`�Mi �p�Mi�;2 /m 7�Bi [m2- /�Mb H2 /`QBi 7`�MÏ�Bb- +2 ivT2 /2
T`Q+û/m`2 /QMM2 �miQK�iB[m2K2Mi HB2m ¨ mM T`Q+ĕb- Ŀ �mbbB 7�B#H2b bQB2Mi H2b
�`;mK2Mib ŀ �K2Mûb T�` HǶ�++mb�iBQM (kRe) UTX kNVX G2b T`Q+û/m`2b #�BHHQMb
bQMi �BMbB 7�+BH2b ¨ 2M+H2M+?2` +2 [mB � mM 2z2i /Bbbm�bB7 BM/ûMB�#H2- pm H2b /û@
;�ib /ǶBK�;2 2i }M�M+B2` BKTQ`i�Mib [m2 +2H� T2mi 2Mi`�ŗM2` TQm` mM Kû/B�X

1M amBbb2 H2 T?ûMQKĕM2 bǶQ#b2`p2 �mbbB c BH 2bi T�`iB+mHBĕ`2K2Mi #B2M BHHmb@
i`û T�` mM �`iB+H2 /2 C�#2`; (Rek) [mB /QMM2 H� T�`QH2 ¨ /2mt DQm`M�HBbi2b /2
H� `2pm2 2M HB;M2 :Qi?�K *Biv- bTû+B�HBbû2 /�Mb H� +`BKBM�HBiû û+QMQKB[m2X
J�`B2 J�m`Bbb2 2i 6`�MÏQBb SBH2i- /2mt DQm`M�HBbi2b /2 +2ii2 T2iBi2 bi`m+im`2-
`�+QMi2Mi H2m` KBb2 bQmb T`2bbBQM T�` /2b �ii�[m2b Dm/B+B�B`2b ¨ `ûTûiBiBQM ,
K�H;`û H2m`b ;�BMb /2 +�mb2- BHb QMi /ȿ /û#Qm`b2` T`ĕb /2 kyǶyyy 7`�M+b 2M 7`�Bb

9yX hQmi2b H2b `�BbQMb ?mK�MBi�B`2b BMpQ[mû2b T�` ">G `2TQb2`�B2Mi bm` /m K2MbQM;2 2i
`ûTQM/`�B2Mi ¨ H� pQHQMiû +�+?û2 /m Z�i�` /2 `2Mp2`b2` H2 `û;BK2 /2 E?�/�} �p2+ HǶ�B/2
/2 H� 6`�M+2 2i /2 H� :`�M/2@"`2i�;M2X ">G /û+`Bi /�Mb b2b HBp`2b 2i TQm` H� T`2bb2 /2b
K�bb�+`2b /QMi BH � T`ûi2M/mK2Mi ûiû H2 iûKQBM- �HQ`b [m2 +2b /2`MB2`b MǶQMi p`�Bb2K#H�@
#H2K2Mi D�K�Bb 2m HB2mX G2b Kû/B�b 7`�MÏ�Bb +QMiBMm2Mi /2 +Qmp`B` H2b K2MbQM;2b [mB QMi
K2Mûb ¨ H� ;m2``2 2M GB#v2- [m�M/ #B2M KāK2 �m _Qv�mK2 lMB mM BKTQ`i�Mi i`�p�BH T�`@
H2K2Mi�B`2 � T2`KBb /2 K2ii`2 2M HmKBĕ`2 H2b p`�B2b KQiBp�iBQMb û+QMQKB[m2b UTûi`QHBĕ`2b
2i T2`bQMM2HH2bV 7`�MÏ�Bb2b (kRy)X
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/2 DmbiB+2 2M kykyX �HQ`b [m�M/ H2 Kû/B� 2bi ¨ MQmp2�m �ii�[mû 2M /û#mi kykR-
H2 ;`QmT2 MǶ� Ŀ THmb H� i`ûbQ`2`B2 MB HǶûM2`;B2 Mû+2bb�B`2 TQm` 7�B`2 `2+Qm`b ŀ 2i
`2MQM+2 ¨ Tm#HB2` HǶ�`iB+H2 �ii�[mûX G� DQm`M�HBbi2 /ûTHQ`2 , Ŀ QM M2 T2mi T�b
b2 #�ii`2 ¨ +?�[m2 7QBbX GQ`b[mǶQM b�Bi [mǶQM p� bǶ�iiB`2` /2b 2MMmBb- QM H�Bbb2
T�`7QBb iQK#2`X *Ƕ2bi /2 HǶ�miQ@+2Mbm`2X ŀ *2i 2t2KTH2 T2`K2i /2 b2 `2M/`2
+QKTi2 /2 H� TmBbb�M+2 /2 +2 ivT2 /2 T`Q+û/m`2 c 2M T�`iB+mHB2` HQ`b[mǶ2HH2b
bQMi /B`B;û2b +QMi`2 /2b T2iBi2b `û/�+iBQMb [mB MǶQMi T�b H2b KQv2Mb /Ƕv 7�B`2
7�+2 , 2HH2b bǶ�pĕ`2Mi ¨ H� 7QBb +Qȿi2mb2b 2i /Bbbm�bBp2bX

G2b ~�Fb- /QMi BH ûi�Bi [m2biBQM Dmb[mǶB+B- bǶ2t2`+2Mi bm` /2b T2`bQMM2b
KQ`�H2b +QKK2 /2b T2iBib Kû/B�b Qm /2b Q`;�MBb�iBQMb c H2 T�bbû `û+2Mi T2`@
K2i iQmi27QBb /ǶBHHmbi`2` [m2 /2b BM/BpB/mb T2mp2Mi āi`2 /B`2+i2K2Mi pB+iBK2b
/Ƕ�p�H�M+?2b bBKBH�B`2bX .2mt �M+B2Mb DQm`M�HBbi2b /2 *�M�HY- C2�M "�TiBbi2
_BpQB`2 Ĝ �+iB7 /�Mb H� `û�HBb�iBQM /2 HǶûKBbbBQM aTû+B�H AMp2biB;�iBQM Ĝ 2i
"`mMQ :�++BQ Ĝ +ûHĕ#`2 TQm` b� T�`iB+BT�iBQM �+iBp2 /�Mb HǶû+`Bim`2 /2b ;mB@
;MQHb /2 HǶBM7Q Ĝ `�+QMi2Mi- iQmb /2mt- +QKK2Mi HǶ�``Bpû2 /2 oBM+2Mi "QHHQ`û
� +QśM+B/û �p2+ H2m` KBb2 bQmb T`2bbBQM 2i T`Q;`2bbBp2K2Mi H� /2bi`m+iBQM /2
H2m` ûKBbbBQM c /ǶmM +Ƭiû H2b 2M[māi2b 2i /2 HǶ�mi`2 mM2 7Q`K2 /Ƕ?mKQm` b�Mb
+QM+2bbBQM M2 TH�Bb�B2Mi T�b �m MQmp2H �+iBQMM�B`2 K�DQ`Bi�B`2 /2 H� +?�ŗM2
2i +2b DQm`M�HBbi2b b2 bQMi i`Qmpûb �ii�[mûb 2i KBb bQmb T`2bbBQM- Dmb[m2 /�Mb
H2m` pB2 T`Bpû2 (RRy- jk)X § +2 iBi`2- H2 T�i`QM /2 oBp2M/B 7�Bi 7�+2 Ĝ /2p�Mi
H� +QKKBbbBQM /Ƕ2M[māi2 bûM�iQ`B�H2 bm` H� +QM+2Mi`�iBQM /2b Kû/B�b (kjj) Ĝ
¨ /2b [m2biBQMb TQ`i�Mi bm` H2b MQK#`2mb2b T2`bQMM2b �v�Mi 2m ¨ bm#B` /2b
T`2bbBQMb ¨ +?�+mM2 /2 b2b �``Bpû2b ¨ H� iāi2 /ǶmM MQmp2�m Kû/B�X

lM 2t2KTH2 `û+2Mi /2 ~�F H�M+û2 +QMi`2 mM BM/BpB/m Ŀ +QKT`QK2ii�Mi ŀ Ĝ
+2ii2 7QBb@+B T�` GoJ>- H2 ;`QmT2 /2 "2`M�`/ �`M�mHi Ĝ � DQmB /ǶmM2 +2`i�BM2
2tTQbBiBQM Kû/B�iB[m2X GǶBM/BpB/m pBbû 2bi H2 /ûbQ`K�Bb /ûTmiû 6`�MÏQBb _m7@
}M (ke3)- �HQ`b DQm`M�HBbi2 2i /Q+mK2Mi�`Bbi2 ¨ bQM +QKTi2 TQm` 6�FB`X GQ`b
/2 `û�HBb�iBQM /2 bQM /Q+mK2Mi�B`2 J2`+B T�i`QM 5 9R Ĝ /�Mb H2[m2H BH BHHmbi`2 2i

9RX *ûb�` /m K2BHH2m` }HK /Q+mK2Mi�B`2 2M kyRdX
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/ûMQM+2 H2b T`�iB[m2b /2 K�M�;2K2Mi �;`2bbBp2b 2i bQ+B�H2K2Mi /2bi`m+i`B+2b
/m ;`QmT2 GoJ> Ĝ _m{M 2i bQM DQm`M�H QMi ûiû H� +B#H2 Ŀ /ǶmM 2bTBQMM�;2
Kûi?Q/B[m2 ŀ (Rk) Q`+?2bi`û T�` H2 ;`QmT2 /2 T`Q/mBib /2 Hmt2X § H� bmBi2 /2
+2ii2 ?BbiQB`2- _m{M �ii�[m2`� GoJ> 2M DmbiB+2- K�Bb H2 ;`QmT2 Q#iB2M/`�
mM2 +HƬim`2 /2 HǶ�z�B`2 +QMi`2 mM T�B2K2Mi /2 Ry KBHHBQMb /Ƕ2m`Qb 9kX .2p�Mi H�
+QKKBbbBQM /Ƕ2M[māi2 bûM�iQ`B�H2 (kj8)- "2`M�`/ �`M�mHi MB2`� iQmi2 BKTHB+�@
iBQM /�Mb +2ii2 �z�B`2 2i `27mb2`� /2 +QKK2Mi2` H2 7�Bi [m2 +2ii2 BM7Q`K�iBQM
MǶ� ûiû `2H�vû2 /�Mb �m+mM /2b iBi`2b /ûi2Mmb T�` bQM ;`QmT2 c ¨ +2ii2 Q++�@
bBQM- THmbB2m`b bûM�i2m`b bm;;ĕ`2Mi HǶ2tBbi2M+2 /ǶmM2 7Q`K2 /Ƕ�miQ+2Mbm`2 �m
b2BM /2b `û/�+iBQMb +QM+2`Mû2bX

AH b2K#H2 [m2 H2 ;`�M/ T2`/�Mi /2 H� T`Bb2 2M K�BM /2b Kû/B�b T�` /2b
TmBbb�M+2b û+QMQKB[m2b 2bi bQmp2Mi H2 DQm`M�HBbK2 /ǶBMp2biB;�iBQMX *Ƕ2bi H2
+�b 2M 6`�M+2- K�Bb û;�H2K2Mi 2M amBbb2 ¨ 2M +`QB`2 G�#�`i?2 (Rdk)X *2 /2`MB2`
+QMbi�i2 [m2 H2 i`�p�BH /2b DQm`M�HBbi2b /ǶBMp2biB;�iBQM b2 7�Bi iQmDQm`b THmb
/B{+BH2 2i H2b `�BbQMb bQMi b2MbB#H2K2Mi H2b KāK2b [m2 +2HH2b �K2Mû2b T�`
*?QKbFv 2i >2`K�M (R98) , H2 /ûp2HQTT2K2Mi /ǶBMbiBimiBQMb /2 +QKKmMB+�@
iBQM /QMi HǶmM /2b Q#D2+iB7b 2bi /2 +�M�HBb2` H2b Kû/B�b TQm` [mǶBHb bǶ�HB;M2Mi
bm` mM �;2M/� T`ûûi�#HB c H� KBb2 bm` HBbi2 MQB`2 /2b DQm`M�HBbi2b Ŀ +QKT`Q@
K2ii�Mib ŀ 9j c 2i H� `û/m+iBQM /2b 7QM/b �HHQmûb ¨ +2ii2 �+iBpBiû +Qȿi2mb2 /2
T`Q/m+iBQM T`QT`2 /ǶBM7Q`K�iBQM �m T`Q}i /2 +QMi2Mmb T`û7�#`B[mûb 2i T2m
QMû`2mtX

G2 }Hi`2 B/ûQHQ;B[m2 /2 H� bQ+Bûiû , .�Mb J�Mm7�+im`BM; *QMb2Mi-
*?QKbFv 2i >2`K�M (R98) /ûbB;M2Mi H2 +QKKmMBbK2 +QKK2 /2 HǶ2MM2KB /2
HǶB/ûQHQ;B2 /QKBM�Mi2X AH bǶ�;Bi /2 HǶ2t2KTH2 T`BM+BT�H T`QTQbû T�` H2 +QMi2ti2
/2 ;m2``2 7`QB/2 2Mi`2 H2b úi�ib@lMBb 2i HǶlMBQM aQpBûiB[m2 c +2T2M/�Mi /�Mb

9kX S�` mM2 +QMp2MiBQM Dm/B+B�B`2 /ǶBMiû`āi Tm#HB+ , mM QmiBH T2`K2ii�Mi /ǶûpBi2` mM Dm@
;2K2MiX

9jX *QM/mBb�Mi ¨ mM `27mb bvbiûK�iB[m2 /2 /2K�M/2b /ǶBMi2`pB2r- 2i ¨ HBKBi2` HǶ�++ĕb
�mt +QM7û`2M+2b 2i pQv�;2b /2 T`2bb2 (Rdk)X
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H2 KQ/ĕH2 /2 T`QT�;�M/2 /û+`Bi T�` H2b /2mt �mi2m`b- +?�[m2 ûTQ[m2 T2mi
bǶBMp2Mi2` /2 MQmp2�mt 2MM2KBb B/ûQHQ;B[m2b TQm` /û72M/`2 b� MQ`K2X 1t@
i`ûKBbi2 Qm TQTmHBbi2 bQMi- 2M [m2H[m2 bQ`i2- /2b ûiB[m2ii2b b2`p�Mi H� KāK2
7QM+iBQM /Bb[m�HB}�Mi2 [m2 +QKKmMBbi2 , b�Mb `ûTQM/`2 ¨ mM2 /û}MBiBQM +H�B`2-
2HH2b bQMi bm{b�KK2Mi 2tTHB+Bi2b TQm` b2`pB` /Ƕ�ii�[m2 7�+BH2 pBb@¨@pBb /2
iQmi2 T2`bQMM2 TQ`i�Mi /2b `2p2M/B+�iBQMb ?ûiû`Q/Qt2b- [mBii2 ¨ K2ii`2 iQmi
H2 KQM/2 /�Mb H2 KāK2 T�MB2`X

C�+[m2b _�M+Bĕ`2 (k8j) KQMi`2- ¨ +2 iBi`2- +QKK2Mi `û+2KK2Mi mM2 MQm@
p2HH2 ûiB[m2ii2 /Bb+`û/Bi�Mi2 � T2`KBb /2 7�B`2 mM �K�H;�K2 7�Bb�Mi Ŀ /m KB@
HBi�Mi �MiB+�TBi�HBbi2 Qm �MiB`�+Bbi2 2i /m im2m` BMiû;`Bbi2 mM2 b2mH2 2i KāK2
};m`2 ŀ , HǶBbH�KQ@;�m+?Bbi2 UTX RkVX S�`KB H2b /2`MB2`b �``Bpûb bm` +2 K�`@
+?û /2 HǶ�M�i?ĕK2 7�+BH2- MQKKQMb H2b BMi2`b2+iBQM�HBbi2b 2i �mi`2b rQFBbi2b
(RNy) , H2m`b /ûi`�+i2m`b H2b MQKK2Mi �BMbB- K�Bb b�Mb T`2M/`2 H� T2BM2 /2
/û}MB` +2b i2`K2b [mǶBHb 2KTHQB2MiX *Ƕ2bi #B2M H2 #mi , +2 bQMi H2b �mi`2b- H2b
2MM2KBb B/ûQHQ;B[m2bX

avMi?ĕb2 , hQmi �m HQM; /2 +2ii2 b2+iBQM- MQmb �pQMb KQMi`û [m2 H2 KQ/ĕH2
/ûp2HQTTû T�` *?QKbFv 2i >2`K�M (R98) /�Mb H2b �MMû2b RN3y TQm` 2tT`B@
K2` H2b T`Q#HĕK2b HBûb ¨ H� +QM+2Mi`�iBQM /2b BMiû`āib /�Mb H� T`Q/m+iBQM
/ǶBM7Q`K�iBQM b2 i`�/mBi M2ii2K2Mi /�Mb H� bBim�iBQM �+im2HH2 2M amBbb2 2i 2M
6`�M+2 , TQm` H2b +BM[ }Hi`2b /û+`Bib T�` H2b /2mt �mi2m`b Ĝ ¨ b�pQB` H� /BK2M@
bBQM û+QMQKB[m2 /m Kû/B�- H2 TQB/b /2 H� Tm#HB+Biû 2i /2b bQm`+2b Q{+B2HH2b-
H2b T`2bbBQMb bm` H2b HB;M2b û/BiQ`B�H2b /Bp2`;2Mi2b 2i H2 }Hi`2 B/ûQHQ;B[m2 /2 H�
bQ+Bûiû UTX eNV Ĝ BH v � /2b bBKBHBim/2b [mB b�mi2Mi �m v2mtX

G�#�`i? (Rdk) b2 TQb2 �BMbB mM2 [m2biBQM +QM+HmbBp2 [mB T�`�ŗi /Ƕ�+im�@
HBiû ¨ HǶ?2m`2 /ǶmM2 +QM+2Mi`�iBQM ;`�M/Bbb�Mi2 /2b Kû/B�b /�Mb H2b K�BMb
/2b TmBbb�M+2b û+QMQKB[m2b , +QKK2Mi 2bi@BH TQbbB#H2 /�Mb +2b +QM/BiBQMb /2
Ŀ K2M2` /2b 2M[māi2b /2 K�MBĕ`2 BM/ûT2M/�Mi2 bm` /2b bmD2ib /ǶBMiû`āi Tm@
#HB+- 2M bmBp�Mi b� T`QT`2 BMBiB�iBp2 2i �T`ĕb mM i`�p�BH `B;Qm`2mt /2 `2+?2`+?2
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/ǶBM7Q`K�iBQMb 2i /2 pû`B}+�iBQMb c BM+�`M2` mM `ƬH2 /2 ǳ[m�i`BĕK2 TQmpQB`Ǵ-
TQm` /ûMQM+2` /2b �z�B`2b /2 +Q``mTiBQM 2i /2 /vb7QM+iBQMM2K2Mi /2b BMbiB@
imiBQMb \ ŀ G� pBbBQM /ǶmM DQm`M�HBbK2 [mB DQm2`�Bi H2 `ƬH2 /2 +QMi`2@TQmpQB`
b2K#H2- 2M 2z2i- M2 T�b TQmpQB` b2 +QM+`ûiBb2` 2M T2`K�M2M+2 /�Mb H2b +QM/B@
iBQMb [m2 MQmb p2MQMb /2 /û+`B`2X

RkXeXR G2b MQmp2�mt Kû/B�b

�p�Mi /2 +QM+Hm`2 +2 bm`pQH bm` H2 `ƬH2 /2b Kû/B�b ¨ HǶ?2m`2 /m MûQHB#û`�HBbK2-
BH +QMpB2Mi /2 bǶ�ii�`/2` bm` HǶûK2`;2M+2 /ǶmM mMBp2`b [mB MǶ� ;mĕ`2 THmb /2
ky �Mb , H2b Kû/B�b MmKû`B[m2bX G� +QMbQKK�iBQM ;HQ#�H2 /ǶBM7Q`K�iBQM �
/B�Kûi`�H2K2Mi +?�M;û /2TmBb HǶ2ti2MbBQM /ǶBMi2`M2i ¨ H� K�DQ`Biû /2b 7Qv2`b c
+Ƕ2bi TQm`[mQB- BH MQmb T�`�ŗi 2bb2MiB2H /2 HǶ�#Q`/2` B+BX

aB H� THmT�`i /2b K�`[m2b /2 Kû/B�b T`ûb2Mi2b bm` H2b QM/2b `�/BQb 2i
iûHûpBbBQMb- �BMbB [m2 H2b DQm`M�mt 2i K�;�xBM2b T�TB2` QMi /ûbQ`K�Bb H2m`
T2M/�Mi bm` BMi2`M2i- H2b ;`�M/b �`#Bi`2b /m D2m /2 HǶBM7Q`K�iBQM 2M HB;M2
bQMi H2b ;û�Mib /m MmKû`B[m2 2i THmb bTû+B}[m2K2Mi :QQ;H2 99- 6�+2#QQF 2i
hrBii2`X *2b TH�i27Q`K2b DQm2Mi mM `ƬH2 +Hû /�Mb H� ?Bû`�`+?Bb�iBQM /2 HǶBM7Q`@
K�iBQM 2i ;Qmp2`M2Mi 2M T�`iB2 H2b +?QBt /2b mb�;2`bX SQm` :BHH2bTB2 (Rjy)- H2b
�H;Q`Bi?K2b /2 +2b iBi�Mb M2 MQmb �B/2Mi T�b b2mH2K2Mi ¨ i`Qmp2` /2 HǶBM7Q`@
K�iBQM- BHb 7Qm`MBbb2Mi û;�H2K2Mi mM KQv2M /Ƕ�B;mBHH2` H2 b�pQB`- /2 T�`iB+BT2`
�m /Bb+Qm`b bQ+B�H 2i TQHBiB[m2 2i /2 7�KBHB�`Bb2` H2b miBHBb�i2m`b �p2+ H2b Tm@
#HB+b �mt[m2Hb BHb �TT�`iB2MM2MiX *2 7�Bb�Mi- +2b �H;Q`Bi?K2b `û;Bbb2Mi H2b ~mt
/ǶBM7Q`K�iBQMb /QMi /ûT2M/2Mi H2b BM/BpB/mbX .2 THmb- BHb QMi H2 TQmpQB` /Ƕ�+@
iBp2` 2i /2 H2m` �ii`B#m2` /2b +QMi2Mmb c BHb T�`iB+BT2Mi �BMbB ¨ H2m` K�MBĕ`2 /2
T2`+2pQB` HǶ�+im�HBiû UTX Red- i`�/mBi /2 HǶ�M;H�BbVX

99X 1i T�` 2ti2MbBQM uQmim#2- /QMi :QQ;H2 2bi T`QT`Bûi�B`2X
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1M /Ƕ�mi`2b i2`K2b- H2b �H;Q`Bi?K2b bûH2+iBQMM2Mi 2M T�`iB2 TQm` MQmb /2b
BM7Q`K�iBQMb HQ`b[m2 MQmb M�pB;mQMbX AHb H2 7QMi 2M bmBp�Mi H2b `ĕ;H2b T`Q@
+û/m`�H2b T`ûpm2b T�` H2m` b+`BTi- +�` BHb MǶQMi T�b /Ƕ�++ĕb bûK�MiB[m2 �mt
BM7Q`K�iBQMb [mǶBHb K�MBTmH2Mi c TQm` H2 /B`2 �p2+ H2b KQib /2 *�`/QM (8R) Ŀ BH
MǶ2M QMi T�b mM2 +QKT`û?2MbBQM bvK#QHB[m2 ŀ UTX edVX *2H� p2mi /B`2 [m2
TQm` T`Q/mB`2 H2m`b `ûbmHi�ib- BHb MǶ�++ĕ/2Mi T�b �m bB;MB}û /2b ûMQM+ûb- K�Bb
�TTHB[m2Mi Ŀ /2b T`Q+û/m`2b T2`K2ii�Mi /2 7�B`2 H� K2BHH2m`2 �TT`QtBK�iBQM
/ǶmM T`BM+BT2 [m2 H2b miBHBb�i2m`b pQMi BMi2`T`ûi2` /2 7�ÏQM bm#bi�MiB2HH2 ŀ
UTX edV ¨ T�`iB` /2 /QMMû2b- +Ƕ2bi ¨ /B`2 /2 H� T�`iB2 K�iû`B2HH2 /2b ûMQM+ûb 2i
/2b i`�+2b [m2 H2b mb�;2`b H�Bbb2Mi 2M HB;M2X

:BHH2bTB2 (Rjy) bQmHB;M2 [m2- T�`�/Qt�H2K2Mi- H2b �H;Q`Bi?K2b TQ`i2Mi �p2+
2mt mM2 T`QK2bb2 /ǶQ#D2+iBpBiû UTX RdNV , +Ƕ2bi@¨@/B`2 [mǶmM mb�;2` MǶ2bi D�@
K�Bb �p2`iB 2i `�`2K2Mi +QMb+B2Mi [m2 H2b `ûbmHi�ib /2 b2b `2[māi2b bm` :QQ;H2-
Qm H2b Tm#HB+�iBQMb KBb2b 2M �p�Mi TQm` HmB T�` mM `ûb2�m bQ+B�H- bQMi H2 `ûbmH@
i�i /ǶmM2 T`Q+û/m`2 /2 ?Bû`�`+?Bb�iBQM /2 HǶBM7Q`K�iBQM [mB M2 bǶBMiû`2bb2 T�b
�m b2Mb- K�Bb ¨ /2b ûHûK2Mib `2M/mb +�H+mH�#H2b [mB 7QMi mM2 2biBK�iBQM /2
+2 [m2 TQm``�Bi āi`2 H2 b2Mb 98X Ŀ �HQ`b KāK2 [m2 H2 `ûbmHi�i /2 iQmi2 `2[māi2
2M HB;M2 2bi mM2 �TT`QtBK�iBQM- MQmb MǶ2M T`2MQMb `û2HH2K2Mi +QMb+B2M+2 [m2
HQ`b[mǶBH MQmb T�`�ŗi 7�`72Hm Qm ?Q`b bmD2i ŀ (RN9) UTX kyRVX

.2 THmb- +QKK2 HǶ2tTHB[m2Mi :BHH2bTB2 (Rjy) 2i *�`/QM (8y)- H� HBbi2 /2b
HB2Mb [m2 T`QTQb2 mM KQi2m` /2 `2+?2`+?2 ¨ bQM mb�;2`- Qm H2b bm;;2biBQMb
/2 +QMi2Mmb [m2 K2i 2M �p�Mi mM `ûb2�m bQ+B�H M2 `ûbmHi2Mi T�b b2mH2K2Mi
/2 T`Q+û/m`2b M2mi`2b 2i BM/ûT2M/�Mi2b /2b TmBbb�M+2b 2tiû`B2m`2b ¨ HǶ2bT�+2
MmKû`B[m2 , H2b K2bm`2b 9e /2 TQTmH�`Biû /2b bBi2b bQMi K�MBTmH�#H2b TQm`
[mB T2mi b2 T�v2` H2b b2`pB+2b /2 `Q#Qib +HB[m2m`b UTX kkV c /2 THmb 2HH2b p�HQ@
`Bb2Mi Ŀ /2 7�ÏQM û+`�b�Mi2 H2b +?QBt +QM7Q`KBbi2b- +QMb2Mbm2Hb 2i TQTmH�B`2b ŀ
UTX k9VX

98X 1M +2H�- MQi`2 K�MBĕ`2 /Ƕ�TT`û?2M/2` H2 `ûbmHi�i /ǶmM2 `2[māi2 :QQ;H2 bQmz`2 /ǶmM
T`ûbmTTQbû /2 K2bm`2 , +Ƕ2bi Q#i2Mm T�` H2 +�H+mH- Ï� /QBi /QM+ āi`2 Q#D2+iB7X

9eX *2 M2 bQMi T�b /2b K2bm`2b �m b2Mb bi`B+i- K�Bb H2 i2`K2 2bi 2KTHQvû T�` *�`/QMX
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S�` �BHH2m`b- H2b KQ/2b /2 +�H+mH T2`K2ii�Mi ¨ mM2 T�;2 /Ƕāi`2 THmb pBbB#H2
bQMi 2M T�`iB2 +QMMmb c BH 2bi �BMbB /2p2Mm �Bbû /2 bǶ�+?2i2` mM2 Ŀ MQiQ`Bûiû ŀ
2M HB;M2- ¨ +QM/BiBQM /Ƕ2M �pQB` H2b KQv2Mb UTX kdVX G� +�T�+Biû ¨ b2 7�#`B[m2`
mM2 #QMM2 `ûTmi�iBQM- T�` 2t2KTH2 2M �MBK�Mi b� +QKKmM�miû /Ƕ�/KB`�@
i2m`b Qm 2M �MiB+BT�Mi H� pB`�HBiû /2 b2b K2bb�;2b- T�bb2 T�` mM b�pQB`@7�B`2
p�HQ`Bbû UTX jyVX *Ƕ2bi ¨ +2 iBi`2- [m2 Ŀ H2 KQM/2 pm T�` :QQ;H2 2bi mM mMBp2`b
Kû`BiQ+`�iB[m2 [mB +QM7ĕ`2 mM2 pBbB#BHBiû /BbT`QTQ`iBQMMû2 �mt bBi2b r2# H2b
THmb `2+QMMmb (XXX) AH 7�Bi /2 H� TH�Mĕi2 MmKû`B[m2 H2 i2``�BM /ǶmM2 ;B;�Mi2b[m2
+QKTûiBiBQM TQm` HǶ2t+2HH2M+2 2i `ûb2`p2 �mt ûHmb mM KBMmb+mH2 MQK#`2 /2
TH�+2b ŀ UTX N9VX *Ƕ2bi H� `�BbQM TQm` H�[m2HH2 iQmi2 mM2 BM/mbi`B2 2bi Mû2
/�Mb +2 /QK�BM2 , H� b2�`+? 2M;BM2 QTiBKBx�iBQM Ua1PV p2M/ 2M 2z2i /2b
bQHmiBQMb T2`K2ii�Mi /2 KQ/B}2` /2b T�;2b �}M /2 H2b 7�B`2 KQMi2` /�Mb H2b
?Bû`�`+?B2b /2 :QQ;H2 (j8) UTX R9NVX .ĕb HQ`b [m2 /2b T2`bQMM2b 2M K�ŗi`Bb2Mi
H2b +Q/2b- +2b TH�+2b +QMpQBiû2b T2mp2Mi bǶ�+?2i2` 2i H2b THmb 7Q`imMûb ;�;M2Mi
�BMbB THmb /2 pBbB#BHBiûX

.�Mb H2 /QK�BM2 /2 HǶBM7Q`K�iBQM- H2 +�b /m `ûb2�m bQ+B�H hrBii2` Kû`Bi2
mM2 �ii2MiBQM T�`iB+mHBĕ`2X G� bQ+BQHQ;B2 i`ĕb T�`iB+mHBĕ`2 /2 b2b mb�;2`b 2i
H2b 7Q`K2b i`ĕb /Bp2`b2b /ǶmiBHBb�iBQMb 7QMi H� bTû+B}+Biû /2 +2ii2 TH�i27Q`K2 ,
/�Mb +2ii2 /Bp2`bBiû b2 `2M+QMi`2Mi- T�` 2t2KTH2- /2b T2`bQMM�HBiûb TQHBiB[m2b-
/2b +ûHû#`Biûb 2M iQmb ;2M`2b- /2b 2tT2`ib- /2b mb�;2`b T`Q72bbBQMM2Hb- /2b
mb�;2`b �+iB7b ¨ iBi`2 T`Bpû- /2b +QMbQKK�i2m`b T�bbB7b b2 b2`p�Mi /m `ûb2�m
+QKK2 /ǶmM `2H�Bb /ǶBM7Q`K�iBQM- 2i+ (Ryy)X � +2 iBi`2- hrBii2` 2bi THmiƬi
mM2 TH�i27Q`K2 K2ii�Mi 2M HB2M /2b BMiû`āib UT`Bpûb Qm T`Q72bbBQMM2HbV- [mǶmM
`ûb2�m /Ƕ�KBiBûb- +QKK2 T2mi HǶāi`2 7�+2#QQFX

*2 [mB MQmb BMiû`2bb2 /2 T`BK2 �#Q`/- +Ƕ2bi HǶBKTQ`i�M+2 [m2 +2 `ûb2�m
� ;�;Mû /�Mb H� T`Q/m+iBQM /2 HǶBM7Q`K�iBQMX CQm`M�HBbi2 �m JQM/2- a�Km2H
G�m`2Mi (Rde) `�+QMi2 +QKK2Mi HǶ�pĕM2K2Mi /2 hrBii2` � /B�Kûi`�H2K2Mi KQ@
/B}û H2b KûiB2`b /2 HǶBM7Q`K�iBQMX AH 2tTHB[m2 MQi�KK2Mi +QKK2Mi H2 `ûb2�m
bQ+B�H 2bi /2p2Mm mM2 bQm`+2 BKTQ`i�Mi2 TQm` iQmb H2b Kû/B�b i`�/BiBQMM2Hb
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[mB bmBp2Mi 2i `2H�B2Mi mM2 T�`iB2 /2 +2 [m2 HǶ�H;Q`Bi?K2 +?QBbBi TQm` 2mt ,
+Ƕ2bi H¨ [m2 b2 /2bbBM2Mi H2b i2M/�M+2b- [m2 b2 /û;�;2Mi H2b �pBb +HBp�Mib 2i H2b
pQBt 7Q`i2b /2 HǶ�+im�HBiû (jy)X

*2T2M/�Mi- ¨ #B2M /2b û;�`/b- +2ii2 TH�i27Q`K2 M2 T2`K2i T�b /ǶûpBi2`
H2b #B�Bb /û+`Bib T�` *?QKbFv 2i >2`K�M (R98) , hrBii2` MǶ2bi T�b mM 2bT�+2
M2mi`2 , BH 2tBbi2 /2b �bim+2b +QMMm2b TQm` 7�B`2 ;QM~2` �`iB}+B2HH2K2Mi /2b
i2M/�M+2b 2i- H¨ 2M+Q`2- H� TmBbb�M+2 û+QMQKB[m2 DQm2 mM `ƬH2 BKTQ`i�Mi /�Mb
H� +�T�+Biû ¨ `2M/`2 pBbB#H2 /2b +QMi2MmbX G�m`2Mi (Rde) KQMi`2 [m2 H2b T2`@
bQMM�HBiûb H2b THmb BM~m2Mi2b bQMi 2MiQm`û2b T�` mM T2`bQMM2H [mB K�ŗi`Bb2
T�`7�Bi2K2Mi H2b +Q/2b /2 hrBii2` 2i b2 b2`p2Mi /2 +2b +QMM�Bbb�M+2b TQm`
T`QKQmpQB` /2b +QMi2Mmb �m `�M; /ǶBM7Q`K�iBQMX �BMbB- T�` 2t2KTH2 H2b T�`@
iBb TQHBiB[m2b bQMi /ûbQ`K�Bb Q#HB;ûb /Ƕ�pQB` mM2 bi`�iû;B2 bm` H2b `ûb2�mt TQm`
2tBbi2` 2i 7�B`2 2tBbi2` +2`i�BM2b BM7Q`K�iBQMbX 1M +QMbû[m2M+2- H2 `ûb2�m 2bi
/2p2Mm mM mMBp2`b /2 +QM+m``2M+2 �+?�`Mû2- �;Bbb�Mi +QKK2 mM T`BbK2 /û@
7Q`K�Mi- /�Mb H2[m2H +2`i�BMb 7�Bib /Bp2`b b2 `2i`Qmp2Mi +QMbi�KK2Mi T`QD2iûb
�m /2p�Mi /2 HǶ�+im�HBiû T�` /2 TmBbb�Mib ;`QmT2b /ǶBM~m2M+2 (jy)X �T`ĕb THmb
/2 Ry �Mb /ǶmiBHBb�iBQM /2 H� TH�i27Q`K2 2i [m2H[m2b /û72`H2K2Mib /2 ~�Fb bm`
b2b ûT�mH2b- G�m`2Mi (Rde) /û+B/2 /2 [mBii2` hrBii2` +QMbi�i�Mi [m2 Ŀ HǶQmiBH
/QMi QM BK�;BM�Bi [mǶBH �HH�Bi T2`K2ii`2 H� }M /2b /B+i�im`2b bǶ2bi i`�Mb7Q`Kû
2M mM2 K�+?BM2 ¨ /BpBb2`- ¨ +`û2` /2b +�KTb 2i /2b QTTQbBiBQMb- bQmp2Mi THmb
pB`im2HH2b [m2 `û2HH2b ŀ UTX 9VX

J�H;`û b2b /û7�mib- H� TH�i27Q`K2 /2K2m`2 �mDQm`/Ƕ?mB mM }Hi`2 �;Bbb�Mi
2M �KQMi /ǶmM BKTQ`i�Mi MQK#`2 /ǶBM7Q`K�iBQMb /Bzmbû2b T�` HǶ2Mb2K#H2 /2
H� T`2bb2 i`�/BiBQMM2HH2X 1HH2 +QMi`B#m2 ¨ T`QKQmpQB` H2b 7�Bib /Bp2`b 2i T2`K2i
¨ /2b ;`QmT2b #B2M Q`;�MBbûb /2 7�B`2 2Mi`2` iQmi2b bQ`i2b /Ƕ�M2+/Qi2b /�Mb H2
/Bb+Qm`b /2 H� T`2bb2X aQM BKTQ`i�M+2 /�Mb H� 7Q`K�iBQM /2 HǶQTBMBQM �iiB`2
/2b +QMpQBiBb2b- 2i +2 MǶ2bi T�b mM ?�b�`/ /2 pQB` HǶmM2 /2b T`BM+BT�H2b 7Q`imM2b
KQM/B�H2 Ĝ 1HQM JmbF Ĝ 7�B`2 HǶ�+[mBbBiBQM /2 hrBii2` �m +Qm`b /2 HǶ�MMû2
kykkX
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uQmim#2 2bi H2 /2`MB2` `ûb2�m bm` H2[m2H MQmb TQ`i2`QMb MQi`2 �ii2MiBQMX AH
bǶ�;Bi /ǶmM2 TH�i27Q`K2 /2 /BzmbBQM /2 +QMi2Mmb pB/ûQb Ĝ T`QT`Bûiû /2 :QQ;H2 Ĝ
DQm�Mi �mDQm`/Ƕ?mB mM BKTQ`i�Mi `ƬH2 /2 `2H�Bb /2 HǶ�m/BQ@pBbm2H , BH bǶv i`Qmp2-
/ǶmM +Ƭiû- /2b +QMi2Mmb Q`B;BM�mt T`Q/mBib T�` /2b vQmim#2m`b- /2b �`iBbi2b-
/2b Kû/B�b �+iB7b bm` H2 `ûb2�m- 2i+ c 2i /2 HǶ�mi`2 /2b +QMi2Mmb [mB T2mp2Mi
āi`2 Bbbmb /2 Kû/B�b i`�/BiBQMM2Hb 2i `2i`�MbKBb 2M T�`iB2 Qm 2M BMiû;`�HBiûX

G¨ 2M+Q`2- /Bzû`2Mib �mi2m`b (RdR- RNe) QMi `2H2pû /2b #B�Bb HBûb ¨ HǶ�H;Q@
`Bi?K2 /m `ûb2�mX Pmi`2 H2b Kû+�MBbK2b T`Q#HûK�iB[m2b /û+`Bib +B@/2bbmb- [mB
bQmb@i2M/2Mi mM +H�bb2K2Mi bBKBH�B`2 ¨ +2HmB /ǶmM2 `2[māi2 :QQ;H2- uQmim#2
�++Q`/2 mM `ƬH2 THmb BKTQ`i�Mi [m2 /Ƕ�mi`2b `ûb2�mt ¨ H� Tm#HB+BiûX J�b�/2?
2i >�KBHiQM (RNe) 2z2+im2Mi /Ƕ�BHH2m`b mM HB2M �p2+ J�Mm7�+im`BM; +QMb2Mi 2M
bQmHB;M�Mi [m2- bm` +2ii2 TH�i27Q`K2- H2b �MMQM+2m`b �m`�B2Mi mM2 BM~m2M+2
bBKBH�B`2 ¨ +2HH2 Q#b2`pû2 /�Mb H� T`2bb2 i`�/BiBQMM2HH2- MQi�KK2Mi T�` H2m`
TQmpQB` /2 /û+B/2` /2b +QMi2Mmb KQMûiBbûbX 1M Qmi`2- pm H2b BKTQ`i�Mib #û@
Mû}+2b `û�HBbûb T�` H2 `ûb2�m ;`�+2 ¨ H� Tm#HB+Biû Ĝ G2bFBM (R38) T�`H2 /2 R8
KBHHB�`/b 2M kyRN Ĝ J�b�/2? 2i >�KBHiQM (RNe) 7QMi HǶ?vTQi?ĕb2 [m2 H2b T`û@
7û`2M+2b /2b �MMQM+2m`b QMi mM TQB/b +2`i�BM /�Mb HǶûH�#Q`�iBQM /2 uQmim#2
2i /2 bQM �H;Q`Bi?K2 UTX eVX

1M bvMi?ĕb2 /2 +2 #`27 bm`pQH 9d- 7Q`+2 2bi /2 +QMbi�i2` [m2 H2 r2# 2i b2b
QmiBHb �;Bbb2Mi +QKK2 /2b bQ`i2b /2 }Hi`2b M2 H�Bbb�Mi T�bb2` Dmb[mǶ�mt mb�;2`b
[m2 +2`i�BMb /2b +QMi2Mmb [mB bǶv i`Qmp2MiX Pmi`2 H2b #B�Bb HBûb ¨ HǶ2{+�+Biû
BMi`BMbĕ[m2K2Mi HBKBiû2 /ǶmM �H;Q`Bi?K2 /�Mb HǶûp�Hm�iBQM /2b `2T`ûb2Mi�@
iBQMb /2b BM/BpB/mb Ĝ Ŀ H� +QKT`û?2MbBQM BKTHB[m2 THmb [m2 H2 /û+Q/�;2 /m
K2bb�;2 HBM;mBbiB[m2 93 ŀ (k38) UTX R3NV Ĝ iQmb H2b ûHûK2Mib ûMmKû`ûb +B@/2bbmb
+QM}`K2Mi [m2 H2b Kû+�MBbK2b /û+`Bib T�` *?QKbFv 2i >2`K�M (R98) Ĝ 2i /QMi
MQmb �pQMb T�`Hû T`û+û/2KK2Mi TQm` H2b +�M�mt i`�/BiBQMM2Hb Ĝ 2tBbi2Mi û;�@
H2K2Mi bm` H� iQBH2X .�Mb H2 KāK2 Q`/`2 /ǶB/û2- :BHH2bTB2 (Rjy) `�TT2HH2 [m2 H2b

9dX a�Mb �m+mM2 T`ûi2MiBQM /Ƕ2t?�mbiBpBiûX
93X *2H� b�mi2 �mt v2mt HQ`b[m2 H2 `ûbmHi�i /ǶmM `2[māi2 T�`�ŗi 7�`72Hm Qm ?Q`b bmD2iX
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�H;Q`Bi?K2b QMi H2 TQmpQB` /2 KQ/B}2` MQb +QKTQ`i2K2Mib 2i MQb +`Qv�M+2b
2i [mǶBH 2bi Mû+2bb�B`2 /2 T`āi2` mM2 �ii2MiBQM T�`iB+mHBĕ`2 ¨ +2 [mB �MBK2
}M�M+Bĕ`2K2Mi H2b +QKT�;MB2b [mB H2b K2ii2Mi 2M TH�+2 UTX RdyVX
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*?�TBi`2 Rj

G2 T`ûbmTTQbû 2M T`�;K�iB[m2

E2`#`�i@P`2++?BQMB (Ree) /û}MBi H2b T`ûbmTTQbûb /2 H� 7�ÏQM bmBp�Mi2 UTX k8V ,

hQmi2b H2b BM7Q`K�iBQMb [mB- b�Mb āi`2 Qmp2`i2K2Mi TQbû2b UBX2X
b�Mb +QMbiBim2` 2M T`BM+BT2 H2 pû`Bi�#H2 Q#D2i /m K2bb�;2 ¨ i`�Mb@
K2ii`2V- bQMi +2T2M/�Mi �miQK�iB[m2K2Mi 2Mi`�ŗMû2b T�` H� 7Q`@
KmH�iBQM /2 HǶûMQM+û- /�Mb H2[m2H 2HH2b b2 i`Qmp2Mi BMi`BMbĕ[m2@
K2Mi BMb+`Bi2b- [m2HH2 [m2 bQBi H� bTû+B}+Biû /m +�/`2 ûMQM+B�iB7X

�BMbB- H2b T`ûbmTTQbûb bQMi /2b ûHûK2Mib [m2 /2b ûMQM+ûb �/K2ii2Mi BKTHB+B@
i2K2Mi +QKK2 p`�BbX GǶ�bb2`iBQM Ŀ _Q#2`i MǶ� `B2M ?û`Biû /2 b2b T�`2Mib ŀ-
T`ûbmTTQb2- T�` 2t2KTH2- [m2 H2b T�`2Mib /2 _Q#2`i bQMi KQ`ib- TmBb[m2 HǶ?û@
`Bi�;2 +QM+2`M2 mM T�i`BKQBM2 H�Bbbû T�` mM2 T2`bQMM2 /û+û/û2 2i i`�MbKBb
T�` bm++2bbBQMX

.Ƕ�T`ĕb .m+`Qi (RyR) mM T`ûbmTTQbû 2bi mM2 BM7Q`K�iBQM BKTHB+Bi2 T�`i�;û2
T�` H2b K2K#`2b /ǶmM2 bBim�iBQM +QKKmMB+�iBQMM2HH2X "B2M [mǶ�Miû`B2m` ¨
HǶ�+i2 /ǶûMQM+B�iBQM- +2ii2 BM7Q`K�iBQM T�`i�;û2 �TT�`�ŗi +QKK2 mM Ŀ �TTQ`i
T`QT`2 /2 HǶûMQM+û ŀ UTX kRVX .�Mb MQi`2 2t2KTH2- H2 b2Mb /m p2`#2 ?û`Bi2`

k3d
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2bi T�`i�;û T�` H2b K2K#`2b 7`�M+QT?QM2b /ǶmM2 bBim�iBQM /2 +QKKmMB+�iBQM-
K�Bb +Ƕ2bi #B2M HǶûMQM+û Ŀ _Q#2`i MǶ� `B2M ?û`Biû /2 b2b T�`2Mib ŀ [mB �TTQ`i2
HǶBM7Q`K�iBQM BKTHB+Bi2 b2 `�TTQ`i�Mi ¨ _Q#2`iX

RjXR S`ûbmTTQbû 2i p�H2m` /2 pû`Biû

LQmb HǶ�pQMb pm /�Mb +2 [mB T`û+ĕ/2- H� pû`�+Biû /ǶmM2 T�`iB2 BKTHB+Bi2 /2
MQK#`2mt ûMQM+ûb 2bi �++2Tiû2 T�` T`ûbmTTQbûX *2 [mB MQmb BMiû`2bb2 T�`@
iB+mHBĕ`2K2Mi- MQmb H2 p2``QMb �m TQBMi bmBp�Mi- +Ƕ2bi /2 +QKT`2M/`2 [m2HH2
p�H2m` /2 pû`Biû T`2MM2Mi H2b ûMQM+ûb /QMi H2b T`ûbmTTQbûb bQMi 7�mtX

LQmb �pQMb bQmHB;Mû +B@/2bbmb [m2 HǶ�bb2`iBQM Ŀ _Q#2`i MǶ� `B2M ?û`Biû /2
b2b T�`2Mib ŀ T`ûbmTTQb2 [m2 H2b T�`2Mib /m/Bi _Q#2`i bQMi /û+û/ûbX J�Bb [m2
7�B`2 /2 +2i ûMQM+û bB b2b T�`2Mib bQMi 2M+Q`2 2M pB2 \ .m+`Qi (RyR) +QMbB/ĕ`2
Ŀ [m2- bB mM T`ûbmTTQbû HBû ¨ mM ûMQM+û 2bi 7�mt- +2i ûMQM+û MǶ2bi MB p`�B MB
7�mt- K�Bb bBKTH2K2Mi /ûTQm`pm /2 b2Mb ŀ (9y) UTX R8RVX �BMbB- �{`K2` [m2
_Q#2`i MǶ� `B2M ?û`Biû /2 b2b T�`2Mib- �HQ`b [m2 +2mt@+B bQMi 2M+Q`2 pBp�Mib-
M2 T2mi āi`2 +QMbB/û`û- MB +QKK2 p`�B- MB +QKK2 7�mt , +2ii2 �{`K�iBQM
MǶ� bBKTH2K2Mi T�b /2 p�H2m` /2 pû`Biû- TmBb[mǶ2HH2 MǶ2bi T�b �TTHB+�#H2 �m
+QMi2ti2 /m KQK2Mi /ǶûMQM+B�iBQMX LQmb p2``QMb /�Mb H2b b2+iBQMb bmBp�Mi2b
2M [mQB +2i ûi�i /2 7�Bi 2bi BKTQ`i�Mi bǶ�;Bbb�Mi /2 +2 [m2 MQmb �pQMb MQKKû
H2 T`ûbmTTQbû /2 K2bm`2X

RjXk G2b T`ûbmTTQbûb /2 K2bm`2

LQmb �pQMb KQMi`û �m +?�TBi`2 N [m2 H� K2bm`2 �m b2Mb bi`B+i 2bi mM2 7Q`K2
/2 [m�MiB}+�iBQM `2M/�Mi Hû;BiBK2 HǶ�/QTiBQM /2b `�BbQMM2K2Mib 2i /2b QTû@
`�iBQMb K�i?ûK�iB[m2b 2M b+B2M+2b M�im`2HH2bX *2ii2 T`�iB[m2 /2 K2bm`2 MǶ�
ûiû `2M/m2 TQbbB#H2 [m2 ;`�+2 ¨ i`QBb ;`�M/b /ûp2HQTT2K2Mib BMi2`p2Mmb ¨ /B7@



RjXkX G1a S_úalSSPaúa .1 J1al_1 k3N

7û`2Mib KQK2Mib /2 HǶ>BbiQB`2 , BV H� /û+Qmp2`i2 2i HǶ�/QTiBQM T`Q;`2bbBp2 /2 H�
MmKû`�iBQM /2 TQbBiBQM- ¨ T�`iB` /m o2 bBĕ+H2 /2 MQi`2 ĕ`2 , +2HH2@+B 2bi /û+BbBp2-
TmBb[mǶ2HH2 Qz`2 H� TQbbB#BHBiû i?ûQ`B[m2 /Ƕ2tT`BK2` HǶ2Mb2K#H2 /2b MQK#`2b
`û2Hb �p2+ b2mH2K2Mi /Bt bvK#QH2b 2i /Ƕ2MpBb�;2` �BMbB /2b û+?2HH2b +QMiBMm2b c
BBV H2 /ûp2HQTT2K2Mi /2b Kûi?Q/2b K�i?ûK�iB[m2b 2i MQi�KK2Mi /2 H� i?ûQ@
`B2 /2b T`Q#�#BHBiûb /ĕb H2 soAA2 bBĕ+H2- 2i BBBV H2 /ûp2HQTT2K2Mi /ǶBMbi`mK2Mib
2i /ǶmMBiûb /2 K2bm`2 bi�#H2b T2`K2ii�Mi /Ƕ�ii2BM/`2 mM2 T`û+BbBQM- mM2 `û@
THB+�#BHBiû bm{b�Mi2 2i /2b K�`;2b /Ƕ2``2m`b K�ŗi`Bbû2b c +2 /2`MB2` T`Q;`ĕb M2
7mi `û�HBbû [m2 /�Mb H2 +Qm`�Mi /m sAs2 bBĕ+H2 TQm` +2`i�BM2b b+B2M+2b /Bi2b
#�+QMB2MM2bX

GǶ2tBbi2M+2 /2 H� K2bm`2 �m b2Mb Qɍ MQmb HǶ2Mi2M/QMb BKTHB[m2 �BMbB H�
+QMDQM+iBQM /2 +2b i`QBb �p�M+û2b [mB �miQ`Bb2Mi H2b b+B2MiB}[m2b ¨ b2 T�bb2` /m
Dm;2K2Mi T2`bQMM2H /2b BM/BpB/mb Qm- TQm` `2T`2M/`2 H2b i2`K2b /2 arBDiBMF
(kNj)- /Ƕ2z2+im2` /2b Ŀ Q#b2`p�iBQMb b�Mb Q#b2`p�i2m` ŀ UTX kd9 c i`�/mBi /2
HǶ�M;H�BbVX G2b K2bm`2b �m b2Mb bi`B+i bQMi ;�`�Mi2b /ǶQ#D2+iBpBiû- TmBb[mǶ2HH2b
T2`K2ii2Mi /ǶûHQB;M2` H2 Dm;2K2Mi ?mK�BM /2 HǶ�TT`û+B�iBQM /2b ;`�M/2m`b
`2M/m2b K2bm`�#H2b ;`�+2 ¨ mM2 Kûi`QHQ;B2 `û�HBbi2X

*2 [m2 MQmb MQKKQMb H2 T`ûbmTTQbû /2 K2bm`2 BMi2`pB2Mi HQ`b[m2 H2b [m�@
HBiûb /2 K�i?ûK�iBb�#BHBiû 2i /ǶQ#D2+iBpBiû T`QT`2b ¨ H� K2bm`2 �m b2Mb ûi`QBi
bQMi �ii`B#mû2b ¨ /2b p�H2m`b Q#i2Mm2b b�Mb H2 `2+Qm`b 2z2+iB7 ¨ +2ii2 7Q`K2 /2
[m�MiB}+�iBQMX LQmb HǶ�pQMb HQM;m2K2Mi ûpQ[mû- HǶ�+iBpBiû /2b úi�ib T`Q/mBi
#2�m+QmT /ǶBM/B+�i2m`b , i�mt /2 +?ƬK�;2- /2 b+QH�`Bb�iBQM- /2 +`BKBM�HBiûXXX-
K2bm`2 /2 T2`7Q`K�M+2- SA"- 2i+X G2 7�Bi [m2 H� THmT�`i /2 +2b Q#D2ib bQB2Mi
2tT`BKûb 2M MQK#`2b `û2Hb T`Q/mBi mM2 BHHmbBQM /2 K2bm`2 c /2 THmb +QKK2 H2
bQmHB;M2 .2b`QbBĕ`2b (Ne) Ŀ H2 bBKTH2 7�Bi /ǶmiBHBb2` H2 p2`#2 K2bm`2` `2MpQB2
BKTHB+Bi2K2Mi ¨ H� Kûi`QHQ;B2 `û�HBbi2 /2b b+B2M+2b /2 H� M�im`2 ŀ UTX j3VX
*Ƕ2bi �BMbB [m2- i`ĕb bQmp2Mi- H2b `�BbQMM2K2Mib p�H�#H2K2Mi �TTHB+�#H2b ¨
/2b K2bm`2b �m b2Mb bi`B+i b2 i`Qmp2Mi- T�` 2ti2MbBQM- �TTHB[mû ¨ /2b +?Bz`2b
[mB M2 bQMi T�b Q#i2Mmb T�` /2b T`Q+2bbmb ;�`�MiBbb�Mi H2m` Q#D2+iBpBiû 2i
K�i?ûK�iBb�#BHBiûX
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G� p�`B�iBQM- ¨ H� #�Bbb2- /m i�mt /2 +?ƬK�;2 �p�Mi H2b ûH2+iBQMb T`ûbB/2M@
iB2HH2b 7`�MÏ�Bb2b T`QTQb2 mM 2t2KTH2 7`�TT�Mi URkX9XRV [mB BHHmbi`2 +QKK2Mi-
¨ H� bmBi2 /ǶmM2 #�Bbb2 /2b +?Bz`2b /m +?ƬK�;2- H2b +QKK2Mi�B`2b +QM+Hm2Mi
¨ mM2 �KûHBQ`�iBQM /2 H� bBim�iBQM bm` H2 K�`+?û /m i`�p�BHX .�Mb +2 +�b- BH
bǶ�;Bi TQbbB#H2K2Mi /ǶmM2 K�MBTmH�iBQM , 2M DQm�Mi bm` H2b +�`�+iû`BbiB[m2b /2
HǶBM/B+�i2m` i2H [m2 T`ûpm T�` H2 bvbiĕK2 BMbiBimiBQMM2H 7`�MÏ�Bb- H2 TQmpQB` 2M
TH�+2 � �;B TQHBiB[m2K2Mi R /2 i2HH2 bQ`i2 [m2 H2 i�mt bQBi KQ/B}û ¨ HǶ�TT`Q+?2
/2b ûH2+iBQMb T`ûbB/2MiB2HH2b /2 kykk c K�Bb /2b BM/B+�i2m`b /2 +2 ivT2 T2mp2Mi
û;�H2K2Mi p�`B2` TQm` /2b KQiB7b 2ti`BMbĕ[m2b [mB M2 bQMi T�b BMi2MiBQMM2HbX

AH 2bi 2M 2z2i �Bbû /2 i`Qmp2` /Ƕ�mi`2b BHHmbi`�iBQMb /�Mb H2b[m2Hb /2b BM@
/B+�i2m`b ûpQHm2Mi b�Mb [m2 T2`bQMM2 MǶ�Bi 2z2+iBp2K2Mi H� pQHQMiû /Ƕ�;B`
/B`2+i2K2Mi bm` 2mt c +2b QmiBHb T`ûb2Mi2Mi H2 KāK2 ivT2 /2 T`Q#HĕK2 2M
i2`K2b /ǶBKTHB+�iBQMb HQ;B[m2b , ¨ b�pQB` [mǶBHb BM/mBb2Mi /2b T`ûbmTTQbûb /2
K2bm`2X G2b +QKK2Mi�B`2b bm` H2 +QpB/@RN QMi Qz2`i mM2 BHHmbi`�iBQM /2 +2
T?ûMQKĕM2 , iQmb H2b DQm`b 2i bm` iQmb H2b +�M�mt- H2b +?Bz`2b /2b /Bzû`2Mi2b
`û;BQMb 2i /2b /Bzû`2Mib úi�ib ûi�B2Mi b+`miûb- KBb +Ƭi2 ¨ +Ƭi2- +QKT�`ûb 2i
+QKK2MiûbX J�Bb +?�[m2 `û;BQM- +?�[m2 úi�i- �p�Bi KBb 2M TH�+2 /2b TQHB@
iB[m2b 2i /2b KQ/2b /2 +�H+mH T`QT`2bX �BMbB- 2M+Q`2 �m KQBb /2 K�`b kykk-
H2b +?Bz`2b TQm` H� amBbb2 Ĝ [mB �p�Bi ¨ +2 KQK2Mi@H¨ T`�iB[m2K2Mi �#�M/QMMû
iQmi2b b2b K2bm`2b /2 T`Qi2+iBQM +QMi`2 H2 +QpB/@RN Ĝ ûi�B2Mi +QKT�`ûb ¨ +2mt
/2 b2b pQBbBMb- �HQ`b [m2- T�` 2t2KTH2- HǶ�mi`B+?2 2i HǶ�HH2K�;M2 K2M�B2Mi 2M@
+Q`2 /2b TQHBiB[m2b i`ĕb bi`B+i2b 2i QTû`�B2Mi ¨ /2 MQK#`2mt +QMi`ƬH2b [m�M/-
2M `2p�M+?2- H� 6`�M+2 2i HǶAi�HB2 `û/mBb�B2Mi +QMbB/û`�#H2K2Mi H� pQBHm`2X

om H2b T`�iB[m2b bB /Bzû`2Mi2b /2 +2b úi�ib- H2m`b bi�iBbiB[m2b `2bT2+iBp2b
b2 `�TTQ`i2Mi ¨ /2b Q#D2ib /Bzû`2Mib /QMi H� +QKT�`�BbQM M2 T`ûb2Mi2 T�b
;`�M/ BMiû`āiX G� };m`2 RjXR KQMi`2- T�` 2t2KTH2 [mǶ2M amBbb2- H2 MQK#`2 /2
i2bib T�` ?�#Bi�Mi `û�HBbûb 2Mi`2 H2 RR Q+iQ#`2 kykR 2i H2 RR �p`BH kykk p�`B2

RX 1M iQmi2 Hû;�HBiû- TmBb[m2 H2b +?�M;2K2Mib QMi ûiû �++2Tiûb T�` H2 S�`H2K2Mi 7`�MÏ�Bb-
bQBi H2 TQmpQB` Hû;BbH�iB7X
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/m bBKTH2 �m [m�/`mTH2 /ǶmM +�MiQM ¨ HǶ�mi`2 kX *2H� BHHmbi`2 #B2M [mǶ�m b2BM
/ǶmM b2mH T�vb- H2b bi`�iû;B2b T2mp2Mi āi`2 i`ĕb /Bp2`b2bX *2`i�BM2b `û;BQMb
BMpBi2Mi H2b T2`bQMM2b ¨ b2 i2bi2` /ĕb [mǶ2HH2b QMi 2m mM +QMi�+i /2 T`ĕb Qm
/2 HQBM �p2+ mM2 T2`bQMM2 BM72+iû2- /Ƕ�mi`2b MǶBM+Bi2Mi ¨ H2 7�B`2 [mǶ2M +�b /2
bvKTiƬK2b- 2i+X

6B;m`2 RjXR Ĝ LQK#`2 /2 i2bib /2 /ûTBbi�;2 +QpB/@RN `û�HBbûb TQm` RyyǶyyy
?�#Bi�Mib T�` +�MiQM 2Mi`2 H2 RRXRyXkykR 2i H2 RRXy9Xkykk (kNy)

1M bQKK2- +2b /Bzû`2M+2b /2 TQHBiB[m2 `2M/2Mi H2b +QKT�`�BbQMb 2Mi`2
H2b Q#b2`p�iBQMb 2z2+imû2b /�Mb +2b `û;BQMb BMQTTQ`imM2bX lM BM/BpB/m i2biû
TQbBiB7 /�Mb H2 +�MiQM /Ƕl`B j MǶ�m`�Bi T2mi@āi`2 T�b ûiû i2biû bǶBH �p�Bi ûiû
/�Mb H2 +�MiQM /2 o�m/- iQmi /2K2m`�Mi û;�H T�` �BHH2m`b , H2b +?Bz`2b /2 +2b

kX G� Hû;2M/2 MǶ2bi T�b �Bbû2 ¨ HB`2 , +2ii2 +�`i2 K2i 2M HmKBĕ`2 H2 7�Bi [m2 H2 MQK#`2 /2
i2bib T�` ?�#Bi�Mi p�`B2 2Mi`2- �TT`QtBK�iBp2K2Mi- y-d 2i k-3 2M 7QM+iBQM /m +�MiQM , mM2
p�`B�iBQM /m bBKTH2 �m [m�/`mTH2X

jX G2 +�MiQM [mB � 2z2+imû H2 THmb ;`�M/ MQK#`2 /2 i2bib T�` ?�#Bi�MiX
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/2mt +�MiQMb M2 b2 `�TTQ`i2Mi /QM+ T�b �m KāK2 Q#D2i- ¨ H� KāK2 mMBiûX
*Ƕ2bi H2 +QMi`�B`2 TQm` /2b K2bm`2b [mB bQMi- 2HH2b- iQmDQm`b `�TTQ`iû2b ¨ H�
KāK2 mMBiû Ĝ H2 /2;`û *2HbBmb- H2 FBHQ;`�KK2- H2 Kĕi`2XXX Ĝ [m2HH2b [m2 bQB2Mi
H2b +QM/BiBQMb T�` �BHH2m`bX

G2 MQK#`2 /2 +�b TQbBiB7b Qm KāK2 H2b i�mt /2 i2bib TQbBiB7b /2 /Bzû`2Mi2b
xQM2b Qm T�vb M2 bQMi /QM+ T�b +QKK2 /2b i2KTû`�im`2b- /2b K�bb2 Qm /2b
/Bbi�M+2b- T�`+2 [mǶ2HH2b MǶ�TT�`iB2MM2Mi T�b �m /QK�BM2 /2 H� K2bm`2 �m
b2Mb bi`B+i- [m�M/ #B2M KāK2 2HH2b T`Q/mBb2Mi /2b i�mt 2tT`BKûb 2M MQK#`2b
`û2HbX *2H� bB;MB}2 [m2 +2b Q#b2`p�iBQMb Ĝ 2i i�Mi /Ƕ�mi`2b [mB b2 `�TTQ`i2Mi
¨ HǶ�+iBpBiû ?mK�BM2 Ĝ M2 T2mp2Mi T�b b2 T`ûp�HQB` /2b +�`�+iû`BbiB[m2b /2
H� K2bm`2X S`BM+BT�H2K2Mi- +Ƕ2bi H� [m�HBiû /ǶQ#D2+iBpBiû /2b Q#b2`p�iBQMb [mB
7�Bi /û7�mi ¨ +2b 7Q`K2b /2 [m�MiB}+�iBQM- TmBb[mǶ2HH2b bmTTQb2Mi iQmi2b /2b
+?QBt ?mK�BMb 2M �KQMi /2 H� TQbbB#BHBiû /2 T`Q/mB`2 /2b MQK#`2bX

AH MǶ2tBbi2 T�b /2 KQv2M /2 +QKT�`2` /2b T?ûMQKĕM2b ?mK�BMb T�` H2b
+?Bz`2b +QKK2 HǶ�miQ`Bb2- 2M b+B2M+2b /2 H� M�im`2- H� Kûi`QHQ;B2 `û�HBbi2 `2M@
/m2 TQbbB#H2 T�` H2 /ûp2HQTT2K2Mi /ǶBMbi`mK2Mib 2i /ǶmMBiûb T2`K2ii�Mi /Ƕ�i@
i2BM/`2 mM2 T`û+BbBQM- mM2 `ûTHB+�#BHBiû 2i mM2 K�ŗi`Bb2 /2b K�`;2b /Ƕ2``2m`X
*2b ûHûK2Mib `ûmMBb bQMi- 2M 2z2i- /2b +QM/BiBQMb ;�`�MiBbb�Mi HǶQ#D2+iBpBiû
/2b K2bm`2b (kNj)X hQmi2 T`ûi2MiBQM /Ƕ2z2+im2` H2 KāK2 ivT2 /2 `�BbQMM2@
K2Mib 2M b+B2M+2b ?mK�BM2b 2i bQ+B�H2b 2bi /QM+ +QMi�KBMû T�` +2 [m2 MQmb
MQKKQMb mM T`ûbmTTQbû /2 K2bm`2- +Ƕ2bi@¨@/B`2 T�` HǶB/û2 [m2 iQmi2 Q#b2`@
p�iBQM +?Bz`û2 b2`�Bi TQ`i2mb2 /2 HǶQ#D2+iBpBiû `2M/m2 TQbbB#H2 T�` H� K2bm`2
�m b2Mb bi`B+iX
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kNj

RjXj o�H2m` /2 pû`Biû /2b ûMQM+ûb 7QM/ûb bm`
mM T`ûbmTTQbû /2 K2bm`2

*2ii2 /Bzû`2M+2 2Mi`2 /2b bi�iBbiB[m2b Bbbm2b /2 /Bp2`b2b T`�iB[m2b /2 [m�MiB@
}+�iBQM 2i H� K2bm`2 2Mi`�ŗM2 mM2 M2ii2 /Bzû`2M+2 /�Mb H� K�i?ûK�iBb�#BHBiû
/2b Q#D2ib +?Bz`ûb [mB 2M `ûbmHi2MiX § /2b K2bm`2b �m b2Mb bi`B+i T2mp2Mi
bǶ�TTHB[m2` p�H�#H2K2Mi /2b `�BbQMM2K2Mib K�i?ûK�iB[m2b , j-R 2bi iQmDQm`b
THmb [m2 k-N [mǶBH bǶ�;Bbb2 /2 Kĕi`2b- /2 E2HpBM- /2 FBHQ;`�KK2b- /2 b2+QM/2b-
/Ƕ�KTĕ`2b- /2 KQH2b Qm /2 +�M/2H�bX �m +QMi`�B`2- MQmb �pQMb pm [m2 /2b i�mt
/2 +?ƬK�;2 Qm /2 +`BKBM�HBiû- /2b BM/B+�i2m`b /2 T`Q/m+iBpBiû- /2 #B2M@āi`2- /2
T`Q;`2bbBQM /ǶmM pB`mbXXX TQmp�B2Mi T`Q/mB`2 /2b MQK#`2b [mB û+?�TT2Mi /�Mb
+2b +QMi2ti2b ¨ H2m` p�H2m` K�i?ûK�iB[m2 TmBb[m2 H2b +H�bb2b [mǶBHb T`ûi2M/2Mi
Q#b2`p2` 2i H� K�MBĕ`2 /2 H2b Q#b2`p2` p�`B2MiX AH MǶv � T�b /2 +QMbi�Mi2 +?Ƭ@
K2m` Qm #B2M@āi`2- MB KāK2 /ǶBMbi`mK2Mi T2`K2ii�Mi /2 T`2M/`2 2M +QKTi2
iQmb H2b T�`�Kĕi`2b TQm` H2b [m�MiB}2` �p2+ /2b K�`;2b /Ƕ2``2m` K�Bi`Bbû2bX

lM ûMQM+û +QKK2 Ŀ mM2 �KûHBQ`�iBQM b2 +QMbi�i2 bm` H2 K�`+?û /m i`�p�BH
TmBb[m2 H2 i�mt /2 +?ƬK�;2 T�bb2 /2 e-kW ¨ 8-3W ŀ T`ûbmTTQb2 �BMbB [mǶmM2
p�`B�iBQM /m i�mt /2 +?ƬK�;2 b2`�Bi mM QmiBH K2bm`�Mi H� bBim�iBQM bm` H2
K�`+?û /m i`�p�BHX LQmb HǶ�pQMb KQMi`û- H2 i�mt /2 +?ƬK�;2 T2`K2i /2 7�B`2
/2b Q#b2`p�iBQMb c K�Bb BH MǶ2bi 2M �m+mM +�b mM2 K2bm`2 �m b2Mb bi`B+i- TmBb[m2
iQmi2b bQ`i2b /ǶûpûM2K2Mib T2mp2Mi �pQB` 7�Bi #Qm;2` +2 i�mt b�Mb [m2 H�
bBim�iBQM bm` H2 K�`+?û /m i`�p�BH M2 b2 bQBi �KûHBQ`û2 /2 [m2H[m2 K�MBĕ`2
[m2 +2 bQBiX *Ƕ2bi TQm`[mQB H2 T`ûbmTTQbû [m2 /2b bi�iBbiB[m2b T2`K2ii2Mi /2b
`�BbQMM2K2Mib p�H�#H2K2Mi �TTHB[mûb ¨ /2b K2bm`2b 2bi 7�mtX

*QKK2 MQmb HǶ�pQMb K2MiBQMMû +B@�p�Mi- HQ`b[mǶmM T`ûbmTTQbû HBû ¨ mM
ûMQM+û 2bi 7�mt- +2i ûMQM+û MǶ� T�b /2 p�H2m` /2 pû`Biû (RyR- 9y) UTX R8RVX
�BMbB- �{`K2` HǶ2tBbi2M+2 /ǶmM2 �KûHBQ`�iBQM bm` H2 K�`+?û /m i`�p�BH bm`
H� #�b2 /ǶmM i�mt /2 +?ƬK�;2 ¨ H� #�Bbb2 M2 T2mi āi`2 +QMbB/û`û- MB +QKK2
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p`�B- MB +QKK2 7�mt , +2ii2 �bb2`iBQM MǶ� bBKTH2K2Mi T�b /2 p�H2m` /2 pû`Biû
TmBb[mǶ2HH2 �/QTi2 mM `�BbQMM2K2Mi 7QM/û bm` mM2 Kûi`QHQ;B2 `û�HBbi2 c H2b
b+B2M+2b ?mK�BM2b 2i bQ+B�H2b M2 T2mp2Mi T�b bǶ2M T`ûp�HQB`X



*?�TBi`2 R9

*QM/BiBQMb /2 p�HB/Biû /ǶmM
BM/B+�i2m` bi�iBbiB[m2

§ MQmb HB`2- BH b2K#H2`�Bi [m2 MQmb bm;;û`BQMb [mǶBH M2 7�m/`�Bi THmb `2+Qm`B`
/m iQmi ¨ /2b bi�iBbiB[m2b c +2 MǶ2bi T�b +2 [m2 MQmb /BbQMbX _�TT2HQMb B+B H2b
KQib /2 _2v (kek) b2HQM [mB H2 `ĕ;M2 �+im2H /2 H� bi�iBbiB[m2 Ŀ 2bi BMiBK2K2Mi
HBû- bm` H2 TH�M T`�iB[m2- ¨ H� M�im`2 2i �m 7QM+iBQMM2K2Mi /2b bQ+Bûiûb KQ@
/2`M2b ŀ 2i `2Hĕp2 Ŀ /ǶmM2 7�ÏQM /2 T2Mb2`- /2 T�`H2`- /2 MQmb `2T`ûb2Mi2` H2
KQM/2 /QMi iQmi /Bb+Qm`b /2 +QMM�Bbb�M+2 TQ`i2 H� K�`[m2 ŀ UTX RyVX LQmb
M2 TQmpQMb /QM+ T�b H2 +QM;û/B2` Qm MQmb 2M T�bb2` /�Mb H2 /Bb+Qm`b /2 HǶBM@
7Q`K�iBQMX GǶ?BbiQ`B2M /2b b+B2M+2 h?ûQ/Q`2 SQ`i2` (kjk) pQBi HmB �mbbB Ŀ H2b
+?Bz`2b- H2b ;`�T?B[m2b 2i H2b 7Q`KmH2b �p�Mi iQmi +QKK2 /2b bi`�iû;B2b /2
+QKKmMB+�iBQMX AHb bQMi ûi`QBi2K2Mi HBûb ¨ /2b 7Q`K2b /2 +QKKmM�miû- 2i T�`
+QMbû[m2Mi ¨ HǶB/2MiBiû bQ+B�H2 /2b +?2`+?2m`b ŀ +2 [mB Ŀ M2 bB;MB}2 T�b [mǶBHb
MǶQMi �m+mM2 p�HB/Biû T�` `�TTQ`i �mt Q#D2ib [mǶBHb /û+`Bp2Mi- MB [m2 H� b+B2M+2
TQm``�Bi iQmi �mbbB #B2M bǶ2M T�bb2` ŀ Ui`�/mBi /2 HǶ�M;H�Bb c TXpBBBVX AH bǶ�;Bi
/QM+ /�p�Mi�;2 /ǶûH2p2` MQi`2 +QMb+B2M+2 �mt HBKBi2b HQ;B[m2b [mǶBKTQb2 H�
H2+im`2 /2b bi�iBbiB[m2b 2i /2 `2H2p2` H2b T�`�Kĕi`2b [mB 7QM/2Mi H2m` p�HB/BiûX

kN8
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.�Mb H2b b2+iBQMb [mB bmBp2Mi MQmb T�bb2`QMb 2M `2pm2 H2b ivT2b /2 [m�M@
iB}+�iBQMb H2b THmb 7`û[m2Mib 2i 2tTHB[m2`QMb TQm`[mQB 2i ¨ [m2HH2b +QM/BiBQMb
H2b +QM+HmbBQMb [m2 +2b 7Q`K2b BM/mBb2Mi T2mp2Mi āi`2 THmb Qm KQBMb p�HB/2bX

R9XR o�HB/Biû /2 H� K2bm`2

*2`i�BM2b bi�iBbiB[m2b bQMi 7QM/û2b bm` /2b K2bm`2b , H2 TQB/b KQv2M /2 H�
TQTmH�iBQM- HǶ2bTû`�M+2 /2 pB2- H2 i2KTb /2 `2i�`/ /2b i`�BMb- 2i+X *2ii2 7Q`K2
/2 [m�MiB}+�iBQM ;�`�MiBi mM2 p�HB/Biû /2b +?Bz`2b T`Q/mBib 2i �miQ`Bb2 /2b
BM7û`2M+2b HQ;B[m2bX *Ƕ2bi H2 +�b ¨ +QM/BiBQM /2 `2bT2+i2` H2b `ĕ;H2b /Ƕmb�;2
/�Mb HǶBMi2`T`ûi�iBQM /2b K�`;2b /Ƕ2``2m`b BM?û`2Mi2b ¨ iQmi2 K2bm`2 R- K�Bb
�mbbB ¨ H� +QM/BiBQM [m2 H2 K2bm`�;2 bQBi TQbbB#H2 bm` mM2 TQTmH�iBQM Qm bm`
mM û+?�MiBHHQM `2T`ûb2Mi�iB7 /2 H� TQTmH�iBQMX

R9Xk G2 /ûMQK#`2K2Mi /ǶQ#D2ib MQM@+QMp2MiBQMM2Hb

AMimBiBp2K2Mi- BH �TT�`�ŗi [m2 H2b Q#D2ib /ûMQK#`ûb /�Mb H2 +�/`2 /ǶmM2 bi�iBb@
iB[m2 T2mp2Mi āi`2 bQBi �#bi`�Bib- bQBi +QM+`2ibX G2 T?BHQbQT?2 _Qb2M (ked) û+`Bi
iQmi27QBb /2 HǶQTTQbBiBQM �#bi`�Bif+QM+`2i [mǶ2HH2 Ŀ � mM bi�imi +m`B2mt /�Mb
H� T?BHQbQT?B2 +QMi2KTQ`�BM2X AH 2bi H�`;2K2Mi �/KBb [m2 +2ii2 /BbiBM+iBQM
2bi /ǶmM2 BKTQ`i�M+2 7QM/�K2Mi�H2X 1i TQm`i�Mi- BH MǶ2tBbi2 �m+mM +QKTi2
`2M/m bi�M/�`/ /2 H� K�MBĕ`2 /QMi 2HH2 /2p`�Bi āi`2 ûi�#HB2X ŀ

*Ƕ2bi H� `�BbQM TQm` H�[m2HH2 MQmb M2 bQm?�BiQMb T�b KQ#BHBb2` +2b +QM+2Tib
2i H2m` T`û7û`QMb HǶQTTQbBiBQM 2Mi`2 H2 +QMp2MiBQMM2H Ĝ +Ƕ2bi@¨@/B`2 +2 [mB 2bi
ûi�#HB T�` mM �++Q`/ i�+Bi2 Qm 2tTHB+Bi2 2Mi`2 /2b T�`iB2b Ĝ 2i +2 [mB M2 HǶ2bi
T�b Ĝ ¨ b�pQB` +2 [mB 2bi 7QM/û bm` H� M�im`2 Qm H� `û�HBiû (8k)X LQmb bQKK2b

RX LQmb `�TT2HQMb [m2 HǶmM2 /2b +�`�+iû`BbiB[m2b /2 H� K2bm`2 2bi bQM BKT`û+BbBQMX
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+QMb+B2Mi /m 7�Bi [mǶûi�#HB` 7Q`K2HH2K2Mi H� /BbiBM+iBQM /�Mb +2ii2 QTTQbBiBQM
Ĝ +QMp2MiBQMM2HfMQM@+QMp2MiBQMM2H Ĝ 2bi iQmi �mbbB bmD2i ¨ /û#�i c 2HH2 MQmb
T�`�ŗi +2T2M/�Mi KQBMb û[mBpQ[m2 TQm` H2b #2bQBMb /2 +2ii2 ûim/2X

.2 MQK#`2mb2b bi�iBbiB[m2b T`Q+ĕ/2Mi T�` /2b /ûMQK#`2K2Mib- 2tT`BKûb
bm` HǶ2Mb2K#H2 /2b MQK#`2b 2MiB2`b Ĝ N 4 &y- R- k- j- XXX' Ĝ 2i T2mp2Mi TQ`@
i2` bm` /2b Q#D2ib +QMp2MiBQMM2Hb Qm MQMX G2b Q#D2ib MQM@+QMp2MiBQMM2Hb T`û@
b2Mi2Mi HǶ�p�Mi�;2 /2 M2 T�b āi`2 /û}MBb T�` H2b BMbiBimiBQMb ?mK�BM2b , BHb
M2 +?�M;2Mi �BMbB T�b /2 T`QT`Bûiûb /ǶmM /ûMQK#`2K2Mi ¨ HǶ�mi`2 kX G� /B{@
+mHiû ¨ H�[m2HH2 /QBi 7�B`2 7�+2 +2ii2 7Q`K2 /2 [m�MiB}+�iBQM 2bi H� 7`û[m2Mi2
BKTQbbB#BHBiû /2 +QKTi2` HǶQ#D2i /QMi BH 2bi [m2biBQM- K�Bb �mbbB H2b p�`B�iBQMb
BMbiBimiBQMM2HH2b TQbbB#H2b /�Mb H2b T`�iB[m2b /2 +QKTi�;2X

*2b p�`B�iBQMb /2 T`�iB[m2b M2 KQ/B}2Mi T�b H� M�im`2 2i H� [m�MiBiû 27@
72+iBp2 /2 HǶQ#D2i +QKTiû- K�Bb T2mi H2 7�B`2 �TT�`�ŗi`2 /2 7�ÏQMb i`ĕb /Bp2`b2b
/�Mb mM2 bi�iBbiB[m2X § MQmp2�m- H2 +QpB/@RN Qz`2 mM 2t2KTH2 iQTB[m2 , +2
pB`mb 2tBbi2 BM/Bb+mi�#H2K2Mi ?Q`b /2 iQmi2 +QMp2MiBQM , +Ƕ2bi mM Q#D2i MQM@
+QMp2MiBQMM2H /ûMQK#`û ¨ /2b }Mb bi�iBbiB[m2bX P`- +QKK2 MQmb HǶ�pQMb KBb
2M 2t2`;m2- H2b TQHBiB[m2b b�MBi�B`2b- /2 i2bib 2i /2 /ûMQK#`2K2Mi /ǶmM2 `û@
;BQM Qm /ǶmM T�vb ¨ HǶ�mi`2 `2M/2Mi +2b Q#b2`p�iBQMb BM+QKT�`�#H2b , +Ƕ2bi
mM T2m +QKK2 `2;�`/2` mM2 Q2mp`2 /2 o�M :Q;? �p2+ /2b HmM2ii2b i2BMiû2b
/2 #H2m- TmBb �p2+ /Ƕ�mi`2b- i2BMiû2b /2 `Qm;2 , H2 i�#H2�m 2bi H2 KāK2- K�Bb
H2 KQ/2 /ǶQ#b2`p�iBQM 2M +?�M;2 /B�Kûi`�H2K2Mi H2b T`QT`Bûiûb T2`Ïm2b T�`
MQi`2 b2Mb /2 H� pm2X �BMbB H2b bi�iBbiB[m2b b�MBi�B`2b /ǶmM T�vb T2mp2Mi BM/B@
[m2` mM2 bBim�iBQM i`ĕb /Bzû`2Mi2b /2 +2HH2b /ǶmM �mi`2- iQmi 2M +QMi2KTH�Mi
2M `û�HBiû mM2 bBim�iBQM i`ĕb bBKBH�B`2 UHǶBMp2`b2 TQmp�Mi û;�H2K2Mi āi`2 p`�BVX

AH 2bi T�` +QMbû[m2Mi 2bb2MiB2H- bǶ�;Bbb�Mi /m /ûMQK#`2K2Mi /ǶQ#D2ib MQM@
+QMp2MiBQMM2Hb- /2 T`2M/`2 2M +QKTi2 /2mt T�`�Kĕi`2b TQm` /ûi2`KBM2` H�
p�HB/Biû /2b +QKT�`�BbQMb [mǶ2z2+im2 mM2 bi�iBbiB[m2 , bQBi BV H2b Q#D2ib /QMi
BH 2bi [m2biBQM bQMi 2z2+iBp2K2Mi /ûMQK#`�#H2b c bQBi- HQ`b[m2 +2 MǶ2bi T�b H2

kX *2 bQMi ¨ +?�[m2 7QBb H2b KāK2 Q#D2ib [mB bQMi +QKTiûbX
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+�b- BBV H� K�MBĕ`2 /2 H2b +QKTi2` Qm /Ƕ2M 2biBK2` H� [m�MiBiû j MǶûpQHm2 T�b
/�Mb HǶ2bT�+2 2ifQm /�Mb H2 i2KTb 9X .2b +?Bz`2b /2 +2 ivT2 M2 T2mp2Mi āi`2
p�H�#H2K2Mi +QKT�`ûb [m2 HQ`b[m2 HǶmM2 /2 +2b +QM/BiBQMb 2bi `2KTHB2X

R9Xj G2 /ûMQK#`2K2Mi /ǶQ#D2ib +QMp2MiBQM@
M2Hb

G2 +QKTi�;2 /2b Q#D2ib +QMp2MiBQMM2Hb T`ûb2Mi2 /2b +�`�+iû`BbiB[m2b bBKB@
H�B`2b , +2`i�BMb bQMi +QKTi�#H2b Ĝ H2 MQK#`2 /2 +QM/�KM�iBQMb TQm` pQH- H2
`2p2Mm KQv2M /2b 7QM+iBQMM�B`2bXXX Ĝ [m�M/ /Ƕ�mi`2b bQMi BKTQbbB#H2b ¨ +QKT@
i2` Ĝ H2 MQK#`2 2z2+iB7 /Ƕ�+i2b /2 pBQH2M+2 +QMDm;�H2- HǶ�`;2Mi +�+?û /�Mb H2b
T�`�/Bb }b+�mtXXX G2b /2mt +QM/BiBQMb /2 p�HB/Biû /2b bi�iBbiB[m2b pBb�Mi ¨ /û@
MQK#`2` /2b Q#D2ib MQM@+QMp2MiBQMM2Hb bQMi /QM+ û;�H2K2Mi /ûi2`KBM�Mi2b
TQm` H2b Q#D2ib +QMp2MiBQMM2Hb , +Ƕ2bi@¨@/B`2 [m2 BV H2b Q#D2ib /QMi BH 2bi [m2b@
iBQM bQMi 2z2+iBp2K2Mi /ûMQK#`�#H2b c Qm- HQ`b[m2 +2 MǶ2bi T�b H2 +�b- BBV H�
K�MBĕ`2 /2 H2b +QKTi2` Qm /Ƕ2M 2biBK2` H� [m�MiBiû MǶûpQHm2 T�b /�Mb HǶ2bT�+2
2ifQm /�Mb H2 i2KTbX

J�Bb TQm` +2b Q#D2ib mM �mi`2 T�`�Kĕi`2 /ûi2`KBM�Mi- �v�Mi i`�Bi /B`2+i2@
K2Mi ¨ H2m` M�im`2 +QMp2MiBQMM2HH2- 2Mi`2 2M HB;M2 /2 +QKTi2 , H2b +QMp2MiBQMb
T2mp2Mi +?�M;2` �m ;`û /m i2KTb 2i /m HB2mX lM Q#D2i +QMp2MiBQMM2H M2 T`û@
b2Mi2 /QM+ mM BMiû`āi bi�iBbiB[m2 [m2 bB b� /û}MBiBQM �m b2Mb i`ĕb H�`;2 M2
+?�M;2 T�b /�Mb HǶ2bT�+2 2ifQm /�Mb H2 i2KTb [m2 H� bi�iBbiB[m2 +QKT�`2X S�`
Ŀ /û}MBiBQM �m b2Mb i`ĕb H�`;2 ŀ MQmb 2Mi2M/QMb H� /û}MBiBQM BMbiBimiBQMM2HH2
Ĝ /ûi2`KBMû2 T�` H� GQB 2i H2b T`�iB[m2b �/KBMBbi`�iBp2b Ĝ K�Bb �mbbB b� /û}@
MBiBQM bQ+B�H2- +Ƕ2bi@¨@/B`2 HǶBKTQ`i�M+2 [mǶmM Q#D2i T2mi T`2M/`2 2i H2 `2;�`/

jX *2 KQ/2 /2 +QKTi�;2 Qm /Ƕ2biBK�iBQM /2p`�Bi B/û�H2K2Mi āi`2 K2MiBQMMûX
9X 1M 7QM+iBQM /2 H� TQ`iû2 /B�iQTB[m2 2ifQm /B�+?`QMB[m2 /ǶmM2 bi�iBbiB[m2
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[m2 +2`i�BM2b TQTmH�iBQMb TQ`i2Mi bm` HmBX .2b`QbBĕ`2b (N8) �iiB`2 MQi`2 �ii2M@
iBQM bm` +2i ûHûK2Mi HQ`b[mǶBH �{`K2 [m2 Ŀ H2 7�Bi [mǶmM2 [m2biBQM /2pB2MM2
ǳbQ+B�H2K2Mi Dm;û2 bQ+B�H2Ǵ (XXX) i`�Mb7Q`K2 bQM bi�imi bi�iBbiB[m2 ŀ UTX ReRVX

*2H� 2bi p`�B �mbbB #B2M TQm` H2b ûHûK2Mib /ûMQK#`�#H2b [m2 TQm` H2b
�mi`2bX �BMbB- /�Mb H2b 2t2KTH2b [m2 MQmb �pQMb T`Bb +B@/2bbmb- H2 MQK#`2 /2
+QM/�KM�iBQMb TQm` pQH T2mi �m;K2Mi2` bǶBH v � THmb /2 pQHb- K�Bb û;�H2@
K2Mi /�Mb H2 b+ûM�`BQ ?vTQi?ûiB[m2 Qɍ H2 /m`+Bbb2K2Mi /ǶmM2 HQB 2Mi`�ŗM2`�Bi
mM2 �m;K2Mi�iBQM /2b +QM/�KM�iBQMbX .2 7�ÏQM bBKBH�B`2- HǶûpQHmiBQM /m `2@
p2Mm KQv2M /2b 7QM+iBQMM�B`2b T2mi bǶ2tTHB[m2` T�` /2b �m;K2Mi�iBQMb Qm
/2b /BKBMmiBQMb /2 b�H�B`2- K�Bb �mbbB T�` H� +`û�iBQM /2 TQbi2b MQmp2�mt-
`ûTQM/�Mi ¨ mM2 bBim�iBQM Dm;û2 bQ+B�H2K2Mi /û+BbBp2X lM2 �m;K2Mi�iBQM /m
MQK#`2 +QKTi�#BHBbû /Ƕ�+i2b /2 pBQH2M+2 +QMDm;�H2 T2mi bǶ2tTHB[m2` T�` mM2
�m;K2Mi�iBQM 2z2+iBp2 /2 +2 ivT2 /2 pBQH2M+2- K�Bb �mbbB T�` mM2 HB#û`�iBQM
/2 H� T�`QH2 /2b 72KK2b [mB KĕM2 ¨ THmb /2 /ûMQM+B�iBQMb c mM2 i2HH2 �m;K2M@
i�iBQM TQm``�Bi �mbbB bǶ2tTHB[m2` T�` H� KBb2 2M TH�+2 /2 TQHBiB[m2 pBb�Mi ¨
K2ii`2 2M HmKBĕ`2 +2 ivT2 /2 pBQH2M+2bX 6BM�H2K2Mi- mM2 /BKBMmiBQM +QMbi�@
iû2 /2b bQKK2b ûp�/û2b /m }b+ T2mi āi`2 /m2 ¨ mM2 THmb ;`�M/2 BMiû;`Biû
/2b T2`bQMM2b T?vbB[m2b Qm KQ`�H2b /ûi2Mi`B+2b /ǶBKTQ`i�Mi2b 7Q`imM2b- K�Bb
TQm``�Bi �mbbB bǶ2tTHB[m2` T�` mM `2+mH TQbbB#H2 /m DQm`M�HBbK2 BM/ûT2M/�Mi
2i /ǶBMp2biB;�iBQM [mB K2i T�`7QBb 2M HmKBĕ`2 +2 ivT2 /2 b+�M/�H2b 2MbmBi2
b�BbBb T�` H� DmbiB+2X

*2b 2t2KTH2b ?vTQi?ûiB[m2b T2`K2ii2Mi /2 b2 `2M/`2 +QKTi2 ¨ [m2H TQBMi
mM2 bi�iBbiB[m2 TQ`i�Mi bm` mM Q#D2i +QMp2MiBQMM2H /QBi āi`2 �M�Hvbû2 �p2+ H2
THmb ;`�M/ bQBM �p�Mi /2 `2M/`2 /2b +QKT�`�BbQMb pB�#H2bX G� p�HB/Biû /2 +2
ivT2 /2 +?Bz`2b 2bi ¨ H� 7QBb HBû2 ¨ H� K�MBĕ`2 /2 +QKTi2` HǶQ#D2i U+QM/BiBQM B
Qm BBV 2i ¨ H� bi�#BHBiû /2 H� /û}MBiBQM �m b2Mb i`ĕb H�`;2 /2 HǶQ#D2i /ûMQK#`ûX
lM2 �#b2M+2 /2 bi�#BHBiû /2 HǶmM Qm /2 HǶ�mi`2 /2 +2b T�`�Kĕi`2b BMi`Q/mBi BK@
K�M[m�#H2K2Mi mM /Qmi2 /�Mb H2b +QM+HmbBQMb 7Q`KmH�#H2b bm` H� #�b2 /ǶmM2
bi�iBbiB[m2 TQ`i�Mi bm` /2b Q#D2ib +QMp2MiBQMM2HbX
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R9X9 AM/B+�i2m`b

*2ii2 7Q`K2 /2 [m�MiB}+�iBQM- Bbbm2 THmiƬi /2 H� i`�/BiBQM /2b b+B2M+2b /2 H�
pB2 Ĝ MQmb H2 bQmHB;MBQMb 2M b2+iBQM RRXjXk Ĝ +QMbBbi2 ¨ �;`û;2` THmbB2m`b p�H2m`b
Ĝ /2b /ûMQK#`2K2Mib /ǶQ#D2ib +QMp2MiBQMM2Hb 2ifQm MQM@+QMp2MiBQMM2Hb 2ifQm
/2b K2bm`2b Ĝ TQm` MǶ2M `2MpQv2` [mǶmM2 b2mH2- +2Mbû2 Ŀ `2~ûi2` mM +QMi2Mm
bQ+BQHQ;B[m2 THmb T`Q7QM/ 2i THmb ;ûMû`�HBb�#H2 ŀ [m2 H2b p�H2m`b [mB H� +QK@
TQb2Mi T`Bb2b bûT�`ûK2Mi (Nk) UTX RRjVX �BMbB- +QKK2 H2 bQmHB;M2 .2b`QbBĕ`2b
(N8) HǶû+�`i 2Mi`2 H� `û�HBiû 2i HǶûHûK2Mi [mB T`ûi2M/ H� K2bm`2` Ŀ M2 `ûbmHi2
THmb b2mH2K2Mi /2 HǶBKT2`72+iBQM +QMDQBMi2 /2b BMbi`mK2Mib /ǶQ#b2`p�iBQMb 2i
/2b Q#b2`p�i2m`b ?mK�BMb- K�Bb /2 HǶB/û2 [m2 HǶQ#D2i ûpQ[mû MǶ2bi T�b- T�` HmB@
KāK2- bmb+2TiB#H2 /2 K2bm`2 UH2 #QM?2m`- H� b�Miû- H� T�mp`2iûV ŀ UTX RjeV
2i [mǶBH 7�m/`�Bi �BMbB `2+Qm`B` ¨ mM BMbi`mK2Mi T`û�H�#H2K2Mi +QMbi`mBi TQm`
H2 7�B`2X

G2 T`Q#HĕK2- TQm` +2 [mB 2bi /2 H� p�HB/Biû /2 +2 ivT2 /ǶBM/B+�i2m`b- 2bi-
[mǶ2M 7mbBQMM�Mi /Bzû`2Mi2b p�H2m`b 2M mM2- BH +QM+2Mi`2 û;�H2K2Mi iQmi2b H2b
+QM/BiBQMb /2 p�HB/Biû /2b ûHûK2Mib [mB H2 +QKTQb2Mi Ĝ ¨ b�pQB` +2HH2b [m2 MQmb
�pQMb ûMmKû`û2b /�Mb H2b i`QBb b2+iBQMb T`û+û/2Mi2b UR9XR- R9Xk- R9XjVX .2 THmb-
HǶmiBHBb�iBQM /ǶBM/B+�i2m`b bmTTQb2 û;�H2K2Mi [m2 H2b ûHûK2Mib bm` H2b[m2Hb BHb
bQMi +QMbi`mBib bQMi T`QTB+2b ¨ `2M/`2 +QKTi2 p�H�#H2K2Mi /2 HǶQ#D2i [mǶBHb
T`ûi2M/2Mi Q#b2`p2`X P`- MQmb /QmiQMb [mǶBH bQBi TQbbB#H2 /Ƕûi�#HB` /2b +`Biĕ`2b
Q#D2+iB7b /2 +2 [m2 +QMbiBim2- T�` 2t2KTH2- H2 #QM?2m` Qm HǶBMi2HHB;2M+2X

AH +QMpB2Mi /2 bǶ�ii�`/2` bm` [m2H[m2b BHHmbi`�iBQMb /ǶBM/B+2b Qm /ǶBM/B+�@
i2m`b bQmp2Mi miBHBbûb TQm` +QKT`2M/`2 /2 [mQB MQmb T�`HQMbX GǶBM/B+2 /2
K�bb2 +Q`TQ`2HH2 8 Ĝ /ûp2HQTTû T�` �/QHT?2 Zm2i2H2i 2i iQmDQm`b miBHBbû 2M
/BûiûiB[m2 (kk) Ĝ T2`K2ii`�Bi- T�` 2t2KTH2- /2 /ûi2`KBM2` bB mM2 T2`bQMM2 2bi
2M bQmb@TQB/b- 2M bm`TQB/b- Q#ĕb2-XXX 2M M2 T`2M�Mi +QKK2 T�`�Kĕi`2b [m2

8X P#i2Mm T�` H� /BpBbBQM /m TQB/b U2M F;V T�` H2 +�``û /2 H� i�BHH2 U2M +KVX
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H� i�BHH2 /ǶmM BM/BpB/m 2M Kĕi`2b 2i b� K�bb2 +Q`TQ`2HH2 2M FBHQ;`�KK2bX *2i
BM/B+2 b2 7QM/2 /QM+ bm` /2mt K2bm`2b +2 [mB MǶBMi`Q/mBi ;ûMû`�H2K2Mi T�b
/2 T`Q#HĕK2 /2 p�HB/Biû eX

6B;m`2 R9XR Ĝ :`�T?B[m2 /2 HǶBM/B+2 /2 K�bb2 +Q`TQ`2HH2 (ey)

G2b bTû+B�HBbi2b bQMi +QMb+B2Mib /m 7�Bi [m2 HǶQ#ûbBiû Ŀ M2 T2mi āi`2 ûp�Hmû2
�p2+ T`û+BbBQM [m2 T�` /2b Kûi?Q/2b bQT?BbiB[mû2b ŀ c BHb `2+Qm`2Mi iQmi27QBb-
Ŀ 2M T`�iB[m2 +HBMB[m2- ¨ mM2 2biBK�iBQM BM/B`2+i2 /2 H� K�bb2 ;`�bb2- T�` H2
+�H+mH /2 HǶBM/B+2 /2 K�bb2 +Q`TQ`2HH2 ŀ [mB 7Qm`MBi Ŀ mM2 ûp�Hm�iBQM /2 H�
K�bb2 ;`�bb2 �TT`QtBK�iBp2 K�Bb bm{b�Mi2 TQm` H2b #2bQBMb /2 H� +HBMB[m2 ŀ
(kk) U+7X };m`2 R9XRVX AH bm{i iQmi27QBb /2 +QMbB/û`2` HǶ?vTQi?ĕb2 /2 /2mt
T2`bQMM2b Ĝ HǶmM2 #2/QMM�Mi2 2i HǶ�mi`2 �m T?vbB[m2 /Ƕ�i?Hĕi2 Ĝ T`ûb2Mi�Mi
2t�+i2K2Mi H� KāK2 i�BHH2 2i H2 KāK2 TQB/b d- TQm` b2 `2M/`2 +QKTi2 /2b
HBKBi2b /ǶmM i2H BM/B+2 /�Mb b� +�T�+Biû ¨ `2M/`2 +QKTi2 /2 HǶQ#ûbBiûX G�
i�BHH2 2i H� K�bb2 /ǶmM2 T2`bQMM2 T2`K2ii2Mi iQmi �m THmb /2 7Q`KmH2` mM2

eX SQm` �mi�Mi [m2 H� #�H�M+2 bQBi bm{b�KK2Mi #B2M `û;Hû2 2i [m2 H� i�BHH2 /2 HǶBM/BpB/m
TmBbb2 āi`2 K2bm`û2

dX G2 Kmb+H2 Tĕb2 #B2M THmb [m2 H2 ;`�bX
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?vTQi?ĕb2 /2 HǶûi�i /ǶQ#ûbBiû /ǶmM2 T2`bQMM2 c K�Bb +QKK2 H� THmT�`i /2b
BM/B+2b Ĝ [m�M/ #B2M KāK2 +2HmB@+B M2 bǶ�TTmB2 [m2 bm` /2b K2bm`2b Ĝ BH
TQbbĕ/2 /2b �M;H2b KQ`ibX

1i [m2 /B`2 /2b BM/B+�i2m`b M2 `2TQb�Mi T�b bm` /2b K2bm`2b- K�Bb bm` /2b
/ûMQK#`2K2Mib \ G2 i�mt /2 +?ƬK�;2 MQmb � Qz2`i mM 2t2KTH2 7`�TT�Mi /2b
HBKBi2b /2 i2Hb QmiBHb- HQ`b[mǶBHb M2 bQMi T�b �M�Hvbûb 2M T`Q7QM/2m` URkX9XRVX
lM i2H i�mt- TQm` [mǶBH TmBbb2 `2M/`2 p�HB/2 mM2 +QKT�`�BbQM /ǶmM2 �MMû2 ¨
H� bmBp�Mi2- /QBi `2KTHB` THmbB2m`b +`Biĕ`2b , /ǶmM2 T�`i H� TQTmH�iBQM iQi�H2
/QBi TQmpQB` āi`2 +QKTiû2 Qm 2biBKû2 b�Mb [m2 H2 KQ/2 /2 +�H+mH M2 KQ/B}2
+2ii2 /QMMû2 c /2 KāK2- HǶQ#b2`p�iBQM /m +?ƬK�;2- Qm THmb 2t�+i2K2Mi HǶQm@
iBH [mB +QKTi2 H2b +?ƬK2m`b- /QBi āi`2 H� KāK2 c }M�H2K2Mi H� /û}MBiBQM �m
b2Mb H�`;2 UBMbiBimiBQMM2HH2 2i bQ+B�H2V /m +?ƬK�;2 M2 /QBi T�b �pQB` +?�M;û-
TmBb[mǶmM +?ƬK2m` 2bi mM Q#D2i +QMp2MiBQMM2HX *2 /2`MB2` +`Biĕ`2 MǶ2bi T�b
`2KTHB /�Mb HǶ2t2KTH2 /2 H� 6`�M+2 /2 kykR- +�` H� /û}MBiBQM BMbiBimiBQMM2HH2
U2i T2mi@āi`2 �mbbB bQ+B�H2V /m +?ƬK�;2 � ûpQHmû /2 THmbB2m`b 7�ÏQMb [m2 MQmb
�pQMb ûMmKû`û2b 2M T�;2 k99X G2 /ûMQK#`2K2Mi /2b +?ƬK2m`b 2bi +QMbB/û`�@
#H2K2Mi KQ/B}û T�` +2b +?�M;2K2Mib /2 /û}MBiBQM , H2 MQK#`2 /2 +?ƬK2m`b
`2+2Mbûb TQm` H2b T`2KB2`b i`BK2bi`2b /2 kykR 2i TQm` H2 /2`MB2` i`BK2bi`2 /2
kykR M2 T2mp2Mi �BMbB T�b āi`2 p�H�#H2K2Mi +QKT�`ûb 2i +2ii2 BMp�HB/�iBQM
b2 `2TQ`i2 bm` iQmi �mi`2 BM/B+2 Qm BM/B+�i2m` [mB BM+Hm`�Bi +2 +?Bz`2 /�Mb b�
+QMbi`m+iBQMX �BMbB- mM BM/B+2 /m #QM?2m` [mB T`2M/`�Bi +QKK2 T�`�Kĕi`2 H2
MQK#`2 /2 +?ƬK2m`b �m b2Mb /m "Ah b2`�Bi BKKû/B�i2K2Mi BMp�HB/û T�` +2b
+?�M;2K2MibX

1M `ûbmKû- H� p�HB/Biû /2b +QM+HmbBQMb �TTQ`iû2b T�` mM BM/B+�i2m` `2TQb2
bm` H� p�HB/Biû /2 b2b +QKTQb�Mi2bX 1M THmb /2 +2H�- BH M2 7�mi T�b QK2ii`2 mM
ûHûK2Mi DQHBK2Mi 7Q`KmHû T�` .2b`QbBĕ`2b (N8) Ŀ G2 `û7û`2Mi (/ǶmM2 bi�iBbiB[m2
bQ+B�H2) 2bi pBbB#H2- +�+?û Qm TQbimHû T�` HǶQTû`�iBQM KāK2 /2 +QMbi`m+iBQM /2
H� p�`B�#H2 ŀ UTX ReRVX *Ƕ2bi@¨@/B`2 [m2 HǶBM/B+�i2m` /û}MBi �mbbB HǶQ#D2i [mǶBH
/û+`Bi 2i +2ii2 +QMbi`m+iBQM M2 T2mi T�b b2 7�B`2 b�Mb bm#D2+iBpBiûX 1M /2b
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i2`K2b +QM+`2ib- HǶBM/B+2 /2 K�bb2 +Q`TQ`2H MǶ2bi- T�` 2t2KTH2- [mǶmM2 7�ÏQM
T�`KB /Ƕ�mi`2b /2 /ûHBKBi2` HǶQ#ûbBiû- K�Bb HǶBM/B+�i2m` 7�Bi 2tBbi2` HǶQ#D2i
Q#ûbBiû bQmb +2ii2 7Q`K2X

.�Mb H2 T�bb�;2 bmBp�Mi- .2b`QbBĕ`2b K2i 2M HmKBĕ`2 H� /mTHB+Biû /2b BM/B@
+�i2m`b UTX RNkV ,

G� MQiBQM /ǶĿ BM/B+�i2m` ŀ �TT�`�ŗi �BMbB +QKK2 mM2 bQ`i2 /2
+QKTQbBi2 ?v#`B/2- `ûmMBbb�Mi H� K2bm`2 �m b2Mb /2b b+B2M+2b /2
H� M�im`2- 2i H2 bB;MB}�Mi- �m b2Mb /2 H� HBM;mBbiB[m2X GǶ2{+�+Biû /2
+2i ?v#`B/2 `ûbmHi2 /2 b� bQmTH2bb2 2i /2 b� K�HHû�#BHBiûX h�MiƬi BH
2bi miBHBbû /ǶmM2 7�ÏQM `û�HBbi2- BMbTB`û2 /2b b+B2M+2b /2 H� M�im`2
UH2 Ŀ +?ƬK�;2 ŀ 2i bQM Ŀ BM/B+�i2m` ŀ b2 +QM7QM/2MiV- i�MiƬi mM2
/Bbi�M+2 2bi ûi�#HB2- [m�M/ BH BKTQ`i2 /2 `�TT2H2` H� KmHiBTHB+Biû
/2b 7�ÏQMb /2 /û}MB` 2i /2 K2bm`2` H2 +?ƬK�;2X

1M /Ƕ�mi`2b i2`K2b- H2b BM/B+�i2m`b bǶ�TTmB2Mi /ǶmM2 T�`i bm` H2 H�M;�;2 /2b
b+B2M+2b /2 H� M�im`2- 2i TQ`i2Mi �BMbB �p2+ 2mt H2 T`ûbmTTQbû /ǶmM2 Kûi`QHQ;B2
`û�HBbi2 2i Q#D2+iBp2 Ĝ H� K2bm`2 Ĝ K�Bb BHb MǶû+?�TT2Mi T�b- /Ƕ�mi`2 T�`i- �m
HB2M �`#Bi`�B`2 2tBbi�Mi 2Mi`2 H2m` bB;MB}�Mi 2i H2m` bB;MB}û �m b2Mb /m bB;M2
HBM;mBbiB[m2 /2 /2 a�mbbm`2 (3j) UTX RyRVX

R9X9XR AM/B+�i2m`b 2i M2mi`�HBiû �tBQHQ;B[m2

*2ii2 +Qm`i2 b2+iBQM +QMiB2Mi mM2 +QMbB/û`�iBQM [mB MǶ� i`Qmpû b� TH�+2 MmHH2
T�`i �BHH2m`bX G� MQiBQM /2 M2mi`�HBiû �tBQHQ;B[m2 3 Ĝ bQBi- /�Mb H2b i`�p�mt
/m bQ+BQHQ;m2 �HH2K�M/ J�t q2#2` (jyj)- H� MQM@BKTQbBiBQM /2 b2b T`QT`2b
p�H2m`b /�Mb HǶ�TT`û?2MbBQM /2b 7�Bib T�` H2b b+B2MiB}[m2b /2 iQmb +?�KTb

3X *2 +?QBt /2 i`�/m+iBQM QTû`û T�` CmHB2M 6`2mM/ 2bi +QMi`Qp2`bû T�`+2 [mǶBH `2T`2M/
H� i`�/m+iBQM �Kû`B+�BM2 �tBQHQ;B+�H M2mi`�HBiv 2i /ûM�im`2- /2 HǶ�pBb /2 MQK#`2mt �mi2m`b-
HǶB/û2 q2#2`B2MM2 /2 q2`i7`2B?2Bi- T�`+2 [mǶ2HH2 BMi`Q/mBi HǶB/û2 /2 M2mi`�HBiû 2M HB2m 2i
TH�+2 /2 HǶB/û2 Q`B;BM�H2 /2 MQM@BKTQbBiBQM /2b p�H2m`b (Re9)X
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Ĝ MǶ2bi T�b +QKT�iB#H2 �p2+ H� [m�MiB}+�iBQM T�` /2b BM/B+�i2m`bfBM/B+2bX
1M 2z2i- MQmb �pQMb KQMi`û [m2 +2b QmiBHb bQMi T�`iB2HH2K2Mi +`û�i2m`b /2b
Q#D2ib [mǶBHb Q#b2`p2Mi , �BMbB H� /û}MBiBQM KāK2 /ǶmM BM/B+2 2bi BM/mBi2 T�`
H� bQ+BQHQ;B2 /2 +2mt [mB 2M /û}MBbb2Mi H2b +QMiQm`b , +Ƕ2bi@¨@/B`2- 2M /Ƕ�mi`2b
i2`K2b- [m2 HǶQmiBH +2Mbû �TT`û?2M/2` H2b 7�Bib- TQ`i2 2M HmB H2b p�H2m`b- H2b
+?QBt- H2b BMimBiBQMb-XXX /2 +2mt [mB +QM+Qm`2Mi ¨ b� +QMbi`m+iBQMX

R9X8 .2b+`BTiBQM /2 HǶûi�i T`ûb2Mi Qm /ǶmM 7m@
im` TQbbB#H2 , /2b+`BTiBQM- BM7û`2M+2 2i
T`QD2+iBQM

lM �mi`2 ûHûK2Mi bǶ�DQmi2 �mt +QM/BiBQMb /2 p�HB/Biû ûMmKû`û2b +B@/2bbmb c
+2HmB@+B � i`�Bi �m ivT2 /2 bi�iBbiB[m2b /QMi BH 2bi [m2biBQM , /2b bi�iBbiB[m2b
T2mp2Mi 2M 2z2i āi`2 BV /2b+`BTiBp2b- BBV BM7û`2MiB2HH2b Qm BBBV T`QD2+iBp2bX 1HH2b
bQMi /m T`2KB2` ivT2 UBV- HQ`b[mǶ2HH2b T`Q/mBb2Mi /2b BM7Q`K�iBQMb bm` /2b
/QMMû2b T`ûb2Mi2K2Mi /BbTQMB#H2b bm` HǶ2Mb2K#H2 /2 H� TQTmH�iBQM Q#b2`pû2 c
+Ƕ2bi T�` 2t2KTH2 H2 +�b HQ`b[m2 /2b BM7Q`K�iBQMb /ûKQ;`�T?B[m2b `û7û`2M+û2b
T�` HǶúi�i bQMi /QMMû2b , HǶ�;2 KQv2M /ǶmM2 TQTmH�iBQM- H2 MQK#`2 /Ƕû+QHB2`b-
/Ƕûim/B�Mib- /Ƕ2Mi`2T`Bb2b-XXX G2b bi�iBbiB[m2b BM7û`2MiB2HH2b UBBV bQMi +2HH2b [mB
T�bb2Mi T�` mM û+?�MiBHHQM T2`K2ii�Mi /2 7�B`2 mM2 �TT`QtBK�iBQM /2b +�`�+@
iû`BbiB[m2b /2 HǶ2Mb2K#H2 /ǶmM2 TQTmH�iBQM c +Ƕ2bi T�` 2t2KTH2 H2 +�b HQ`b[m2
HǶQTBMBQM /ǶmM2 TQTmH�iBQM 2bi bQM/û2X G2b bi�iBbiB[m2b T`QD2+iBp2b UBBBV bQMi
+2HH2b [mB bm` H� #�b2 /2 bi�iBbiB[m2b /2b+`BTiBp2b 2ifQm BM7û`2MiB2HH2b Qz`2Mi
mM2 T`ûpBbBQM /2 HǶ�p2MB`X *Ƕ2bi ivTB[m2K2Mi H2 ivT2 /2 bi�iBbiB[m2b T`Q/mBi2b
2M �KQMi /ǶûH2+iBQMb Hû;BbH�iBp2b- /2p�Mi T2`K2ii`2 /2 7�B`2 mM2 T`QD2+iBQM
bm` H� 7mim`2 +QKTQbBiBQM /ǶmM S�`H2K2Mi- Qm- /�Mb H2 /QK�BM2 /2b b+B2M+2b
/2 H� M�im`2- /2b T`QD2+iBQMb /2 HǶûpQHmiBQM 7mim`2 /2b i2KTû`�im`2bX
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G2b T`Q#HĕK2b /2 p�HB/Biû ûMmKû`ûb +B@/2bbmb Ĝ HBûb ¨ H� K2bm`2 UR9XRV- �m
/ûMQK#`2K2Mi /ǶQ#D2ib MQM@+QMp2MiBQMM2Hb UR9XkV 2i +QMp2MiBQMM2Hb UR9XjV-
2i �mt BM/B+�i2m`b UR9X9V Ĝ QMi i`�Bi /B`2+i2K2Mi �m T`Q+2bbmb /2 [m�MiB}@
+�iBQMX G2 ivT2 /2 bi�iBbiB[m2b T2mi- [m�Mi ¨ HmB- �;B` +QKK2 mM �KTHB}+�@
i2m` /2 +2b T`Q#HĕK2b /2 p�HB/BiûX lM2 bi�iBbiB[m2 /2b+`BTiBp2 MǶ2Mi`�ŗM2- 2M
T`BM+BT2- �m+mM T`Q#HĕK2 /2 p�HB/Biû bmTTHûK2Mi�B`2- TmBb[mǶ2HH2 M2 7�Bi [m2
/û+`B`2 /2b /QMMû2b 2t?�mbiBp2b c T�` +QMi`�bi2- mM2 bi�iBbiB[m2 BM7û`2MiB2HH2
T2mi �K2M2` /2b #B�Bb HBûb ¨ HǶû+?�MiBHHQMM�;2 c ivTB[m2K2Mi- mM û+?�MiBHHQM
[mB M2 T`2M/`�Bi T�b bm{b�KK2Mi 2M +QKTi2 H2b T?ûMQKĕM2b /2 p�`B�iBQM Ĝ
T`BM+BT�H2K2Mi /B�iQTB[m2 2i /B�bi`�iB[m2 Ĝ T`Q/mBi /2b BM7Q`K�iBQMb [mB M2
bQMi p�HB/2b [m2 TQm` H� TQTmH�iBQM `2bb2K#H�Mi ¨ HǶû+?�MiBHHQMX

6BM�H2K2Mi- H2b bi�iBbiB[m2b T`QD2+iBp2b bQMi +2HH2b [mB �TT2HH2Mi ¨ H� THmb
;`�M/2 �ii2MiBQM- +�` 2HH2b T`ûi2M/2Mi T`û/B`2 mM2 bBim�iBQM 7mim`2 [mB- T�`
/û}MBiBQM- T2mi /Bzû`2` ¨ #B2M /2b û;�`/b /2 HǶûi�i T`ûb2MiX G2b BM7Q`K�iBQMb
T`Q/mBi2b T�` /2b T`QD2+iBQMb bQMi �BMbB iQmDQm`b BM+2`i�BM2b , +Ƕ2bi H2 +�b 2M
b+B2M+2b M�im`2HH2b 2i ¨ THmb 7Q`i2 `�BbQM 2M b+B2M+2b ?mK�BM2bX .2b T`QD2+@
iBQMb [mB b2 i`Qmp2Mi �+im2HH2K2Mi �m +2Mi`2 /2 iQmi2b H2b �ii2MiBQMb bQMi
+2HH2b 2z2+imû2b T�` H2 :`QmT2 /Ƕ2tT2`ib BMi2`;Qmp2`M2K2Mi�H bm` HǶûpQHmiBQM
/m +HBK�i U:A1*V (Rey) , /�Mb bQM `�TTQ`i H2 :A1* 2z2+im2 /2 MQK#`2mb2b
T`QD2+iBQMb bm` H2b i2KTû`�im`2b KQM/B�H2b 7mim`2b- �BMbB [m2 bm` H2b +QMbû@
[m2M+2b TQbbB#H2b /2 +2b +?�M;2K2MibX AH bǶ�;Bi /ǶmM i`�p�BH +QHH2+iB7- K2Mû 2M
+QHH�#Q`�iBQM T�` /2b KBHHB2`b /2 b+B2MiB}[m2b c BH MǶ2M /2K2m`2 T�b KQBMb [m2
H2b /Bzû`2Mib b+2M�`BB ûim/Bûb bQMi /2b T`QD2+iBQMb 2i [mǶ2HH2b KĕM2Mi- ¨ +2
iBi`2- ¨ /2b +QM+HmbBQMb BM+2`i�BM2b- #B2M [m2 bû`B2mb2b- TmBb[m2 /2b 7�+i2m`b
BM�ii2M/mb TQm``�B2Mi p2MB` T2`im`#2` H2b T`ûpBbBQMb 2z2+imû2bX

G2b Ŀ 7�+i2m`b BM�ii2M/mb ŀ bQMi /ǶmM Q`/`2 /Bzû`2Mi HQ`b[mǶBH bǶ�;Bi /2
b+B2M+2b ?mK�BM2b 2i bQ+B�H2b- TmBb[m2 +2b /QK�BM2b 7QMi BMi2`p2MB` iQmi2b H2b
/BK2MbBQMb +QMp2MiBQMM2HH2b HBû2b ¨ HǶ�+iBpBiû 2i �mt H�M;�;2b ?mK�BMb c +2b
ûHûK2Mib M2 T2mp2Mi- +QKK2 MQmb HǶ�pQMb HQM;m2K2Mi KQMi`û- T�b āi`2 K2bm@
`ûbX G� KBb2 2M TH�+2 /ǶmM2 T`QD2+iBQM bi�iBbiB[m2 bm;;ĕ`2 [m2 H2b T?ûMQKĕM2b
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Q#b2`pûb ûpQHm2`QMi /�Mb mM b2Mb T`ûpBbB#H2 iQmi /2K2m`�Mi û;�H T�` �BHH2m`bX
P`- 2i +Ƕ2bi HǶmM /2b i?ĕK2b `û+m``2Mib /2 +2 i`�p�BH- H2b +H�bb2b /ǶQ#b2`p�iBQM
Ĝ H2m`b i`�Bib /û}MBiQB`2b- K�Bb �mbbB H2b +?QBt N K2M�Mi ¨ �bbB;M2` /2b Q#D2ib
¨ +2b +H�bb2b Ĝ T2mp2Mi p�`B2` 7Q`i2K2Mi /�Mb HǶ2bT�+2 2i /�Mb H2 i2KTbX �BMbB-
2z2+im2` /2b T`QD2+iBQMb /2 H� +`QBbb�M+2 7mim`2 /ǶmM úi�i- /2 HǶûpQHmiBQM /m
i�mt /2 +?ƬK�;2- /2 HǶûpQHmiBQM /2b T?ûMQKĕM2b +`BKBM2Hb-XXX M2 T2mi D�K�Bb
+QM/mB`2 ¨ THmb [mǶ¨ /2b BM7Q`K�iBQMb BM+2`i�BM2bX

R9Xe avMi?ĕb2

LQmb �pQMb KQMi`û- /�Mb +2 +?�TBi`2- [m2 H� p�HB/Biû /2b +QM+HmbBQMb #�bû2b
bm` mM2 BM7Q`K�iBQM bi�iBbiB[m2 /ûT2M/ /2 7�+i2m`b KmHiBTH2bX GQ`b[m2 /2b Q#@
D2ib bQMi /ûMQK#`ûb- H� p�HB/Biû /2 HǶBM7Q`K�iBQM 2bi bQmKBb2 ¨ H� TQbbB#BHBiû
2z2+iBp2 /2 `û�HBb2` mM /ûMQK#`2K2Mi Qm mM2 �TT`QtBK�iBQM bǶ�TT`Q+?�Mi /2
H� [m�MiBiû 2z2+iBp2 /2 HǶQ#D2i +QKTiûX GQ`b[m2 HǶQ#D2i /ûMQK#`û TQbbĕ/2 /2b
i`�Bib /û}MBiQB`2b +QMp2MiBQMM2Hb- H� p�HB/Biû /ǶmM2 +QKT�`�BbQM /2 THmbB2m`b
Q#b2`p�iBQMb T`ûbmTTQb2 [m2 +2b i`�Bib M2 p�`B2Mi T�b Ĝ bQmb mM �M;H2 bQ+B�H
2ifQm BMbiBimiBQMM2H Ĝ /ǶmM +QKTi�;2 ¨ HǶ�mi`2X *2b /2mt �bT2+ib bQMi �K@
THB}ûb HQ`b[m2 THmbB2m`b p�H2m`b bQMi �;`û;û2b /�Mb mM BM/B+�i2m` , H� p�HB/Biû
/2 +2 /2`MB2` /ûT2M/ 2M 2z2i /2 H� p�HB/Biû /2 HǶ2Mb2K#H2 /2b ûHûK2Mib [mB H2
+QKTQb2MiX

S�` �BHH2m`b- H2 ivT2 /2 /2b+`BTiBQM bi�iBbiB[m2 � mM 2z2i `û2H bm` H2 MB@
p2�m /2 +2`iBim/2 /û+QmH�Mi /2b +?Bz`2b , /2b bi�iBbiB[m2b /2b+`BTiBp2b T`Q@
/mBb2Mi /2b BM7Q`K�iBQMb 7�+im2HH2b TQm` �mi�Mi [mǶ2HH2b M2 T`ûb2Mi2Mi �m+mM
/2b �mi`2b T`Q#HĕK2b ûMmKû`ûb +B@/2bbmb c H� p�HB/Biû /ǶmM2 bi�iBbiB[m2 BM7û@
`2MiB2HH2 2bi- T�` +QMi`�bi2- bQmKBb2 ¨ H� `2T`ûb2Mi�iBpBiû /2 HǶû+?�MiBHHQM bm`
H2[m2H 2bi T`Q/mBi2 H� ;ûMû`�HBb�iBQM /2 HǶBM7Q`K�iBQM bi�iBbiB[m2X 6BM�H2K2Mi-
H2b T`QD2+iBQMb bi�iBbiB[m2b bQMi /2b Q#D2ib [mB T`Q/mBb2Mi Mû+2bb�B`2K2Mi /2b

NX >mK�BMb , bm#D2+iB7b Qm BMi2`bm#D2+iB7b



R9XeX auLh>Ĕa1 jyd

`ûbmHi�ib BM+2`i�BMb- TmBb[mǶ2HH2b T�`i2Mi /ǶmM2 /Qm#H2 ?vTQi?ĕb2 , /ǶmM2 T�`i-
[m2 H2 KBHB2m /�Mb H2[m2H 2bi Q#b2`pû mM T?ûMQKĕM2 bQmb HǶ�M;H2 /2b +?Bz`2b
MǶûpQHm2`� T�b Ĝ Q`- HǶ�p2MB` 2bi iQmDQm`b BM+2`i�BM Ĝ 2i- /Ƕ�mi`2 T�`i- [m2 H2@
/Bi T?ûMQKĕM2 ûpQHm2`� /ǶmM2 7�ÏQM K�i?ûK�iB[m2K2Mi T`ûpBbB#H2- +2 [mB M2
T2mi āi`2 T�`iB2HH2K2Mi p`�B [m2 HQ`b /ǶmM `2+Qm`b ¨ mM2 Kûi`QHQ;B2 `û�HBbi2X
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h`QBbBĕK2 T�`iB2

S�`iB2 2KTB`B[m2

jyN





*?�TBi`2 R8

*Q`Tmb 2i +?QBt /Ƕ�MMQi�iBQM

G� i`QBbBĕK2 T�`iB2 /2 +2 i`�p�BH 2bi +2HH2 /2p�Mi MQmb T2`K2ii`2 /Ƕûi�#HB` mM
HB2M 2Mi`2 H2b ûHûK2Mib i?ûQ`B[m2b T`ûb2Miûb Dmb[mǶB+B 2i /2b ûHûK2Mib 2z2+iBp2@
K2Mi Q#b2`p�#H2b /�Mb /2b 2ti`�Bib /ǶBM7Q`K�iBQM �m/BQpBbm2HH2X 1HH2 bǶBMb+`Bi
/�Mb H2 +�/`2 /2 H� bûKBQiB[m2 +Q;MBiBp2 i2HH2 [m2 /û+`Bi2 �m +?�TBi`2 9 2i /û@
+QmH2 MQi�KK2Mi /2 H� pQHQMiû Kûi?Q/QHQ;B[m2 /Ƕûi�#HB` mM û[mBHB#`2 2Mi`2 H2b
�TT`Q+?2b bm#D2+iBp2b- BMi2`bm#D2+iBp2b 2i Q#D2+iBp2b /�Mb H� `2+?2`+?2X *2ii2
/ûK�`+?2 b2 T`QTQb2 �BMbB /Ƕ�TT`û?2M/2` H2b T?ûMQKĕM2b i?ûQ`Bbûb Dmb[mǶB+B
¨ i`�p2`b H2m` Q#b2`p�iBQM +QM+`ĕi2- HǶQ#D2+iB7 T`BM+BT�H ûi�Mi /2 pû`B}2` HǶ?v@
TQi?ĕb2 /2 HǶ2tBbi2M+2 /ǶmM T`ûbmTTQbû /2 K2bm`2 T�` HǶmiBHBb�iBQM /m +Q`Tmb
[m2 MQmb �HHQMb ¨ T`ûb2Mi /û+`B`2X

R8XR .2b+`BTiBQM /m +Q`Tmb

LQi`2 +?QBt /2 +Q`Tmb bǶ2bi TQ`iû bm` mM2 bû`B2 /2 b2Ti 7QBb /2mt DQm`M�mt
iûHûpBbûb +QMbû+miB7b /2 H� _ha R bûH2+iBQMMûb �Hû�iQB`2K2Mi bm` H2b bBt T`2@
KB2`b KQBb /2 kykkX G2 +?QBt /2 M2 T�b T`2M/`2 R9 DQm`b +QMbû+miB7b K�Bb

RX _�/BQ@iûHûpBbBQM bmBbb2 `QK�M/2

jRR
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b2Ti bû`B2b /2 /2mt 2bi /ûHB#û`û , BH pBb2 ¨ ûpBi2` H� bm``2T`ûb2Mi�iBQM /2 +2`@
i�BM2b BM7Q`K�iBQMb T�`7QBb T`ûb2Mi2b /�Mb HǶ�+im�HBiû T2M/�Mi THmbB2m`b DQm`b
+QMbû+miB7bX

G2 +Q`Tmb 2bi +QKTQbû /2 iûHûDQm`M�mt /2 Rk:98 2i /2 RN:jy- T`ûb2Miûb T�`
e DQm`M�HBbi2b /Bzû`2Mib k TQm` mM i2KTb iQi�H /ǶmM T2m THmb /2 e ?2m`2b 2i
Re KBMmi2bX

R8Xk P#D2+iB7b /2 HǶ�M�Hvb2 /2 +Q`Tmb

.�Mb H2 +�/`2 /2 MQi`2 i`�p�BH i?ûQ`B[m2- MQmb �pQMb KQMi`û [mǶBH MǶ2tBbi2
T�b /2 KQv2M /2 i`�Bi2` /2b T?ûMQKĕM2b bQ+B�mt 2i ?mK�BMb T�` H2b +?Bz`2b
+QKK2 HǶ�miQ`Bb2 H� Kûi`QHQ;B2 `û�HBbi2 Ĝ H� K2bm`2 Ĝ /2b b+B2M+2b /2 H� K�@
iBĕ`2X LQmb �pQMb MQKKû T`ûbmTTQbû /2 K2bm`2 iQmi `�BbQMM2K2Mi [mB bm;@
;û`2`�Bi HǶmb�;2 /ǶmM2 Kûi`QHQ;B2 `û�HBbi2 2M b+B2M+2b ?mK�BM2b 2i bQ+B�H2b-
Qm- 2M /Ƕ�mi`2b i2`K2b- [mB T`ûb2Mi2`�Bi HǶB/û2 [m2 iQmi2 Q#b2`p�iBQM +?Bz`û2
/�Mb +2b +?�KTb b2`�Bi TQ`i2mb2 /2 HǶQ#D2+iBpBiû `2M/m2 TQbbB#H2 T�` H� b2mH2
K2bm`2 �m b2Mb bi`B+iX

GǶQ#D2+iB7 T`BM+BT�H /2 HǶ�M�Hvb2 2z2+imû2 bm` H2 +Q`Tmb /û+`Bi +B@/2bbmb
2bi /ǶBMp2biB;m2` H� T`ûb2M+2 /2 +2 T`ûbmTTQbû /2 K2bm`2 /�Mb H2 iûHûDQm`M�H
H2 THmb `2;�`/û /2 amBbb2 `QK�M/2X *QKK2 MQmb H2 p2``QMb 2M b2+iBQM R8X9-
MQi`2 #mi b2`� û;�H2K2Mi /ǶQ#i2MB` /Ƕ�mi`2b BM7Q`K�iBQMb Ĝ T�` HǶBMi2`Kû/B�B`2
/ǶmM2 �MMQi�iBQM /2b+`BTiBp2 2i BMi2`T`ûi�iBp2 Ĝ bm` H2b +QMi2ti2b ûp2Mim2Hb
/Ƕ�TT�`BiBQM /2 +2 T`ûbmTTQbûX

kX S?BHBTT2 _2p�x TQm` H2 RNfjy /2b RdXy8- R3Xy8 2i k8Xy8 c C2MMB72` *QpQ TQm` H2 RNfjy
/2b RjXyk 2i y9Xye c >�MM�? a+?H T72` TQm` H2 RNfjy /2b R9Xyk 2i keXy8- 6�MMv wɃ`+?2`
TQm` H2 Rkf98 /m kjXy9 2i H2 RNfjy /m yRXy8 c *H�B`2 "m`;v TQm` H2 Rkf98 /2b y3Xyk- yNXyk-
ykXy8 2i yjXye 2i GQBb aB;;2M@GQT2b TQm` H2 Rkf98 /m kkXy9
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R8Xj 1ti`�+iBQM /m +Q`Tmb

G� `2i`�Mb+`BTiBQM 2bi `2M/m2 TQbbB#H2 T�` HǶ2ti`�+iBQM �miQK�iB[m2 /2b bQmb@
iBi`2b T`ûpmb TQm` H2b T2`bQMM2b bQm`/2b 2i K�H2Mi2M/�Mi2b c 2HH2 b2 7�Bi 2M
T�bb�Mi T�` H� +QMbQH2 /ǶmM M�pB;�i2m` :QQ;H2 *?`QK2 ¨ HǶ�B/2 /2 +2 +Q/2 2M
H�M;�;2 D�p�b+`BTi ,

H2i i�# 4 ()c
i�#XTmb?U/Q+mK2MiX[m2`va2H2+iQ`U^Xb+@Q/Tj/8@d^VXi2ti*QMi2MiY^    ^Vc
b2iAMi2`p�HU7mM+iBQMUV&
H2i i2ti2 4 /Q+mK2MiX[m2`va2H2+iQ`U^XpDb@i2ti@i`�+F@/BbTH�vnn+m2^VXi2ti*QMi2Mic

+QMbQH2XHQ;U]i2ti2]-i2ti2Vc
B7Ui2ti2 54 i�#(i�#XH2M;i?@R)V&

+QMbQH2XHQ;U]PmB]Vc
i�#XTmb?Ui2ti2V
'
'-8yyV

lM2 7QBb HǶQTû`�iBQM /2 `û+mTû`�iBQM /m i2ti2 i2`KBMû2 j- +2i �mi`2 b+`BTi
T2`K2i /2 HǶBKT`BK2` 2M BbQH�Mi pBbm2HH2K2Mi H2b MQK#`2b c +2ii2 b2+QM/2 QTû@
`�iBQM T�bb2 T�` H� +QMbQH2 /m KāK2 M�pB;�i2m` :QQ;H2 *?`QK2 ,

H2i +?�BM2 4 i�#XDQBMU] ]VXi`BKUVc
+QMbi `2;LQK#`2b 4 f U(y@N-X)YVf;c
H2i i2ti26BM�H 4 +?�BM2X`2TH�+2U`2;LQK#`2b-^ &&0R''^Vc

/Q+mK2MiXr`Bi2Ui2ti26BM�HVc

G2b bQmb@iBi`2b M2 +QMiB2MM2Mi T�b iQmi2b H2b BM7Q`K�iBQMb , BH �``Bp2 `2H�iBp2@
K2Mi bQmp2Mi- T�` 2t2KTH2- [m2 /2b MQK#`2b 2tT`BKûb ¨ HǶQ`�H T�` mM DQm`M�@
HBbi2 2i `2T`ûb2Miûb 2M +?Bz`2b 2ifQm �M�HQ;B[m2K2Mi ¨ HǶBK�;2 M2 bQB2Mi T�b
û;�H2K2Mi `2T`Q/mBib /�Mb H2 bQmb@iBi`2 /2biBMû �mt T2`bQMM2b bQm`/2b 2i K�H@
2Mi2M/�Mi2b 9X SQm` +QKTHûi2` 2i �MMQi2` H2b /QMMû2b- BH ûi�Bi /QM+ Mû+2bb�B`2
/2 `2;�`/2` �ii2MiBp2K2Mi HǶ2Mb2K#H2 /2b iûHûDQm`M�mt /m +Q`TmbX

jX *2ii2 QTû`�iBQM 2tB;2 mM2 H2+im`2 +QKTHĕi2 /2 H� pB/ûQ /QMi H2b BM7Q`K�iBQMb bQMi
2ti`�Bi2b

9X *Ƕ2bi `2H�iBp2K2Mi HQ;B[m2- /�Mb H� K2bm`2 Qɍ +2b BM7Q`K�iBQMb T�bb2Mi /ûD¨ T�` H2
+�M�H pBbm2H
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R8X9 �MMQi�iBQM /m +Q`Tmb

GǶ�MMQi�iBQM /2 +Q`Tmb 2bi Ŀ mM2 T`�iB[m2 +QMbBbi�Mi ¨ �DQmi2` /2b BM7Q`K�@
iBQMb BMi2`T`ûi�iBp2b U2M T�`iB+mHB2` HBM;mBbiB[m2bV ¨ mM +Q`Tmb 2tBbi�Mi (XXX)-
T�` H2 #B�Bb /ǶmM2 7Q`K2 /2 K�`[m�;2 �bbQ+Bû (XXX) ¨ H� `2T`ûb2Mi�iBQM ûH2+i`Q@
MB[m2 /2b /QMMû2b H�M;�;Bĕ`2b T`QT`2K2Mi /Bi2b ŀ (R3j) UTX kd8 c i`�/mBi /2
HǶ�M;H�BbVX GǶQ#D2+iB7 /ǶmM2 i2HH2 �TT`Q+?2 2bi /2 7�pQ`Bb2` HǶ�M�Hvb2 /m +Q`Tmb
�MMQiû T�` mM i`�Bi2K2Mi BM7Q`K�iB[m2X

.�Mb MQi`2 +Q`Tmb- MQmb �pQMb 7�Bi H2 +?QBt /ǶmM2 �MMQi�iBQM 2M H�M;�;2
sJG 8X AH MQmb T2`K2i /Ƕ�MMQi2` H2 i2ti2 /2 i2HH2 bQ`i2 [m2 iQmb H2b MQK#`2b
2tT`BKûb bQMi TH�+ûb 2Mi`2 /2b #�HBb2b �mt[m2HH2b MQmb �DQmiQMb /2b �ii`B#mib e

`2M/�Mi TQbbB#H2 H2 i`�Bi2K2Mi BM7Q`K�iB[m2 /2 Kûi�/QMMû2b /2b+`BTiBp2b 2i
BMi2`T`ûi�iBp2bX

.2mt ûHûK2Mib /Ƕ�MMQi�iBQM MQmb T2`K2ii2Mi /2 bûT�`2` +?�[m2 bmD2i /ǶmM
iûHûDQm`M�H 2M `2H2p�Mi b� TQ`iû2 2i H� i?ûK�iB[m2 /m `2TQ`i�;2 /QMi BH 2bi
[m2biBQMX *2b Q#D2ib MQmb T2`K2ii`QMi- bm#bû[m2KK2Mi- /2 `2H2p2` [m2HH2b
i?ûK�iB[m2b bQMi T`ûb2Mi2b /�Mb MQi`2 û+?�MiBHHQM- K�Bb û;�H2K2Mi /2 pû`B@
}2` bB +2`i�BM2b i?ûK�iB[m2b bQMi THmb 2M+HBM2b ¨ T`Q/mB`2- T�` 2t2KTH2- /2b
T`ûbmTTQbûb /2 K2bm`2 [m2 /Ƕ�mi`2bX

1M THmb /2 +2 /û+QmT�;2 2M i?ĕK2b- mM iQi�H /2 RRRe MQK#`2b � 7�Bi
HǶQ#D2i /ǶmM2 �MMQi�iBQM bTû+B}[m2X .�Mb H2b bQmb@b2+iBQMb bmBp�Mi2b MQmb
/ûi�BHH2`QMb H2b QMx2 �ii`B#mib /2 K�`[m�;2 [m2 MQmb �pQMb bûH2+iBQMMûb bm`
H� #�b2 /2b 2Mb2B;M2K2Mib /2 H� T�`iB2 i?ûQ`B[m2 /2 +2 i`�p�BHX

8X sJG 2bi mM �++`QMvK2 /2 1ti2MbB#H2 J�`FmT G�M;m�;2- HBiiû`�H2K2Mi Ŀ H�M;�;2 /2
#�HBb�;2 2ti2MbB#H2 ŀ

eX _2bT2+i�Mi H� bvMi�t2 bmBp�Mi2 , IMQK#`2 �ii`B#minR4ǳ Ǵ �ii`B#mink4ǳ ǴXXX �ii`B@
#minM4ǳ Ǵ=kkIfMQK#`2=
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�p�Mi +2 bm`pQH- BH +QMpB2Mi 2M+Q`2 /2 bB;M�H2` [m2 iQmb H2b ûHûK2Mib /Ƕ�M@
MQi�iBQM M2 b2`QMi T�b Mû+2bb�B`2K2Mi 2tTHQBiûb /�Mb H2 +�/`2 /2 +2 i`�p�BH c
+2`i�BMb TQm``QMi āi`2 miBHBbûb Qm `ûmiBHBbûb TQm` /ǶmHiû`B2m`2b �M�Hvb2b /�Mb
H2 +�/`2 /ǶmM i`�p�BH [mB TQ`i2`�Bi bm` mM bmD2i Qm /2b ?vTQi?ĕb2b +QMM2t2b ¨
+2mt /ûp2HQTTûb B+BX

R8X9XR úK2ii2m`

LQmb �pQMb �MMQiû MQi`2 +Q`Tmb /2 7�ÏQM ¨ TQmpQB` /BbiBM;m2` H2b MQK#`2b
ûMQM+ûb T�` /2b MQM@DQm`M�HBbi2b Ĝ /2b bTû+B�HBbi2bf2tT2`ib Qm /Ƕ�mi`2b BMi2`@
p2M�Mib Ĝ /2 +2mt �K2Mûb T�` H2b DQm`M�HBbi2bX *2H� T2`K2i- +QMbû+miBp2K2Mi-
/ǶBbQH2` H2b ûHûK2Mib 7�Bb�Mi 2z2+iBp2K2Mi T�`iB2 /2 H� M�``�iBQM DQm`M�HBbiB[m2
Ĝ B/û�H2K2Mi M2mi`2 Ĝ /2 +2mt [mB `2Hĕp2Mi /2 HǶ2tT2`iBb2 Qm /2 HǶQTBMBQM /ǶmM2
iB2`+2 T2`bQMM2X

R8X9Xk *�M�H

LQmb �pQMb bQmHB;Mû [m2 /�Mb H2 +�/`2 /m /Bb+Qm`b /2 HǶBM7Q`K�iBQM �m/BQpB@
bm2HH2 HǶBM7Q`K�iBQM 2KT`mMi2 /2mt +�M�mt , pBbm2H 2i �m/BiB7X G2 /2mtBĕK2 �i@
i`B#mi /Ƕ�MMQi�iBQM +QMbBbi2`� ¨ `2H2p2` bB HǶBM7Q`K�iBQM +QMi2M�Mi /2b +?Bz`2b
T�bb2 T�` H2 +�M�H pBbm2H- T�` H2 +�M�H �m/BiB7 Qm T�` H2b /2mt +�M�mt bBKmH@
i�MûK2MiX
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R8X9Xj 6Q`K2 /m K2bb�;2

.2 7�ÏQM bBKBH�B`2- /2b MQK#`2b T2mp2Mi āi`2 2tT`BKûb Q`�H2K2Mi T�` H2 +Q/2
HBM;mBbiB[m2- T�` û+`Bi 2M +?Bz`2b U2i THmb `�`2K2Mi 2M H2ii`2bV- T�` /2b `2T`û@
b2Mi�iBQMb �M�HQ;B[m2b +QKK2 /2b ;`�T?B[m2b Qm- 7`û[m2KK2Mi- T�` THmbB2m`b
/2 +2b 7Q`K2b 2M KāK2 i2KTbX G2 i`QBbBĕK2 �t2 /Ƕ�MMQi�iBQM +QM+2`M2 �BMbB
H2b /Bzû`2Mi2b 7Q`K2b [m2 T`2M/ K2bb�;2 [mB +QMiB2Mi H2b MQK#`2bX

R8X9X9 hvT2 /2 `2T`ûb2Mi�iBQM ;`�T?B[m2

GQ`b[m2 HǶmM2 /2b 7Q`K2b /m K2bb�;2 2bi ;`�T?B[m2f�M�HQ;B[m2- MQmb `2Hĕp2@
`QMb H2 ivT2 /2 `2T`ûb2Mi�iBQM +?QBbBX LQmb �pQMb HBbiû- 2M b2+iBQM eXjXR- H2b
p�`B�iBQMb pBbm2HH2b TQbbB#H2b �BMbB [m2 H2b ivT2b /ǶBKTH�Mi�iBQM c MQmb �MMQ@
i2`QMb iQmi2b H2b Q++m``2M+2b /2 pBbm�HBb�iBQMb /2 /QMMû2b 2i H2b +H�bb2`QMb
T�` +�iû;Q`B2b Ĝ T�` 2t2KTH2 , /B�;`�KK2 2M #�``2b- ?BbiQ;`�KK2- +Qm`#2-
/B�;`�KK2 +B`+mH�B`2- Mm�;2 /2 TQBMibXXX

R8X9X8 *QM+Q`/�M+2 2i �/û[m�iBQM /2b `2T`ûb2Mi�iBQMb

GQ`b[m2 H2 K2bb�;2 +QMi2M�Mi mM MQK#`2 T`2M/ bBKmHi�MûK2Mi THmbB2m`b
7Q`K2b- HǶmM /2 MQb ûHûK2Mib /Ƕ�MMQi�iBQM MQmb T2`K2ii`� /2 `2H2p2` bB H2b
/Bzû`2Mi2b `2T`ûb2Mi�iBQMb `2MpQB2Mi mM K2bb�;2 +QM+Q`/�MiX *2 +`Biĕ`2 /Ƕ�M@
MQi�iBQM MQmb T2`K2i û;�H2K2Mi /ǶBM/B[m2` HQ`b[mǶmM2 pBbm�HBb�iBQM T`ûb2Mi2
mM T`Q#HĕK2 /Ƕ�/û[m�iBQM , MQmb �pQMb pm [m2 +2H� TQmp�Bi �``Bp2` TQm` H2b
`2T`ûb2Mi�iBQMb �M�HQ;B[m2b UdX9VX *2`i�BM2b /QMM2Mi mM2 BKT`2bbBQM pBbm2HH2
[mB T2mi BM/mB`2 2M 2``2m`- T�` 2t2KTH2 HQ`b[mǶmM2 û+?2HH2 `2T`ûb2Miû2 bm` mM
�t2 2bi i`QM[mû2- Qm 2M+Q`2 HQ`b[mǶmM ;`�T?B[m2 M2 T`ûb2Mi2 T�b mM2 Hû;2M/2
`2M/�Mi bQM +QMi2Mm HBbB#H2- 2i+X
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1M}M- BH T2mi �``Bp2` [m2 /Bzû`2Mi2b `2T`ûb2Mi�iBQMb bQB2Mi 2M �/û[m�iBQM
H2b mM2b �p2+ H2b �mi`2b- K�Bb `2T`ûb2Mi2Mi /2b KāK2b /QMMû2b bQmb /Bp2`b �b@
T2+ib , +Ƕ2bi T�` 2t2KTH2 H2 +�b HQ`b[mǶmM2 bi�iBbiB[m2 2bi ûMQM+û2 2M MQK#`2b
�#bQHmb Q`�H2K2Mi 2i 2M TQm`+2Mi�;2 T�` /2b +?Bz`2b BKT`BKûb ¨ HǶû+`�MX

R8X9Xe .Bb+`2i Qm +QMiBMm- HBMû�B`2 Qm MQM

1M �KQMi /2 +?�[m2 MQK#`2- BH v � mM T`Q+2bbmb /2 [m�MiB}+�iBQM- T`Q/mBb�Mi
/2b p�H2m`b bm` /2b û+?2HH2b /Bb+`ĕi2b Qm +QMiBMm2b Ĝ HBMû�B`2b Qm MQMX LQmb
MQi2`QMb +2b +�`�+iû`BbiB[m2b 2M BM/B[m�Mi bB H2b [m�MiBiûb bQMi 2tT`BKû2b bm`
HǶ2Mb2K#H2 /2b MQK#`2b 2MiB2`b Ĝ N 4 &y- R- k- j- XXX' Ĝ Qm HǶ2Mb2K#H2 /2b
MQK#`2b `û2Hb Ĝ R 4 &iQmb H2b MQK#`2b 2tT`BK�#H2b 2M +?Bz`2b �`�#2b'X .�Mb
+2 /2mtBĕK2 +�b- MQmb �MMQi2`QMb û;�H2K2Mi H2 +�`�+iĕ`2 HBMû�B`2 Qm MQM /2
HǶû+?2HH2 bm` H�[m2HH2 bQMi `�TTQ`iûb +2b MQK#`2b `û2HbX

R8X9Xd ai�iBbiB[m2b /2b+`BTiBp2b- BM7û`2MiB2HH2b Qm T`Q@
D2+iBp2b

GQ`b[mǶmM i2H �ii`B#mi 2bi �TTHB+�#H2 MQmb BM/B[m2`QMb- TQm` H2b Q++m``2M+2b
/2 MQK#`2b- bǶBHb `ûTQM/2Mi ¨ H� /û}MBiBQM /2 bi�iBbiB[m2X LQmb �pQMb pm T`û@
+û/2KK2Mi [m2 H2 i2`K2 bi�iBbiB[m2 /ûbB;M2 ¨ H� 7QBb mM 2Mb2K#H2 /2 Kûi?Q/2b
K�i?ûK�iB[m2b 2i H� /2b+`BTiBQM /m KQM/2 T�` 2ifQm TQm` HǶúi�iX .�Mb H2
+�/`2 /2 MQi`2 �MMQi�iBQM MQmb T`2M/`QMb 2M +QKTi2 +2b /2mt /û}MBiBQMb
2i /BpBb2`QMb MQb Kûi�/QMMû2b 2M i`QBb ivT2b /2 bi�iBbiB[m2b , BV /2b+`BTiBp2b
Ĝ [mB /û+`Bp2Mi HǶûi�i +QMbi�iû /ǶmM T?ûMQKĕM2 Ĝ BBV BM7û`2MiB2HH2b Ĝ [mB BM@
/mBb2Mi H2b +�`�+iû`BbiB[m2b /ǶmM2 TQTmH�iBQM ¨ T�`iB` /ǶmM û+?�MiBHHQM Ĝ Qm
BBBV T`QD2+iBp2b Ĝ [mB 7QMi mM2 T`QD2+iBQM T`Q#�#BHBbi2 bm` HǶûpQHmiBQM 7mim`2
/ǶmM T?ûMQKĕM2X
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R8X9X3 S`Q+2bbmb /2 [m�MiB}+�iBQM

G2 #mi /2 +2i �ii`B#mi 2bi /2 `ûT2`iQ`B2` H2 ivT2 /2 T`Q+2bbmb /ǶûH�#Q`�iBQM
/m MQK#`2 �m[m2H MQmb �pQMb �z�B`2 , 2bi@+2 H2 `ûbmHi�i /ǶmM /ûMQK#`2K2Mi-
/ǶmM2 K2bm`2-XXX 2i+ \ G2b MQK#`2b b2`QMi �BMbB +H�bbûb 2M /Bzû`2Mi2b +�iû;Q@
`B2b , MmKû`Qi�iBQM- +H�bb2K2Mi- MQi�iBQM- /ûMQK#`2K2Mi Ĝ /ǶQ#D2ib +QMp2M@
iBQMM2Hb URV Qm MQM@+QMp2MiBQMM2Hb UkV [mǶBH 2bi TQbbB#H2 U�V Qm BKTQbbB#H2 U#V
/2 +QKTi2` d Ĝ K2bm`2 �m b2Mb bi`B+i- 2i 2M}M BM/B+�i2m`b Ĝ /BpBbû 2M THmbB2m`b
+�iû;Q`B2b 2M 7QM+iBQM /2 H2m`b +QKTQb�Mi2bX

R8X9XN o�HB/Biû /2 H� [m�MiB}+�iBQM

G2b +?QBt /Ƕ�MMQi�iBQM HBûb �m T`Q+2bbmb /2 [m�MiB}+�iBQM U+B@/2bbmbV bQMi
KQiBpûb T�` H2b [m2biBQMb /2 p�HB/Biû bQmb@D�+2Mi2b �mt /Bzû`2Mi2b 7Q`K2b /2
[m�MiB}+�iBQM- /QMi THmbB2m`b bQMi �M�Hvbû2b 2M /ûi�BHb �m +?�TBi`2 R9X LQmb
miBHBbQMb /2mt �ii`B#mib MQmb T2`K2ii�Mi /Ƕûp�Hm2` H� p�HB/Biû /2b MQK#`2b
KQ#BHBbûb /�Mb H2 +Q`Tmb c BH bǶ�;Bi /Ƕ�TT`û+B�iBQMb 7QM/û2b bm` MQb �M�Hvb2b 2i
KQiBpû2b T�` MQi`2 i`�p�BH i?ûQ`B[m2X G2 T`2KB2` /2b /2mt �ii`B#mib 2bi +2HmB
/2 H� p�HB/Biû /2 H� [m�MiB}+�iBQM , BH +QMbBbi2 ¨ /ûi2`KBM2` bB HǶQ#D2i Qm H2 T?û@
MQKĕM2 [m�MiB}û T2mi HǶāi`2 p�H�#H2K2Mi 2i `2iB2Mi THmbB2m`b /2;`ûb TQbbB#H2b
/2 p�HB/Biû bm` mM bT2+i`2 �HH�Mi /2 H� K2bm`2 Ĝ 7QM/û2 bm` /2b +QMp2MiBQMb
bi�#H2b 2i T`Q/mBb�Mi /2b Q#b2`p�iBQMb Q#D2+iBp2b Ĝ ¨ HǶ�`iû7�+i Ĝ mM2 7Q`K2
/2 [m�MiB}+�iBQM [mB TQ`i2`�Bi i`ĕb 7Q`i2K2Mi H2b p�H2m`b bm#D2+iBp2b /ǶmM2
+QKKmM�miû /ǶQ#b2`p�i2m`b /�Mb H� /û}MBiBQM /2 HǶQ#D2i [m�MiB}ûX

dX 1t2KTH2b , R�V H2 MQK#`2 /2 T�bb�;2`b T�bbûb T�` mM �û`QTQ`i �m +Qm`b /ǶmM2 �MMû2
UQ#D2i MQM@+QMp2MiBQMM2H- TQbbB#H2 ¨ +QKTi2`V- R#V H2 MQK#`2 /2 T2`bQMM2b pBp�Mi bm` mM
i2``BiQB`2 ¨ mM KQK2Mi i UQ#D2i MQM@+QMp2MiBQMM2H- BKTQbbB#H2 ¨ +QKTi2`V- k�V H2 MQK#`2 /2
+QM/�KM�iBQMb TQm` pQH UQ#D2i +QMp2MiBQMM2H- TQbbB#H2 ¨ +QKTi2`V- k#V H2 MQK#`2 2z2+iB7
/Ƕ�+i2b /2 pBQH2M+2 +QMDm;�H2 UQ#D2i +QMp2MiBQMM2H- BKTQbbB#H2 ¨ +QKTi2`V
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R8X9XRy o�HB/Biû /2 H� +QKT�`�BbQM

G2b bi�iBbiB[m2b +QKT�`2Mi 7`û[m2KK2Mi /2b Q#b2`p�iBQMb 2z2+imû2b ¨ THm@
bB2m`b KQK2Mib 2ifQm THmbB2m`b 2M/`QBibX 1HH2b T2`/2Mi /2 H2m` miBHBiû bB 2HH2b
M2 T`Q/mBb2Mi T�b /ǶûHûK2Mib /2 +QM7`QMi�iBQM c +2H� MQmb TQmbb2 ¨ �{`K2`
[m2 H� +QKT�`�BbQM 2bi mM ûHûK2Mi /û}MBiQB`2 /2b bi�iBbiB[m2bX LQi`2 �MMQi�@
iBQM /2 H� p�HB/Biû /2 +2b +QKT�`�BbQMb b2 7QM/2 T`BM+BT�H2K2Mi bm` HǶ�M�Hvb2
/2b +?�M;2K2Mib TQbbB#H2b /�Mb H2b K�MBĕ`2b /2 /ûMQK#`2` mM Q#D2i 2i /�Mb
HǶûp�Hm�iBQM /2 HǶûpQHmiBQM TQi2MiB2HH2 /2 H� /û}MBiBQM Ĝ BMbiBimiBQMM2HH2 2i
bQ+B�H2 Ĝ /2b Q#D2ib +QMp2MiBQMM2Hb [m�MiB}ûb 3X

R8X9XRR S`ûbmTTQbû /2 K2bm`2

G2 T`ûbmTTQbû /2 K2bm`2 � i`�Bi �m +QMi2ti2 /ǶûMQM+B�iBQM , BH MǶv � T`ûbmT@
TQbû /2 K2bm`2 [m2 HQ`b[mǶmM ûMQM+û- DQm`M�HBbiB[m2 Qm MQM- iB`2 /2b +QM+Hm@
bBQMb [mǶ�miQ`Bb2`�B2Mi mM2 K2bm`2 bm` H� #�b2 /2 +?Bz`2b Q#i2Mmb T�` mM
�mi`2 T`Q+2bbmb /2 [m�MiB}+�iBQM [m2 H� K2bm`2 NX

R8X9XRk SQ`iû2 2i i?ûK�iB[m2

*QKK2 K2MiBQMMû +B@�p�Mi /2mt ûHûK2Mib /Ƕ�MMQi�iBQM M2 TQ`i�B2Mi T�b /B@
`2+i2K2Mi bm` H2b MQK#`2b c +2mt@+B �p�B2Mi TQm` pQ+�iBQM /2 bûT�`2` H2b bmD2ib
/ǶmM iûHûDQm`M�H 2M `2H2p�Mi b� TQ`iû2 UBMi2`M�iBQM�H2- M�iBQM�H2 Qm `û;BQM�H2V

3X *2 bQMi /2b ûHûK2Mib +Hûb HQ`b[mǶmM2 bi�iBbiB[m2 b2 +QMbi`mBi ¨ T�`iB` /m /ûMQK#`2@
K2Mi /ǶQ#D2ib- +QKK2 MQmb HǶ�pQMb ûpQ[mû �m +?�TBi`2 R9X

NX S�` 2t2KTH2 , Ŀ LQmb +QMbi�iQMb mM2 �KûHBQ`�iBQM bm` H2 K�`+?û /m i`�p�BH- TmBb[m2
H2 i�mt /2 +?ƬK�;2 #�Bbb2 �m /2`MB2` i`BK2bi`2 ŀ c H2 i�mt /2 +?ƬK�;2 MǶ2bi T�b Q#i2Mm T�`
mM2 K2bm`2 �m b2Mb bi`B+i 2i MǶ�miQ`Bb2 T�b ¨ +QM+Hm`2 Q#D2+iBp2K2Mi ¨ mM2 �KûHBQ`�iBQM
bm` H2 K�`+?û /m i`�p�BH c +2ii2 �KûHBQ`�iBQM MǶ2bi [mǶmM2 TQbbB#BHBiûX
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2i H� i?ûK�iB[m2 /m `2TQ`i�;2 /QMi BH ûi�Bi [m2biBQM- H2b TQbbB#BHBiûb ûi�Mi ,
û+QMQKB2- TQHBiB[m2f;ûQTQHBiB[m2- b�Miû- M�im`2- bQ+Bûiû- bTQ`i- +mHim`2- ?Bb@
iQB`2- BM+B/2Mi BKT`ûpm- DmbiB+2 2i +HBK�iX

R8X8 _û+�TBimH�iB7 /2b �ii`B#mib /Ƕ�MMQi�iBQM

*?�+mM /2b �ii`B#mib [m2 MQmb �pQMb /ûi�BHHû +B@/2bbmb T`2M/ mM2 p�H2m` [m2
MQmb `û+�TBimHQMb /�Mb +2 i�#H2�m UHǶ�ii`B#mi Ŀ +�M�H ŀ T`2M/`� T�` 2t2KTH2
H� p�H2m` j HQ`b[m2 H2 K2bb�;2 T�bb2 T�` H2 +Q/2 pBbm2H 2i �m/BiB7XXXV c +2ii2
bi`�iû;B2 /Ƕ�MMQi�iBQM MQmb T2`K2i /ǶBKTQ`i2` MQb Kûi�/QMMû2b /B`2+i2K2Mi
/�Mb mM i�#H2m` Ry b�Mb �pQB` ¨ T�bb2` T�` mM2 i`�Mb7Q`K�iBQM bm#bû[m2Mi2 /2
p�`B�#H2b +�iû;Q`B2HH2b i2tim2HH2b 2M +?Bz`2b ,

o�`B�#H2b +�iû;Q`B2HH2b JQ/�HBiûb
RV úK2ii2m` CQm`M�HBbi2 R

aTû+B�HBbi2 k
�mi`2 BMi2`p2M�Mi j

kV *�M�H oBbm2H R
�m/BiB7 k

oBbm2H 2i �m/BiB7 j
jV 6Q`K2 /2b MQK#`2b 6`�MÏ�Bb Q`�H U6PV R

ú+`Bi +?Bz`û U1*V k
�M�HQ;B[m2 U�V j

6P � 1* 9
6P � � 8
1* � � e

6P � 1* � � d
9V hvT2 /2 `2T`ûb2Mi�iBQM LQM@�TTHB+�#H2 y
�M�HQ;B[m2 .B�;`�KK2 2M #�``2b R

>BbiQ;`�KK2 k

RyX hvT2 1t+2H
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*Qm`#2 j
.B�;`�KK2 +B`+mH�B`2 9

Lm�;2 /2 TQBMib 8
*�`i2 e

h`�BiflMBiû TQm` mMBiû d
�mi`2 3

8V *Q``2bTQM/�M+2 2ifQm LQM@�TTHB+�#H2 y
�/û[m�iBQM /2b *Q``2bTQM/�M+2 R
`2T`ûb2Mi�iBQMb S`Q#HĕK2 /2 +Q``2bTQM/�M+2 U*V k

S`Q#HĕK2 /2 pBbm�HBb�iBQM UoV j
S`Q#HĕK2 /2 * 2i /2 o 9

1tT`2bbBQM /2 /Bp2`b �bT2+ib 8
eV ú+?2HH2 .Bb+`ĕi2 R

*QMiBMm2 HBMû�B`2 k
*QMiBMm2 MQM@HBMû�B`2 j

dV hvT2 /2 bi�iBbiB[m2 LQM@�TTHB+�#H2 y
.2b+`BTiBp2 R
AM7û`2MiB2HH2 k
S`QD2+iBp2 j

3V S`Q+2bbmb /2 [m�MiB}+�iBQM LmKû`Q Q`/BM�H R
LmKû`Q +�iû;Q`B2H k

*H�bb2K2Mi j
LQi2 Uûp�Hm�iBQMV 9

.�i2- MQK#`2 /Ƕ�MMû2b- �;2- ?2m`2XXX 8
S* RR e
A* Rk d
SL Rj 3
AL R9 N

RRX .ûMQK#`2K2Mi TQbbB#H2 /ǶQ#D2ib +QMp2MiBQMM2Hb
RkX .ûMQK#`2K2Mi BKTQbbB#H2 /ǶQ#D2ib +QMp2MiBQMM2Hb
RjX .ûMQK#`2K2Mi TQbbB#H2 /ǶQ#D2ib MQM@+QMp2MiBQMM2Hb
R9X .ûMQK#`2K2Mi BKTQbbB#H2 /ǶQ#D2ib MQM@+QMp2MiBQMM2Hb
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J2bm`2 UJV Ry
AM/B+�i2m` +QKTQbû /2 S* RR
AM/B+�i2m` +QKTQbû /ǶA* Rk

AM/B+�i2m` +QKTQbû /2 SL Rj
AM/B+�i2m` +QKTQbû /ǶAL R9
AM/B+�i2m` +QKTQbû /2 J R8

AM/B+�i2m` KûH�M;û US*- A*- SLXXXV Re
NV o�HB/Biû /2 H� [m�MiB}+�iBQM LQM@�TTHB+�#H2 y

J2bm`2 R
o�HB/Biû K�ŗi`Bbû2 k

o�HB/Biû MQM@K�ŗi`Bbû2 j
�`i27�+i 9

RyV o�HB/Biû /2 H� +QKT�`�BbQM S�b /2 +QKT�`�BbQM y
*QKT�`�BbQMb TQbbB#H2b R

*QKT�`�BbQMb BM+2`i�BM2b k
*QKT�`�BbQMb ¨ ûpBi2` j

*QKT�`�BbQMb BM�/�Tiû2b 9
RRV S`ûbmTTQbû /2 K2bm`2 LQM@�TTHB+�#H2 y

�#b2M+2 R
S`ûb2M+2 7�B#H2 k
S`ûb2M+2 7Q`i2 j

G2b bmD2ib /2b iûHûDQm`M�mt ûi�B2Mi /ûHBKBiûb T�` mM2 �mi`2 �MMQi�iBQM T2`K2ii�Mi
/2 `2H2p2` b� TQ`iû2 2i b� i?ûK�iB[m2 c +2ii2 /2`MBĕ`2 2bi `û+�TBimHû2 /�Mb H2 i�#H2�m
R8XkX

R8X8XR 1t2KTH2 /2 KBb2 2M �TTHB+�iBQM

S`2MQMb HǶ2t2KTH2 /2 HǶûMQM+û bmBp�Mi ,

AH v � jyyy +?ƬK2m`b /2 KQBMb �m 92 i`BK2bi`2 +2 [mB BM/B[m2 mM2
�KûHBQ`�iBQM bm` H2 K�`+?û /2 HǶ2KTHQB
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o�`B�#H2b +�iû;Q`B2HH2b JQ/�HBiûb
RV SQ`iû2 AMi`Q/m+iBQMf+QM+HmbBQM y

AMi2`M�iBQM�H2 R
L�iBQM�H2 k
_û;BQM�H2 j

kV h?ûK�iB[m2 AMi`Q/m+iBQMf+QM+HmbBQM y
ú+QMQKB2 R

SQHBiB[m2f;ûQTQHBiB[m2 k
a�Miû j

L�im`2 9
aQ+Bûiû 8
aTQ`i e

*mHim`2 d
>BbiQB`2 3

AM+B/2Mi BKT`ûpm N
CmbiB+2 Ry

h�#H2 R8Xk Ĝ �MMQi�iBQM /2 H� TQ`iû2 2i /2 H� i?ûK�iB[m2

§ bmTTQb2` [mǶBH MǶ2bi i`�MbKBb [mǶ¨ HǶQ`�H /�Mb MQi`2 +Q`Tmb- MQmb Q#iB2M/`BQMb
HǶ�MMQi�iBQM bmBp�Mi2 ,

AH v �
IMQK#`2 ûK2ii2m`4ǳRǴ +�M�H4ǳkǴ 7Q`K24ǳRǴ `2T`ûb2Mi�iBQMR.4ǳyǴ
+Q``2bTQM/�M+24ǳyǴ û+?2HH24ǳRǴ bi�iBbiB[m24ǳRǴ [m�MiB}+�iBQM4ǳeǴ
p�HB/Biû4ǳkǴ +QKT�`�BbQM4ǳkǴ T`ûbmTTQbû4ǳkǴ= jyyy IfMQK#`2=
+?ƬK2m`b /2 KQBMb �m
IMQK#`2 ûK2ii2m`4ǳRǴ +�M�H4ǳkǴ 7Q`K24ǳRǴ `2T`ûb2Mi�iBQMR.4ǳyǴ
+Q``2bTQM/�M+24ǳyǴ û+?2HH24ǳRǴ bi�iBbiB[m24ǳyǴ [m�MiB}+�iBQM4ǳRǴ
p�HB/Biû4ǳRǴ +QKT�`�BbQM4ǳyǴ T`ûbmTTQbû4ǳyǴ= 92 IfMQK#`2=
i`BK2bi`2 +2 [mB BM/B[m2 mM2 �KûHBQ`�iBQM bm` H2 K�`+?û /2
HǶ2KTHQBX

aB MQmb �M�HvbQMb HǶ�MMQi�iBQM /m T`2KB2` ûHûK2Mi- 2HH2 MQmb BM/B[m2 [m2 H2 MQK#`2
ǳjyyyǴ 2bi ûMQM+û T�` mM DQm`M�HBbi2 URV c T�bb2 T�` H2 +�M�H �m/BiB7 UkV c [m2 H� 7Q`K2
T2`K2ii�Mi /Ƕ2tT`BK2` +2 MQK#`2 2bi H2 7`�MÏ�Bb Q`�H URV c [m2 H2b [m2biBQMb HBû2b



jk9 R8X *P_Sla 1h *>PAs .Ƕ�LLPh�hAPL

¨ H� `2T`ûb2Mi�iBQM �M�HQ;B[m2 M2 bQMi T�b �TTHB+�#H2b Uk 7QBb yV c [m2 +2 MQK#`2
b2 `�TTQ`i2 ¨ mM2 û+?2HH2 /Bb+`ĕi2 URV c [mǶBH bǶ�;Bi /ǶmM bi�iBbiB[m2 /2b+`BTiBp2 URV-
Q#i2Mm2 T�` H2 /ûMQK#`2K2Mi TQbbB#H2 /ǶmM Q#D2i +QMp2MiBQMM2H UeV c [mǶBH bǶ�;Bi
/ǶmM2 7Q`K2 /2 [m�MiB}+�iBQM K�ŗi`Bbû2 UkV- TmBb[mǶ2HH2 `2TQb2 bm` /2b MQ`K2b +H�B@
`2K2Mi ûi�#HB2b T�` H2b T`�iB[m2b BMbiBimiBQMM2HH2b c [mǶBH MǶ2bi T�b +2`i�BM [mǶ2HH2
�miQ`Bb2 /2b +QKT�`�BbQMb �p2+ /Ƕ�mi`2b i`BK2bi`2b UkV- TmBb[m2 H� /ûHBKBi�iBQM BMb@
iBimiBQMM2HH2 2ifQm bQ+B�H2 /2 H� +H�bb2 +?ƬK2m` TQm``�Bi �pQB` +?�M;û c }M�H2K2Mi
+2i ûMQM+û +QMiB2Mi mM T`ûbmTTQbû /2 K2bm`2 UkV- /ĕb HQ`b [mǶ¨ H� p�`B�iBQM /m
MQK#`2 /2 +?ƬK2m`b 2bi �TTHB[mû mM `�BbQMM2K2Mi MQ`K�H2K2Mi 7QM/û bm` mM2
Kûi`QHQ;B2 `û�HBbi2 , HǶ�KûHBQ`�iBQM bm` H2 K�`+?û /m i`�p�BH M2 T2mi B+B āi`2 [m2
bmTTQbû2 UH2b +QKT�`�BbQMb bQMi Dm;û2b BM+2`i�BM2bV , /�Mb mM +�b +QKK2 +2HmB@+B-
mM2 miBHBb�iBQM /m +QM/BiBQMM2H Qm H� T`ûb2M+2 /ǶmM i2`K2 KQMi`�Mi [m2 H� `2H�iBQM
2Mi`2 mM2 /BKBMmiBQM /m MQK#`2 /2 +?ƬK2m`b 2i mM2 �KûHBQ`�iBQM bm` H2 K�`+?û
/2 HǶ2KTHQB MǶ2bi T�b bvbiûK�iB[m2 b2`�Bi bQm?�Bi�#H2X

AH +QMpB2Mi /2 `2H2p2` B+B- �p�Mi /2 T�bb2` ¨ H� T�`iB2 /2 +2 i`�p�BH +QMb�+`û2 ¨
HǶ�M�Hvb2 /2b `ûbmHi�ib- [m2 HǶ�MMQi�iBQM K�Mm2HH2 /2 RRRe ûHûK2Mib /ǶmM +Q`Tmb
bm` mM 2Mb2K#H2 /2 RR p�`B�#H2b /2b+`BTiBp2b 2ifQm BMi2`T`ûi�iBp2b R8 T`Q/mBi- T�`
H� 7Q`+2 /2b +?Qb2b- mM2 K�`;2 /Ƕ2``2m`X J�H;`û iQmi H2 bQBM �TTQ`iû ¨ +2ii2 ûi�T2 2i
H2b ?2m`2b T�bbû2b ¨ `2H2p2` /Ƕûp2Mim2HH2b BM+Q?û`2M+2b /�Mb HǶ�MMQi�iBQM- BH MQmb 2bi
BKTQbbB#H2 /2 ;�`�MiB` [m2 iQmb H2b +?QBt 2z2+imûb bQB2Mi iQmi ¨ 7�Bi B``û7mi�#H2bX
§ +2H� bǶ�DQmi2 H2 7�Bi [m2 MQb +H�bb2b /ǶQ#b2`p�iBQM bQMi û;�H2K2Mi 7QM/û2b bm`
MQi`2 �M�Hvb2 2i bm` MQb ?vTQi?ĕb2b , MQmb HǶ�pQMb KQMi`û ¨ /Bzû`2Mi2b `2T`Bb2b
/�Mb +2 i`�p�BH , mM2 /Qb2 /2 bm#D2+iBpBiû 2bi Mû+2bb�B`2K2Mi BM/mBi2 T�` H2 i`�p�BH
/2 /û}MBiBQMb 2i /2 +H�bbB}+�iBQM T`û+û/�Mi H� T`Q/m+iBQM 2z2+iBp2 /2 bi�iBbiB[m2bX
§ iQmi2b }Mb miBH2b- 2i T�` bQm+B /2 i`�MbT�`2M+2- MQi`2 +Q`Tmb �MMQiû b2`� `2M/m
2MiBĕ`2K2Mi Tm#HB+X

R8X *2H� 7�Bi iQmi /2 KāK2 RkǶkde ûHûK2Mib /Ƕ�MMQi�iBQMX



*?�TBi`2 Re

_ûbmHi�ib

LQmb �pQMb +QMb�+`û- +B@�p�Mi- [m2H[m2b T�`�;`�T?2b ¨ H� /2b+`BTiBQM ;HQ#�H2 /2
MQi`2 +Q`Tmb 2i ¨ bQM �MMQi�iBQM c +2 MQmp2�m +?�TBi`2 b2`� BMiû;`�H2K2Mi /û/Bû
¨ mM2 �M�Hvb2 THmb /ûi�BHHû2 /2b `ûbmHi�ibX *2 i`�p�BH 2bi `2M/m TQbbB#H2 T�` H2b
�MMQi�iBQMb /2b+`BTiBp2b 2i BMi2`T`ûi�iBp2b /m i2ti2- /QMi BH ûi�Bi [m2biBQM +B@�p�MiX

*?�[m2 ûHûK2Mi /Ƕ�MMQi�iBQM T2`K2i- /ǶmM2 T�`i- /Ƕ2z2+im2` /2b bi�iBbiB[m2b
/2b+`BTiBp2b /m +Q`Tmb- TmBb[m2 ¨ +?�[m2 Q++m``2M+2 MQmb �pQMb �bbB;Mû RR p�@
`B�#H2b +�iû;Q`B2HH2b /ǶQ#b2`p�iBQMX *2b /QMMû2b bQMi `2i`�Mb+`Bi2b /�Mb mM i�#H2�m
¨ /2mt /BK2MbBQMb , +?�[m2 MQK#`2 2tT`BKû T`2M/ mM2 HB;M2 /�Mb H�[m2HH2 +?�[m2
+QHQMM2 +Q``2bTQM/ ¨ HǶmM /2b �ii`B#mib /Ƕ�MMQi�iBQMX *2H� T2`K2i- MQi�KK2Mi-
/2 bûH2+iBQMM2` Qm /Ƕ2t+Hm`2 +2`i�BM2b Q#b2`p�iBQMb- /ǶQ#b2`p2` H� 7`û[m2M+2 /2b /B7@
7û`2Mi2b p�`B�#H2b 2i /Ƕ2tTHQ`2` HǶ2tBbi2M+2 /2 +Q``ûH�iBQMb 2Mi`2 +2HH2b@+BX G� i�#H2
ReXR 7Qm`MBi mM �T2`Ïm /2b R9 T`2KBĕ`2b HB;M2b c 2HH2 2M +QKTQ`i2 RRRe �m iQi�HX

.Ƕ�mi`2 T�`i- +2b �ii`B#mib MQmb T2`K2ii2Mi /Ƕ�++û/2` `�TB/2K2Mi ¨ /2b ûHû@
K2Mib /m +Q`Tmb TQm` 2z2+im2` mM2 �M�Hvb2 [m�HBi�iBp2 /2 +2`i�BMb T�bb�;2b iv@
TB[m2b /2b ûHûK2Mib [m2 MQmb bQm?�BiQMb �TT`Q7QM/B`X *2 +?�TBi`2 +QMiB2M/`� �BMbB

jk8



jke ReX _úalGh�ha

AM/BpB/m RV kV jV 9V 8V eV dV 3V NV RyV RRV
!3 7ûp`B2` R R k y y k y 8 k y y
!Rk:98 R R k y y k y 8 k y y
kk R k R y y k y 8 k y y
j R k R y y R R 3 k R y
2M /2bbQmb /2b j R j d j 9 k R RR j j k
k R k R y y R y e k y y
kk R k R y y k y 8 k y y
kk R k R y y k y 8 k y y
kyR3 R k R y y k y 8 k y y
k R k R y y R y R y y y
R99y R k R y y k y Ry R y y
j R k R y y R y R y y y
e R k R y y R y R y y y
R99y R k R y y k y Ry R y y
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX

h�#H2 ReXR Ĝ h�#H2�m `û+�TBimH�iB7 /2b /QMMû2b /m +Q`Tmb Ui`QM[mûV R

¨ H� 7QBb mM2 T�`iB2 /Ƕ�M�Hvb2 [m�MiBi�iBp2 /m +Q`Tmb 2i- HQ`b[m2 +2H� b2K#H2 T2`iB@
M2Mi- mM 2t�K2M THmb KBMmiB2mt /m +QMi2Mm /m i2ti2 7�Bb�Mi T�`iB+mHBĕ`2K2Mi û+?Q
¨ H� T�`iB2 i?ûQ`B[m2 /2 MQi`2 i`�p�BHX

RX 1M@iāi2b +QKTHĕi2b , RV úK2ii2m`- kV *�M�H- jV 6Q`K2 /2b MQK#`2b- 9V hvT2 /2
`2T`ûb2Mi�iBQM �M�HQ;B[m2- 8V *Q``2bTQM/�M+2f�/û[m�iBQM /2b `2T`ûb2Mi�iBQMb- eV ú+?2HH2-
dV hvT2 /2 ai�iBbiB[m2- 3V S`Q+2bbmb /2 [m�MiB}+�iBQM- NV o�HB/Biû /2 H� [m�MiB}+�iBQM- RyV
o�HB/Biû /2 H� +QKT�`�BbQM- RRV S`ûbmTTQbû /2 K2bm`2X



ReXRX PlhAGa .Ƕ�L�Gua1 jkd

ReXR PmiBHb /Ƕ�M�Hvb2

GǶ2Mb2K#H2 /2b �M�Hvb2b [m�MiBi�iBp2b T`ûb2Mi2b /�Mb +2 +?�TBi`2 2bi `û�HBbû ¨ HǶ�B/2
/m T`Q;`�KK2 aSaa ai�iBbiB+b (R8j) bm` H� #�b2 /2b �ii`B#mib /Ƕ�MMQi�iBQMX G2
T�bb�;2 /m +Q`Tmb �m 7Q`K�i sJG Ĝ HǶ2Mb2K#H2 /m i2ti2 �//BiBQMMû /2 MQb #�HBb2b
/Ƕ�MMQi�iBQM Ĝ ¨ mM i�#H2�m /2 /QMMû2b �m 7Q`K�i *ao k 2bi 2z2+imû ¨ HǶ�B/2 /2
HǶQmiBH 2M HB;M2 .�i� hQQHb PMHBM2 (d3)X

ReXk h?ûK�iB[m2b T`ûb2Mi2b /�Mb H2 +Q`Tmb

G2 +Q`Tmb 2bi- �m iQi�H- +QKTQbû /2 Rjj MQmp2HH2b /BbiBM+i2b b2 `ûT�`iBbb�Mi 2M Ry
i?ûK�iB[m2b /2 TQ`iû2 BMi2`M�iBQM�H2- M�iBQM�H2 Qm `û;BQM�H2X G� i�#H2 ReXk `2M/
+QKTi2 /2 H� `ûT�`iBiBQM /2 +2b BM7Q`K�iBQMbX

SQ`iû2
h?ûK�iB[m2 ↓ AMi2`M�iBQM�H2 L�iBQM�H2 _û;BQM�H2 hQi�H
ú+QMQKB2 d 9 y RR
SQHBiB[m2f;ûQTQHBiB[m2 kR d e j9
a�Miû R d R N
L�im`2 R k j e
aQ+Bûiû 9 R9 3 ke
aTQ`i R8 8 y ky
*mHim`2 3 j 9 R8
úpûM2K2Mi BKT`ûpm k k R 8
CmbiB+2 k k y 9
*HBK�i k R y j
hQi�H ej 9d kj Rjj

h�#H2 ReXk Ĝ _ûT�`iBiBQM /2b i?ûK�iB[m2b /m +Q`Tmb 2i H2m` TQ`iû2

kX *2 7Q`K�i /2 /QMMû2b T2`K2i HǶBKTQ`i�iBQM /�Mb MǶBKTQ`i2 [m2H T`Q;`�KK2 /Ƕ�M�@
Hvb2 bi�iBbiB[m2 +QKK2 aSaaX
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Variance expliquée: 72,3%
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6B;m`2 ReXR Ĝ "BTHQi /2 HǶ�M�Hvb2 /2b *Q``2bTQM/�M+2b bm` H2b 2z2+iB7b +`QB@
bûb ǴSQ`iû2Ǵ 7QBb Ǵh?ûK�iB[m2Ǵ

GǶ�M�Hvb2 7�+iQ`B2HH2 /2b +Q``2bTQM/�M+2b U�6*V 2bi mM2 pBbm�HBb�iBQM 7�+BHBi�Mi
H� H2+im`2 /2 +2 ivT2 /2 /QMMû2b jX 1HH2 T2`K2i 2M 2z2i /ǶBM/B[m2` �m H2+i2m` [m2HH2b
KQ/�HBiûb QMi /2b T`Q}Hb T`Q+?2b Qm MQM /Ƕ�mi`2b KQ/�HBiûb /ǶmM2 KāK2 p�`B�#H2
+�iû;Q`B2HH2- �BMbB [m2 [m2HH2b T�B`2b /2 KQ/�HBiûb 2Mi`2 p�`B�#H2b /Bzû`2Mi2b i2M/2Mi
¨ āi`2 bm`@ Qm bQmb@`2T`ûb2Miû2bX

jX LQmb �pQMb pm /�Mb H� T�`iB2 /2 +2 i`�p�BH +QMb�+`û2 ¨ H� +Q;MBiBQM MmKû`B[m2 U+?�@
TBi`2 3V [m2 MQmb /BbTQbQMb p`�Bb2K#H�#H2K2Mi /ǶmM b2Mb M�im`2HH2K2Mi /ûp2HQTTû TQm`
HǶûp�Hm�iBQM /2b ;`�M/2m`b 2i /2 HǶ2bT�+2 c +Ƕ2bi û;�H2K2Mi TQm` `ûTQM/`2 ¨ +2ii2 T`û7û@
`2M+2 TQm` /2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b T�` `�TTQ`i ¨ /2b i�#H2�mt #`mi2b /2 bvK#QH2b
MmKû`B[m2b [m2 MQmb 7Qm`MBbbQMb +2ii2 pBbm�HBb�iBQMX 1HH2 `ûTQM/ /QM+ û;�H2K2Mi ¨ mM
bQm+B Kûi�@�M�HviB[m2 , MQmb �pQMb 2tTHB[mû +2ii2 T`û7û`2M+2 M�im`2HH2 TQm` /2b /QMMû2b
`2T`ûb2Miû2b /2 7�ÏQM �M�HQ;B[m2- BH MQmb b2K#H2 `�BbQMM�#H2 /Ƕv `ûTQM/`2X



ReXjX G1a LPJ"_1a .l *P_Sla jkN

.�Mb +2i 2t2KTH2 U};m`2 ReXRV- HǶ�6* T2`K2i /2 b2 `2M/`2 +QKTi2 �m T`2KB2`
`2;�`/ [m2- /�Mb MQi`2 û+?�MiBHHQM- H2b bmD2ib bm` H� M�im`2 QMi mM2 TQ`iû2 �p�Mi
iQmi `û;BQM�H2 c +2mt bm` H� b�Miû- mM2 TQ`iû2 M�iBQM�H2 c �HQ`b [m2 H2b `2TQ`i�;2b
bm` H2 +HBK�i Qm HǶû+QMQKB2 b2 `2i`Qmp2Mi T`BM+BT�H2K2Mi /�Mb /2b bmD2ib ¨ TQ`iû2
M�iBQM�H2 Qm BMi2`M�iBQM�H2X SQm` THmb /ǶBM7Q`K�iBQMb bm` H2b �6* 2i H2m` H2+im`2
pQB` T�` 2t2KTH2 (R3y- Rjk)X

ReXj G2b MQK#`2b /m +Q`Tmb

.�Mb +2ii2 b2+iBQM- MQmb MQmb T2M+?2`QMb THmb 2M /ûi�BHb bm` HǶ2Mb2K#H2 /2b MQK#`2b
T`ûb2Mib /�Mb MQi`2 +Q`TmbX LQmb +QKK2M+2`QMb T�` `2H2p2` H2 ivT2 /2 [m�MiB}+�@
iBQM /2b RRRe MQK#`2b /m +Q`Tmb , +2H� MQmb T2`K2ii`� MQi�KK2Mi /Ƕ2tTHB[m2` H2
+?QBt /Ƕ2t+Hm`2 +2`i�BM2b /QMMû2b TQm` MQmb 7Q+�HBb2` bm` H2b ûHûK2Mib H2b THmb 2M
HB2M �p2+ MQb ?vTQi?ĕb2bX

G� i�#H2 ReXj `2M/ +QKTi2 /m T`Q+2bbmb /2 [m�MiB}+�iBQM /QMi bQMi Bbbmb HǶ2M@
b2K#H2 /2b MQK#`2b /2 MQi`2 +Q`TmbX



jjy ReX _úalGh�ha

6`û[m2M+2 SQm`+2Mi�;2
LmKû`Q Q`/BM�H RyR N-RW
LmKû`Q +�iû;Q`B2H Re R-9W
1tT`2bbBQM i2KTQ`2HH2 9ky jd-eW
.ûMQK#`2K2Mi S* jyR kd-yW
.ûMQK#`2K2Mi A* Rk R-RW
.ûMQK#`2K2Mi SL j3 j-9W
.ûMQK#`2K2Mi AL 9 y-9W
J2bm`2 UJV Nk 3-kW
AM/B+�i2m` +QKTQbû /2 S* Nd 3-dW
AM/B+�i2m` +QKTQbû /2 A* e y-8W
AM/B+�i2m` +QKTQbû /2 SL k y-kW
AM/B+�i2m` +QKTQbû /ǶAL 9 y-9W
AM/B+�i2m` +QKTQbû /2 J d y-eW
AM/B+�i2m` KûH�M;û Re R-9W
hQi�H RRRe RyyW

h�#H2 ReXj Ĝ S`Q+2bbmb /2 [m�MiB}+�iBQM Uo�`B�#H2 3V9

§ H� H2+im`2 /2 +2 i�#H2�m- mM ûHûK2Mi �TT�`�ŗi BKKû/B�i2K2Mi , H2b 2tT`2bbBQMb
i2KTQ`2HH2b `2T`ûb2Mi2Mi mM2 ;`�M/2 T`QTQ`iBQM /2b MQK#`2b 2tT`BKûbX LQmb �pQMb
+H�bbû- bQmb +2ii2 �TT2HH�iBQM- iQmb H2b ûHûK2Mib /m i2ti2 T2`K2ii�Mi /2 bBim2` H2
KQK2Mi /2 HǶBM7Q`K�iBQMX *QKK2 MQmb TQmpQMb H2 pQB` /�Mb H� i�#H2 ReX9- +2b 9ky
ûHûK2Mib T�bb2Mi H� THmT�`i /m i2KTb T�` mM b2mH +�M�H , BH T2mi bǶ�;B` /ǶmM2 /�i2
BKT`BKû2 ¨ HǶû+`�M- /ǶmM2 ?2m`2 2tT`BKû2 T�` Q`�H- /ǶmM 2tT`2bbBQM T2`K2ii�Mi /2
bBim2` mM ûpûM2K2Mi /�Mb H2 i2KTb- +QKK2 Ŀ BH v � /Bt �Mb ŀ- Qm /2 iQmi2 �mi`2
BM/B+�iBQM i2KTQ`2HH2 [mB M2 T2mi T�b āi`2 /B`2+i2K2Mi +�`�+iû`Bbû2 +QKK2 mM2
K2bm`2X

AH MǶ2bi T�b BMBMiû`2bb�Mi 2M bQB /ǶBMp2biB;m2` H� K�MBĕ`2 /Ƕ2tT`BK2` H� +?`QMQHQ@
;B2 /2b +QMi2Mmb BM7Q`K�iBQMbX *2T2M/�Mi- MQmb T2MbQMb [m2 H2b MQK#`2b /2 +2ii2
p�`B�#H2 û+?�TT2Mi ¨ MQi`2 bmD2i- TmBb[mǶBHb M2 T�`iB+BT2Mi T�b pû`Bi�#H2K2Mi /m

9X S* 4 TQbbB#H2fQ#D2ib +QMp2MiBQMM2Hb- A* 4 BKTQbbB#H2fQ#D2ib +QMp2MiBQMM2Hb- SL 4
TQbbB#H2fQ#D2ib MQM@+QMp2MiBQMM2Hb- AL 4 BKTQbbB#H2fQ#D2ib MQM@+QMp2MiBQMM2HbX



ReXjX G1a LPJ"_1a .l *P_Sla jjR

6Q`K2 /m K2bb�;2
*�M�H ↓ 6P 1* 6PY1* 1*Y� 6PY1*Y� hQi�H
oBbm2H y dN y 9 y 3j
�m/BiB7 kNN y y y y kNN
oBbm2H 2i �m/BiB7 y y jd y R j3
hQi�H kNN dN jd 9 R 9ky

h�#H2 ReX9 Ĝ *�M�H Uo�`B�#H2 kV 2i 7Q`K2b Uo�`B�#H2 jV /2b 2tT`2bbBQMb i2K@
TQ`2HH2b8

+QMi2Mm /2 HǶBM7Q`K�iBQM- K�Bb THmiƬi /2 H� bBim�iBQM /2 +2`i�BM2b /2 b2b +QKTQ@
b�Mi2b /�Mb HǶ2bT�+2 i2KTQ`2HX *Ƕ2bi H� `�BbQM TQm` H�[m2HH2 MQmb +QMbB/û`QMb [m2
+2ii2 +�iû;Q`B2 /QBi āi`2 bQ`iB2 /2 MQb Q#b2`p�iBQMb bm` H2 +Q`TmbX

.2mt �mi`2b +�iû;Q`B2b /m i�#H2�m ReXj MQmb b2K#H2Mi û;�H2K2Mi û+?�TT2` ¨
MQi`2 T`Q#HûK�iB[m2 , MmKû`Q Q`/BM�H 2i MmKû`Q +�iû;Q`B2HX G� T`2KBĕ`2 /2 +2b
/2mt /ûMQKBM�iBQMb +QKT`2M/ iQmb H2b ûHûK2Mib /2 +H�bb2K2Mi Qm /2 MmKû`Qi�iBQM
T�`i�Mi /2 R , MmKû`Q /2 /Qbb�`/- `ûbmHi�i /ǶmM bTQ`iB7 ¨ HǶ�``Bpû2 /ǶmM2 +Qm`b2 Uj2V-
MmKû`Q /2 T�;2XXX G� /2mtBĕK2 +H�bb2 /ǶQ#b2`p�iBQM +QKT`2M/ iQmb H2b MmKû`Qb
MQM@Q`/BM�mt , MmKû`Q /2 #mb- /2 iûHûT?QM2- /2 +QKTi2- /ǶBKK�i`B+mH�iBQM-XXX hQmb
+2b MmKû`Qb M2 T`ûb2Mi2Mi T�b /ǶBMiû`āi T�`iB+mHB2` /�Mb H2 +�/`2 /2 MQi`2 i`�p�BH-
TmBb[mǶBHb MǶQMi T�b pQ+�iBQM ¨ /û+`B`2 H2b Q#D2ib- K�Bb 2bb2MiB2HH2K2Mi ¨ H2b /ûbB;M2`
Qm ¨ H2b Q`/QMM2` c TQm` +2ii2 `�BbQM MQmb M2 H2b T`2M/`QMb T�b 2M +QKTi2X

L2 `2bi2Mi �BMbB [m2 H2b [m�i`2 7Q`K2b /2 /ûMQK#`2K2Mi- �BMbB [m2 H2b +BM[
ivT2b /ǶBM/B+2bfBM/B+�i2m`b 2i H2b K2bm`2b , +2b 8dN ûHûK2Mib 2i H2m` `ûT�`iBiBQM
MQmb BMiû`2bb2Mi �m T`2KB2` +?27 c +Ƕ2bi TQm`[mQB HǶ2Mb2K#H2 /2b �M�Hvb2b /2 +2
+?�TBi`2 M2 TQ`i2`� [m2 bm` +2b Q#D2ibX G2m` /Bbi`B#miBQM 2bi `û+�TBimHû2 /�Mb H�
i�#H2 ReX8X

8X 6P 4 7`�MÏ�Bb Q`�H- 1* 4 û+`Bi +?Bz`û- � 4 �M�HQ;B[m2X
eX S* 4 TQbbB#H2fQ#D2ib +QMp2MiBQMM2Hb- A* 4 BKTQbbB#H2fQ#D2ib +QMp2MiBQMM2Hb- SL 4

TQbbB#H2fQ#D2ib MQM@+QMp2MiBQMM2Hb- AL 4 BKTQbbB#H2fQ#D2ib MQM@+QMp2MiBQMM2HbX



jjk ReX _úalGh�ha

6`û[m2M+2 SQm`+2Mi�;2
.ûMQK#`2K2Mi S* jyR 8k-yW
.ûMQK#`2K2Mi A* Rk k-RW
.ûMQK#`2K2Mi SL j3 e-eW
.ûMQK#`2K2Mi AL 9 y-dW
J2bm`2 UJV Nk R8-NW
AM/B+�i2m` +QKTQbû /2 S* Nd Re-3W
AM/B+�i2m` +QKTQbû /2 A* e R-yW
AM/B+�i2m` +QKTQbû /2 SL k y-jW
AM/B+�i2m` +QKTQbû /ǶAL 9 y-dW
AM/B+�i2m` +QKTQbû /2 J d R-kW
AM/B+�i2m` KûH�M;û Re k-3W
hQi�H 8dN RyyW

h�#H2 ReX8 Ĝ S`Q+2bbmb /2 [m�MiB}+�iBQM Uo�`B�#H2 3 b�Mb H2b ûHûK2Mib MQM@
`2i2MmbVe

§ H� H2+im`2 /2 +2 MQmp2�m i�#H2�m- MQmb TQmpQMb MQmb `2M/`2 +QKTi2 [m2 H�
7Q`K2 /2 [m�MiB}+�iBQM H� THmb H�`;2K2Mi Q#b2`pû2 /�Mb MQi`2 û+?�MiBHHQM 2bi H2 /û@
MQK#`2K2Mi /ǶQ#D2ib +QMp2MiBQMM2Hb- +Ƕ2bi@¨@/B`2- 2M /Ƕ�mi`2b i2`K2b- H2 +QKTi�;2
/Ƕ2MiBiûb /QMi HǶ2tBbi2M+2 2i H� /û}MBiBQM bQMi /B+iû2b T�` HǶ�+iBpBiû ?mK�BM2X

LQmb HǶ�pQMb /ûD¨ ûpQ[mû- +Ƕ2bi mM2 7Q`K2 /2 [m�MiB}+�iBQM [mB T2mi �K2M2` /2b
T`Q#HĕK2b HQ`b[mǶ2HH2 2bi miBHBbû2 ¨ /2b }Mb bi�iBbiB[m2b c +2H� 2bi HBû i`ĕb /B`2+i2K2Mi
¨ +2 [m2 SQ`i2` (kjR) /û+`Bi /2 H� 7�ÏQM bmBp�Mi2 , Ŀ KāK2 HǶQTû`�iBQM H� THmb
ûHûK2Mi�B`2 /2b bi�iBbiB[m2b- H2 +QKTi�;2- MǶ� /2 b2Mb [m2 bB H2b Q#D2ib +QKTiûb
T2mp2Mi āi`2 KQ#BHBbûb 2i +QMbB/û`ûb +QKK2 ?QKQ;ĕM2b ŀ UTX jNN c i`�/mBi /2
HǶ�M;H�BbVX lM Q#D2i +QMp2MiBQMM2H M2 T`ûb2Mi2 /QM+ mM BMiû`āi bi�iBbiB[m2 [m2 bB b�
/û}MBiBQM- �mbbB #B2M BMbiBimiBQMM2HH2 [m2 bQ+B�H2- MǶûpQHm2 T�b /�Mb H2 i2KTb 2ifQm
/�Mb HǶ2bT�+2 (N8) UTX ReRVX P`- H� M�im`2 +QMp2MiBQMM2HH2 /2 i2Hb Q#D2ib M2 T2`K2i
T�b /2 ;�`�MiB` +2ii2 BMp�`B�#BHBiû c H2b BM7Q`K�iBQMb +QMbi`mBi2b 2M `2H�iBQM ¨ /2 i2Hb
/ûMQK#`2K2Mib `Bb[m2Mi- /2 +2 7�Bi- /2 +QMi2MB` /2b ûMQM+ûb ¨ H� p�H2m` /2 pû`Biû
BM+2`i�BM2X
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G2b BM/B+�i2m`b [mB `2TQb2Mi bm` +2 ivT2 /2 /û+QKTi2b Ĝ Nd `2H2pûb /�Mb MQi`2
+Q`Tmb Ĝ T`ûb2Mi2Mi H2b KāK2b û+m2BHb- K�Bb /2 7�ÏQM �KTHB}û2- TmBb[m2 H2b /Bzû@
`2Mi2b p�H2m`b [mB +QKTQb2Mi mM BM/B+�i2m` bQMi iQmi2b TQ`i2mb2b /ǶBM+2`iBim/2X §
+2H� bǶ�DQmi2 H2 7�Bi [m2 +2b BM/B+2b bQMi 2tT`BKûb bm` HǶ2Mb2K#H2 /2b MQK#`2b `û2Hb-
+QMi`�B`2K2Mi �mt /ûMQK#`2K2MibX *2H� �KĕM2 mM `Bb[m2 THmb ;`�M/ /2 +QM7mbBQM
�p2+ /2b K2bm`2b- [mB bQMi- MQmb H2 `�TT2HQMb- H� b2mH2 7Q`K2 /2 [m�MiB}+�iBQM [mB
T`Q/mBi /2b p�H2m`b bm` mM bT2+i`2 +QMiBMm 2i [mB 2bi MQM@TQ`i2mb2 /2 bm#D2+iBpBiû
Qm /ǶBMi2`bm#D2+iBpBiû ;`�+2 �mt /ûp2HQTT2K2Mib ?BbiQ`B[m2b /2 b2b mMBiûb /2 ;`�M@
/2m` BMp�`B�#H2- /ǶQmiBHb T2`72+iBQMMûb /2 K2bm`�;2 2i /2 Kûi?Q/2b K�i?ûK�iB[m2b
T2`K2ii�Mi /2 K�ŗi`Bb2` H2b 2``2m`b UpQB` +?�TBi`2 NVX

ReX9 *�M�H 2i 7Q`K2 /m K2bb�;2

AH 2bi ¨ MQi2` 2M T`û�K#mH2 [m2- /�Mb MQi`2 +Q`Tmb- H� 7Q`K2 pBbm2HH2 /2 `2T`û@
b2Mi�iBQM /2b MQK#`2b Ĝ T�` H2b +?Bz`2b 2i H2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b Ĝ MǶ2bi
miBHBbû2 [m2 T�` H2b DQm`M�HBbi2bX *2H� �TT�`�ŗi +H�B`2K2Mi /�Mb H� i�#H2 ReXe , H2b
bTû+B�HBbi2b +QMpQ[mûb TQm` /QMM2` H2m` �pBb- �BMbB [m2 H2b �mi`2b BMi2`p2M�Mib M2
`2+Qm`2Mi T`�iB[m2K2Mi [mǶ¨ H� 7Q`K2 /m 7`�MÏ�Bb Q`�H TQm` 2tT`BK2` /2b MQK#`2bX

1K2ii2m`
*�M�H ↓ CQm`M�HBbi2 aTû+B�HBbi2 �mi`2 BMi2`pX hQi�H
oBbm2H 99 y y 99
�m/BiB7 jje 8y k3 9R9
oBbm2H 2i �m/BiB7 Rky R y RkR
hQi�H 8yy 8R k3 8dN

h�#H2 ReXe Ĝ *�M�H Uo�`B�#H2 kV 2M 7QM+iBQM /2 HǶûK2ii2m` Uo�`B�#H2 jV /m
K2bb�;2

*2H� T2mi T�`�ŗi`2 HQ;B[m2 /�Mb H� K2bm`2 Qɍ 7�B`2 �TT�`�ŗi`2 /2b MQK#`2b ¨
HǶû+`�M TQm` HǶBMi2`p2MiBQM /ǶmM2 iB2`+2 T2`bQMM2 bmTTQb2- bQBi mM2 T`ûT�`�iBQM ¨
HǶ�p�M+2 /ǶmM bmTTQ`i pBbm2H TQm` bQmi2MB` mM T`QTQb 2M /B`2+i- bQBi mM2 �/DQM+@
iBQM /2 pBbm2H bm` mM T`QTQb T`û2M`2;Bbi`ûX .2 i2HH2b �TT`Q+?2b M2 b2K#H2Mi T�b
BM2MpBb�;2�#H2b- K�Bb 2HH2b M2 bQMi T�b Q#b2`p�#H2b /�Mb MQi`2 û+?�MiBHHQMX



jj9 ReX _úalGh�ha

G2 +Q`QHH�B`2 /2 +2H� 2bi [m2 H� i`�MbKBbbBQM pBbm2HH2 /2b MQK#`2b /�Mb MQi`2
+Q`Tmb 7�Bi 2MiBĕ`2K2Mi 2i 2bb2MiB2HH2K2Mi T�`iB2 /2 H� +QMbi`m+iBQM M�``�iBp2 /2
HǶBM7Q`K�iBQM T�` H2b DQm`M�HBbi2b c 2HH2 bǶBMb+`Bi- /2 +2 7�Bi- /�Mb H� pBbû2 /ǶBM7Q`K�@
iBQM KBb2 2M Q2mp`2 T�` HǶBMbi�M+2 Kû/B�iB[m2 �m i`�p2`b /2b /2mt ivT2b /Ƕ�+iBpBiû
H�M;�;Bĕ`2 /û+`Bi2b T�` *?�`�m/2�m (88) , H� /2b+`BTiBQM@M�``�iBQM 2i HǶ2tTHB+�iBQM
UTX dRVX .�Mb +2 +QMi2ti2- H2 i`�p�BH /2b DQm`M�HBbi2b +QMbBbi2 ¨ K2ii`2 2M Q2mp`2
mM /Bb+Qm`b pBb�Mi ¨ 7Qm`MB` H� T`2mp2 Ĝ +Ƕ2bi@¨@/B`2 Ŀ /QMM2` ¨ pQB` +2 [mB T�`
/û}MBiBQM 2bi BMpBbB#H2 ŀ UTX dkV Ĝ /2 HǶ2t�+iBim/2 /2b BM7Q`K�iBQMb 7Qm`MB2bX SQm`
+2 7�B`2- MQmb Q#b2`pQMb H2 `2+Qm`b 7`û[m2Mi ¨ HǶmiBHBb�iBQM /m +�M�H pBbm2H TQm`
HǶ2tT`2bbBQM /2b MQK#`2bX

*2 bQMi /QM+ 2t�+i2K2Mi 8yy Q++m``2M+2b /ǶûKBbbBQM /2b MQK#`2b T�` H2b DQm`@
M�HBbi2b- [m2 MQmb �pQMb `2i2Mm2b TQm` +2ii2 �M�Hvb2X G� i�#H2 ReXd T2`K2i /ǶQ#@
b2`p2` [m2 H2 +�M�H pBbm2H Ĝ T�`7QBb /Qm#Hû /m +�M�H �m/BiB7 Ĝ 2bi #B2M THmb KQ#BHBbû
TQm` H2b BM/B+2b 2i H2b BM/B+�i2m`b [m2 TQm` H2b �mi`2b 7Q`K2b /2 [m�MiB}+�iBQM dX

*�M�H
Zm�MiB}+�iBQM ↓ oBbm2H UoV �m/BiB7 U�V o � � hQi�H
.ûMQK#`2K2Mib Re % 8-RW k89 % 3R-9W 9k % Rj-8W jRk % RyyW
J2bm`2b 3 % RR-9W 9R % 83-eW kR % jy-yW dy % RyyW
AM/B+2bfAM/B+�i2m`b ky % Re-NW 9R % j9-dW 8d % 93-jW RR3 % RyyW
hQi�H 99 % 3-3W jje % ed-kW Rky % k9-yW 8yy % RyyW

h�#H2 ReXd Ĝ *�M�H Uo�`B�#H2 kV TQm` H2b i`QBb 7Q`K2b /2 [m�MiB}+�iBQM

*2H� bǶ2tTHB[m2 T�` H2 7�Bi [m2- +QKK2 H2 +QM}`K2 H� i�#H2 ReX3 2i H� };m`2 ReXk-
H2b BM/B+�i2m`b 2i BM/B+2b bQMi bQmp2Mi /2b bi�iBbiB[m2b TQm` H2b[m2HH2b HǶ2tT`2bbBQM
THm`B+�M�H2 T2`K2i mM2 K2BHH2m`2 i`�MbKBbbBQM /2 HǶBM7Q`K�iBQMX

lM2 i`ĕb H�`;2 T`QTQ`iBQM /2b BM/B+�i2m`b /2 MQi`2 +Q`Tmb QMi 2M 2z2i ûiû +QMbB@
/û`ûb +QKK2 /2b Q#D2ib bi�iBbiB[m2b UNe-eWV- +2 [mB MǶ2bi T�b H2 +�b /2b �mi`2b
ûHûK2Mib URyW TQm` H2b K2bm`2b 2i RR-8W TQm` H2b /ûMQK#`2K2MibVX § +2 iBi`2
MQmb `�TT2HQMb H2b KQib /2 .2b`QbBĕ`2b (Nk) HQ`b[mǶBH bQmHB;M2 [m2 +2 ivT2 /2 p�@

dX AH HǶ2bi /�Mb e8-jW /2b +�b +QMi`2 b2mH2K2Mi 9R-9W TQm` H2b K2bm`2b 2i R3-eW TQm`
H2b /ûMQK#`2K2Mib
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V. exp: 98%

0,50,0- 0 , 5- 1 , 0

V.
 e

xp
: 2

%

0 ,5

0,0

- 0 , 5

- 1 , 0

Indices/indicateu

Mesures

Dénombrements
Visuel et auditif

Auditif

Visuel

Quantification par types
Canal
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6B;m`2 ReXk Ĝ "BTHQi /2 HǶ�M�Hvb2 /2b *Q``2bTQM/�M+2b bm` H2b 2z2+iB7b +`QB@
bûb Ǵ*�M�HǴ 7QBb ǴZm�MiB}+�iBQM T�` ivT2bǴ

`B�#H2b +2Mbû Ŀ `2~ûi2` mM +QMi2Mm bQ+BQHQ;B[m2 THmb T`Q7QM/ 2i THmb ;ûMû`�HBb�#H2 ŀ
[m2 H2b p�H2m`b [mB H� +QKTQb2Mi T`Bb2b bûT�`ûK2Mi UTX RRjV- bQMi /2b +QMbi`m+iBQMb
�#bi`�Bi2b- +`ûû2b ¨ HǶQ`B;BM2- TQm` ;mB/2` HǶ�+iBQM /2b /B`B;2�MibX

hvT2 /2 ai�iBbiB[m2
Zm�MiX ↓ LX@�TTHB+X .2b+`BTiX AM7û`2MiX S`QD2+iX hQi�H
.ûMQK#`X kde % 33-8W kd % 3-dW 3 % k-eW R % y-jW jRk % RyyW
J2bm`2b ej % Ny-yW 8 % d-RW y % yW k % k-NW dy % RyyW
AM/B+X 9 % j-9W N9 % dN-dW R8 % Rk-dW 8 % 9-kW RR3 % RyyW
hQi�H j9j % e3-eW Rke % k8-kW kj % 9-eW 3 % R-eW 8yy % RyyW

h�#H2 ReX3 Ĝ hvT2 /2 bi�iBbiB[m2b TQm` H2b i`QBb 7Q`K2b /2 [m�MiB}+�iBQM
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AH 2bi T�` �BHH2m`b BMiû`2bb�Mi /2 +QMbi�i2`- /�Mb H2 i�#H2�m ReXN- [m2 H� KQBiBû 3

/2b BM/B+�i2m`b ûKBb T�` H2b DQm`M�HBbi2b /�Mb MQi`2 û+?�MiBHHQM T�bb2- 2Mi`2 �mi`2b-
T�` mM2 `2T`ûb2Mi�iBQM �M�HQ;B[m2 c H� pBbm�HBb�iBQM ReXj `2M/ pBbB#H2 ¨ HǶQ2BH H2 7�Bi
[m2 H2b BM/B+2bfBM/B+�i2m`b bQMi THmb +QM+2`Mûb T�` H2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b
U�V [m2 H2b �mi`2b ivT2b /2 [m�MiB}+�iBQMX

6Q`K2 /m K2bb�;2
Zm�MiX ↓ 6P 1* � 6PY1* 6PY� 1*Y� 6PY1*Y� hQi�H
.ûMQK#`X k89 % 3R-9W R9 % 9-8W R % y-jW kk % d-RW d % k-kW R % y-jW Rj % 9-kW jRk % RyyW
J2bm`2b 9R % 83-eW d % Ry-yW y % yW Rj % R3-eW 9 % 8-dW R % R-9W 9 % 8-dW dy % RyyW
AM/B+X 9R % j9-dW k % R-dW k % R-dW Re % Rj-eW e % 8-RW Re % Rj-eW j8 % kN-dW RR3 % RyyW
hQi�H jje % ed-kW kj % 9-eW j % y-eW 8R % Ry-kW Rd % j-9W R3 % j-eW 8k % Ry-9W 8yy % RyyW

h�#H2 ReXN Ĝ 6Q`K2 /m K2bb�;2 Uo�`B�#H2 jV TQm` H2b i`QBb 7Q`K2b /2 [m�M@
iB}+�iBQMN

V. exp: 89,6%

3210- 1

V.
 e

xp
: 1

0,
4%

3

2

1

0

- 1

Indices/indicateu

Mesures

Dénombrements FO, EC &A
EC & A

FO & A

FO & EC

A

EC

FO

Quantification par types
Forme du message

Page 1

6B;m`2 ReXj Ĝ "BTHQi /2 HǶ�M�Hvb2 /2b *Q``2bTQM/�M+2b bm` H2b 2z2+iB7b +`QB@
bûb Ǵ6Q`K2 /m K2bb�;2Ǵ 7QBb ǴZm�MiB}+�iBQM T�` ivT2bǴ

3X 8NfRR348yW
NX 6P 4 7`�MÏ�Bb Q`�H- 1* 4 û+`Bi +?Bz`û- � 4 �M�HQ;B[m2X
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*2H� i2M/ ¨ +QM}`K2` HǶ�`;mK2Mi /ûp2HQTTû- MQi�KK2Mi /�Mb H2 +?�TBi`2 3 2i
2M b2+iBQM eXjXR- [m2 H2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b bQMi miBHBbû2b TQm` 7�pQ`Bb2`
H� pBbm�HBb�iBQM K2Mi�H2 /2 /QMMû2b #`mi2bX *2b 7Q`K2b 2M �TT2HH2`�B2Mi- 2M 2z2i-
¨ /2b +�T�+Biûb BMMû2b 2i T`ûp2`#�H2b TQm` HǶûp�Hm�iBQM /2b ;`�M/2m`b (RNk- 98-
ReR) c H2 7�Bi [mǶ2HH2b b2K#H2Mi 7�pQ`Bb2` H� ;2biBQM K2Mi�H2 /2b MQK#`2b 2tTHB[m2
T`Q#�#H2K2Mi TQm`[mQB H2b DQm`M�HBbi2b v `2+Qm`2Mi bQmp2Mi /�Mb H2m` +QMbi`m+iBQM
M�``�iBp2X

AH b2`�Bi BMiû`2bb�Mi /ǶBMp2biB;m2` H� M�im`2 /2b bQm`+2b /2 +2 ivT2 /ǶBM7Q`K�@
iBQMX LQmb �pQMb 2M 2z2i /û72M/m H� /Qm#H2 B/û2 [m2- /ǶmM +Ƭiû- /2TmBb H2 iQm`M�Mi
MûQHB#û`�H- H2b BM/B+�i2m`b MǶûi�B2Mi THmb 2bb2MiB2HH2K2Mi miBHBbûb TQm` ;mB/2` HǶ�+@
iBQM /2b /B`B;2�Mib- K�Bb û;�H2K2Mi TQm` +QMp�BM+`2 /2 H� p�HB/Biû /2 +2ii2 �+iBQM
(8y- je- N8) c /2 HǶ�mi`2 +Ƭiû- MQmb �pQMb 2tTHB[mû [m2- +QKK2 H2 KQMi`�B2Mi /ûD¨
>2`K�M 2i *?QKbFv (R98) /�Mb H2b �MMû2b RN3y- H2b DQm`M�HBbi2b /ûT2M/2Mi #2�m@
+QmT /2 bQm`+2b Q{+B2HH2b [mB T`Q/mBb2Mi /2b +QMi2Mmb Ŀ +Hûb 2M K�BM ŀX AH b2`�Bi
�BMbB û+H�B`�Mi /2 `2H2p2` ¨ [m2H TQBMi H� bi`�iû;B2 M�``�iBp2 KBb2 2M TH�+2 /�Mb
H2b +QMi2Mmb /ǶBM7Q`K�iBQM Ĝ �p2+ MQi�KK2Mi mM2 KmHiBTHB+�iBQM /2b +�M�mt TQm`
H� i`�MbKBbbBQM /ǶmM MQK#`2 BKTQ`i�Mi /ǶBM/B+2b 2i /ǶBM/B+�i2m`b Ĝ MǶ2bi T�b 2M
T�`iB2 7Qm`MB2 T�` /2b bQm`+2b Q{+B2HH2bX

*2ii2 ?vTQi?ĕb2 b2K#H2 +Q``Q#Q`û2 T�` H2 7�Bi [m2 T`ĕb /2 i`QBb [m�`ib Udj-9WV
/2b `2T`ûb2Mi�iBQMb �M�HQ;B[m2b /2 MQi`2 û+?�MiBHHQM bǶQ#b2`p2Mi /�Mb /2b bmD2ib
�v�Mi TQm` i?ûK�iB[m2 HǶû+QMQKB2 Qm H� TQHBiB[m2f;ûQTQHBiB[m2 Ĝ /2b /QK�BM2b /�Mb
H2b[m2HH2b H2b DQm`M�HBbi2b /ûT2M/2Mi i`ĕb 7Q`i2K2Mi /2b bQm`+2b Q{+B2HH2b Ĝ �HQ`b [m2
+2b i?ĕK2b M2 `2+Qmp`2Mi [mǶmM iB2`b Ujj-3WV /2 MQi`2 û+?�MiBHHQM Ui�#H2 ReXRyVX

.2 +2 TQBMi /2 pm2- H2 +mKmH /2b `2T`ûb2Mi�iBQMb Ĝ H2 7`�MÏ�Bb Q`�H- H2 +?Bz`û
2i HǶ�M�HQ;B[m2 Ĝ TQm` H2b BM/B+2b 2i BM/B+�i2m`b- bǶBH bǶ�pĕ`2 [mǶBH 2bi 2z2+iBp2K2Mi
bQmp2Mi H2 7�Bi /2b bQm`+2b /2 HǶBM7Q`K�iBQM- 2bi T2mi@āi`2 ¨ BMb+`B`2 /�Mb mM2 HQ@
;B[m2 /2 ;Qmp2`M2K2Mi�HBiû- TmBb[m2 H� THm`B+�M�HBiû �m`�Bi �mbbB TQm` Q#D2+iB7 /2
7�pQ`Bb2` H� +QKT`û?2MbBQM 2i /QM+ /2 Hû;BiBK2` HǶ�+iBQM TQHBiB[m2 [mB bǶ�TTmB2 bm`
+2b BM/B+2bX *Ƕ2bi H¨ [m2 H� ;`�M/2 +QMp2MiBQMM�HBiû /2 +2 ivT2 /ǶQ#D2ib MQmb `�T@
T2HH2 H2b T`QTQb /Ƕ�H�BM amTBQi (kNk) [m2 ;Qmp2`M2` T�` H2b MQK#`2b Ŀ +QM7ĕ`2 mM
TQmpQB` BKK2Mb2 ¨ +2mt [mB +QM+Qm`2Mi ¨ H2m` 7�#`B+�iBQM ŀ UTX k9yVX



jj3 ReX _úalGh�ha

*QK#BM�BbQM /2 `2T`ûb2Mi�iBQM
h?ûK�iB[m2 ↓ � 6PY� 1*Y� 6PY1*Y� hQi�H
AMi`QXf+QM+HX y % yW R % 8-NW y % yW R % R-NW k % k-kW
ú+QMQKB2 y % yW R % 8-NW R % 8-eW Rj % k8-yW R8 % Re-dW
SQHXf;ûQTQHX k % ee-dW N % 8k-NW R8 % 3j-jW k8 % 93-RW 8R % 8e-dW
L�im`2 y % yW R % 8-NW y % yW y % yW R % R-RW
aQ+Bûiû y % yW k % RR-3W R % 8-eW e % RR-8W N % Ry-yW
aTQ`i y % yW k % RR-3W R % 8-eW j % 8-3W e % e-dW
*mHim`2 y % yW R % 8-NW y % yW y % yW R % R-RW
AKT`ûpm y % yW y % yW y % yW R % R-NW R % R-RW
CmbiB+2 R % jj-jW y % yW y % yW y % yW R % R-RW
*HBK�i y % yW y % yW y % yW j % 8-3W j % j-jW
hQi�H j % RyyW Rd % RyyW R3 % RyyW 8k % RyyW Ny % RyyW

h�#H2 ReXRy Ĝ _2T`ûb2Mi�iBQM �M�HQ;B[m2 T�` i?ûK�iB[m2

ReX8 o�HB/Biû 2i T`ûbmTTQbû /2 K2bm`2

G2 TQBMi bQmH2pû +B@/2bbmb TQb2 H� [m2biBQM /2 H� p�HB/Biû /2 +2b BM/B+2bX *2HH2@+B M2
T2mi@āi`2 i`�Biû2 /2 7�ÏQM 2bb2MiB2HH2K2Mi [m�MiBi�iBp2- TmBb[mǶ2HH2 2bi mM2 [m2biBQM
ûKBM2KK2Mi T`�;K�iB[m2 2i /QBi āi`2 +QMbB/û`û2 2M HB2M �p2+ H2 +QMi2ti2 /ǶûMQM@
+B�iBQMX *Ƕ2bi TQm`[mQB MQmb T`Q+û/2`QMb /�Mb +2ii2 b2+iBQM T�` mM2 �TT`Q+?2 ¨ H�
7QBb [m�MiBi�iBp2 2i [m�HBi�iBp2 2M 2tTQb�Mi ¨ +?�[m2 7QBb /2b ûHûK2Mib ivTB[m2b /2
+2 [m2 MQmb /û+`BpQMbX

lM BM/B+�i2m` T2mi āi`2 BMiû`2bb�Mi 2i miBHBbû KāK2 bǶBH MǶ�miQ`Bb2 [mǶmM +2`i�BM
MQK#`2 /2 +QM+HmbBQMb c +Ƕ2bi H� `�BbQM TQm` H�[m2HH2 H2b �MMQi�iBQMb /2 MQi`2 +Q`Tmb
K2ii2Mi 2M �p�Mi [mǶBH v � THmb /ǶQ++m``2M+2b /2 MQK#`2b ¨ H� p�HB/Biû MQM@K�ŗi`Bbû2
[m2 /2 T`ûbmTTQbûb /2 K2bm`2X *Ƕ2bi +2 [mB `2bbQ`i /2 H� i�#H2 ReXRR /�Mb H�[m2HH2
MQmb TQmpQMb `2K�`[m2` [m2 8k ûHûK2Mib T`ûb2Mi�B2Mi ¨ MQi`2 b2Mb mM T`Q#HĕK2
/2 p�HB/Biû- K�Bb b2mHb jk T`ûbmTTQbûb /2 K2bm`2 ûi�B2Mi +QMbi�iûb �m iQi�H RyX

RyX .QMi k9 bQMi +QMbB/û`ûb +QKK2 ûpB/2Mib U Ŀ T`ûb2M+2 7Q`i2 ŀ VX



ReX8X o�GA.Ahú 1h S_úalSSPaú .1 J1al_1 jjN

S`ûbmTTQbû /2 K2bm`2
o�HB/X /2 H� [m�MiX ↓ LQM@�TTHB+X S`ûbX 7�B#H2 S`ûbX 7Q`i2 hQi�H
J2bm`2 3N y y 3N
o�HB/Biû K�ŗi`Bbû2 9jk R 8 9j3
o�HB/Biû MQM@K�ŗi`BbX ke e Rj 98
�`i27�+i y R e d
hQi�H 89d 3 k9 8dN

h�#H2 ReXRR Ĝ o�HB/Biû 2i T`ûbmTTQbû /2 K2bm`2

*2b [m�MiBiûb T2mp2Mi b2K#H2` �M2+/QiB[m2b bm` mM 2Mb2K#H2 /2 8dN ûHûK2Mib-
K�Bb BH +QMpB2Mi /2 `�TT2H2` [m2 +2b Q++m``2M+2b M2 +QM+2`M2Mi [m2 R9 DQm`M�mt
iûHûpBbûb c +2H� p2mi /B`2- 2M /Ƕ�mi`2b i2`K2b- [m2 H2 T`Q#HĕK2 [m2 MQmb bQmH2pQMb-
[m�M/ #B2M KāK2 BH M2 +QM+2`M2 T�b H� i`ĕb ;`�M/2 K�DQ`Biû /2b BM7Q`K�iBQMb- MǶ2M
/2K2m`2 T�b KQBMb [mQiB/B2MX

§ MQi2` [m2 THmbB2m`b MQK#`2b ¨ H� p�HB/Biû K�ŗi`Bbû2 T`ûb2Mi2Mi mM T`ûbmTTQbû
/2 K2bm`2- +2 [mB T2mi T�`�ŗi`2 BM+QM;`mX G� };m`2 ReX9 T`QTQb2 mM 2t2KTH2 [mB
T2`K2i /ǶBHHmbi`2` H2 ;2M`2 /2 +�b +QM+2`MûbX .�Mb +2i 2ti`�Bi /m DQm`M�H iûHûpBbû
/2 Rk:98 /m 3 7ûp`B2` kykk- BH 2bi [m2biBQM /m `2bT2+i /2 H� HBKBi�iBQM /2 pBi2bb2 ¨
jy FKf? 2M pBHH2 /2 G�mb�MM2 H� MmBiX

G�mb�MM2 iB`2 mM T`2KB2` #BH�M TQbBiB7 /m jy FKf? /2 MmBi �T`ĕb HǶBMi`Q/m+@
iBQM /2 H� K2bm`2 2M b2Ti2K#`2X G2b /QMMû2b T`Qmp2Mi [m2 H2b �miQKQ#BHBbi2b
`2bT2+i2Mi ;HQ#�H2K2Mi H� MQmp2HH2 HBKBi�iBQM KāK2 bB H2b 2z2ib `û2Hb bm` H2
#B2M@āi`2 /2 H� TQTmH�iBQM 7QMi 2M+Q`2 /û#�iX
(XXX)
1M b2Ti2K#`2 /2`MB2`- G�mb�MM2 /2p2M�Bi H� T`2KBĕ`2 pBHH2 /2 amBbb2 ¨ BMb@
i�m`2` +2ii2 K2bm`2- H2 #BH�M 2bi Dm;û TQbBiB7 ,
@38W /2b �miQKQ#BHBbi2b `QmH2Mi ¨ KQBMb /2 j8 FKf?- /QM+ H� K2bm`2 2bi
p`�BK2Mi i`ĕb `2bT2+iû2-
(XXX)

6B;m`2 ReX9 Ĝ 1ti`�Bi /2 (k9N)



j9y ReX _úalGh�ha

LQmb �pQMb 2biBKû [m2 +2 38W ûi�Bi mM2 BM/B+�iBQM `2TQb�Mi bm` mM T`Q+2bbmb /2
[m�MiB}+�iBQM p�HB/2- TmBb[mǶ2HH2 bǶ�TTmB2 bm` H2 /û+QKTi2 `û�HBbû T�` /2b �TT�`2BHb
K2bm`�Mi H� pBi2bb2 /2b pQBim`2b ¨ +2`i�BMb TQBMib /2 H� pBHH2X *Ƕ2bi H� ;ûMû`�HBb�iBQM
/2 +2b Q#b2`p�iBQMb ¨ HǶ2Mb2K#H2 /2 H� pBHH2 [mB MQmb TQmbb2 ¨ +QMbB/û`2` [mǶBH v �
mM2 T`ûb2M+2 7Q`i2 /ǶmM T`ûbmTTQbû /2 K2bm`2X 1M 2z2i- H2 7�Bi [m2 38W /2b �miQ@
KQ#BHBbi2b `2bT2+i2Mi H� HBKBi�iBQM �mt 2M/`QBib Qm +2HH2@+B 2bi b+`miû2 M2 T2`K2i
T�b /Ƕ�{`K2` [m2 H� Ŀ K2bm`2 2bi p`�BK2Mi i`ĕb `2bT2+iû2 ŀ RR- TmBb[m2 +2b KāK2b
�miQKQ#BHBbi2b U2i /Ƕ�mi`2bV TQm``�B2Mi iQmi ¨ 7�Bi b2 +QKTQ`i2` /2 7�ÏQM /Bzû`2Mi2
¨ /2b 2M/`QBib MQM@bm`p2BHHûb /2 H� pBHH2X

GǶB/û2 [m2 /2b BM/BpB/mb b2 +QKTQ`i2Mi T�`iQmi +QKK2 �mt 2M/`QBib +QMi`ƬHûb
Ĝ +�` +Ƕ2bi #B2M /2 +QKTQ`i2K2Mib ?mK�BMb [mǶBH bǶ�;Bi Ĝ /û+QmH2 /ǶmM T`Q+2bbmb
K2Mi�H /2 ;ûMû`�HBb�iBQM- /QMi MQmb T2MbQMb [mǶBH 2bi +QMi�KBMû T�` H� Kûi`QHQ;B2
`û�HBbi2 /2b b+B2M+2b /2 H� K�iBĕ`2X *2ii2 BKT`2bbBQM 2bi `2M7Q`+û2 T�` HǶmiBHBb�iBQM
/m p2`#2 T`Qmp2` /�Mb HǶûMQM+û Ŀ H2b /QMMû2b T`Qmp2Mi [m2 H2b �miQKQ#BHBbi2b `2b@
T2+i2Mi ;HQ#�H2K2Mi H� MQmp2HH2 HBKBi�iBQM ŀ c +2b /QMMû2b H�Bbb2Mi 2z2+iBp2K2Mi
T2Mb2`- Qm T2`K2ii2Mi /2 7�B`2 HǶ?vTQi?ĕb2 [m2 H2b �miQKQ#BHBbi2b bQMi `2bT2+im2mt
/2 H� MQmp2HH2 HBKBi2- K�Bb M2 H2 T`Qmp2Mi T�bX *Ƕ2bi 2M b+B2M+2b /Bi2b /m`2b [m2 H2b
K2bm`2b +QMbiBim2Mi /2b ûHûK2Mib /2 T`2mp2X 1M T?vbB[m2- T�` 2t2KTH2- H2b T`QT`Bû@
iûb /ǶmM Q#D2i 2i /2 bQM 2MpB`QMM2K2Mi T2`K2ii2Mi /2 ;ûMû`�HBb2` /2b BM7Q`K�iBQMb
bm` b� pBi2bb2 /2 +?mi2 c +2 MǶ2bi T�b H2 +�b /2 H� pBi2bb2 /ǶmM ?mK�BM �m pQH�Mi
/ǶmM2 pQBim`2 [mB /ûT2M/- 2HH2- ¨ iQmi KQK2Mi- /ǶBMMQK#`�#H2b 7�+i2m`b /QMi mM2
;`�M/2 T�`iB2 2bi +QMp2MiBQMM2HH2X

*2i 2t2KTH2 BHHmbi`2 [mǶmM T`Q+2bbmb /2 [m�MiB}+�iBQM p�HB/2 T2mi Q++�bBQMM2`
/2b ;ûMû`�HBb�iBQMb ivTB[m2b /2 +2 [m2 MQmb �pQMb MQKKû H2 T`ûbmTTQbû /2 K2bm`2 ,
H2b /2mt Ĝ p�HB/Biû /ǶmM2 [m�MiB}+�iBQM 2i T`ûbmTTQbû /2 K2bm`2 Ĝ M2 bQMi /QM+
T�b bvbiûK�iB[m2K2Mi Q#b2`pûb 2Mb2K#H2- KāK2 bB H� i�#H2 ReXRR BM/B[m2 [mǶBH v
� mM2 7Q`i2 /ûT2M/�M+2 2Mi`2 HǶmM2 2i HǶ�mi`2 /�Mb MQi`2 û+?�MiBHHQM Uh2bi /m χ2 ,
TIyXyyR RkVX .2 KāK2- H2b T`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb /�Mb MQi`2 û+?�MiBHHQM
+QM+2`M2Mi /�Mb H2m` i`ĕb ;`�M/2 K�DQ`Biû /2b BM/B+�i2m`b- +QKK2 H2 KQMi`2 H�

RRX 1bi@BH T�` �BHH2m`b DmbiB}û /2 b2 `ûDQmB` /ǶmM i�mt /ǶBM7`�+iBQM +QMbi�iû /2 R8W \
RkX ke T`ûbmTTQbûb /2 K2bm`2 +QMbi�iûb bm` jk bQMi �mbbB /2b +�b /2 p�HB/Biû MQM@K�Bi`Bbû2

Qm TB`2X
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i�#H2 ReXRkX G� pBbm�HBb�iBQM ReX8 K2i û;�H2K2Mi 2M ûpB/2M+2 [m2 H2b /ûMQK#`2@
K2Mib 2i H2b K2bm`2b bQMi T2m +QM+2`Mûb T�` H2b T`ûbmTTQbûb /2 K2bm`2 /�Mb MQi`2
û+?�MiBHHQMX

S`ûbmTTQbû /2 K2bm`2
Zm�MiB}+�iBQM ↓ LQM@�TTHB+X S`ûbX 7�B#H2 S`ûbX 7Q`i2 hQi�H
.ûMQK#`2K2Mib j8k y j j88
J2bm`2b Nk y y Nk
AM/B+2bfBM/B+�i2m`b Ryj 3 kR Rjk
hQi�H 89d 3 k9 8dN

h�#H2 ReXRk Ĝ S`2bmTTQbû /2 K2bm`2 T�` 7Q`K2 /2 [m�MiB}+�iBQM

V. exp: 99%

43210- 1

V.
 e

xp
: 1

%

4

3

2

1

0

- 1

Indices/indicateu

Mesures

Dénombrements
Présence forte

Présence faible

Non-applicable

Quantification par types
Présupposé de mesure

Page 1

6B;m`2 ReX8 Ĝ "BTHQi /2 HǶ�M�Hvb2 /2b *Q``2bTQM/�M+2b bm` H2b 2z2+iB7b +`QB@
bûb ǴS`ûbmTTQbû /2 K2bm`2Ǵ 7QBb ǴZm�MiB}+�iBQM T�` ivT2bǴ



j9k ReX _úalGh�ha

*2 bQMi /QM+ H2b BM/B+2b 2i BM/B+�i2m`b [mB pQMi `2i2MB` H2 THmb ;`Qb /2 MQi`2
�ii2MiBQM TQm` +2 [mB 2bi /2 HǶ�M�Hvb2 [m�HBi�iBp2 /2 MQi`2 +Q`TmbX G2b T`Q+?�BM2b
bQmb@b2+iBQMb b2`QMi +QMb�+`û2b ¨ /Bzû`2Mi2b /2 H2m`b 7Q`K2b- �BMbB [mǶ¨ /2b BHHmb@
i`�iBQMb Bbbm2b /2b R9 DQm`M�mt iûHûpBbûb [m2 MQmb �pQMb �M�Hvbûb /�Mb H2 +�/`2 /2
+2 i`�p�BHX

ReX8XR S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B@
+�i2m`b +QKTQbûb /2 /ûMQK#`2K2Mib TQbbB#H2b
/ǶQ#D2ib +QMp2MiBQMM2Hb

G2b BM/B+2b +QKTQbûb /ǶQ#D2ib +QMp2MiBQMM2Hb [mǶBH 2bi TQbbB#H2 /2 /ûMQK#`2` M2
TQb2Mi /2 T`Q#HĕK2 [m2 HQ`b[m2 H2b 2MiBiûb 2M [m2biBQM +?�M;2Mi /2 /û}MBiBQM-
+Ƕ2bi@¨@/B`2 HQ`b[m2 H2b +B`+QMbi�M+2b BMbiBimiBQMM2HH2b 2ifQm bQ+B�H2b 2Mi`�ŗM2Mi mM
+?�M;2K2Mi /�Mb H2b i`�Bib /û}MBiQB`2b /2b ûHûK2Mib Q#b2`pûbX .�Mb MQi`2 +Q`Tmb-
mM 2t2KTH2 ivTB[m2 /2 +2ii2 7Q`K2 /2 T`ûbmTTQbû /2 K2bm`2 bǶQ#b2`p2 ¨ THmbB2m`b
`2T`Bb2b /�Mb mM bmD2i bm` HǶûpQHmiBQM /m i�mt /2 +?ƬK�;2 2M amBbb2 c MQmb �M�Hv@
b2`QMb +2i 2ti`�Bi 2M /ûi�BHb +B@/2bbQmbX

ReX8XRXR GǶûpQHmiBQM /m i�mt /2 +?ƬK�;2 2M amBbb2 �m /û#mi /2
kykk

.�Mb HǶ2ti`�Bi ReXe- Bbbm /m DQm`M�H iûHûpBbû /2 Rk:98 /m 3 7ûp`B2` kykk- BH 2bi bTû@
+B}[m2K2Mi [m2biBQM /m i�mt /2 +?ƬK�;2 2M amBbb2 i2H [m2 +QMbi�iû ¨ H� }M /m
KQBb /2 D�MpB2` kykkX G2b +?Bz`2b /m +?ƬK�;2 v bQMi +�H+mHûb b2HQM H� Kûi?Q/2
/m a2+`ûi�`B�i /Ƕúi�i ¨ HǶú+QMQKB2 Ua1*PV Rj , BH bǶ�;Bi /ǶmM BM/B+�i2m` 7QM/û bm`
/2b /ûMQK#`2K2Mib TQbbB#H2b /ǶQ#D2ib +QMp2MiBQMM2Hb- TmBb[mǶBH 2bi Q#i2Mm T�` H�
KBb2 2M `�TTQ`i /m MQK#`2 /2 T2`bQMM2b BMb+`Bi2b /�Mb HǶ2Mb2K#H2 /2b Q{+2b `û@
;BQM�mt /2 TH�+2K2Mi UP_S R9V 2i /2 H� TQTmH�iBQM �+iBp2 , /2mt p�H2m`b- +2`i2b
+QMp2MiBQMM2HH2b- K�Bb /ûMQK#`�#H2bX

RjX *Ƕ2bi HǶmM /2b /2mt KQ/2b /2 +�H+mH /m +?ƬK�;2 2M amBbb2X
R9X GǶû[mBp�H2Mi bmBbb2 /2 SƬH2 1KTHQB
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G� bBim�iBQM bǶ�KûHBQ`2 bm` H2 K�`+?û /m i`�p�BH 2M amBbb2- TQm` iQmi2b H2b
#`�M+?2b 2i iQmi2b H2b +H�bb2b /Ƕ�;2X G2 i�mt /2 +?ƬK�;2 2M D�MpB2` kykk 2bi
`2T�bbû bQmb H2b jW- ¨ k-eW- +QMi`2 j-dW 2M D�MpB2` kykRX
@G2 +?ƬK�;2 2bi `2biû bi�#H2 2M D�MpB2`X G2 i�mt 2bi `2biû ¨ k-eW �m KāK2
MBp2�m [mǶ�p�Mi H� T�M/ûKB2X SQm` H2 a1*P +2H� KQMi`2 H� `Q#mbi2bb2 /m
K�`+?û /m i`�p�BH 2M amBbb2X @G� `�BbQM- +Ƕ2bi [mǶQM pQBi H� }M /2 H� T�M@
/ûKB2 �``Bp2`X 1M i2KTb /2 +`Bb2- H2 K�`+?û /m i`�p�BH `ûbBbi2 i`ĕb #B2MX
G� `û/m+iBQM /2b ?Q`�B`2b /2 i`�p�BH � �mbbB T2`KBb /2 T`ûp2MB` mM2 ?�mbb2
K�bbBp2 /m +?ƬK�;2 /m`�Mi H� +`Bb2X lM `2;�`/ 2M �``Bĕ`2 H2 KQMi`2- BH 7�mi
`2KQMi2` �m /û#mi /2b �MMû2b kyyy TQm` `2i`Qmp2` mM i�mt /2 +?ƬK�;2 �mbbB
#�bX

@GǶ2K#2HHB2 +QM+2`M2 iQmb H2b ;`QmT2b /Ƕ�;2X @G2b D2mM2b bQMi H2b T`2KB2`b
¨ `2T`2M/`2 TB2/ /�Mb H2 K�`+?û /m i`�p�BHX G2b THmb �;ûb bmBp2Mi- K�Bb H¨
�mbbB QM b2Mi mM M2i `2/`2bb2K2MiX @*2ii2 i2M/�M+2 p�@i@2HH2 b2 TQm`bmBp`2 \
@AH v � iQmDQm`b /2b `Bb[m2b bm` H2 K�`+?û /2 HǶ2KTHQBX 6BM /û+2K#`2 kyRN-
T2`bQMM2 MǶ� pm p2MB` H� T�M/ûKB2X J�Bb H2b BM/B+2b bQMi i`ĕb TQbBiB7b- 2i
MQmb bQKK2b +QM}�MibX @G2 MQK#`2 /2 TH�+2b p�+�Mi2b � �mbbB 7Q`i2K2Mi
�m;K2Miû- bvMQMvK2 /2 /vM�KBbK2 bm` H2 K�`+?û /m i`�p�BHX

6B;m`2 ReXe Ĝ 1ti`�Bi /2 (k9N)

G� b2mH2 BMb+`BTiBQM ¨ mM P_S +QKK2 i`�Bi /û}MBiQB`2 MQmb T�`�ŗi Qz`B` mM2
BMi2`T`ûi�iBQM 2ti`āK2K2Mi `2bi`B+iBp2 /2 +2 [mB T2mi āi`2 +QMbB/û`û +QKK2 /m
+?ƬK�;2 , +2i BM/B+�i2m` T`ûb2Mi2 �p�Mi iQmi HǶ�p�Mi�;2 /2 b� bBKTHB+Biû c BH 2bi
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/Ƕ�BHH2m`b Tm#HBû iQmb H2b KQBb bm` H2 bBi2 /2 H� *QM7û/û`�iBQM (kde) /�Mb mM /Q+m@
K2Mi �/`2bbû ¨ H� T`2bb2 R8X *2T2M/�Mi- BH M2 K2i 2M HmKBĕ`2 [mǶmM2 T�`i /2 +2 [mB
2bi H2 THmb +QKKmMûK2Mi �/KBb +QKK2 7�Bb�Mi T�`iB2 /2 H� /û}MBiBQM /m +?ƬK�;2 c
+2i ûi�i /2 7�Bi 2bi /ûKQMi`û T�` HǶ2tBbi2M+2 /ǶmM �mi`2 BM/B+�i2m` /m +?ƬK�;2 2M
amBbb2 Ĝ +2HmB /2 HǶP{+2 6û/û`�H /2 H� ai�iBbiB[m2 UP6aV #�bû bm` H� /û}MBiBQM /m
"Ah Ĝ [mB �{+?2 iQmDQm`b mM i�mt THmb ûH2pûX

LQmb �pQMb Dm;û [m2 +2i BM/B+�i2m` TQb�Bi mM T`Q#HĕK2 /2 p�HB/Biû- MQM T�b ¨
+�mb2 /2 bQM KQ/2 /2 +�H+mH Qm /2 b� /û}MBiBQM `2bi`B+iBp2- K�Bb T�`+2 [mǶBH b2 7QM/2
bm` HǶ�iiBim/2 /2b mb�;2`b , H� pQHQMiû /ǶmM2 T2`bQMM2 /2 bǶBMb+`B`2 /�Mb mM P_S
T2mi- 2M 2z2i- /ûT2M/`2 /2 MQK#`2mt 7�+i2m`b �K2M�Mi /2 H� p�`B�iBQM /�Mb HǶ2bT�+2
2i /�Mb H2 i2KTbX oQB+B [m2H[m2b 2t2KTH2b ?vTQi?ûiB[m2b , mM2 �bbQ+B�iBQM /Ƕ�B/2
2bi KBb2 2M TH�+2 TQm` �++QKT�;M2` /2b BM/BpB/mb 2M /B{+mHiû p2`b H2m` P_S c
mM2 MQmp2HH2 TQbbB#BHBiû /2 i`Qmp2` /2 HǶ2KTHQB b�Mb T�bb2` T�` mM Q{+2 �TT�`�ŗi c
H� bBim�iBQM b�MBi�B`2 �KĕM2 /2b �B/2b i`�MbBiQB`2b ¨ /2b BM/BpB/mb [mB bQMi �BMbB
/ûbBMb+`Bib /2 H2m` P_S c /2b Q`;�MBbK2b /2 `ûBMb2`iBQM +QM+m``2Mib �TT�`�Bbb2Mi
bm` H2 K�`+?û c HǶúi�i BMD2+i2 /2 HǶ�`;2Mi /�Mb H2 b2+i2m` T`Bpû TQm` 7�pQ`Bb2` H� KBb2
2M TH�+2 /2 bi�;2b `ûKmMû`ûb-XXX Re

.2 THmb H2 b2MiBK2Mi /2 ?QMi2 /2 +2`i�BMb BM/BpB/mb �m KQK2Mi /2 /2pQB` 7�B`2
�TT2H ¨ /2 HǶ�B/2 T2mi p�`B2` 2M 7QM+iBQM /2 7�+i2m`b 2ti2`M2b RdX AH b2 TQm``�Bi- T�`
2t2KTH2- [m2- bmBi2 ¨ H� +`Bb2 b�MBi�B`2- mM /Bb+Qm`b Mû;�iB7 bm` H2b Ŀ T`Q}i2m`b ŀ �mt
�B/2b bQ+B�H2b b2 7�bb2 THmb T`ûb2Mi �m b2BM /2 +2`i�BM2b 7Q`K�iBQMb TQHBiB[m2b , +2ii2
T`ûb2M+2 TQm``�Bi �pQB` HǶ2z2i /2 /Bbbm�/2` +2`i�BM2b T2`bQMM2b /2 7�B`2 �TT2H ¨ /2
HǶ�B/2X LQmb M2 /BbQMb T�b [m2 +Ƕ2bi H2 +�b- K�Bb MQmb �{`KQMb [m2 H2b ûHûK2Mib
HBbiûb +B@/2bbmb bQMi iQmb /m /QK�BM2 /m TQbbB#H2 2i `2M/2Mi �BMbB H2b BM7Q`K�iBQMb
Qz2`i2b T�` HǶBM/B+�i2m` /m a1*P BM+2`i�BM2bX

R8X SQm` H� MQmp2HH2 [mB MQmb +QM+2`M2 BH bǶ�;Bi /m /Q+mK2Mi Ŀ G� bBim�iBQM bm` H2 K�`+?û
/m i`�p�BH 2M D�MpB2` kykk ŀ Tm#HBû H2 d 7ûp`B2` kykk (kdd)

ReX G2 H2+i2m` T2mi BK�;BM2` mM2 BM}MBiû /Ƕ�mi`2b b+2M�`BB �K2M�Mi mM2 `û/m+iBQM Qm
mM2 �m;K2Mi�iBQM /m MQK#`2 /ǶBMb+`Bib /�Mb H2b P_SX

RdX AH bǶ�;Bi /2 H� p�`B�iBQM bQ+B�H2 /2b Q#D2ib +QMp2MiBQMM2Hb
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AH 2tBbi2- T�` �BHH2m`b- mM �mi`2 ûHûK2Mi 2ti`BMbĕ[m2 ¨ HǶBM/B+�i2m` /m a1*P
[mB T2`K2i /Ƕ2tTHB[m2` H� #�Bbb2 /m MQK#`2 /2 T2`bQMM2b BMb+`Bi2b /�Mb H2b P_SbX
*2ii2 BM7Q`K�iBQM `2H�iBp2K2Mi i2+?MB[m2 2bi MQi�KK2Mi i`�MbKBb2 T�` H2 a1*P
HmB@KāK2 /�Mb /Bp2`b /Q+mK2Mib (kdN- kd3- kde)X LQmb �HHQMb HǶ2tTHB[m2` B+B /�Mb
H2b ;`�M/2b HB;M2bX

amBi2 �m pQi2 /2 H� TQTmH�iBQM bmBbb2 2M 7�p2m` /2 HǶBMBiB�iBp2 Ŀ *QMi`2 HǶBKKB@
;`�iBQM /2 K�bb2 ŀ H2 N 7ûp`B2` kyR9- Ŀ H2 S�`H2K2Mi � /û}MB /Bzû`2Mi2b K2bm`2b
TQm` KB2mt 2tTHQBi2` H2 TQi2MiB2H /2 K�BM@/ǶQ2mp`2 /BbTQMB#H2 2M amBbb2 ŀ 2M BM@
i`Q/mBb�Mi MQi�KK2Mi Ĝ /�Mb H� `ûpBbBQM /2 H� HQB 7û/û`�H2 bm` H2b ûi`�M;2`b 2i
HǶBMiû;`�iBQM UG1A- _a R9kXkyV Ĝ HǶQ#HB;�iBQM /Ƕ�MMQM+2` H2b TQbi2b p�+�Mib /�Mb H2b
T`Q72bbBQMb Qɍ H2 +?ƬK�;2 2bi ûH2pû (kd3) UTX 3VX *2ii2 HQB 2bi KBb2 2M pB;m2m` H2 R2

DmBHH2i kyR3 �p2+ mM b2mBH ¨ 3W T2`K2ii�Mi /2 /ûi2`KBM2` [m2HH2b T`Q72bbBQMb bQMi
+QMbB/û`û2b +QKK2 T`ûb2Mi�Mi mM +?ƬK�;2 Ŀ ûH2pû ŀX *2 b2mBH 2bi �#�Bbbû ¨ 8W H2
R2 D�MpB2` kykyX *QM+`ĕi2K2Mi- +2H� p2mi /B`2 [m2- TQm` H2b T`Q72bbBQMb +QM+2`Mû2b-
H2b /QMM2m`b /Ƕ2KTHQBb bQMi i2Mmb /2 /û+H�`2` H2b TQbi2b Qmp2`ib �mt P_Sb- 2i H2b
/2K�M/2m`b /Ƕ2KTHQBb BMb+`Bib �mT`ĕb /2b P_Sb bQMi T`BQ`Bi�B`2b bm` +2b Qz`2bX

*Ƕ2bi H¨ [mǶBMi2`pB2Mi H� +`Bb2 b�MBi�B`2 �p2+ TQm` `ûbmHi�i mM2 �m;K2Mi�iBQM /m
i�mt /2 +?ƬK�;2 /�Mb THmbB2m`b b2+i2m`b T�`iB+mHBĕ`2K2Mi iQm+?ûb T�` H� T�M/ûKB2X
G� +QMbû[m2M+2 M2 b2 7�Bi T�b �ii2M/`2 , Ŀ 2M `�BbQM /m i�mt /2 +?ƬK�;2 ûH2pû /ȿ
¨ H� +QpB/@RN T2M/�Mi H� Tû`BQ/2 /2 +�H+mH /ǶQ+iQ#`2 kyRN ¨ b2Ti2K#`2 kyky- H2
MQK#`2 /2 ;2M`2b /2 T`Q72bbBQMb bQmKBb ¨ HǶQ#HB;�iBQM /Ƕ�MMQM+2 � /Qm#Hû ŀ UTX 8VX
*2i ûi�i /2 7�Bi T2mi āi`2 pû`B}û /�Mb H� };m`2 ReXdX

G� +QMbû[m2M+2 Kû+�MB[m2 /2 +2 T?ûMQKĕM2 2bi [m2 H2b T2`bQMM2b BMb+`Bi2b QMi
H� TQbbB#BHBiû /2 i`Qmp2` mM 2KTHQB #2�m+QmT THmb `�TB/2K2Mi- TmBb[m2 H2 MQK#`2
/ǶQz`2b bm` H2b[m2HH2b 2HH2b bQMi T`BQ`Bi�B`2b bQMi KmHiBTHBû2bX "2�m+QmT /2 T2`@
bQMM2b /BbT�`�Bbb2Mi �BMbB THmb `�TB/2K2Mi [mǶ�p�Mi /2 H� bi�iBbiB[m2 /m +?ƬK�;2
/m a1*PX *2i 2z2i 2bi +QM}`Kû T�` H2 ;`�T?B[m2 ReX3 /�Mb H2[m2H �TT�`�ŗi [m2- /ĕb
kykR Ĝ 2M KāK2 i2KTb [m2 H2 MQK#`2 /2 TQbi2b bQmKBb ¨ HǶQ#HB;�iBQM /2 Tm#HB+�iBQM
2tTHQb2 Ĝ THmb /2 ;2Mb bQ`i2Mi /2b P_Sb 2i KQBMb /2 ;2Mb v 2Mi`2MiX
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Les demandeurs d’emploi ont la possibilité d’être eux-mêmes 
actifs en utilisant un compte Job-Room et ainsi de profiter 
de la priorité de l’information de cinq jours des offres d’em-
ploi soumises à l’obligation d’annonce qui y sont publiées 
dans le domaine protégé. Pendant la phase d’introduction, 
cette possibilité a été relativement peu utilisée. Seul environ 
un quart des demandeurs d’emploi se sont enregistrés pour 
accéder au domaine protégé. En novembre 2021, cette part 
a augmenté pour atteindre 57 %.

L’obligation d’annonce en 2020

Le deuxième rapport de monitorage du SECO, du 14 juin 
2021, a confirmé l’efficacité et la conformité à la loi de 
l’exécution de l’obligation d’annonce en 2020. Si l’on prend 
en compte la suspension due à la pandémie, le nombre 
d’annonces est resté constant. Les ORP ont pu proposer un 
peu plus souvent, au moins un demandeur d’emploi par 
poste annoncé. De plus, les employeurs qui ont reçu des 
propositions adéquates de la part des ORP affirmaient dans 
8,2 % des cas avoir pu engager au moins une des personnes 

proposées. En 2019, le succès de placement était encore 
de 7,8 %.

Perspectives pour 2021 et 2022

La portée de l’obligation d’annonce a presque doublé entre 
2020 et 2021. 14,7 % des personnes actives le sont dans 
des genres de professions soumis à l’obligation d’annonce. 
Le nombre de postes vacants annoncés a sensiblement aug-
menté. Cette dynamique va probablement se poursuivre en 
2022. La hausse du taux de chômage due à la pandémie de 
COVID-19 était déjà visible dans la liste des professions sou-
mises à l’obligation d’annonce de 2021. À cause du taux  
de chômage durablement supérieur à la moyenne dans les 
genres de professions les plus touchés par la pandémie,  
en 2022 de nouveaux genres de professions seront soumis 
à l’obligation d’annonce, entre autres les commerçants  
et vendeurs magasins, les spécialistes du marketing et de  
la publicité, et les consultants et employés d’agences de 
voyages. Ainsi, la portée de l’obligation d’annonce atteint 
19,7 %.

Obligation d’annoncer les postes vacants

à l’économie (SECO) a mis en place un monitorage d’exécu-
tion annuel. Parallèlement, dans la phase introductive, le 
SECO a fait analyser de manière approfondie l’effet de l’obli-
gation d’annonce sur le taux de chômage et l’immigration, 
ainsi que son exécution. Cette analyse s’est déroulée sous 
la forme de deux évaluations d’efficacité et de deux évalua-
tions de monitorage.

Effet: taux de chômage et immigration

Deux études qui ont mesuré les effets de causalité n’ont 
fait apparaître aucun effet statistiquement significatif sur le 
chômage et l’immigration pendant la phase d’introduction 
de l’obligation d’annonce. Ces résultats doivent être inter-
prétés dans le contexte du marché du travail de la phase 
d’introduction. En effet, le taux de chômage se situait à un 
niveau historiquement bas: l’obligation d’annonce a été in-
troduite à un moment où le marché du travail ne connaissait 
pas de grande pénurie de postes. Le concours d’un taux de 
chômage bas et d’une valeur seuil élevée de 8 % a fortement 
limité la portée de l’obligation d’annonce.

Cependant, des résultats partiels indiquent un effet légère-
ment positif. Ainsi, le taux de départ du chômage pour les 
hommes de plus de 35 ans a connu une légère hausse. Or 
la réduction du taux de chômage pour ce groupe n’est pas 
significative du point de vue statistique. Par ailleurs, on a 
constaté un lien légèrement positif entre l’intensité du place-
ment et l’effet de l’obligation d’annonce sur le taux de 
 départ du chômage. De plus, l’obligation d’annonce aug-
mente légèrement la probabilité de trouver, par le biais de 
l’ORP, un emploi dans une profession soumise à l’obligation 
d’annonce. Les résultats semblent indiquer que les activités 
de placement des ORP constituent bel et bien un levier po-
tentiel pour l’augmentation du taux de départ du chômage.

Optimisations dans l’exécution pour un meilleur effet

Comme le premier rapport de monitorage, les deux évalua-
tions de monitorage montrent elles aussi une forte hausse 

des postes annoncés après l’entrée en vigueur de l’obliga-
tion d’annonce. Cette augmentation diffère d’un canton à 
l’autre. Certaines caractéristiques structurelles, comme la 
structure des branches ou le nombre d’emplois saisonniers, 
sont un élément explicatif de ces disparités. Une grande part 
de ces différences reste toutefois inexpliquée, ce qui est 
vraisemblablement dû au fait qu’un bon nombre des spéci-
ficités des marchés du travail régionaux (p. ex. la fluctuation 
des postes dans les entreprises) ne transparaissent pas suffi-
samment dans les statistiques disponibles.

La probabilité que l’annonce d’un poste conduise à un place-
ment fructueux par les ORP était plus élevée lorsque le dossier 
du candidat était meilleur et lorsque la proposition a été 
transmise rapidement. On ne s’étonnera pas que le nombre 
de propositions ait joué un rôle important, mais l’élément 
central pour le succès du placement était surtout qu’au moins 
une proposition par poste soit transmise le plus rapidement 
possible. Il existe encore un potentiel d’amélioration à cet 
égard dans de nombreux cantons et une collaboration inter-
cantonale renforcée serait souhaitable dans les cas où le 
nombre de candidats appropriés disponibles dans un des 
cantons est trop bas. 

De bonnes relations entre les ORP et les employeurs sont un 
élément clé pour une mise en œuvre fructueuse de l’obliga-
tion d’annonce. C’est ce qui ressort d’entretiens avec des 
chefs d’ORP de différents cantons. Les expériences positives 
des entreprises avec le SPE augmentent elles aussi leur dispo-
nibilité à engager des demandeurs d’emploi des ORP. En effet, 
le succès de placement est sensiblement plus élevé pour les 
annonces faites directement auprès de l’ORP qu’en utilisant 
les canaux d’annonce numériques. 

De bonnes relations entre les ORP et les 
employeurs sont un élément clé.

Fin de l’interdiction de publication
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6B;m`2 ReXd Ĝ 1pQHmiBQM /m MQK#`2 /ǶQz`2b /Ƕ2KTHQBb /BbTQMB#H2b 2M T`BQ`Biû
TQm` H2b /2K�M/2m`b BMb+`Bib �mT`ĕb /ǶmM P_S (kdN)

Figure 1 Entrées et sorties mensuelles de demandeurs d'emploi 

 

6B;m`2 ReX3 Ĝ 1Mi`û2b 2i bQ`iB2b K2Mbm2HH2b /2 /2K�M/2m`b /Ƕ2KTHQB (kd3)
UTX RRV

LQmb �p�MÏQMb HǶ?vTQi?ĕb2 [m2- HQ`b[m2 H2b 2z2ib /2 H� T�M/ûKB2 b2 b2`QMi iQ@
i�H2K2Mi 2biQKTûb- HǶBM/B+�i2m` /m a1*P `2T�`iB`�- iQmi �mbbB Kû+�MB[m2K2Mi ¨
H� ?�mbb2- H2 MQK#`2 /2 TQbi2b T`BQ`Bi�B`2b TQm` H2b T2`bQMM2b BMb+`Bi2b b2 `û/mBb�Mi
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¨ MQmp2�mX .�Mb +2b +QM/BiBQMb- BH MQmb b2K#H2 `�BbQMM�#H2 /Ƕ�{`K2` [m2 HǶBM/B@
+�i2m` miBHBbû T�` H2 a1*P M2 T2`K2i T�b /2 iB`2` /2 +QM+HmbBQMb Tû`2KTiQB`2b bm`
HǶûpQHmiBQM /m K�`+?û /2 HǶ2KTHQB 2M amBbb2X G2b BM7Q`K�iBQMb HBp`û2b T�` +2i QmiBH
/ûT2M/2Mi /ǶmM2 KmHiBim/2 /2 7�+i2m`b [mB `2M/2Mi H2b +QM+HmbBQMb [mB 2M /û+QmH2Mi
iQmi ¨ 7�Bi BM+2`i�BM2bX

G� +QKT`û?2MbBQM /2b HBKBi2b /2 +2i BM/B+�i2m` /QBi MQmb T2`K2ii`2 /Ƕ2tTHB[m2`-
TQm`[mQB BH v �- ¨ MQi`2 b2Mb- mM2 T`ûb2M+2 7Q`i2 /2 T`ûbmTTQbû /2 K2bm`2 /�Mb
HǶ2ti`�Bi ReXe BKT`BKû +B@�p�Mi UT�;2 j9jVX SHmbB2m`b ûMQM+ûb H�Bbb2Mi bmTTQb2` [m2
HǶQmiBH miBHBbû T�` H2 a1*P KQMi`2 mM2 �KûHBQ`�iBQM Q#D2+iBp2 /2 H� bBim�iBQM /2
HǶ2KTHQB 2M amBbb2 ,

G� bBim�iBQM bǶ�KûHBQ`2 bm` H2 K�`+?û /m i`�p�BH 2M amBbb2

G2 +?ƬK�;2 2bi `2biû bi�#H2 2M D�MpB2`

G2 K�`+?û /m i`�p�BH `ûbBbi2 i`ĕb #B2M

.�Mb +2b 2t2KTH2b- +2 MǶ2bi T�b HǶûpQHmiBQM /2 HǶBM/B+�i2m` /QMi BH 2bi [m2biBQM- K�Bb
#B2M HǶûpQHmiBQM /m +?ƬK�;2 2M i�Mi [m2 T?ûMQKĕM2X *2H� KQMi`2 #B2M [m2- /�Mb
HǶ2bT`Bi /2b +QKK2Mi�i2m`b- HǶBM/B+�i2m` 2i H2 T?ûMQKĕM2 bQMi HBûb- +2 [mB T`ûbmT@
TQb2 mM2 Kûi`QHQ;B2 `û�HBbi2X P`- MQmb �pQMb KQMi`û H2b HBKBi2b 7QM/�K2Mi�H2b /2
+2i QmiBH /�Mb b� +�T�+Biû ¨ /û+`B`2 2z2+iBp2K2Mi HǶûpQHmiBQM /m T?ûMQKĕM2 +?Ƭ@
K�;2 2i � 7Q`iBQ`B ¨ iB`2` /2b +QM+HmbBQMb bm` H� b�Miû /m K�`+?û /m i`�p�BHX G2
7�Bi [m2 +2i BM/B+�i2m` T`Q/mBi /2b p�H2m`b 2tT`BKû2b 2M MQK#`2b `û2Hb- `2M7Q`+2 H2
T�`�HHĕH2 �p2+ H2b K2bm`2b T`ûb2Mi2b 2M b+B2M+2b /2 H� K�iBĕ`2 2i /û#Qm+?2 B+B bm`
mM 2t2KTH2 /2 +2 [m2 MQmb �pQMb MQKKû H2 T`ûbmTTQbû /2 K2bm`2X

lM2 �mi`2 BHHmbi`�iBQM 2bi 7Qm`MB2 T�` +2i �mi`2 ûMQM+û ,

G2 MQK#`2 /2 TH�+2b p�+�Mi2b � �mbbB 7Q`i2K2Mi �m;K2Miû- bvMQMvK2
/2 /vM�KBbK2 bm` H2 K�`+?û /m i`�p�BHX

LQmb �pQMb 2tTHB[mû [m2 H2 MQK#`2 /2 TH�+2b p�+�Mi2b �p�Bi T`Q#�#H2K2Mi �m;@
K2Miû Kû+�MB[m2K2Mi bmBi2- /ǶmM2 T�`i- ¨ HǶBMbi�m`�iBQM /ǶmM2 HQB 2M kyR3 2i ¨ b�
KQ/B}+�iBQM 2M kyky- 2i- /Ƕ�mi`2 T�`i- ¨ HǶ�TT�`BiBQM /2 H� T�M/ûKB2 /2 +QpB/@RNX
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lM2 Ŀ TH�+2 p�+�Mi2 ŀ /�Mb +2ii2 bi�iBbiB[m2 2bi /QM+ mM Q#D2i +QMp2MiBQMM2H /QMi H�
/û}MBiBQM BMbiBimiBQMM2HH2 � 7Q`i2K2Mi ûpQHmû 2Mi`2 kyRd 2i kykkX *2b +?�M;2K2Mib
QMi TQm` 2z2i /2 pB/2` +2i ûMQM+û /2 iQmi2 p�H2m` /2 pû`Biû- TmBb[mǶBH T`ûbmTTQb2
mM2 +?Qb2 7�mbb2 , HǶBMp�`B�#BHBiû /2 HǶQ#D2i Ŀ TH�+2 p�+�Mi2 ŀ- +QKK2 bǶBH ûi�Bi mM2
mMBiû /2 K2bm`2X �{`K2` [mǶBH v �m`�Bi mM /vM�KBbK2 T�`iB+mHB2` bm` H2 K�`+?û
/m i`�p�BH MǶ2bi �BMbB MB p`�B MB 7�mt- K�Bb bBKTH2K2Mi /ûTQm`pm /2 b2Mb- /ĕb HQ`b
[m2 +2 T`QTQb M2 bǶ�TTmB2 [m2 bm` HǶ�m;K2Mi�iBQM /ǶmM2 mMBiû /QMi H� /û}MBiBQM �
+?�M;û 2M +Qm`b /2 `Qmi2X

GǶ2``2m` /2 HQ;B[m2 b2 HQ;2 iQmDQm`b �m KāK2 2M/`QBi , BH M2 bǶ�;Bi T�b /ǶmM2
Kûi`QHQ;B2 `û�HBbi2 c 2HH2 M2 T2mi �BMbB āi`2 H2 Ŀ bvMQMvK2 ŀ /ǶmM T?ûMQKĕM2 /QMi
HǶ2tTû`B2M+2 +QM+`ĕi2 2bi pû+m2- +QKK2 H2 b2`�Bi- T�` 2t2KTH2- HǶ2tT`2bbBQM /ǶmM
+?�M;2K2Mi /2 i2KTû`�im`2- i`�/mBi /2 7�ÏQM Q#D2+iBp2 2M *2HbBmb- E2HpBM Qm 6�?@
`2M?2BiX

ReX8Xk S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B+�@
i2m`b +QKTQbûb /2 /ûMQK#`2K2Mib BKTQbbB#H2b
/ǶQ#D2ib +QMp2MiBQMM2Hb

S2M+?QMb@MQmb ¨ T`ûb2Mi bm` mM �mi`2 ivT2 /ǶBM/B+�i2m`b [mB TQb2 T`Q#HĕK2 ¨
/Qm#H2 iBi`2 , H2b Q#D2ib [mB H2 +QKTQb2Mi bQMi +QMp2MiBQMM2Hb Ĝ H2m` /û}MBiBQM
T2mi /QM+ p�`B2` Ĝ iQmi 2M ûi�Mi BKTQbbB#H2 ¨ /ûMQK#`2` Ĝ +2 [mB 2MHĕp2 iQmi
b2Mb ¨ HǶ�+iBpBiû KāK2 /2 +QKTi�;2X .�Mb MQi`2 +Q`Tmb- mM bmD2i bm` H� DQm`Mû2
BMi2`M�iBQM�H2 +QMi`2 HǶ?QKQT?Q#B2 2i H� i`�MbT?Q#B2 7Qm`MBi mM #QM 2t2KTH2 /2 +2
ivT2 /ǶBM/B+2X
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ReX8XkXR G2b +?Bz`2b /Bb+miûb ¨ HǶQ++�bBQM /2 H� CQm`Mû2 KQM/B�H2
+QMi`2 HǶ?QKQT?Q#B2 2i H� i`�MbT?Q#B2

GǶ2ti`�Bi ReXN 2bi Bbbm /m DQm`M�H iûHûpBbû /2 RN:jy /m Rd K�B kykkX AH v 2bi [m2biBQM
/ǶmM2 �m;K2Mi�iBQM T`ûbmKû2 /2b �+i2b /Ƕ?QKQT?Q#B2 2i /2 i`�MbT?Q#B2 �m +Qm`b
/2 HǶ�MMû2 kykRX

A+B- +Ƕ2bi H� M�im`2 KāK2 /2 +2 [mB 2bi +QKTiû [mB 2Mi`�ŗM2 /2b /B{+mHiûb ,
/2b +`BK2b /2 ?�BM2 ?QKQT?Q#2 bQMi /B{+BH2K2Mi [m�MiB}�#H2b 2i 2z2+im2` /2b
bi�iBbiB[m2b bm` H2 bmD2i- bmTTQb2 /ûD¨ /2 i`Qmp2` mM KQv2M /2 /ûMQK#`2` /2b �+i2b
[mB bQMi ¨ H� 7QBb /B{+BH2b ¨ /û}MB` 2i ¨ `ûT2`iQ`B2`X lM2 �TT`Q+?2 TQm``�Bi +QMbBbi2`
¨ `2H2p2` H2b TH�BMi2b Qm H2b +QM/�KM�iBQMb 2M H� K�iBĕ`2 c K�Bb +2b bi�iBbiB[m2b
MǶQz`2Mi [mǶmM `2;�`/ i`ĕb T�`iB2H bm` H2 bmD2i , #2�m+QmT /2 pB+iBK2b M2 TQ`i2Mi
T�b TH�BMi2 2i /2 MQK#`2mb2b TH�BMi2b M2 /û#Qm+?2Mi bm` �m+mM2 +QM/�KM�iBQMX

lM2 �TT`Q+?2 T�` bQM/�;2 �KĕM2 /Ƕ�mi`2b #B�Bb- TmBb[mǶ2HH2 bǶ�TTmB2 bm` H2b
/û+H�`�iBQMb /2b T2`bQMM2b û+?�MiBHHQMMû2b , +2H� BM+Hmi H2 `2bb2MiB /2b BM/BpB/mb
+QM+2`Mûb 2i H2m` BMi2`T`ûi�iBQM /2b KQib miBHBbûb /�Mb mM bQM/�;2X AH M2 7�mi- T�`
2t2KTH2- T�b 2t+Hm`2 [m2 /2b 2tT`2bbBQMb T`ûb2Mi2b /�Mb +2 bmD2i- +QKK2 Ŀ �;`2b@
bBQM b2tm2HH2 ŀ 2i Ŀ ?�`+ĕH2K2Mi ŀ- �B2Mi mM2 /ûMQi�iBQM 2i mM2 +QMMQi�iBQM p�@
`B�#H2b 2Mi`2 H2b /Bzû`2Mib ;`QmT2b bQM/ûb T�` HǶûim/2 /QMi BH 2bi [m2biBQM c mM2
T2`bQMM2 b2MbB#BHBbû2 2i �ii�+?û2 ¨ H� [m2biBQM /2 H� HB#2`iû b2tm2HH2 2i /2 ;2M`2
2bi T2mi@āi`2 THmb 2M+HBM2 ¨ T2`+2pQB` +2`i�BM2b 7Q`K2b /2 ?�`+ĕH2K2Mi- +2H� � mM
BKT�+i bi�iBbiB[m2 bm` H� T2`+2TiBQM /m ;`QmT2 �m[m2H 2HH2 �TT�`iB2MiX

S�` �BHH2m`b- H2b /2mt p�`B�#H2b /ǶQ#b2`p�iBQM T`QTQbû2b /�Mb +2i 2t2KTH2 Ĝ
Ŀ �;`2bbBQM b2tm2HH2 ŀ 2i Ŀ ?�`+ĕH2K2Mi ŀ Ĝ bQMi- iQmi2b /2mt- /2b +H�bb2b [mB
+QMiB2MM2Mi ¨ H� 7QBb /2b �+i2b ¨ +�`�+iĕ`2b ?QKQT?Q#2b 2i /2b �+i2b [mB M2 T`û@
b2Mi2Mi T�b +2ii2 +�`�+iû`BbiB[m2X lM2 T2`bQMM2 2t+HmbBp2K2Mi ?ûiû`Qb2tm2HH2 T2mi-
2M 2z2i- /B{+BH2K2Mi b2 b2MiB` pB+iBK2 /Ƕ�+i2b /Ƕ?QKQT?Q#B2 c +2`i�BMb +H�bb2`QMi
TQm`i�Mi +2b �+i2b /�Mb H� +�iû;Q`B2 /m ?�`+ĕH2K2Mi Qm /2 HǶ�;`2bbBQM b2tm2HH2X *2H�
p2mi /B`2 [m2 +2b i2`K2b QMi mM2 �++2TiBQM THmb H�`;2 TQm` H2b T2`bQMM2b MQM 2t@
+HmbBp2K2Mi ?ûiû`Qb2tm2HH2bX P`- +2ii2 /Bzû`2M+2 /2 /û}MBiBQM /BbT�`�ŗi iQi�H2K2Mi
/�Mb mM i�#H2�m /2 /QMMû2b HQ`b[mǶmM2 HB;M2 TQ`i2 HǶûiB[m2ii2 Ŀ ?�`+ĕH2K2Mi ŀ Qm
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@1M +2ii2 CQm`Mû2 KQM/B�H2 +QMi`2 HǶ?QKQT?Q#B2 2i H� i`�MbT?Q#B2- mM +?Bz`2
BM[mBĕi2 2M T�`iB+mHB2` , HǶ�m;K2Mi�iBQM K�bbBp2 /m MQK#`2 /2 +`BK2b /2
?�BM2 ?QKQT?Q#2X 8yW /2 THmb 2M kykR 2M amBbb2- �MMû2 K�`[mû2 T�` H�
+�KT�;M2 TQm` H2 K�`B�;2 TQm` iQmbX lM2 ûim/2 p�m/QBb2 `ûpĕH2 [m2 H2b
D2mM2b G:"h bQMi- THmb [m2 H2b �mi`2b- pB+iBK2b /2 pBQH2M+2b 2i /2 ?�`+ĕH2@
K2MiX

(XXX)
@G2b D2mM2b MQM ?ûiû`Qb2tm2Hb bm#Bbb2Mi 8 7QBb THmb /Ƕ�;`2bbBQMb b2tm2HH2b 2i
k-8 7QBb THmb /2 ?�`+ĕH2K2Mi [m2 H2m`b +�K�`�/2b ?ûiû`QbX

GǶ2M[māi2 K2Mû2 �mT`ĕb /2 THmb /2 R3yy D2mM2b p�m/QBb �;ûb /2 R3 �Mb
2M KQv2MM2 `ûpĕH2 mM2 /Bzû`2M+2 MQiQB`2 2i T`ûQ++mT�Mi2X @G2b pBQH2M+2b
[mQiB/B2MM2b pQMi /2b `2;�`/b /�Mb H� `m2 �mt pBQH2M+2b p2`#�H2b- KQ`�H2b 2i
T?vbB[m2bX

6B;m`2 ReXN Ĝ 1ti`�Bi /2 (k8R)

Ŀ �;`2bbBQM b2tm2HH2 ŀX G� bi�iBbiB[m2 i`�Bi2 +2b /2mt Q#D2ib +QKK2 bǶBHb ûi�B2Mi
B/2MiB[m2b TQm` H2 ;`QmT2 /2b T2`bQMM2b 2t+HmbBp2K2Mi ?ûiû`Qb2tm2HH2b 2i TQm` H2
;`QmT2 /2b T2`bQMM2b MQM 2t+HmbBp2K2Mi ?ûiû`Qb2tm2HH2bX
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.2 THmb- BH T2mi v �pQB` /2 ;`�M/2b /Bzû`2M+2b /Ƕ�++2TiBQM TQm` +2b i2`K2b
2Mi`2 H2b BMbiBimiBQMb UGQB- Hû;BbH�i2m` 2i i`B#mM�mtV 2i H2b BM/BpB/mbX GǶ�TT`Q+?2
/2b BMbiBimiBQMb 2M K�iBĕ`2 /2 /û}MBiBQM 2bi �p�Mi iQmi MQ`K�iBp2 UH2 /`QBi Qm H2b
T`û+û/2MibV c �m +QMi`�B`2- H� +QKT`û?2MbBQM /2 +2b i2`K2b T�` H� TQTmH�iBQM T2mi
bǶQ#b2`p2` �p�Mi iQmi T�` H2b Kûi?Q/2b /2b+`BTiBp2b /2 H� HBM;mBbiB[m2X

*2 bQMi /QM+ THmbB2m`b T`Q#HĕK2b [mB b2 T`ûb2Mi2Mi �m KQK2Mi /2 [m�MiB}2`
H2b �+i2b /QMi BH 2bi [m2biBQM /�Mb +2i 2ti`�BiX hQmb QMi 2M +QKKmM H2 7�Bi [mǶBH 2bi
BKTQbbB#H2 /2 H2b /ûMQK#`2` ¨ HǶ�mM2 /2 /û}MBiBQMb ?QKQ;ĕM2bX *Ƕ2bi TQm`[mQB MQmb
�pQMb +QMbB/û`û [mǶBH bǶ�;Bbb�Bi /ǶQ#D2ib +QMp2MiBQMM2Hb BKTQbbB#H2b ¨ /ûMQK#`2`X

J�BMi2M�Mi [m2 MQmb �pQMb 2tTHB[mû MQi`2 +�iû;Q`Bb�iBQM /2 +2b MQK#`2b- MQmb
�HHQMb T`Q+û/2` ¨ mM2 �M�Hvb2 THmb bTû+B}[m2 /2 HǶ2ti`�Bi ReXN 2i 2tTHB[m2` TQm`[mQB
MQmb �pQMb 2biBKû [m2 i`QBb MQK#`2b 7�Bb�B2Mi B+B HǶQ#D2i /ǶmM T`ûbmTTQbû /2 K2bm`2X
G2 T`2KB2` +QM+2`M2 HǶûMQM+û bmBp�Mi ,

1M +2ii2 CQm`Mû2 KQM/B�H2 +QMi`2 HǶ?QKQT?Q#B2 2i H� i`�MbT?Q#B2- mM
+?Bz`2 BM[mBĕi2 2M T�`iB+mHB2` , HǶ�m;K2Mi�iBQM K�bbBp2 /m MQK#`2 /2
+`BK2b /2 ?�BM2 ?QKQT?Q#2X 8yW /2 THmb 2M kykR 2M amBbb2 (XXX)

*2 +?Bz`2 R3 /2 8yW 2bi iB`û /B`2+i2K2Mi /ǶmM `�TTQ`i /2 SBMF *`Qbb- h`�Mb;2M/2`
L2irQ`F arBix2`H�M/ 2i /2 HǶP`;�MBb�iQM amBbb2 /2b G2b#B2MM2b (kk3) UTX 8VX *2
bQMi 2M `û�HBiû H2b bB;M�H2K2Mib ¨ H� G:"hY >2HTHBM2 (R3d) Ĝ mM2 HB;M2 /Ƕ�B/2 KBb2
2M TH�+2 2M kyRe Ĝ [mB QMi �m;K2Miû /2 8yW 2M mM2 �MMû2 TQm` mM iQi�H /2 Nk
+�bX § MQi`2 b2Mb- BH bǶ�;Bi /ǶmM BM/B+2 [mB MǶ� �m+mM2 pQ+�iBQM ¨ `2M/`2 +QKTi2 /2
HǶ�m;K2Mi�iBQM 2z2+iBp2 /2b +`BK2b /2 ?�BM2 ?QKQT?Q#2 TQm` THmbB2m`b `�BbQMb ,
BV BH M2 bǶ�;Bi T�b /m b2mH +�M�H T2`K2ii�Mi /2 bB;M�H2` /2b +QKTQ`i2K2Mib /2 +2ii2
M�im`2 c BBV +2ii2 ?�mbb2 T2mi iQmi ¨ 7�Bi bǶ2tTHB[m2` T�` H� /ûKQ+`�iBb�iBQM /2 +2ii2
TH�i27Q`K2 2M+Q`2 `2H�iBp2K2Mi D2mM2 2i BBBV H� +�iû;Q`Bb�iBQM /2 Ŀ +`BK2 /2 ?�BM2
?QKQT?Q#2 ŀ MǶ2bi- /�Mb +2 +�/`2- /û+B/û2 [m2 T�` H2b T2`bQMM2b i`�p�BHH�Mi TQm`
+2ii2 HB;M2 /Ƕ�B/2X

R3X *Ƕ2bi 2M 7�Bi mM MQK#`2 +QKTQbû /2 k +?Bz`2b- K�Bb 7Q`+2 2bi /2 +QMbi�i2` [m2
HǶmiBHBb�iBQM /m KQi +?Bz`2 2bi THmb H�`;2 [m2 bQM b2Mb bi`B+iX
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�m /2H¨ /2 HǶQmiBH �K2M�Mi +2 MQK#`2- BH v � H2 +QMi2ti2 , H2 ke b2Ti2K#`2 kykR-
H2 T2mTH2 bmBbb2 � pQiû bm` H2 K�`B�;2 TQm` iQmb c MQmb �pQMb �BMbB �z�B`2 ¨ +2 [m2
.2b`QbBĕ`2b (N8) MQKK2 mM2 Ŀ [m2biBQM bQ+B�H2K2Mi Dm;û2 bQ+B�H2 ŀX G2 7�Bi [m2 H2
/`QBi /2b T2`bQMM2b ?QKQb2tm2HH2b ûi�Bi �m +Q2m` /2 HǶ�+im�HBiû Ĝ 2i /2 HǶ�;2M/�
Kû/B�iB[m2 Ĝ �m +Qm`b /2 HǶ�MMû2 kykR- 2M 7�Bi mM bmD2i /2 bQ+Bûiû `2H2p�Mi /ǶmM2
�+iBQM Tm#HB[m2 , +2H� Ŀ i`�Mb7Q`K2 bQM bi�imi bi�iBbiB[m2 ŀ UTX ReRVX

.�Mb H2 7�Bi /2 7�B`2 ûi�i /ǶmM2 Ŀ �m;K2Mi�iBQM K�bbBp2 /m MQK#`2 /2 +`BK2b /2
?�BM2 ?QKQT?Q#2 ŀ- BH v � mM T`ûbmTTQbû /2 K2bm`2 , H� p�`B�iBQM /ǶmM BM/B+�i2m`
T2m }�#H2 ¨ H� ?�mbb2 /2pB2Mi- /�Mb H2 T`QTQb- H� ?�mbb2 2z2+iBp2 2i Ŀ K�bbBp2 ŀ
/m MQK#`2 /2 +`BK2b- +QKK2 bǶBH bǶ�;Bbb�Bi /ǶmM2 Kûi`QHQ;B2 `û�HBbi2X

G2b �mi`2b bi�iBbiB[m2b T`ûb2Mi2b /�Mb HǶ2ti`�Bi T`QpB2MM2Mi /ǶmM2 bQm`+2 �+�@
/ûKB[m2 /Ƕl/`Bb�`/ 2i �HX (jyy)X G2b /QMMû2b /�i2Mi /2 kyRd 2i HǶûim/2 TQ`i�Bi ¨
H� #�b2 bm` H� +QMbQKK�iBQM /2 /`Q;m2X 1HH2b bQMi `û2tTHQBiû2b 2M kykk TQm` +2ii2
ûim/2 bm` H� pB+iBKBb�iBQM /2b D2mM2b G:"hX *2ii2 `ûmiBHBb�iBQM /2 /QMMû2b 2tBb@
i�Mi2b M2 TQb2 T�b /2 T`Q#HĕK2 2M bQB- HǶ�MMû2 kyRd MǶûi�Mi T�b i`ĕb HQBMi�BM2 c K�Bb
2bi@BH T2`iBM2Mi /ǶmiBHBb2` /2b /QMMû2b /�iû2b /2 kyRd TQm` BHHmbi`2` mM +?�M;2K2Mi
T`ûi2M/mK2Mi Ŀ K�bbB7 ŀ �/p2Mm 2Mi`2 kyky 2i kykR \ *2ii2 BKT`2bbBQM /2 /û+�@
H�;2 T�` `�TTQ`i ¨ H� `2+?2`+?2 /2 pû`Biû 2bi 2M+Q`2 `2M7Q`+û2 T�` H2 #�M/2�m Ŀ H2b
+?Bz`2b [mB 7QMi T2m` ŀX

GǶûim/2 /Ƕl/`Bb�`/ 2i �HX 2bi K2Mû2 �mT`ĕb /2 RǶ3Rd D2mM2b 2M /2mtBĕK2 �MMû2
/2 7Q`K�iBQM TQbi@Q#HB;�iQB`2 /�Mb H2 +�MiQM /2 o�m/- +2 [mB p2mi /B`2 [mǶBH bǶ�;Bi
/ǶmM ;`QmT2 #B2M bTû+B}[m2 /2 D2mM2bX *2i ûi�i /2 7�Bi 2bi ûp�+mû /m bmD2i /2 H� _ha
[mB M2 T�`H2 [m2 /2b D2mM2b 2M ;ûMû`�HX S�` H¨- H2 7�Bi [m2 MQmb �pQMb �z�B`2 ¨ mM2
bi�iBbiB[m2 BM7û`2MiB2HH2- K2Mû2 bm` mM û+?�MiBHHQM MQM `2T`ûb2Mi�iB7 /2 HǶ2Mb2K#H2
/2b D2mM2b- 2bi T�bbû bQmb bBH2M+2X *2ii2 QKBbbBQM `2Hĕp2 /m T`ûbmTTQbû /2 K2bm`2
TmBb[mǶ2HH2 +Q``2bTQM/ ¨ /B`2 [m2 HǶ�pBb /ǶmM2 T�`iB2 bTû+B}[m2 /2b D2mM2b 2bi H2
KāK2 [m2 +2HmB /2 iQmb H2b D2mM2b +2 [mB û[mBp�mi ¨ mM Ŀ iQmi2b +?Qb2b û;�H2b T�`
�BHH2m`b ŀ H2 THmb bQmp2Mi B``2+2p�#H2 2M b+B2M+2b ?mK�BM2bX

SQm` iQmi2b H2b `�BbQMb ûMmKû`û2b /�Mb +2ii2 b2+iBQM- H2b /2mt ûMQM+ûb +B@/2bbQmb
û+?�TT2Mi- ¨ MQi`2 b2Mb- ¨ iQmi2 p�H2m` /2 pû`BiûX
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(XXX) H2b D2mM2b G:"h bQMi- THmb [m2 H2b �mi`2b- pB+iBK2b /2 pBQH2M+2b
2i /2 ?�`+ĕH2K2MiX

G2b D2mM2b MQM ?ûiû`Qb2tm2Hb bm#Bbb2Mi 8 7QBb THmb /Ƕ�;`2bbBQMb b2tm2HH2b
2i k-8 7QBb THmb /2 ?�`+ĕH2K2Mi [m2 H2m`b +�K�`�/2b ?ûiû`QbX

.�Mb H2b /2mt +�b- BH MǶ2bi T�b BHHû;BiBK2 /2 7Qm`MB` +2b bi�iBbiB[m2b [mB T`QpB2MM2Mi
/ǶmM2 ûim/2 K2Mû2 bû`B2mb2K2Mi 2i [mB +Qmp`2 mM bmD2i /2 T`2KBĕ`2 BKTQ`i�M+2 c
+Ƕ2bi H� TQ`iû2 /2b +QM+HmbBQMb [mB 2bi K�H 7Q`KmHû2 /�Mb +2 bmD2iX 1M 2z2i- HǶûim/2
M2 `ûpĕH2 T�b [m2 Ŀ H2b D2mM2b G:"h bQMi- THmb [m2 H2b �mi`2b- pB+iBK2b /2 pBQH2M+2b
2i /2 ?�`+ĕH2K2Mi ŀ- K�Bb [m2 H2b D2mM2b p�m/QBb- 2M /2mtBĕK2 �MMû2 /2 7Q`K�iBQM
TQbi@Q#HB;�iQB`2 2M kyRd- b2 /û+H�`�Mi G:"h- b2 /Bb�B2Mi û;�H2K2Mi THmb pB+iBK2b
/2 pBQH2M+2b 2i /2 ?�`+ĕH2K2MiX .2 KāK2 BH 2bi BM2t�+i /2 /B`2 [m2 Ŀ H2b D2mM2b
MQM ?ûiû`Qb2tm2Hb bm#Bbb2Mi 8 7QBb THmb /Ƕ�;`2bbBQMb b2tm2HH2b 2i k-8 7QBb THmb /2
?�`+ĕH2K2Mi [m2 H2m`b +�K�`�/2b ?ûiû`Qb ŀ c 2M `2p�M+?2 BH 2bi p`�B [m2 H2b D2mM2b
p�m/QBb- 2M /2mtBĕK2 �MMû2 /2 7Q`K�iBQM TQbi@Q#HB;�iQB`2 2M kyRd- b2 /û+H�`�Mi
MQM ?ûiû`Qb2tm2Hb- /Bb�B2Mi bm#B` 8 7QBb THmb /Ƕ�;`2bbBQMb b2tm2HH2b 2i k-8 7QBb RN THmb
/2 ?�`+ĕH2K2Mib [m2 H2b �mi`2bX

AH �m`�Bi- T�` �BHH2m`b- ûiû `�BbQMM�#H2 /Ƕ�iiB`2` HǶ�ii2MiBQM bm` H2b /Bzû`2M+2b
/ǶBMi2`T`ûi�iBQMb 2i /2 /û}MBiBQMb TQbbB#H2b TQm` H2b i2`K2b Ŀ ?�`+ĕH2K2Mi ŀ 2i
Ŀ �;`2bbBQM b2tm2HH2 ŀ 2Mi`2 H2b ;`QmT2b +QM+2`Mûb T�` +2ii2 bi�iBbiB[m2X

LQmb T2MbQMb [m2 iQmi2b H2b 2``2m`b /2 `�BbQMM2K2Mi Q#b2`p�#H2b /�Mb +2 bmD2i
bQMi H2 `ûbmHi�i /B`2+i /2 ;ûMû`�HBb�iBQMb ivTB[m2b /2b b+B2M+2b M�im`2HH2b 2i /2 H2m`b
Kûi`QHQ;B2b `û�HBbi2b 2z2+imû2b ¨ mM i?ĕK2 /�Mb H2[m2H H2b +H�bb2b Q#b2`pû2b M2 bQMi
T�b p`�BK2Mi /û}MB2bX

RNX *Ƕ2bi k-k 7QBb THmb /�Mb HǶûim/2 U3W 2i ReWV (jyy) UTX jeV [mB 2bi `2H�vû2 �p2+ mM2
2``2m` ¨ +2i 2M/`QBiX
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ReX8Xj S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B+�@
i2m`b +QKTQbûb /2 /ûMQK#`2K2Mib BKTQbbB#H2b
/ǶQ#D2ib MQM@+QMp2MiBQMM2Hb

*2`i�BMb Q#D2ib MQM@+QMp2MiBQMM2Hb T`ûb2Mi2Mi û;�H2K2Mi H� T`QT`Bûiû- +QKK2 H2b
Q#D2ib +QMp2MiBQMM2Hb- /QMi BH ûi�Bi [m2biBQM +B@/2bbmb- /Ƕāi`2 i`ĕb /B{+BH2b ¨ /û@
MQK#`2`X *Ƕ2bi MQi�KK2Mi H2 +�b- 2M ûTB/ûKBQHQ;B2- /2 H� T`ûp�H2M+2 /2 +2`i�BM2b
K�H�/B2b- +Ƕ2bi@¨@/B`2 H2 /ûMQK#`2K2Mi /2b +�b /2 K�H�/B2b- ¨ mM BMbi�Mi /QMMû
Qm bm` mM2 Tû`BQ/2 /QMMû2X G� T�M/ûKB2 /m +QpB/@RN �m`� ûiû mM2 bQm`+2 BMi�@
`Bbb�#H2 /2 bi�iBbiB[m2b /2 +2 ivT2 c /�Mb MQi`2 +Q`Tmb- mM2 MQmp2HH2 bm` +2 bmD2i �
T�`iB+mHBĕ`2K2Mi `2i2Mm MQi`2 �ii2MiBQMX

ReX8XjXR G2b 2z2ib /m +QpB/@RN 2M amBbb2 �T`ĕb H� 82 p�;m2

lM pB`mb +QKK2 H2 +QpB/@RN MǶ2bi T�b mM Q#D2i +QMp2MiBQMM2HX G2b `�BbQMb TQm`
H2b[m2HH2b BH 2bi /B{+BH2 /2 H2 [m�MiB}2` bQMi KmHiBTH2b , HǶ�#b2M+2 /2 bvKTiƬK2
+?2x +2`i�BMb bmD2ib- H� TQbbB#BHBiû /2 b2 i2bi2` bQB@KāK2 b�Mb [m2 H2 `ûbmHi�i M2 bQBi
`2M/m Q{+B2H- HǶQmp2`im`2 Qm H� 72`K2im`2 /2 ;`�M/b +2Mi`2b /2 i2bib- HǶQ#HB;�iBQM Qm
MQM /2 b2 i2bi2` TQm` +2`i�BM2b �+iBpBiûb- H2b /Bzû`2M+2b /Ƕ�TT`Q+?2b /ǶmM2 `û;BQM
¨ HǶ�mi`2- HǶ�TT�`BiBQM /2 p�`B�Mib �mt +�`�+iû`BbiB[m2b /Bzû`2Mi2b- 2i+X

AH b2`�Bi 2M i?ûQ`B2 TQbbB#H2- [mQB[m2 +Qȿi2mt- /2 [m�MiB}2` H� T`ûb2M+2 /m pB`mb
2M 2z2+im�Mi mM bmBpB ¨ i`ĕb H�`;2 û+?2HH2 BKTHB[m�Mi /2b i2bib `û;mHB2`b bm` /2 H�`;2b
û+?�MiBHHQMb /2 H� TQTmH�iBQMX *2`i�BM2b ûim/2b b2 bQMi û;�H2K2Mi T2M+?û2b bm` H�
T`ûb2M+2 /m pB`mb /�Mb H2b 2�mt mb�;û2b c +2ii2 �TT`Q+?2 T2`K2ii`�Bi ¨ i2`K2 /Ƕ2biB@
K2` H� T`ûp�H2M+2 /2 HǶBM72+iBQM 2i /Ƕ�MiB+BT2` H� T`QT�;�iBQM /2 MQmp2�mt p�`B�Mib
(Rk9) c +2T2M/�Mi H2b Kûi?Q/2b �+im2HH2b M2 bQMi T�b 2M+Q`2 bm{b�KK2Mi �{Mû2b
TQm` T`2M/`2 2M +QKTi2 HǶ2Mb2K#H2 /2b 7�+i2m`b /ûi2`KBM�Mib (Ry)X 1M HǶûi�i- H2
+QpB/@RN /2K2m`2 �BMbB mM Q#D2i /B{+BH2K2Mi [m�MiB}�#H2 2i H2b bi�iBbiB[m2b `2@
H�vû2b T�` H2b Kû/B�b bQMi- TQm` HǶ?2m`2- +2HH2b- T2m b�iBb7�Bb�Mi2b- /m MQK#`2 /2
i2bib TQbBiB7b Q{+B2HbX
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GǶ2t2KTH2 [mB bmBi UReXRyV 2bi 2ti`�Bi /m DQm`M�H iûHûpBbû /2 Rk:98 /m N 7ûp`B2`
kykkX G2 bmD2i i`�Bi2 2M T�`iB+mHB2` /2 HǶBKT�+i TQbbB#H2 /ǶmM2 BM72+iBQM �m +QpB/@RN
bm` H� /m`û2X

@G2 TB+ /2 H� 8ĕK2 p�;m2 2bi T�bbû 2M amBbb2- K�Bb QM T`2M/ H� K2bm`2 /2
HǶBKT�+i ¨ HQM; i2`K2 /m pB`mbX G2b T`Q72bbBQMM2Hb �TT2HH2Mi ¨ mM `2;Bbi`2
M�iBQM�H /2 b2b 2z2ibX .2b iûKQB;M�;2b +`QBbb�Mib `ûpĕH2Mi mM2 `û�HBiû T2m
+QMMm2X
(XXX)
G2 MQK#`2 /2 T2`bQMM2b BM72+iû2b T�` H2 pB`mb- [mB /ûp2HQTT2Mi THmb i�`/ mM
+QpB/ HQM;- 2bi +QMi`Qp2`bûX lM2 ûim/2 /2 HǶlMBp2`bBiû /2 wm`B+? KQMi`2 [m2
e KQBb �T`ĕb mM2 BM72+iBQM- k8W bQmz`2Mi /2 +QpB/ HQM;X

6B;m`2 ReXRy Ĝ 1ti`�Bi /2 (k93)

.�Mb +2i 2ti`�Bi- H2 DQm`M�HBbi2 7�Bi T`2mp2 /ǶmM2 +2`i�BM2 T`m/2M+2 HQ`b[mǶBH
�MMQM+2 [m2 H2b +?Bz`2b /m +QpB/ HQM; bQMi +QMi`Qp2`bûbX lM2 ûim/2 `û�HBbû2 ¨ HǶmMB@
p2`bBiû /2 wm`B+? (kjd) 2bi iQmi27QBb +QMpQ[mû2 b�Mb [mǶBH bQBi +H�B`2K2Mi K2MiBQMMû
bB +2HH2@+B pBb2 ¨ BHHmbi`2` H� +QMi`Qp2`b2- Qm- �m +QMi`�B`2- ¨ û+H�B`+B` H� bBim�iBQM
2M �K2M�Mi /2b `ûbmHi�ib bû`B2mtX AH +QMpB2Mi /QM+ /2 b2 T2M+?2` bm` +2 i`�p�BH /2
Sm?�M 2i �HX TQm` +QKT`2M/`2 +QKK2Mi 2bi Q#i2Mm2 H� p�H2m` /2 k8WX

*2ii2 ûim/2 T`ûb2Mi2 HǶ�p�Mi�;2 /Ƕ�M�Hvb2` H2 T?ûMQKĕM2 /2b 2z2ib ¨ KQv2M
i2`K2 /m +QpB/ /2 H� T`2KBĕ`2 p�;m2- TmBb[mǶ2HH2 M2 +QM+2`M2 [m2 /2b +�b `2H2pûb
2Mi`2 H2 kd 7ûp`B2` 2i H2 8 �Qȿi kykyX 1M +2 b2Mb- 2HH2 �MiB+BT2 H� T`Q#HûK�iB[m2 /m
+QpB/ HQM;- [mB MǶ�TT�`�ŗi`� [m2 THmb i�`/ /�Mb HǶ2bT�+2 Tm#HB+X *2i ûi�i /2 7�Bi
2Mi`�ŗM2 +2T2M/�Mi iQmi2b bQ`i2b /2 T`Q#HĕK2b Kûi?Q/QHQ;B[m2b 2i T`�iB[m2b [mB
bQMi 2M T�`iB2 `2H2pûb T�` H2b �mi2m`b /2 HǶûim/2X

G2 T`2KB2` ûHûK2Mi [m2 MQmb bQm?�BiBQMb bQmHB;M2` +QM+2`M2 H� i2`KBMQHQ;B2
Ŀ +QpB/ HQM; ŀ c +2ii2 MQiBQM MǶ2bi /û}MB2 T�` HǶPJa (kkj) [m2 THmb /ǶmM2 �MMû2 �T`ĕb
H� T`2KBĕ`2 p�;m2- H2 e Q+iQ#`2 kykR c HǶQ`;�MBb�iBQM T`û7ĕ`2 /Ƕ�BHH2m`b HǶ�TT2HH�iBQM
Ŀ �z2+iBQM TQbi@+QpB/@RN ŀX lM2 T�`iB2 /2 H� +QM7mbBQM pB2Mi TQbbB#H2K2Mi /m
7�Bi [m2- +QMi`�B`2K2Mi ¨ +2 [m2 TQm``�Bi H�Bbb2` 2Mi2M/`2 H2 i2`K2 +QKKmMûK2Mi
2KTHQvû Ĝ Ŀ +QpB/ HQM; ŀ Ĝ mM2 T2`bQMM2 �ii2BMi2 /2 +2ii2 �z2+iBQM MǶ2bi T�b
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`2biû2 TQbBiBp2 �m +QpB/@RN T2M/�Mi HQM;i2KTb- K�Bb bQmz`2- bm` H2 HQM; i2`K2- /2
bvKTiƬK2b ky /QMi H� +�mb2 2bi �ii`B#mû2 ¨ mM2 BM72+iBQM T`û�H�#H2 T�` H2 +QpB/@RN
UTX RVX

GǶûim/2 xm`B+?QBb2 (kjd) bǶBMiû`2bb2 ¨ H� 7�iB;m2- ¨ H� /vbTMû2 kR 2i ¨ H� /ûT`2bbBQM
+?2x 9jR T2`bQMM2b �/mHi2b e ¨ 3 KQBb �T`ĕb H2m` BM72+iBQM �m +QpB/@RN UTX RVX *2i
û+?2HQMM2K2Mi /�Mb H2 i2KTb M2 +Q``2bTQM/ T�b ¨ H� Tû`BQ/2 /û}MB2 T�` HǶPJa
(kkj) TQm` HǶ�z2+iBQM TQbi@+QpB/@RN- TmBb[m2- b2HQM HǶQ`;�MBb�iBQM- +2HH2@+B �/pB2M@
/`�Bi ;ûMû`�H2K2Mi j KQBb �T`ĕb HǶ�TT�`BiBQM /m pB`mb Ŀ �p2+ /2b bvKTiƬK2b [mB
T2`bBbi2Mi �m KQBMb k KQBb ŀ UTX RVX G2 Ŀ +QpB/ HQM; ŀ /2 HǶPJa M2 +Q``2bTQM/ /QM+
T�b ¨ +2HmB /2 HǶûim/2 xm`B+?QBb2- +2 [mB T2`K2i T2mi@āi`2 /Ƕ2tTHB[m2` mM2 T�`iB2 /2
H� +QMi`Qp2`b2 `�TTQ`iû2 T�` H2 bmD2i /2 H� _haX

GǶûim/2 /2 Sm?�M 2i �HX (kjd) �/K2i /Ƕ�mi`2b HBKBi2b , Dmb[mǶ2M DmBM kyky- b2mH2b
H2b T2`bQMM2b Ŀ ¨ `Bb[m2 ŀ �p�B2Mi mM �++ĕb �miQK�iB[m2 ¨ /2b i2bib /2 /ûTBbi�;2 2M
amBbb2 c +2H� 2Mi`�ŗM2 mM2 bm``2T`ûb2Mi�iBQM /ǶmM ;`QmT2 /2 T2`bQMM2b TQi2MiB2HH2@
K2Mi THmb pmHMû`�#H2b /�Mb HǶû+?�MiBHHQM UTX R9VX S�` �BHH2m`b- H2b �mi2m`b MǶ2t+Hm2Mi
T�b [m2- T�`KB iQmi2b H2b T2`bQMM2b +QMi�+iû2b bmBi2 ¨ mM i2bi TQbBiB7 2Mi`2 7ûp`B2`
2i �Qȿi kyky- +2 bQMi- 2M T`BQ`Biû- H2b THmb BM[mBĕi2b /2 H2m` ûi�i /2 b�Miû [mB QMi ûiû
/Ƕ�++Q`/ /2 T�`iB+BT2` UTX R8VX .2 THmb- H2b �mi2m`b �pQm2Mi [mǶBH MǶ� T�b ûiû TQb@
bB#H2 /2 /BbiBM;m2` H2b 2z2ib /mb �m +QpB/@RN /2b +QM/BiBQMb /2 b�Miû T`û2tBbi�Mi2b
+?2x H2b T2`bQMM2b i2biû2b UTX R8VX

*2b ûHûK2Mib b2K#H2Mi +QM}`Kûb T�` H� bi`m+im`2 /2 HǶû+?�MiBHHQM , T`ĕb /ǶmM
+BM[mBĕK2 /2b T�`iB+BT�Mib ¨ HǶûim/2 � /ȿ āi`2 ?QbTBi�HBbû ¨ +�mb2 /m pB`mb UTX eVX
P`- 2M amBbb2- KQBMb /2 R-8W /2b T2`bQMM2b /QMi H� TQbBiBpBiû �m +QpB/@RN 2bi
+QM}`Kû2 QMi 2z2+iBp2K2Mi /ȿ āi`2 ?QbTBi�HBbû2b (ed) kk c +2ii2 p�H2m` 2bi 2M `û�HBiû
T`Q#�#H2K2Mi THmb T`Q+?2 /2 yW +QKTi2 i2Mm /m 7�Bi [mǶmM2 i`ĕb ;`�M/2 T�`iB2
/2b +�b TQbBiB7b Ĝ H2 /BpB/2M/2 /2 +2 +�H+mH Ĝ M2 }MBi D�K�Bb /�Mb +2b bi�iBbiB[m2b kjX

kyX .2b bvKTiƬK2b [mB M2 bQMi T�b Mû+2bb�B`2K2Mi +�`�+iû`BbiB[m2b /m +QpB/@RN- +QKK2
H� 7�iB;m2- H� /ûT`2bbBQM-XXX

kRX a2Mb�iBQM /2 `2bTB`�iBQM /ûb�;`û�#H2 2i ;āM�Mi2
kkX LQK#`2 /Ƕ?QbTBi�HBb�iBQMbfMQK#`2 /2 +�b TQbBiB7b +QMMmb
kjX G2b �bvKTiQK�iB[m2b 2i H2b T2`bQMM2b MǶ2z2+im�Mi T�b /2 i2bi Q{+B2H MǶv };m`2Mi

T�bX
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G2b T2`bQMM2b TQm` H2b[m2HH2b H2 +QpB/@RN TQmp�Bi `2T`ûb2Mi2` mM T`Q#HĕK2 bû`B2mt
bQMi /QM+ i`ĕb 7Q`i2K2Mi bm``2T`ûb2Miû2b /�Mb +2ii2 ûim/2- +2 [mB �MMB?BH2 iQmi2
TQbbB#BHBiû /2 ;ûMû`�HBb�iBQM /2 b2b +QM+HmbBQMb ¨ mM Tm#HB+ THmb H�`;2X

GǶûMQM+û +B@/2bbQmb- iB`û /2 HǶ2ti`�Bi ReXRy- TQb2 /QM+ �m KQBMb /2mt T`Q#HĕK2b
/2 p�HB/Biû ,

lM2 ûim/2 /2 HǶlMBp2`bBiû /2 wm`B+? KQMi`2 [m2 e KQBb �T`ĕb mM2
BM72+iBQM- k8W bQmz`2Mi /2 +QpB/ HQM;X

.ǶmM2 T�`i- H� /û}MBiBQM /m +QpB/ HQM; �ii`B#mû2 ¨ +2ii2 ûim/2 (kjd) M2 +Q``2bTQM/
T�b �m +QMb2Mbmb b+B2MiB}[m2 �miQm` /2 +2ii2 MQiBQM- 2i- /Ƕ�mi`2 T�`i- /Ƕ�T`ĕb b2b
T`QT`2b +QM+HmbBQMb- HǶûim/2 xm`B+?QBb2 M2 T2`K2i T�b /2 +QM+Hm`2 [m2 k8W /2b
T2`bQMM2b �ii2BMi2b T�` H2 pB`mb /ûp2HQTT2Mi THmb i�`/ mM +QpB/ HQM; c 2M /Ƕ�mi`2b
i2`K2b- 2HH2 M2 H2 Ŀ KQMi`2 ŀ T�bX

LQmb �pQMb �BMbB �z�B`2 ¨ mM T`ûbmTTQbû /2 K2bm`2 TQm` +2b /2mt ûHûK2Mib ,
H� K2bm`2 bmTTQb2- 2M 2z2i- HǶ2tBbi2M+2 /ǶmMBiûb /ǶQ#b2`p�iBQM [mB M2 TQb2Mi T�b
/2 T`Q#HĕK2 /2 /û}MBiBQM- +2 [mB MǶ2bi T�b H2 +�b B+BX 1M Qmi`2- +2ii2 p�H2m` /2
k8W b2K#H2 B+B +QMbiBim2` mM ûHûK2Mi /2 T`2mp2 /2 H� /BzmbBQM i`ĕb H�`;2 /Ƕ2z2ib
b2+QM/�B`2b /m +QpB/@RN- TmBb[m2 H2 p2`#2 +?QBbB 2bi KQMi`2`X P`- MQmb HǶ�pQMb `2H2pû-
+2 bQMi- 2M T`BM+BT2- H2b MQK#`2b Q#i2Mmb T�` /2b K2bm`2b [mB QMi pQ+�iBQM ¨ �;B`
+QKK2 /2b ûHûK2Mib Q#D2+iB7b /2 T`2mp2X

A+B- H� i`ĕb ;`�M/2 ?ûiû`Q;ûMûBiû /2b p�`B�#H2b /2 HǶ�+iBpBiû ?mK�BM2 MǶ2bi T�b
T`Bb2 2M +QKTi2 /�Mb H� 7�ÏQM /2 `2H�v2` HǶBM7Q`K�iBQM , BH MǶ2bi ¨ �m+mM KQK2Mi
bm;;û`û [m2 /2b p�`B�iBQMb TQm``�B2Mi āi`2 BM/mBi2b T�` /2b +?QBt /2 `2+?2`+?2 Qm
T�` H2 7�Bi [m2 H2 +QpB/@RN 2bi mM 7�Bi- MQM b2mH2K2Mi Kû/B+�H- K�Bb �mbbB bQ+B�HX
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ReX8X9 S`ûbmTTQbûb /2 K2bm`2 Q#b2`pûb TQm` H2b BM/B@
+�i2m`b KûH�M;ûb

G2b BM/B+�i2m`b KûH�M;ûb bQMi H2b THmb /ûHB+�ib- TmBb[mǶBHb �//BiBQMM2Mi H2b TQi2M@
iB2HH2b HBKBi2b /2 iQmi2b H2m`b +QKTQb�Mi2bX *2HH2b@+B T2mp2Mi āi`2 �mbbB #B2M /2b
/ûMQK#`2K2Mib TQbbB#H2b [mǶBKTQbbB#H2b- /ǶQ#D2ib +QMp2MiBQMM2Hb Qm MQM- 2i KāK2
/2b K2bm`2bX *2 ivT2 /ǶBM/B+2b Ĝ T�`+2 [mǶBH �++2Ti2 mM KûH�M;2 /ǶmM2 ;`�M/2 p�@
`Bûiû /ǶQ#D2ib Ĝ T2mi �pQB` /2b +QMi2Mmb `2H�iBp2K2Mi ?ûiû`Q;ĕM2b , bQM/�;2b /ǶQTB@
MBQM- BM/B+�i2m`b û+QMQKB[m2b- BM/B+2b /ǶQ#b2`p�iBQM /m T?ûMQKĕM2 +`BKBM2H-XXX

SQm` BHHmbi`2` +2 ivT2 /ǶBM/B+2b 2i 2t2KTHB}2` H2b T`ûbmTTQbûb /2 K2bm`2 /QMi
BHb T2mp2Mi 7�B`2 HǶQ#D2i- MQmb �HHQMb MQmb T2M+?2` bm` mM2 BM7Q`K�iBQM +QM+2`M�Mi
H� 7mbBQM 2Mi`2 /2mt ;`�M/b ;`QmT2b /2 HǶBM/mbi`B2 +?BKB[m2 , H2 ;2M2pQBb 6B`K2MB+?
2i H2 ?QHH�M/�Bb .aJX

ReX8X9XR G� 7mbBQM /2 6B`K2MB+? �p2+ H2 ;`QmT2 .aJ

GǶ2ti`�Bi [m2 MQmb �pQMb /û+B/û /Ƕ�M�Hvb2` T`QpB2Mi /m iûHûDQm`M�H /2 RN?jy /m
9 DmBM kykkX AH +QM+2`M2 H� 7mbBQM /2 /2mt 2Mi`2T`Bb2b �+iBp2b /�Mb HǶBM/mbi`B2 +?B@
KB[m2X *Ƕ2bi 2M T�`iB+mHB2` mM ûHûK2Mi /2 H� };m`2 ReXRR [mB `2iB2M/`� MQi`2 �ii2M@
iBQMX

.�Mb +2i 2ti`�Bi- +Ƕ2bi mM T2m +QKK2 bǶBH 2tBbi�Bi mM i�mt M�im`2H /Ƕû+?2+ /2b
7mbBQMb /Ƕ2Mi`2T`Bb2bX G2b p�H2m`b ûpQ[mû2b Ujf9 2ifQm ddWV T`QpB2MM2Mi p`�Bb2K@
#H�#H2K2Mi /ǶmM2 Tm#HB+�iBQM /2 *?`BbiQz2`bQM 2i �HX (8d) /�iû2 /2 kyy9 k9X J�Bb
H2b +?Bz`2b �MMQM+ûb T�` +2 bmD2i M2 +Q``2bTQM/2Mi T�b iQmi ¨ 7�Bi �m +QMi2Mm /2
HǶ�`iB+H2X

6Q`+2 2bi /2 +QMbi�i2` [mǶBH 2tBbi2 /ûD¨ mM2 BM+Q?û`2M+2 2Mi`2 HǶBM7Q`K�iBQM [m2
Ŀ T`�iB[m2K2Mi jf9 ŀ /2b 7mbBQMb /Ƕ2Mi`2T`Bb2b û+?Qm2Mi 2i H� p�H2m` �{+?û2 /2
ddW- +2 [mB 7�Bi THmb /2 jf9X .�Mb H� Tm#HB+�iBQM- BH 2bi 2M `û�HBiû û+`Bi [m2 THmb

k9X *Ƕ2bi +2 [m2 bm;;ĕ`2 H� Hû;2M/2 /2 H� bm`BKT`2bbBQM /2 HǶ2ti`�Bi ReXRR 2i MQi`2 H2+im`2
/2 +2ii2 ûim/2X
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GǶ2Mi`2T`Bb2 ;2M2pQBb2 6B`K2MB+? � �MMQM+û +2ii2 b2K�BM2 b� 7mbBQM �p2+ H2
;`QmT2 ?QHH�M/�Bb .aJX lM2 7mbBQM 2Mi`2 mM2 bQ+Bûiû +Qiû2 2i mM2 2Mi`2T`Bb2
7�KBHB�H2 THmb T2iBi2 [mB bmb+Bi2 /ûD¨ /2b [m2biBQMb- MQi�KK2Mi 2M i2`K2b
/Ƕ2KTHQBX
(XXX)
JāK2 bB H2b �miQ`Biûb ;2M2pQBb2b QMi /û+H�`û [mǶBH MǶv � T�b /ǶBM[mBûim/2 ¨
�pQB`- BH 7�mi b�pQB` [m2 H2b 7mbBQMb û+?Qm2Mi /�Mb T`�iB[m2K2Mi jf9 /2b +�bX

(XXX)
G2b `�BbQMb bQMi MQK#`2mb2b , +mHim`2 /Ƕ2Mi`2T`Bb2 /Bzû`2Mi2- Q#D2+iB7b }@
M�M+B2`b MQM +QMp2`;2MibX

6B;m`2 ReXRR Ĝ 1ti`�Bi /2 (k8k)

/2 dyW /2b 7mbBQMb /Ƕ2Mi`2T`Bb2b /û#Qm+?2Mi bm` mM `ûbmHi�i BM7û`B2m` ¨ NyW /m
`2p2Mm 2bTû`û �p�Mi H� 7mbBQM k8X *2ii2 bi�iBbiB[m2 2bi Q#i2Mm2 bm` mM û+?�MiBHHQM /2
dd 7mbBQMbX AH b2K#H2 /QM+ [mǶBH v �Bi 2m mM2 +QM7mbBQM 2Mi`2 THmbB2m`b BM7Q`K�iBQMb
�m KQK2Mi /2 H� +QMbi`m+iBQM /m bmD2i /2 H� _haX

LQmb �pQMb +QMbB/û`û [mǶBH bǶ�;Bbb�Bi /ǶmM BM/B+�i2m` KûH�M;û TQm` H� `�BbQM
bmBp�Mi2 , H2 i�mt /Ƕû+?2+ /2b 7mbBQMb 2bi Q#i2Mm T�` mM2 /BpBbBQM /QMi H2 /BpBb2m`
2bi H2 MQK#`2 /2 7mbBQMbX .�Mb +2ii2 bi�iBbiB[m2- BH bǶ�;Bi /m MQK#`2 iQi�H /2b Q#@
D2ib Q#b2`pûb- TmBb[mǶ2HH2 bǶ�TTmB2 bm` mM û+?�MiBHHQM M2 +QMi2M�Mi [m2 /2b 7mbBQMb

k8X *2 [mB 7�Bi Ŀ T`�iB[m2K2Mi jf9 ŀX
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/Ƕ2Mi`2T`Bb2b , +2 bQMi /QM+ /2b Q#D2ib /ûMQK#`�#H2bX �m +QMi`�B`2- H2 /BpB/2M/2
Ĝ +Ƕ2bi@¨@/B`2 H2 MQK#`2 /Ƕû+?2+b /2 7mbBQM /2 HǶû+?�MiBHHQM Ĝ 2bi mM Q#D2i +QMp2M@
iBQMM2H [mB- /Ƕ�T`ĕb MQmb- 2bi /B{+BH2K2Mi [m�MiB}�#H2- TmBb[m2 HǶû+?2+ /ûT2M/ /2
+2 [mB 2bi /û}MB +QKK2 i2H T�` H2b +?2`+?2m`b 2i `2~ĕi2 �BMbB �p�Mi iQmi H2m` TQBMi
/2 pm2X

§ �m+mM 2M/`QBi- HǶûim/2 M2 K2MiBQMM2 [m2H KQK2Mi 2bi +QMbB/û`û +QKK2 bB@
;MB}+�iB7 TQm` b�pQB` bB mM2 7mbBQM 2bi mM û+?2+ Qm MQM , 2bi@+2 �T`ĕb mM2 �MMû2-
�T`ĕb 8 �Mb- �T`ĕb Ry �Mb \ .2 THmb- H� MQiBQM /Ƕû+?2+ M2 b2K#H2- /�Mb +2 +�b- T�b
/û}MB2 T�` /2b 2MD2mt bQ+B�mt , H� b�mp2;�`/2 /2b 2KTHQBb- H2 +HBK�i /2 i`�p�BH- H�
Tû`2MMBiû /2 HǶ2Mi`2T`Bb2 MQmp2HH2K2Mi +`ûû2 M2 bQMi- 2M 2z2i- T�b /2b +`Biĕ`2b `2i2@
Mmb c *?`BbiQz2`b2M 2i �HX b2K#H2Mi M2 bǶBMiû`2bb2` [mǶ�m b2mH `2p2Mm /2b 2Mi`2T`Bb2b
2M [m2biBQM 2i /QM+ T`BQ`Bi�B`2K2Mi �mt BMiû`āib TQi2MiB2Hb /2 HǶ�+iBQMM�`B�i /2 +2b
2Mi`2T`Bb2b keX

1M /Ƕ�mi`2b i2`K2b- H� /û}MBiBQM /m i�mt /Ƕû+?2+ `2i2Mm2 T�` +2 ;`QmT2 /2
`2+?2`+?2 M2 +QM+2`M2 T�b p`�BK2Mi H2b BM/BpB/mb [mB i`�p�BHH2Mi /�Mb HǶ2Mi`2T`Bb2X
AH T�`�ŗi /QM+ Hû;BiBK2 /2 [m2biBQMM2` H� T2`iBM2M+2 /ǶmM i2H BM/B+�i2m` /�Mb mM
bmD2i /�Mb H2[m2H HǶ�++2Mi 2bi Dmbi2K2Mi KBb bm` H� b�mp2;�`/2 /Ƕ2KTHQBb /�Mb mM
bBi2 BM/mbi`B2H ;2M2pQBbX

AH b2K#H2 T�` �BHH2m`b bm`T`2M�Mi [m2- TQm` T�`H2` /2b 2MD2mt bQ+B�mt /ǶmM2
7mbBQM 2Mi`2 /2mt 2Mi`2T`Bb2b 2m`QTû2MM2b- bQBi +QMpQ[mû2 mM2 bi�iBbiB[m2 Bbbm2
/ǶmM2 Tm#HB+�iBQM ûi�bmMB2MM2 pB2BHH2 /2 R3 �Mb- /�Mb H�[m2HH2 Ĝ bm` H� #�b2 /ǶmM
û+?�MiBHHQM #B2M i`QT T2iBi kd 2i �p2+ H� `2Mi�#BHBiû TQm` b2mH +`Biĕ`2 /ûi2`KBM�Mi Ĝ BH
2bi BM7û`û [m2 b2mH2K2Mi Rf9 /2b 7mbBQMb /Ƕ2Mi`2T`Bb2b �m MBp2�m KQM/B�H MǶû+?Qm2Mi
T�bX

keX *2 [mB T2mi b2 DmbiB}2` T�` H2 7�Bi [m2 +2ii2 Tm#HB+�iBQM bǶ�/`2bb2 2M T`BQ`Biû �m
KQM/2 /2 H� }M�M+2 c K�Bb +Ƕ2bi mM T`BbK2 /ǶQ#b2`p�iBQM /2 HǶ2Mi`2T`Bb2 [mǶBH +QMpB2M/`�Bi
/2 K2MiBQMM2`X

kdX AH /QBi v �pQB` THmbB2m`b /Bx�BM2b /2 KBHHB2`b /2 7mbBQMb /�Mb H2 KQM/2 +?�[m2 �MMû2 c
BH 2bi BKTQbbB#H2 /Ƕ2M +�Tim`2` iQmi2 H� /Bp2`bBiû �p2+ dd mMBiûb /ǶQ#b2`p�iBQMX
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§ H� pm2 /2 +2 `2TQ`i�;2- BH T�`�ŗi`�Bi [m2 `B2M- /�Mb H2 i2KTb Qm /�Mb HǶ2bT�+2-
M2 TQm``�Bi +?�M;2` H2 7�Bi [m2 H2b 7mbBQMb /Ƕ2Mi`2T`Bb2b bQMi M�im`2HH2K2Mi bQmKBb2b
¨ mM i�mt /Ƕû+?2+ }t2 , +QKK2 bB H2b �+i2m`b û+QMQKB[m2b MǶûi�B2Mi T�b bQmKBb ¨
/2b 2z2ib /2 +QMDQM+im`2X *2ii2 BKT`2bbBQM 2bi `2M7Q`+û2 T�` HǶûMQM+û Ŀ BH 7�mi
b�pQB` [m2 H2b 7mbBQMb û+?Qm2Mi /�Mb T`�iB[m2K2Mi jf9 /2b +�b ŀ [mB Ĝ 2M THmb
/2 M2 T�b T`2M/`2 H� T2BM2 /2 /û}MB` û+?Qm2` Ĝ H�Bbb2 bQmb@2Mi2M/`2 [m2 H� 7mbBQM
2Mi`2 6B`K2MB+? 2i .aJ � M�im`2HH2K2Mi j +?�M+2b bm` 9 /2 +QMM�ŗi`2 +2 bQ`i-
+QKK2 bB iQmi2b H2b 7mbBQMb b2 p�H�B2Mi 2i [mǶmM2 �M�Hvb2 THmb 7QmBHHû2 /2 +2 +�b
T�`iB+mHB2` M2 TQmp�Bi `B2M �K2M2` /2 THmb û+H�B`�Mi [m2 +2ii2 bi�iBbiB[m2X AH 2bi
TQm`i�Mi BM+QMi2bi�#H2- KāK2 TQm` [mB MǶ� D�K�Bb 7�Bi /Ƕû+QMQKB2- [m2 HǶû+?2+
/ǶmM2 i2HH2 mMBQM /ûT2M/ Ĝ ?Q`KBb H� /û}MBiBQM [mB 2bi /QMMû2 ¨ +2 bm#bi�MiB7 Ĝ
¨ H� 7QBb /2 bBim�iBQM û+QMQKB[m2 BMi2`M�iBQM�H2- `û;BQM�H2 2i THmb bTû+B}[m2 �m
/QK�BM2 /Ƕ�+iBpBiû /2b 2MiBiûb +QM+2`Mû2b- K�Bb �mbbB /2 H� b�Miû û+QMQKB[m2 /2b
�+i2m`b /QMi BH 2bi [m2biBQMX

G� HQB /Ƕ�pQ;�/`Q- /û+Qmp2`i2 T�` H2 T?vbB+B2M /m KāK2 MQK 2M R3RR- T`ûpQBi
[m2 MǶBKTQ`i2 [m2H ;�x �m KāK2 pQHmK2- ¨ H� KāK2 i2KTû`�im`2 2i ¨ H� KāK2
T`2bbBQM T`ûb2Mi2 iQmDQm`b H2 KāK2 MQK#`2 /2 KQHû+mH2b c BH bǶ�;Bi /ǶmM T`QT`Bûiû
;ûMû`�HBb�#H2 ¨ iQmb H2b ;�xX .�Mb +2 bmD2i /2 H� _ha- BH 2bi �{`Kû [m2 T`ĕb /2 jf9
/2b 7mbBQMb /Ƕ2Mi`2T`Bb2b û+?Qm2Mi- +QKK2 bǶBH bǶ�;Bbb�Bi /ǶmM2 T`QT`Bûiû ;ûMû`�HB@
b�#H2 ¨ iQmi2b H2b 7mbBQMb /Ƕ2Mi`2T`Bb2bX .2 MQi`2 TQBMi /2 pm2- HǶ�/QTiBQM /ǶmM i2H
/Bb+Qm`b M2 T2mi bǶ2tTHB[m2` [m2 T�` H� T`ûbmTTQbBiBQM [m2 H2b b+B2M+2b û+QMQKB[m2b
TQbbĕ/2Mi- +QKK2 H2b b+B2M+2b /2 H� K�iBĕ`2- mM2 Kûi`QHQ;B2 `û�HBbi2X *2T2M/�Mi-
+2H� bmTTQb2`�Bi [mǶû+?2+ bQBi �mbbB #B2M /û}MB [m2 pQHmK2- i2KTû`�im`2- T`2bbBQM
2i MQK#`2 /2 KQHû+mH2bX P` iQmb +2b ûHûK2Mib bQMi /û}MBb T�` /2b mMBiûb /2 K2bm`2
/m bvbiĕK2 BMi2`M�iBQM�H (99) UTX keV k3 2i M2 /ûT2M/2Mi �BMbB THmb /2 HǶ�TT`û+B�iBQM
/2b BM/BpB/mbX

k3X G2 HBi`2 Qm Kj TQm` H2 pQHmK2- H2 *2HbBmb Qm H2 E2HpBM TQm` H� i2KTû`�im`2- H2 T�b+�H
TQm` H� T`2bbBQM 2i H� KQH2 TQm` H� [m�MiBiû /2 K�iBĕ`2X
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Zm�i`BĕK2 T�`iB2

.Bb+mbbBQM � *QM+HmbBQM

jej





*?�TBi`2 Rd

.Bb+mbbBQM

G2b /Bzû`2Mib ûHûK2Mib `2H2pûb +B@/2bbmb bm` H� #�b2 /2 MQi`2 +Q`Tmb �TT2HH2Mi
[m2H[m2b TQBMib /2 /Bb+mbbBQM c +2mt@+B MQmb KĕM2`QMi p2`b H� +QM+HmbBQM /2 +2
i`�p�BHX

RdXR GǶQKMBT`ûb2M+2 /2b MQK#`2b 2i QKMB+QM@
p2M�M+2 /2b +?Bz`2b

GǶmM /2b TQBMib /2 /ûT�`i /2 MQi`2 `û~2tBQM ûi�Bi H2 +QMbi�i /ǶmM2 QKMBT`ûb2M+2 /2b
MQK#`2b /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM c +2i ûHûK2Mi 2bi 7�+BH2K2Mi B/2MiB}�#H2
¨ HǶ�B/2 /2 MQi`2 +Q`Tmb- TmBb[m2 MQmb �pQMb /ûMQK#`û mM iQi�H /2 RRRe MQK#`2b
/Bzû`2Mib TQm` mM T2m THmb /2 e ?2m`2b /ǶBM7Q`K�iBQM RX *2H� 7�Bi- 2M KQv2MM2-
mM MQK#`2 iQmi2b H2b ky b2+QM/2b- bQBi ¨ T2m T`ĕb 3y T�` iûHûDQm`M�HX "2�m+QmT
/2 +2b MQK#`2b b2`p2Mi ¨ bBim2` H2b BM7Q`K�iBQMb /�Mb H2 i2KTb U9kyV- Qm bQMi /2b
MmKû`Qb URRdV- +Ƕ2bi@¨@/B`2 [mǶBHb M2 T�`iB+BT2Mi T�b pû`Bi�#H2K2Mi �m +QMi2Mm /2
HǶBM7Q`K�iBQMX

RX e:Re /QMi BH 7�mi /û+QKTi2` H2b ;ûMû`B[m2b /2 /û#mi 2i /2 }M

je8
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G2 `ûbB/m /2 8dN MQK#`2b T`QpB2Mi /2 K2bm`2b UNkV- /2 /ûMQK#`2K2Mib Uj88V
2i /ǶBM/B+�i2m`b URjkVX lM2 ;`�M/2 T�`iB2 /2 +2b ûHûK2Mib +QM+2`M2 /2b /QK�BM2b
/BbT�`�i2b 2i K�`[mûb T�` /2b T`�iB[m2b /2 [m�MiB}+�iBQM [mB T2mp2Mi p�`B2` ,
BHb +Q``2bTQM/2Mi T�`7QBb ¨ /2b TQbBiBQMb bm` /2b û+?2HH2b +QMp2MiBQMM2HH2b- Qm bQMi
Q#i2Mmb ¨ H� bmBi2 /2 +H�bbB}+�iBQMb 2z2+imû2b T�` /2b +?�KTb /Bb+BTHBM�B`2b k- T�` H2b
BMbiBimiBQMb-XXX AH T2mi Hû;BiBK2K2Mi �``Bp2` [m2 /2b DQm`M�HBbi2b 2ifQm /2b T2`bQMM2b
/2biBM�i�B`2b /2 HǶBM7Q`K�iBQM M2 bQB2Mi T�b �m 7�Bi /2b bm#iBHBiûb /2 H� T`Q/m+iBQM
/2 MQK#`2b /�Mb /2 MQK#`2mt /QK�BM2b bTû+B�HBbûbX

AH MǶ2M /2K2m`2 T�b KQBMb [m2 iQmb +2b T`Q+2bbmb /2 [m�MiB}+�iBQM KĕM2Mi ¨
2tT`BK2` /2b `û�HBiûb TQm`i�Mi /Bp2`b2b /�Mb mM KāK2 H�M;�;2 Ĝ +2HmB /2b K�i?û@
K�iB[m2bX am` H2 i2``�BM /2b KQib- BH MǶ2bi T�b iQmDQm`b TQbbB#H2 /Ƕ�TTHB[m2` mM
KāK2 ivT2 /2 `�BbQMM2K2Mib ¨ /2b +?�KTb /Bb+BTHBM�B`2b /Bzû`2MibX *2T2M/�Mi- H�
i`�Mb7Q`K�iBQM /m +QMi2Mm 2M +?Bz`2b T`Q/mBi H� TQbbB#BHBiû �#bi`�Bi2 /Ƕ2z2+im2`
H2b KāK2b QTû`�iBQMb Ĝ +Ƕ2bi@¨@/B`2 �TTHB[m2` /2b `�BbQMM2K2Mib �M�HQ;m2b Ĝ bm`
H2 i2``�BM /2b MQK#`2b- 2i +2 K�H;`û H2b /Bzû`2M+2b /2 +QMi2Mmb , H� `û/m+iBQM �m
H�M;�;2 K�i?ûK�iB[m2 T2`K2i /QM+ /2b QTû`�iBQMb BKTQbbB#H2b ¨ K2M2` b�Mb 2HH2X

*Ƕ2bi 2M +2H� [m2 H2 +�`�+iĕ`2 QKMB+QMp2M�Mi /2b +?Bz`2b- [m2 MQmb �pQMb i?û@
K�iBbû 2M b2+iBQM 8Xk- 2bi /2 M�im`2 ¨ BM/mB`2 /2b `�BbQMM2K2Mib [mB M2 iB2MM2Mi
T�b +QKTi2 /2 H� +QKTH2tBiû /2b bmD2ib bm` H2 TH�M bûK�MiB[m2X aB iQmi T2mi āi`2
2tT`BKû T�` /2b +?Bz`2b- +2H� `2pB2Mi ¨ /B`2 [m2 iQmi T2mi āi`2 �//BiBQMMû- bQmb@
i`�Bi- KmHiBTHBû- /BpBbû-XXX ;`�+2 ¨ H� ~2tB#BHBiû QTû`�iBQMM2HH2 /2 +2b Q#D2ib /�Mb H2
+�/`2 /2b K�i?ûK�iB[m2bX

P`- mM 2t2KTH2 i`ĕb bBKTH2 T2`K2i /2 b2 `2M/`2 +QKTi2 /2b HBKBi2b BM/mBi2b
T�` H� `û/m+iBQM ¨ H� b2mH2 [m�MiBiû , HQ`b[mǶmM2 TB2``2 b2 +�bb2 2M /2mt- BH MǶ2M
`ûbmHi2 T�b /2mt 7QBb y-8 TB2``2b- K�Bb /2mt �mi`2b TB2``2b Ĝ +2`i2b- THmb T2iBi2b Ĝ [mB
T2mp2Mi iQmi2b /2mt b2 /û}MB` +QKK2 /2b TB2``2b ¨ T�`i 2MiBĕ`2X G2 7�Bi /2 /B`2 [m2
+2b /2mt Q#D2ib MQmp2�mt QMi mM TQB/b iQi�H +Q``2bTQM/�Mi ¨ H� TB2``2 /ǶQ`B;BM2-
2bi mM `�BbQMM2K2Mi [mB T�bb2 T�` H� K2bm`2 Ĝ 2tT`BKû2 bm` mM bT2+i`2 +QMiBMm-

kX .�Mb H2 +�/`2 /2 H2m` T�`�/B;K2X
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/BpBbB#H2 ¨ HǶBM}MB Ĝ 2i MQM THmb T�` H� /û}MBiBQM /2 H� +H�bb2 TB2``2 [mB �/K2i /2b
Q#D2ib THmb Qm KQBMb HQm`/b 2i THmb Qm KQBMb ;`�M/b c +2b Q#D2ib MǶ2tBbi2Mi iQmi27QBb
[m2 +QKK2 2MiBiûb /Bb+`ĕi2b UR- k- j-XXX TB2``2bVX

G2b 7�Bib bQ+B�mt +QKK2 H2 +`BK2- H2 +?ƬK�;2- H� b+QH�`Bb�iBQMXXX T�`i2Mi iQmDQm`b
/2b Q#D2ibfBM/BpB/mb [mB M2 T2mp2Mi- T�` /û}MBiBQM- T�b āi`2 /BpBbûb- +QMi`�B`2K2Mi
¨ H� /Bbi�M+2- ¨ H� K�bb2-XXX 1M [m�MiB}�Mi /2b Q#D2ib � T`BQ`B BM/BpBbB#H2b Ĝ +QMp2M@
iBQMM2Hb Qm MQM Ĝ MQmb +`ûQMb H� TQbbB#BHBiû /2 H2b 7`�;K2Mi2` c +2ii2 i`�Mb7Q`K�iBQM
7�Bi /BbT�`�ŗi`2 H2m` /û}MBiBQM �m T`Q}i /2 T`QT`Bûiûb [mB bQMi /2b �#bi`�+iBQMbX
*QKK2 HǶ� i?ûQ`Bbû Zm2i2H2i BH v � THmb /2 kyy �Mb- +2b �#bi`�+iBQMb bQMi miBH2b
2i Mû+2bb�B`2b ¨ H� +QM/mBi2 /2b �z�B`2b ?mK�BM2bX G� +QM/BiBQM /2 H2m` 2{+�+Biû
/2K2m`2 iQmi27QBb /2 ;�`/2` 2M iāi2 H2b /û}MBiBQMb [mB QMi b2`pB ¨ i`�/mB`2 H2 `û2H
2M +?Bz`2b- +�` +2 /û+QmT�;2 2z2+imû bm` H2 TH�M bûK�MiB[m2 /BbT�`�ŗi /�Mb H2 TH�M
K�i?ûK�iB[m2X

RdXk 1ti`�MûBiû /2 H� T`Q/m+iBQM /2b bi�iBb@
iB[m2b

GǶQKB+QMp2M�M+2 /2b +?Bz`2b /QBi MQmb TQmbb2` ¨ iQmDQm`b [m2biBQMM2` H2m` T`Qp2@
M�M+2 c H� T�`iB2 [m�MiB}û2 /2b +QMi2Mmb /ǶBM7Q`K�iBQM MǶ2bi #B2M bQmp2Mi T�b H2 7�Bi
/2b DQm`M�HBbi2b- +2 [mB p2mi /B`2 [mǶBHb MǶQMi T�b iQmDQm`b mM2 TH2BM2 +QMb+B2M+2 /2b
/û}MBiBQMb [mB QMi `2M/m H� [m�MiB}+�iBQM TQbbB#H2X *2H� MQmb `�TT2HH2 [mǶ�H�BM .2b@
`QbBĕ`2b (Nk) B/2MiB}2- +QKK2 bQm`+2 TQi2MiB2HH2 /2 +QM7mbBQM- H2 7�Bi [m2 H� +`û�iBQM
/ǶBM7Q`K�iBQMb [m�MiB}û2b- /ǶmM +Ƭiû- 2i bQM BMi2`T`ûi�iBQM- /2 HǶ�mi`2- bǶ2z2+im2Mi
¨ /2mt #Qmib /ǶmM2 +?�ŗM2 T�` /2b BM/BpB/mb [mB M2 +QKKmMB[m2Mi T�b Mû+2bb�B`2@
K2MiX AH 2tTHB+Bi2 +2 TQBMi /2 pm2 /�Mb H2 T�bb�;2 bmBp�Mi UTX RRkV ,

GǶ2tT`2bbBQM KāK2 /2 Ŀ Kûi?Q/QHQ;B2 bi�iBbiB[m2 ŀ BKTHB[m2 mM2 /BpB@
bBQM /m i`�p�BH 2Mi`2- /ǶmM2 T�`i- /2b Ŀ 2tT2`ib ŀ /2 HǶQmiBH bi�iBbiB[m2
2M i�Mi [m2 i2H 2i- /Ƕ�mi`2 T�`i- /2b Ŀ mb�;2`b ŀ /2 +2HmB@+B , û+QMQ@
KBbi2b- bQ+BQHQ;m2b- ?BbiQ`B2Mb Qm Tbv+?QHQ;m2bX
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1M T`û�K#mH2- MQmb 7Q`KmHBQMb HǶ?vTQi?ĕb2 [m2 H2b DQm`M�HBbi2b bQMi bQmp2Mi /m
+Ƭiû /2 +2b Ŀ mb�;2`b ŀ , BHb bQMi 2M +?�`;2 /2 HǶBMi2`T`ûi�iBQM 2i /m +QKK2Mi�B`2-
2i- /�Mb H� THmT�`i /2b +�b- HǶûH�#Q`�iBQM /2b bi�iBbiB[m2b T`ûb2Miû2b �m ;`�M/ Tm#HB+
b2 7�Bi �BHH2m`bX

G2b +QMi2Mmb /ǶBM7Q`K�iBQM �M�Hvbûb THmb 2M /ûi�BH 2M b2+iBQM ReX8 +QM7Q`i2Mi
+2ii2 ?vTQi?ĕb2 c /�Mb +2b 2t2KTH2b- H2b +?Bz`2b T`QpB2MM2Mi- 2M 2z2i- bvbiûK�iB@
[m2K2Mi /2 bQm`+2b 2ti2`M2b , TQm` HǶûpQHmiBQM /m i�mt /2 +?ƬK�;2 2M amBbb2- H2b
bi�iBbiB[m2b bQMi 7Qm`MB2b /B`2+i2K2Mi T�` H2 a1*P (kde) c TQm` H2b +?Bz`2b /Bb+m@
iûb HQ`b /2 H� CQm`Mû2 KQM/B�H2 +QMi`2 HǶ?QKQT?Q#B2 2i H� i`�MbT?Q#B2- 2HH2b T`Q@
pB2MM2Mi /ǶmM `�TTQ`i /ǶQ`;�MBb�iBQMb /2 /û72Mb2b /2b T2`bQMM2b G:"hY (kk3) 2i
/ǶmM2 ûim/2 /m *2Mi`2 mMBp2`bBi�B`2 /2 Kû/2+BM2 ;ûMû`�H2 2i b�Miû Tm#HB[m2 UlMB@
b�MiûV /2 G�mb�MM2 (jyy) c TQm` H2 +QpB/ /Bi HQM;- +Ƕ2bi mM2 ûim/2 /2 HǶmMBp2`bBiû
/2 wm`B+? [mB 2bi +QMpQ[mû2 (kjd) c }M�H2K2Mi- TQm` H2b 7mbBQMb /Ƕ2Mi`2T`Bb2b- H2b
+?Bz`2b bQMi iB`ûb /ǶmM2 �M+B2MM2 Tm#HB+�iBQM ûi�bmMB2MM2 (8d)X

.�Mb /2 MQK#`2mt +�b Ĝ H2b [m�i`2 2t2KTH2b +B@/2bbmb H2 bm;;ĕ`2Mi Ĝ BH b2K#H2@
`�Bi KāK2 [m2 H2b Kû/B�b bQB2Mi /2b Ŀ mb�;2`b ŀ /2 b2+QM/2 K�BMX GǶBM7Q`K�iBQM
bm` H2 +?ƬK�;2 2M amBbb2 (kde) 2M 2bi HǶBHHmbi`�iBQM , H2b /QMMû2b bQMi +QHH2+iû2b 2i
KBb2b 2M 7Q`K2 T�` /2b Ŀ 2tT2`ib ŀ /2 HǶQmiBH bi�iBbiB[m2 c TmBb +QKK2Miû2b T�` /2b
b2`pB+2b /m a1*P ¨ HǶ�ii2MiBQM /2b Kû/B�b , +2H� p2mi /B`2 [mǶmM2 i2HH2 BM7Q`K�@
iBQM T�bb2 T�` mM /Qm#H2 }Hi`2 , +2HmB [mǶBKTHB[m2 H� [m�MiB}+�iBQM Ĝ +Ƕ2bi@¨@/B`2
mM2 i`�/m+iBQM /2 HǶBM7Q`K�iBQM 2M +?Bz`2b Ĝ 2i mM2 T`2KBĕ`2 BMi2`T`ûi�iBQM /2 +2b
+?Bz`2b 2z2+imû2 T�` mM2 bQm`+2 2ti2`M2X

LQmb �p�M+BQMb 2M b2+iBQM RkXj [m2 H� };m`2 /2 HǶ2tT2`i Ĝ +�`�+iû`BbiB[m2- b2HQM
THmbB2m`b �mi2m`b- /m MûQHB#û`�HBbK2 Ĝ MǶ2bi bQmp2Mi T�b /B`2+i2K2Mi T`ûb2Mi2 /�Mb
H2b +QMi2Mmb /ǶBM7Q`K�iBQM , 2HH2 �TT�`�ŗi ¨ i`�p2`b /2b MQK#`2b [mB bQMi ûH�#Q@
`ûb �BHH2m`bX LQmb bQmHB;MBQMb �HQ`b Ĝ MQmb �TTmv�Mi bm` amTBQi (kNk) Ĝ [m2 +2ii2
2ti`�MûBiû /2 H� T`Q/m+iBQM /2b bi�iBbiB[m2b /QMM2 ¨ +2b Q#D2ib mM2 Ŀ TmBbb�M+2
/Q;K�iB[m2 ŀ T�`iB+mHBĕ`2- TmBb[mǶ2M HǶ�#b2M+2 /2 H2m`b +QM+2Ti2m`b- +2 MǶ2bi T�b
p�HB/Biû /2b +?Bz`2b [mB b2 i`Qmp2 KBb2 2M /Bb+mbbBQM c +2 bQMi- �m +QMi`�B`2- +2b
+?Bz`2b [mB b2K#H2Mi �TTQ`i2` mM2 Hû;BiBKBiû Ŀ M�im`2HH2 ŀ j Ĝ �m `2bi2 /m +QMi2MmX

jX ZmB T`ûbmTTQb2 mM2 Kûi`QHQ;B2 `û�HBbi2X
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*2ii2 2ti`�MûBiû /2 H� T`Q/m+iBQM /2b +?Bz`2b `ûbmHi2 /�Mb mM2 KQ#BHBb�iBQM
+QMbi�Mi2 /Ƕ2tT2`ib [mB M2 bQMi T�b /B`2+i2K2Mi T`ûb2Mib TQm` DmbiB}2` Qm TQM/û`2`
H2m`b Q#b2`p�iBQMb bi�iBbiB[m2bX 1HH2 BKTHB[m2`�Bi �BMbB- TQm` H2b DQm`M�HBbi2b- bQBi /2
/2pQB` 7�B`2 +QM}�M+2 �mt +QM+HmbBQMb /2b T2`bQMM2b Qm /2b 2MiBiûb [mB 7Qm`MBbb2Mi
+2b bi�iBbiB[m2b- bQBi /Ƕāi`2 2M +�T�+Biû /2 /û+QMbi`mB`2 +2b BM7Q`K�iBQMb [m�MiB}û2b
TQm` 2M T`Q/mB`2 mM +QKK2Mi�B`2 û+H�B`ûX

P`- MQmb �pQMb �M�Hvbû H2b +QMi`�BMi2b KQ/2`M2b [mB 2MiQm`2Mi H2 KûiB2` /2
DQm`M�HBbi2- MQi�KK2Mi 2M i2`K2b /2 i2KTb 2i /2 /ûT2M/�M+2 �mt bQm`+2bX *QKK2
HǶQMi KBb 2M HmKBĕ`2 *?QKbFv 2i >2`K�M (R98) /�Mb H2b �MMû2b RN3y Ĝ MQmb �pQMb
KQMi`û H2 +�`�+iĕ`2 �+im2H /2 H2m`b �M�Hvb2b 2M b2+iBQM RkXe Ĝ BH 2tBbi2 mM2 `2H�iBQM
bvK#BQiB[m2- 2Mi`2i2Mm2 T�` Mû+2bbBiû û+QMQKB[m2 2i T�` /2b BMiû`āib `û+BT`Q[m2b-
2Mi`2 H2b Kû/B�b 2i H2m`b bQm`+2bX LQmb 2tTHB[mBQMb- 2M b2+iBQM RkX8- [mǶBH 2tBbi2-
/2 H� T�`i /2b Kû/B�b- mM #2bQBM +QMbi�Mi /2 MQmp2HH2b BM7Q`K�iBQMb ¨ T`Q/mB`2
[mB HB2 +2b /2`MB2`b ¨ mM +2`i�BM MQK#`2 /2 bQm`+2b BM+QMiQm`M�#H2b UTX 3NVX .�Mb
MQi`2 2t2KTH2- H2 a1*P T2mi āi`2 B/2MiB}û +QKK2 HǶmM2 /2 +2b bQm`+2b Q{+B2HH2b
/ǶBM7Q`K�iBQMb T`ûbmKû2b }�#H2b- +�` 2HH2b T`QpB2MM2Mi /ǶmM2 BMbiBimiBQM Ŀ /B;M2
/2 +QM}�M+2 ŀ UTX NyVX

*QKK2 HǶQMi û;�H2K2Mi `2H2pû *?QKbFv 2i >2`K�M- #2�m+QmT /2 bQm`+2b T`Q@
TQb2Mi /2b +QMi2Mmb T`û7�#`B[mûb 2i pmH;�`Bbûb UTX NjV c +Ƕ2bi H2 +�b /m a1*P [mB
Ĝ +QKK2 MQmb HǶ�pQMb `2H2pû THmb ?�mi Ĝ 7Qm`MBi MQM b2mH2K2Mi H2b bi�iBbiB[m2b /m
+?ƬK�;2- K�Bb �mbbB mM `�TTQ`i K2Mbm2H ¨ HǶ�ii2MiBQM /2 H� T`2bb2- /�Mb H2[m2H mM2
BMi2`T`ûi�iBQM Q{+B2HH2 /2 +2b +?Bz`2b 2bi 2M [m2H[m2 bQ`i2 Qz2`i2 (kde)X



jdy RdX .Aa*laaAPL

RdXj JQ/�HBiûb /2 `2+Qm`b ¨ HǶ�`;mK2Mi bi�@
iBbiB[m2 , H2 DQm`M�HBbK2 7�+2 �m +Q/�;2
+QMp2MiBQMM2H 2i ¨ H� K2bm`2

*2ii2 2ti`�MûBiû /2 H� T`Q/m+iBQM /2b bi�iBbiB[m2b- K�Bb �mbbB T�`7QBb /ǶmM2 T�`iB2
/m +QKK2Mi�B`2 [mB bǶv `û7ĕ`2- `�TT2HH2 mM2 [m2biBQM [m2 MQmb �pQMb 7Q`KmHû2 2M
T�;2 jjd , +2ii2 K�MBĕ`2 /2 T`Q/mB`2 /2 HǶBM7Q`K�iBQM Ĝ �p2+ /ǶmM2 T�`i /2b bQm`+2b
[mB +QHH2+i2Mi /2b /QMMû2b- H2b K2ii2Mi 2M 7Q`K2 2i H2b +QKK2Mi2Mi- 2i /2 HǶ�mi`2
/2b Kû/B�b [mB `2H�B2Mi- 2M [m2H[m2 bQ`i2- +2b +QMi2Mmb bQmb +2ii2 7Q`K2 T`û}Hi`û2
Ĝ M2 bǶBMb+`Bi@2HH2 T�b /�Mb mM2 HQ;B[m2 /2 Hû;BiBK�iBQM /2 HǶ�+iBQM Tm#HB[m2 9 \

LQmb �pQMb 2M 2z2i KQMi`û- 2M +QMpQ[m�Mi MQi�KK2Mi *�`/QM (8y)- "Qm`@
/B2m (je) 2i .2b`QbBĕ`2b (N8)- [m2 H2b KQ/�HBiûb /2 `2+Qm`b ¨ HǶ�`;mK2Mi bi�iBbiB[m2
�p�B2Mi +?�M;û /2TmBb HǶ2Mi`û2 /�Mb H� Tû`BQ/2 /Bi2 MûQHB#û`�H2 U+?�TBi`2 RkVX LQmb
b2`BQMb 2M 2z2i T�bbûb- /Ƕ�T`ĕb +2b �mi2m`b- /ǶmM2 miBHBb�iBQM /2b bi�iBbiB[m2b T�`
H2b ;Qmp2`M�Mib TQm` Q#b2`p2` H2 KQM/2 2i T`2M/`2 /2b /û+BbBQMb û+H�B`û2b- ¨ mM2
miBHBb�iBQM �`;mK2Mi�iBp2 /2 +2b QmiBHb K�`[mûb /Ƕ2tT2`iBb2X 1M /Ƕ�mi`2b i2`K2b- BHb
M2 bQMi THmb 2t+HmbBp2K2Mi KBb ¨ T`Q}i TQm` T`2M/`2 /2b /û+BbBQMb û+H�B`û2b- K�Bb
/2pB2MM2Mi û;�H2K2Mi /2b Q#D2ib /2 +QMpB+iBQM T2`K2ii�Mi /Ƕ2tTHB[m2` H2b �+iBQMb
/m TQmpQB`- /2 H2b DmbiB}2`- /2 H2b `2M/`2 �++2Ti�#H2b T�` H� KQ#BHBb�iBQM /2 H� }@
;m`2 /2 HǶ2tT2`i 8X .2 +2 TQBMi /2 pm2- /ûp2HQTT2` H� +�T�+Biû /2b +BiQv2Mb Ĝ 2i �
7Q`iBQ`B /2b DQm`M�HBbi2b Ĝ ¨ /ûKāH2` H2b T`Q+2bbmb /2 [m�MiB}+�iBQM [mB +QMbiBim2Mi
+2b �`;mK2Mib T`ûb2Mi2 mM 2MD2m /ûKQ+`�iB[m2X

1M 2z2i- BH T�`�ŗi`�Bi [m2- TQm` TQmpQB` 2M/Qbb2` mM `ƬH2 /2 +QMi`2@TQmpQB`- H2b
DQm`M�HBbi2b /2p`�B2Mi āi`2 2M K2bm`2 /2 /û+QMbi`mB`2 H2b BM7Q`K�iBQMb [m�MiB}û2b
[mB H2m` bQMi i`�MbKBb2b- MQi�KK2Mi 2i �p�Mi iQmi- 2M ûi�Mi 7Q`Kûb ¨ `2+QMM�ŗi`2
H2b /û}MBiBQMb /2b +H�bb2b [m2 KQ#BHBb2Mi H2b bi�iBbiB[m2bX lM2 i2HH2 +QMM�Bbb�M+2

9X G� ;Qmp2`M2K2Mi�HBiû �m b2Mb /2 6Qm+�mHiX
8X LQmb �pQMb /û72M/m HǶB/û2 [m2 H� };m`2 /2 HǶ2tT2`i MǶ2bi T�b iQmDQm`b /B`2+i2K2Mi

T`ûb2Mi2 /�Mb H2b +QMi2Mmb /ǶBM7Q`K�iBQM , 2HH2 2bi iQmi27QBb KQ#BHBbû2 T�` HǶmiBHBb�iBQM /2b
MQK#`2b URkXjV
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2bi Mû+2bb�B`2 TQm` +QKT`2M/`2 [m2 iQmi2 bi�iBbiB[m2 #�bû2 bm` /2b Q#D2ib T`û�@
H�#H2K2Mi /û}MBb �KĕM2 /2b BM7Q`K�iBQMb /QMi H� pû`�+Biû 2bi `2H�iBp2 2i /ûT2M/
7Q`i2K2Mi /2b +H�bb2b [mǶ2HH2 Q#b2`p2X

*2T2M/�Mi- +2ii2 B/û2 [m2 H2b Kû/B�b +QMbiBim2`�B2Mi mM +QMi`2@TQmpQB` bǶ�+@
+QKKQ/2 �bb2x K�H /2b ûHûK2Mib [m2 MQmb �pQMb `2H2pûb 2M b2+iBQM RkXeX AH b2K#H2
2M 2z2i [mǶBH v �Bi- i�Mi 2M amBbb2 [mǶ2M 6`�M+2- mM2 7Q`i2 +QM+2Mi`�iBQM /2 i`ĕb
;`�M/b ;`QmT2b /ǶBM~m2M+2 /�Mb H2b Kû/B�bX Pmi`2 H2b TQbbB#H2b H2pB2`b û+QMQKB[m2b
Q`B2Mi�Mi H2b +QMi2Mmb- H2b DQm`M�HBbi2b /ûT2M/2Mi #2�m+QmT /2 bQm`+2b Q{+B2HH2b
[mB- MQmb HǶ�pQMb pm- T`Q/mBb2Mi 2i +QKK2Mi2Mi- 2Mi`2 �mi`2b ûHûK2Mib- /2 i`ĕb
MQK#`2mb2b bi�iBbiB[m2bX P`- +2ii2 bBim�iBQM K2i 2M /û7�mi HǶ?vTQi?ĕb2 /2 Kû/B�b
+QMbiBim�Mi /2b +QMi`2@TQmpQB`b c bB H2b bi�iBbiB[m2b bQMi miBHBbû2b ¨ /2b }Mb /2 Hû@
;BiBK�iBQM /2 HǶ�+iBQM Tm#HB[m2 2i bQMi 2M T�`iB2 7Qm`MB2b 2i +QKK2Miû2b T�` H2b
�+i2m`b [mB bQMi �m pQH�Mi /2 +2ii2 �+iBQM- �HQ`b BH bǶ�;Bi /ǶmM bvbiĕK2 /�Mb H2[m2H
+2mt [mB ;Qmp2`M2Mi 7�#`B[m2Mi H2b BM/B+�i2m`b [mB Hû;BiBK2Mi H2m` �+iBQMX LQmb
�pQMb 2M 2z2i KQMi`û [m2 +2b bi�iBbiB[m2b QTĕ`2Mi +QKK2 /2b �`;mK2Mib /Ƕ�m@
iQ`Biû c +Ƕ2bi@¨@/B`2 [mǶ2HH2b iB`2Mi H2m` Hû;BiBKBiû /m +?Bz`2 Ĝ /2 HǶB/û2 /2 K2bm`2-
M2mi`2 2i Q#D2+iBp2 Ĝ THmiƬi [m2 /2 H2m` +QMi2Mm Ĝ H2b +H�bb2b /Ƕû[mBp�H2M+2 [mǶ2HH2b
/û+`Bp2MiX

*2H� MQmb `�KĕM2- mM2 7QBb /2 THmb- ¨ HǶ�p2`iBbb2K2Mi 7Q`KmHû T�` �H�BM amTBQi
(kNk) [m2 ;Qmp2`M2` T�` H2b MQK#`2b Ŀ +QM7ĕ`2 mM TQmpQB` BKK2Mb2 ¨ +2mt [mB
+QM+Qm`2Mi ¨ H2m` 7�#`B+�iBQM ŀ UTX k9yVX G2 T`ûbmTTQbû /2 K2bm`2- /QMi MQmb �pQMb
i?ûQ`Bbû 2i KQMi`û HǶ2tBbi2M+2- `2M7Q`+2`�Bi +2 TQmpQB`X 1M 2z2i- bB H2b /Bzû`2Mi2b
bi�iBbiB[m2b T`ûb2Mi2b /�Mb /2b bmD2ib /ǶBM7Q`K�iBQM 2M pB2MM2Mi T�`7QBb ¨ DQm2` H2
`ƬH2 /ǶûHûK2Mib /2 T`2mp2 2KTB`B[m2 e- b�Mb [mǶmM2 �ii2MiBQM T�`iB+mHBĕ`2 M2 bQBi
T`āiû2 �mt T`Q+2bbmb /2 [m�MiB}+�iBQM 2i ¨ HǶBKTQ`i�M+2- 2M b+B2M+2b ?mK�BM2b-
/m +?QBt /2b /û}MBiBQMb [m2 +2b bi�iBbiB[m2b +QMiB2MM2Mi- �HQ`b 2HH2b DQmBbb2Mi- 2M
i`QKT2@HǶQ2BH- /2 H� Hû;BiBKBiû 2i /2 HǶ�miQ`Biû /2 H� K2bm`2 , +2HH2 /2 /û+`B`2 H�
`û�HBiû b�Mb 7�B`2 BMi2`p2MB` H� bm#D2+iBpBiû /2b BM/BpB/mbX

eX AH bǶ�;Bi /2 HǶmM2 /2b T`û`Q;�iBp2b /2 H� K2bm`2X
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RdX9 �M�Hvb2 bQmb HǶ�M;H2 bûKBQiB[m2

.�Mb H� b2+iBQM eX9- MQmb �pBQMb BMb+`Bi MQi`2 T`Q#HûK�iB[m2 /�Mb H2 +�/`2 /2 H�
bûKBQiB[m2- 7Q`KmH�Mi MQi�KK2Mi HǶ?vTQi?ĕb2 [m2 H2b T`Q#HĕK2b HBûb ¨ H� /BzmbBQM
/2b BM7Q`K�iBQMb [m�MiB}û2b TQmp�B2Mi bǶBMb+`B`2 bm` H2b i`QBb �t2b /ǶmM i`B�M;H2
bûKBQiB[m2 ,

Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

bB;
MB}+�i

BQM
_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

BM7û`2M+2

_û�HBiû U[m�MiBiû 2z2+iBp2V+Q``2bTQM/�M+2

G2 i`�p�BH /Ƕ�M�Hvb2 bm` H2 +Q`Tmb M2 T2`K2i /Ƕ�TT`Q7QM/B` MB HǶ�t2 /2 HǶBM7û`2M+2-
MB HǶ�t2 /2 H� bB;MB}+�iBQM- TmBb[m2 MQb /QMMû2b MǶ2tTHQ`2Mi T�b H2b `2T`ûb2Mi�iBQMb
/2b /2biBM�i�B`2b /2 HǶBM7Q`K�iBQMX aǶ�;Bbb�Mi /2 +2b /2`MB2`b- H2b ?vTQi?ĕb2b HBû2b
¨ +2b /2mt �t2b `2bi2Mi /QM+ ¨ +QM}`K2` Qm BM}`K2`X

*2T2M/�Mi- MQi`2 �M�Hvb2 � KBb 2M HmKBĕ`2 /2b ûHûK2Mib bm` HǶ�t2 /2 H� bB;MB}+�@
iBQM bǶ�;Bbb�Mi /2 HǶBMi2`T`ûi�iBQM /2b MQK#`2b T�` H2b DQm`M�HBbi2bX 1M 2z2i- MQmb
�pQMb KQMi`û T�` HǶ�M�Hvb2 /2 THmbB2m`b 2ti`�Bib [m2 +2`i�BM2b /QMMû2b 7�Bb�B2Mi
HǶQ#D2i /2 ;ûMû`�HBb�iBQMb /�Mb H2b[m2HH2b mM2 /Bzû`2M+2 MQi�#H2 2Mi`2 H� bQm`+2 /2
HǶBM7Q`K�iBQM 2i H2 T`QTQb DQm`M�HBbiB[m2 ûi�Bi Q#b2`p�#H2X *Ƕ2bi H2 +�b /2 +2i ûMQM+û
Bbbm /2 HǶ2ti`�Bi ReXRy UT�;2 j88V ,

lM2 ûim/2 /2 HǶlMBp2`bBiû /2 wm`B+? KQMi`2 [m2 e KQBb �T`ĕb mM2
BM72+iBQM- k8W bQmz`2Mi /2 +QpB/ HQM;X

LQmb �pQMb `2H2pû [m2 HǶûim/2 2M [m2biBQM (kjd) 2bi #B2M ¨ H� #�b2 /m MQK#`2 k8W-
K�Bb M2 iB`2 T�b H� +QM+HmbBQM �p�M+û2 T�` H2 DQm`M�HBbi2 /�Mb +2i 2ti`�BiX AH v �
/QM+ #B2M mM T`Q#HĕK2 /2 bB;MB}+�iBQM TmBb[mǶ�m bB;MB}�Mi Ŀ k8W ŀ 2bi /QMMû mM
bB;MB}û [mB M2 +Q``2bTQM/ T�b ¨ +2HmB /2 HǶûim/2X
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am` H2 TH�M bûKBQiB[m2 +2 Ŀ k8W ŀ /2pB2Mi- T�` H¨ KāK2- mM �mi`2 bB;M2 /m TQBMi
/2 pm2 /m /2biBM�i�B`2 /2 HǶBM7Q`K�iBQM- TmBb[m2 H2 DQm`M�HBbi2 7Qm`MBi +2 bB;MB}�Mi
2i mM bB;MB}û [mB +Q``2bTQM/ ¨ b� T`QT`2 `2T`ûb2Mi�iBQM /2 +2 Ŀ k8W ŀX 1M /û+QmH2
mM T`Q#HĕK2 bm` mM �t2 [m2 MQmb MǶ�pBQMb T�b ûpQ[mû , +2HmB /2 H� /ûMQi�iBQMX

Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

_û�HBiû U[m�MiBiû 2z2+iBp2V

/ûMQi�iBQM

1M 2z2i- H2 DQm`M�HBbi2 7Qm`MBbb�Mi HǶ2MiB2` /m bB;M2 Ĝ H� [m�MiBiû k8W 2tT`BKû2
2M 7`�MÏ�Bb Q`�H- �BMbB [m2 bQM BMi2`T`ûi�iBQM /2 +2ii2 [m�MiBiû Ĝ +2i 2Mb2K#H2 M2
+Q``2bTQM/ T�b Mû+2bb�B`2K2Mi ¨ H� T`QTQ`iBQM 2z2+iBp2 /2 +QpB/ /Bi HQM;X *Ƕ2bi
/QM+ mM T`Q#HĕK2 /Ƕ�/û[m�iBQM 2Mi`2 H2 bB;M2 +QKTQbû /m +QmTH2 bB;MB}�Mi@bB;MB}û
2i H2 `û7û`2MiX

1M +QMbû[m2M+2- HQ`b[mǶmM DQm`M�HBbi2 T`Q/mBi mM2 BMi2`T`ûi�iBQM 2``QMû2 /ǶmM2
bi�iBbiB[m2- BH 7�Bi 7�+2 ¨ mM T`Q#HĕK2 /ǶûH�#Q`�iBQM /m bB;MB}û bm` H� #�b2 /m
bB;MB}�Mi , BH b2 i`QKT2 /2 bB;MB}+�iBQMX G� +QMbû[m2M+2 2bi [mǶ2M i`�MbK2ii�Mi H2
bB;MB}�Mi 2i mM bB;MB}û 2``QMû- +2H� 2Mi`�ŗM2 mM T`Q#HĕK2 /2 /ûMQi�iBQM TQm` H2
Tm#HB+X AH v �m`�Bi /QM+ mM2 bQ`i2 /Ƕ2M+?�ŗM2K2Mi , mM2 2``2m` /�Mb HǶûH�#Q`�iBQM
/m bB;MB}û URV 2Mi`�ŗM2`�Bi mM2 2``2m` /�Mb H� `2H�iBQM /2 /ûMQi�iBQM UkVX

Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

RXb
B;M

B}+�i
BQM

_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

_û�HBiû U[m�MiBiû 2z2+iBp2V

kX/ûMQi�iBQM

.Ƕ�mi`2b 2t2KTH2b QMi T2`KBb /2 K2ii`2 2M HmKBĕ`2b /2b T`Q#HĕK2b /�Mb H� `2H�iBQM
/2 +Q``2bTQM/�M+2 ,
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Zm�MiBiû 2tT`BKû2 U7Q`K2 p2`#�H2f+?Bz`û2f�M�HQ;B[m2V

_2T`ûb2Mi�iBQM K2Mi�H2 /2 HǶBM7Q`K�iBQM [m�MiBi�iBp2

_û�HBiû U[m�MiBiû 2z2+iBp2V+Q``2bTQM/�M+2

*2mt@+B BMi2`pB2MM2Mi HQ`b[m2 H2 T`Q+2bbmb /2 [m�MiB}+�iBQM TQb2 mM T`Q#HĕK2 /2
p�HB/Biû U+7X +?�TBi`2 R9VX LQmb �pQMb T�` 2t2KTH2 2biBKû [m2- /�Mb HǶ2ti`�Bi ReXe
UT�;2 j9jV- HǶBM/B+�i2m` /m a1*P ûi�Bi BKT`QT`2 ¨ /û+`B`2 HǶûi�i /m K�`+?û /m
i`�p�BH- T�`+2 [mǶBH b2 7QM/2 bm` HǶ�iiBim/2 /Ƕmb�;2`b [mB T2mi- ¨ MQi`2 b2Mb- /û@
T2M/`2 /2 MQK#`2mt 7�+i2m`b �K2M�Mi mM2 p�`B�iBQM /2 HǶBM/B+�i2m`- #B2M [mǶBHb M2
T`ûb2Mi2Mi T�b /2 HB2M /B`2+i �p2+ H2 T?ûMQKĕM2 +?ƬK�;2X *Ƕ2bi +2 T`Q#HĕK2 /2
+Q``2bTQM/�M+2 2Mi`2 HǶBM/B+�i2m` /m a1*P 2i H� [m�MiBiû 2z2+iBp2 /m T?ûMQKĕM2
+?ƬK�;2 [mB Ƭi2 iQmi2 p�H2m` /2 pû`Biû ¨ +2b i`QBb ûMQM+ûb Bbbmb /2 HǶ2ti`�Bi ,

G� bBim�iBQM bǶ�KûHBQ`2 bm` H2 K�`+?û /m i`�p�BH 2M amBbb2

G2 +?ƬK�;2 2bi `2biû bi�#H2 2M D�MpB2`

G2 K�`+?û /m i`�p�BH `ûbBbi2 i`ĕb #B2M

G2b 2t2KTH2b [m2 MQmb �pQMb �M�Hvbûb /�Mb +2 +?�TBi`2 MQmb T2`K2ii2Mi /Ƕ�{`K2`
[m2 H2 T`ûbmTTQbû /2 K2bm`2 +QM+2`M2- /�Mb H2 +�/`2 /2 +2 KQ/ĕH2- ¨ H� 7QBb HǶ�t2
/2 H� bB;MB}+�iBQM 2i /2 H� +Q``2bTQM/�M+2X

.m TQBMi /2 pm2 /2 H� bB;MB}+�iBQM- MQmb �pQMb +QMbi�iû [mǶmM2 BM7Q`K�iBQM
+?Bz`û2 7�Bb�Bi T�`7QBb HǶQ#D2i /ǶmM2 ;ûMû`�HBb�iBQM /2 H� T�`i /2b DQm`M�HBbi2b , H2
`û~2t2 +QMbBbi�Mi ¨ iB`2` /2b +QM+HmbBQMb ;ûMû`�H2b bm` H� #�b2 /ǶmM2 ûim/2 K2Mû2
/�Mb mM +QMi2ti2 bQ+B�H T`û+Bb b2K#H2 āi`2 mM `�BbQMM2K2Mi [mB T`ûbmTTQb2 mM2
Kûi`QHQ;B2 `û�HBbi2 `2TQb�Mi bm` /2b +H�bb2b /ǶQ#b2`p�iBQMb [mB M2 p�`B2Mi MB /�Mb
HǶ2bT�+2 MB /�Mb H2 i2KTbX

.m TQBMi /2 pm2 /2 H� +Q``2bTQM/�M+2- MQmb �pQMb pm [m2 H� K2bm`2 T`Q/mBi
mM2 [m�MiB}+�iBQM [mB TQbbĕ/2 mM HB2M Q#D2+iB7 �p2+ H� `û�HBiû [mǶ2HH2 Q#b2`p2 , BH v �
/QM+ mM HB2M /2 +Q``2bTQM/�M+2 2Mi`2 H2b `ûbmHi�ib /2 K2bm`2b 2i H2b Q#D2ib K2bm`ûbX
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G2 7�Bi /2 T`ûb2Mi2` /2b BM/B+�i2m`b Ĝ bQ+B�mt- û+QMQKB[m2b- /ûKQ;`�T?B[m2b-XXX Ĝ
+QKK2 /2b û[mBp�H2Mib Q#D2+iB7b /2 T?ûMQKĕM2b 2bi /QM+ mM `�++Qm`+B T`ûbmTTQb�Mi
HǶ2tBbi2M+2 /ǶmM2 K2bm`2X
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*?�TBi`2 R3

aǶû[mBT2` 7�+2 �m T`ûbmTTQbû
/2 K2bm`2

G2 i`�Bi2K2Mi DQm`M�HBbiB[m2 /ǶmM2 bi�iBbiB[m2 T2mi �pQB` mM2 BM+B/2M+2 bm` H� `2@
T`ûb2Mi�iBQM K2Mi�H2 [mǶ2HH2 bmb+Bi2 �mT`ĕb /2b /2biBM�i�B`2b /2 HǶBM7Q`K�iBQM c H2
M�``�iB7 +?QBbB T�` H2b DQm`M�HBbi2b T2`K2i 2M 2z2i /2 TQBMi2` H2b BM+2`iBim/2b [m�Mi
�m `�TTQ`i ¨ H� `û�HBiû [mǶBMi`Q/mBi H� [m�MiB}+�iBQMX SQm` +2ii2 `�BbQM- BH b2K#H2
T`BKQ`/B�H [m2 H� H2+im`2 2i HǶmiBHBb�iBQM /2b bi�iBbiB[m2b +QKK2 KQv2Mb /ǶBM7Q`@
K�iBQM bQB2Mi /2b +QKTQb�Mi2b /2 H� 7Q`K�iBQM /2b DQm`M�HBbi2bX G2b MQK#`2b M2
T�`H2Mi T�b /Ƕ2mt@KāK2b- BHb bQMi BKT`û;Mûb /2 b2Mb T�` +2mt [mB H2b +QKK2Mi2Mi
(k3e) UTX R c i`�/mBi /2 HǶ�M;H�BbV c +Ƕ2bi /B`2 bB H2 `ƬH2 /2b +QKK2Mi�i2m`b 2bi 2bb2MiB2H
/�Mb H2 +�/`2 /2 H� T`Q#HûK�iB[m2 [mB MQmb `2iB2MiX

AH T�`�ŗi +2T2M/�Mi iQmi �mbbB 2bb2MiB2H TQm` H2b /2biBM�i�B`2b /2 HǶBM7Q`K�iBQM
Ĝ ¨ b�pQB` TQi2MiB2HH2K2Mi HǶ2Mb2K#H2 /2b +BiQv2Mb Ĝ /2 /ûp2HQTT2` mM Q2BH +`BiB[m2
2i �;m2``B 7�+2 �mt KmHiBTH2b bi�iBbiB[m2b �mt[m2HH2b BHb bQMi +QM7`QMiûb [mQiB/B2M@
M2K2MiX LQmb �pQMb `2H2pû ¨ THmbB2m`b `2T`Bb2b [m2 H2b DQm`M�HBbi2b i`�p�BHH2Mi �p2+
/2b +QMi`�BMi2b [mB M2 H2m` /QMM2Mi T�b iQmDQm`b H� TQbbB#BHBiû /2 /û+QMbi`mB`2 HǶ2M@
b2K#H2 /2b /QMMû2b [mǶBHb `2H�B2Mi- 2M T`BM+BT2- �p2+ ?QMMāi2iûX .�Mb +2ii2 b2+iBQM-

jdd
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MQmb �#Q`/2`QMb [m2H[m2b TBbi2b [mB /2p`�B2Mi T2`K2ii`2- ¨ +2HH2b 2i +2mt [mB H2
bQm?�Bi2Mi- /2 b2 T`ûKmMB` +QMi`2 +2 [m2 MQmb �pQMb MQKKû H2 T`ûbmTTQbû /2
K2bm`2X

R3XR U_2V/û}MB` H� K2bm`2 2i H� /BbiBM;m2` /Ƕ�mi`2b
7Q`K2b /2 [m�MiB}+�iBQM

G2b /ûp2HQTT2K2Mib bm++2bbB7b /2 H� MmKû`�iBQM /2 TQbBiBQM- /2b BMbi`mK2Mib /2
K2bm`2 2i HǶ�{M2K2Mi /2 H� i?ûQ`B2 /2b T`Q#�#BHBiûb +QMbiBim2Mi H2b +QM/BiBQMb
T`û�H�#H2b �v�Mi T2`KBb /2 `û/mB`2 HǶ�+iBpBiû /2 K2bm`2 ¨ H� H2+im`2 /ǶmM2 û+?2HH2 2i
/QM+ /2 HBKBi2` 7Q`i2K2Mi H2 `ƬH2 /m Dm;2K2Mi T2`bQMM2H /�Mb HǶ2M`2;Bbi`2K2Mi /2
+2 [mB 2bi Q#b2`pû (kNj) UTX kedVX *2ii2 T`û+BbBQM `2M/m2 TQbbB#H2 /�Mb H2 +Qm`�Mi /m
sAs2 bBĕ+H2 b2mH2K2Mi R- /QMM2- 2M [m2H[m2 bQ`i2- mM +QMiQm` }M�H ¨ H� /û}MBiBQM �m
b2Mb bi`B+i /m p2`#2 K2bm`2`X *Ƕ2bi ¨ H� bmBi2 /2 K2bm`2b [mB +Q``2bTQM/2Mi ¨ +2ii2
/û}MBiBQM �m b2Mb ûi`QBi- [mǶBH 2bi TQbbB#H2 /Ƕ�/QTi2` Ŀ H� bBKTHB+Biû 2i H� ~2tB#BHBiû
QTû`�iBQMM2HH2 /2b MQK#`2b ŀ (jyk) UTX 9RV TQm` KB2mt +QKT`2M/`2 H2 KQM/2 [mB
MQmb 2MiQm`2X .ǶmM2 K�MBĕ`2 Qm /ǶmM2 �mi`2- BH +QMpB2M/`�Bi /2 `2MQm2` �p2+ mM2
/û}MBiBQM /2 H� K2bm`2 [mB T2`K2ii2 /2 /BbiBM;m2` H2b 7Q`K2b /2 [m�MiB}+�iBQM [mB
7QMi BMi2`p2MB` H� /û}MBiBQM /2 +H�bb2b /ǶQ#b2`p�iBQM /2 +2HH2b [mB `2TQb2Mi bm` /2b
mMBiûb /QMi H� /û}MBiBQM 2bi TQbbB#H2K2Mi �/KBb2 mM2 7QBb TQm` iQmi2bX

*2T2M/�Mi- MQmb �pQMb +QMbi�iû- /�Mb H2 bBHH�;2 /2 .2b`QbBĕ`2b- [m2 H2 p2`#2
K2bm`2` 2i H2 bm#bi�MiB7 K2bm`2 �p�B2Mi mM2 2ti2MbBQM bûK�MiB[m2 [mB +QKT`2M/
�mDQm`/Ƕ?mB #B2M THmb /2 T`Q+2bbmb /2 [m�MiB}+�iBQM [m2 MǶ�/K2ii`�Bi +2ii2 /û}@
MBiBQM �m b2Mb bi`B+iX *Ƕ2bi mM T2m +QKK2 bB iQmi b2 K2bm`�Bi /ûbQ`K�Bb- [m�M/
TQm`i�Mi MQmb �pQMb KQMi`û [mǶ2M `û�HBiû- iQmi b2 [m�MiB}2 T2m Qm T`Qm- K�Bb
[m2 H� K2bm`2 /�Mb b� /û}MBiBQM Ŀ miBH2 ŀ M2 `2+QMM�Bi [mǶmM2 7Q`K2 /Ƕ�+iBpBiû
#B2M T`û+Bb2X *2HH2 +�T�#H2 /2 T`Q/mB`2 mM2 [m�MiB}+�iBQM Q#D2+iBp2- TmBb[mǶ2HH2
T2`K2i /Ƕ2z2+im2` /2b Q#b2`p�iBQMb 2M b2 T�bb�Mi H�`;2K2Mi /2 H� bm#D2+iBpBiû /2
iQmi Q#b2`p�i2m` (kNj)X

RX SQm` +2`i�BMb /QK�BM2b
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G2b Ŀ K2bm`2b ŀ /2 T`Q/m+iBpBiû- /2 +`QBbb�M+2- /2 +`BKBM�HBiû- /2 HǶ�+iBpBiûXXX
T�bb2Mi iQmDQm`b T�` HǶûi�T2 bm#D2+iBp2 /2 H� /û}MBiBQM [mB- Dmbi2K2Mi- `2TH�+2 +2mt
[mB /û}MBbb2Mi /�Mb H� TQbBiBQM /2 HǶQ#b2`p�i2m`X *2b K2bm`2b@H¨ T`Q/mBb2Mi /2b
/QMMû2b [mB QMi i`�p2`bû mM }Hi`2- K�Bb [mB MǶ� T�b H�Bbbû /2 i`�+2- +�` H2b +?Bz`2b
bQMi QKMB+QMp2M�Mib , BHb bB;MB}2Mi b�Mb +QmH2m`- b2K#H2Mi iQmDQm`b M2mi`2b 2i
Q#D2+iB7bX

*2 MǶ2bi /QM+ [m2 T�` mM i`�p�BH /2 HǶ2bT`Bi- +QMbBbi�Mi ¨ `2T�bb2` T�` H2 }Hi`2
/�Mb HǶ�mi`2 b2Mb- `2+QMM�Bbb�Mi H2b Q#b2`p�i2m`b Ĝ H2m`b B/2MiBiûb- H2m`b /û}MBiBQMb-
H2m`b Kûi?Q/2b Ĝ [m2 T2mi �TT�`�ŗi`2 H� bm#D2+iBpBiû [mB T`ûbB/2 ¨ H� [m�MiB}+�iBQM
2M b+B2M+2b ?mK�BM2b 2i bQ+B�H2bX Āi`2 +�T�#H2 /2 `2+QMM�ŗi`2 H� /Bzû`2M+2 2Mi`2
mM2 K2bm`2 �m b2Mb bi`B+i 2i mM2 �mi`2 7Q`K2 /2 [m�MiB}+�iBQM- +Ƕ2bi b2 /QMM2` H�
TQbbB#BHBiû /Ƕ2z2+im2` +2 i`�D2i +`BiB[m2X

R3Xk A/2MiB}2` +2 [mB +QMbiBim2 H� p�HB/Biû /ǶmM2
[m�MiB}+�iBQM

hQmi2 H2b 7Q`K2b /2 [m�MiB}+�iBQM [mB M2 bQMi T�b /2b K2bm`2b �m b2Mb bi`B+i M2
T`Q/mBb2Mi T�b TQm` �mi�Mi /2b `ûbmHi�ib [mB bQMi BMp�HB/2bX G2m` `Q#mbi2bb2 `2TQb2
+2T2M/�Mi bm` mM +2`i�BM MQK#`2 /2 +QKTQb�Mi2b [m2 MQmb �pQMb ûMmKû`û2b 2M
ûi�#HBbb�Mi mM2 +H�bbB}+�iBQM /2b /Bzû`2Mi2b 7Q`K2b /2 i`�/m+iBQM 2M MQK#`2bX

LQmb �pQMb BMbBbiû bm` [m�i`2 ûHûK2Mib TQmp�Mi �z2+i2` H� p�HB/Biû /ǶmM2 [m�M@
iB}+�iBQM 2i [mǶBH 7�m/`�Bi- B/û�H2K2Mi- TQmpQB` `2+QMM�ŗi`2 TQm` /ûp2HQTT2` bQM
`2;�`/ +`BiB[m2X AH b2K#H2 �BMbB 2bb2MiB2H /2 b�pQB` /ûi2`KBM2` bB /2b Q#D2ib [m�M@
iB}ûb bQMi +QMp2MiBQMM2Hb Qm MQM- bǶBH 2bi 2z2+iBp2K2Mi TQbbB#H2 /2 H2b /ûMQK#`2`-
bB +2b Q#D2ib bQMi +QK#BMûb 2M mM b2mH BM/B+�i2m` 2i- }M�H2K2Mi- bB H2 ivT2 /2 bi�@
iBbiB[m2 T�` H�[m2HH2 H2b p�H2m`b bQMi Q#i2Mm2b 2bi bmb+2TiB#H2 /2 `û/mB`2 b� TQ`iû2X
LQmb 2tTHB+BiQMb 2i T�bbQMb +2b /Bzû`2Mi2b +�T�+Biûb 2M `2pm2 /�Mb H2b b2+iBQMb
+B@/2bbQmb UR3XkXR@R3XkX9VX
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R3XkXR G� +QMp2MiBQMM�HBiû /2b Q#D2ib [m�MiB}ûb

G� M�im`2 +QMp2MiBQMM2HH2 /2b Q#D2ib Q#b2`pûb T�` mM2 bi�iBbiB[m2 T2mi 2Mi`�ŗM2`
mM T`Q#HĕK2 /2 p�HB/BiûX 1M 2z2i- MQmb �pQMb KQMi`û [mǶmM Q#D2i +QMp2MiBQMM2H M2
T`ûb2Mi2 mM BMiû`āi bi�iBbiB[m2 [m2 bB b� /û}MBiBQM �m b2Mb i`ĕb H�`;2 M2 +?�M;2 MB
/�Mb HǶ2bT�+2- MB /�Mb H2 i2KTb [m2 H� bi�iBbiB[m2 +QKT�`2X LQmb 2Mi2M/BQMb- T�`
HǶ2tT`2bbBQM Ŀ /û}MBiBQM �m b2Mb i`ĕb H�`;2 ŀ- b� /ûHBKBi�iBQM BMbiBimiBQMM2HH2- K�Bb
�mbbB b� /û}MBiBQM bQ+B�H2- ¨ b�pQB` HǶBKTQ`i�M+2 [mǶmM Q#D2i Qm mM T?ûMQKĕM2 T2mi
�pQB` 2i H2 `2;�`/ [m2 +2`i�BM2b TQTmH�iBQMb T2mp2Mi TQ`i2` bm` HmB ¨ mM KQK2Mi
hX

lM 2t2KTH2 Bbbm /2 MQi`2 +Q`Tmb � +QMbBbiû ¨ KQMi`2` [m2 HǶ�m;K2Mi�iBQM Ĝ
+QMbi�iû2 T�` mM2 bi�iBbiB[m2 Ĝ /m MQK#`2 /2b �;`2bbBQMb ¨ +�`�+iĕ`2 b2tm2H 2i /m
?�`+ĕH2K2Mi bm` H2b T2`bQMM2b G:"hY- TQmp�Bi bǶ2tTHB[m2` T�` mM2 �m;K2Mi�iBQM
2z2+iBp2 /m T?ûMQKĕM2- K�Bb �mbbB T�` mM2 ûpQHmiBQM /2b KQ2m`b 2i mM2 T`ûb2M+2
BKTQ`i�Mi2 /m bmD2i /�Mb HǶ�+im�HBiû c +2b ûHûK2Mib 2ti2`M2b ¨ H� /û}MBiBQM /2 H�
+H�bb2 miBHBbû2 TQm` HǶQ#b2`p�iBQM bi�iBbiB[m2 /m T?ûMQKĕM2 TQmp�B2Mi +QM/mB`2 THmb
/2 T2`bQMM2b ¨ `2+QMM�ŗi`2 Qm /ûMQM+2` /2 i2Hb �+i2bX

�BMbB- �p�Mi /2 iB`2` /2b +QM+HmbBQMb bm` mM2 bi�iBbiB[m2 TQ`i�Mi bm` mM2 2MiBiû
+QMp2MiBQMM2HH2 Ĝ +Ƕ2bi@¨@/B`2 ûi�#HB2 T�` mM �++Q`/ i�+Bi2 Qm 2tTHB+Bi2 2i [mB MǶ2bi
T�b /B`2+i2K2Mi 7QM/û2 bm` H� M�im`2 Qm H� `û�HBiû Ĝ BH +QMpB2M/`�Bi iQmDQm`b /2 b2
/2K�M/2` bB mM ûHûK2Mi 2ti2`M2 �m T?ûMQKĕM2 Qm ¨ HǶQ#D2i Q#b2`pû TQm``�Bi �pQB`
KQ/B}û b� /û}MBiBQM- 2i �BMbB BM~m2M+û H� bi�iBbiB[m2X *2i ûHûK2Mi 2ti2`M2 T2mi
āi`2 mM +?�M;2K2Mi BMbiBimiBQMM2H Ĝ /m /`QBi- /2b T`�iB[m2b �/KBMBbi`�iBp2b- /2
TQHBiB[m2- /2 bi`�iû;B2 /2 HǶ�+iBQM TQHB+Bĕ`2-XXX Ĝ Qm mM +?�M;2K2Mi /m `2;�`/ TQ`iû
bm` HǶ2MiBiû +QMp2MiBQMM2HH2 T�` H� bQ+BûiûX

S�` �BHH2m`b- MQmb �pQMb bQmHB;Mû [m2 H� p�`B�iBQM BM?û`2Mi2 �m H�M;�;2 /BbT�@
`�Bbb�Bi �p2+ H� [m�MiB}+�iBQM- TmBb[m2 +2 T`Q+2bbmb M2 `2iB2Mi [mǶmM2 /û}MBiBQM /2b
Q#D2ib Q#b2`pûbX �BMbB- +QM+2`M�Mi H2b Q#D2ib +QMp2MiBQMM2Hb- BH 2bi iQmDQm`b 2bb2MiB2H
/2 bǶ�bbm`2` [m2 H� /û}MBiBQM /2 +H�bb2 `2i2Mm2 TQm` 2z2+im2` mM2 [m�MiB}+�iBQM
bQBi `�TT2Hû2 Qm +Q``2bTQM/2 ¨ H� /û}MBiBQM miBHBbû2 HQ`b /m +QKK2Mi�B`2 /2 H�
bi�iBbiB[m2X
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G2 i?ĕK2 /2 HǶ2KTHQB MQmb � T2`KBb /ǶBHHmbi`2` +2 TQBMi , H2 i2`K2 +?ƬK�;2
MǶ� T�b [mǶmM2 b2mH2 �++2TiBQM /�Mb bQM miBHBb�iBQM +Qm`�Mi2 c +Ƕ2bi H� `�BbQM TQm`
H�[m2HH2 HQ`b[m2 +2`i�BMb +`Biĕ`2b bQMi `2i2Mmb TQm` H2 +�H+mH /m i�mt /2 +?ƬK�;2 Ĝ
T�` 2t2KTH2 H2b +`Biĕ`2b /m "Ah Ĝ BH b2`�Bi Mû+2bb�B`2 [m2 H2b /û}MBiBQMb [mB T`ûbB/2Mi
¨ +2ii2 [m�MiB}+�iBQM bQB2Mi `�TT2Hû2bX a�Mb �iiB`2` HǶ�ii2MiBQM bm` H2 7�Bi [mǶBH bǶ�;Bi
/ǶmM2 /û}MBiBQM #B2M T`û+Bb2 /m +?ƬK�;2- H� TQ`iû2 /2 HǶBM7Q`K�iBQM T2mi- 2M 2z2i-
āi`2 K�H BMi2`T`ûiû2 c +?�+mM TQm``�Bi- /2 7�Bi- +QKT`2M/`2 HǶûpQHmiBQM /m +?ƬK�;2
b2HQM b� T`QT`2 /û}MBiBQM /2 +?ƬK�;2X *2H� BKTHB[m2`�Bi mM2 /Bzû`2M+2 2Mi`2 HǶQ#D2i
i2H [m2 T`QD2iû T�` H� bi�iBbiB[m2 UbB;MB}�MiV 2i HǶQ#D2i `2T`ûb2Miû K2Mi�H2K2Mi T�`
H2b /2biBM�i�B`2b /2 HǶBM7Q`K�iBQM UbB;MB}ûV , +Ƕ2bi- /�Mb MQi`2 KQ/ĕH2 i`B�M;mH�B`2-
mM T`Q#HĕK2 bm` HǶ�t2 /2 H� bB;MB}+�iBQMX

R3XkXk G2 +�`�+iĕ`2 /ûMQK#`�#H2 /2b Q#D2ib [m�MiB}ûb

lM �mi`2 ûHûK2Mi /QMi MQmb 2biBKQMb [mǶBH /2p`�Bi āi`2 T`Bb 2M +QKTi2 /�Mb HǶûp�@
Hm�iBQM /2 H� p�HB/Biû /ǶmM2 bi�iBbiB[m2 2bi H2 +�`�+iĕ`2 2z2+iBp2K2Mi /ûMQK#`�#H2
/2b Q#D2ib Q#b2`pûbX *QKK2 MQmb HǶ�pQMb bQmHB;Mû- H� MQM@+QMp2MiBQMM�HBiû /2b 2M@
iBiûb Q#b2`pû2b M2 ;�`�MiBi T�b H2m` +�`�+iĕ`2 /ûMQK#`�#H2 c H� bBim�iBQM /m +QpB/@RN
2M Qz`2 HǶBHHmbi`�iBQM- TmBb[mǶ�m+mM2 bQHmiBQM /2 /ûMQK#`2K2Mi 2{+�+2 2i ;ûMû`�@
HBbû2 MǶ� 2M+Q`2 ûiû KBb2 2M TH�+2X

SQm` iQmi /ûMQK#`2K2Mi- BH 2bi /QM+ 2bb2MiB2H /2 b�pQB` `2+QMM�ŗi`2 H2b +`Biĕ`2b
/2 /ûMQK#`�#BHBiû [mB +QM+Qm`2Mi ¨ H� p�HB/Biû /2b +QKT�`�BbQMb [mǶ2z2+im2 mM2
bi�iBbiB[m2 , bQBi H2b Q#D2ib /QMi BH 2bi [m2biBQM bQMi 2z2+iBp2K2Mi /ûMQK#`�#H2b c
bQBi- HQ`b[m2 +2 MǶ2bi T�b H2 +�b- H� K�MBĕ`2 /2 H2b +QKTi2` Qm /Ƕ2M 2biBK2` H� [m�MiBiû
MǶûpQHm2 MB /�Mb HǶ2bT�+2- MB /�Mb H2 i2KTbX GǶmM2 /2 +2b /2mt +QM/BiBQMb /QBi
Q#HB;�iQB`2K2Mi āi`2 `2KTHB2- b�Mb [mQB mM /ûMQK#`2K2Mi ¨ /2b }Mb bi�iBbiB[m2b
M2 T2mi āi`2 +QMbB/û`û +QKK2 p�HB/2X lM ûMQM+û [mB iB`2`�Bi /2b +QM+HmbBQMb bm` H�
#�b2 /ǶmM /ûMQK#`2K2Mi BKTQbbB#H2 û+?�TT2`�Bi iQmi bBKTH2K2Mi ¨ iQmi2 p�H2m`
/2 pû`BiûX
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R3XkXj *QK#BM�BbQM /2 p�`B�#H2b

LQmb �pQMb `2H2pû Ĝ 2i Tm K2ii`2 2M HmKBĕ`2 ¨ HǶ�B/2 /2 MQi`2 +Q`Tmb Ĝ [mǶmM2 T�`iB2
/2b /ûMQK#`2K2Mib /ǶQ#D2ib M2 b2 `2i`Qmp2 T�b /B`2+i2K2Mi 2tT`BKû2 2M MQK#`2b
2MiB2`b- K�Bb [m2 /2b BM7Q`K�iBQMb bm` /2b bmD2ib /2 bQ+Bûiû +QKK2 H2 +?ƬK�;2-
H� +`BKBM�HBiû- H� +`QBbb�M+2- H� KQ`i�HBiû-XXX bQMi H2 THmb bQmp2Mi i`�MbKBb2b T�`
/2b +QK#BM�BbQMb /2 p�`B�#H2b T`Q/mBb�Mi /2 MQmp2�mt BM/B+�i2m`bX *2b QmiBHb bQMi
2tT`BKûb 2M MQK#`2b `û2Hb bm` /2b û+?2HH2b +QMiBMm2b 2i T`2MM2Mi H2 THmb bQmp2Mi
/2mt T�`�Kĕi`2b 2MiB2`b Qm THmbX *Ƕ2bi H2 +�b /m i�mt /2 +?ƬK�;2 /QMi MQmb �pQMb
T�`Hû +B@/2bbmb , BH T`2M/ +QKK2 T�`�Kĕi`2b H2 MQK#`2 /2 +?ƬK2m`b Ĝ b2HQM H�
/û}MBiBQM `2i2Mm2 TQm` +2ii2 +H�bb2 Ĝ 2i H� TQTmH�iBQM �+iBp2 Ĝ TQm` H�[m2HH2 BH 7�mi
û;�H2K2Mi /2b +`Biĕ`2b /2 /û}MBiBQM Ĝ 2i `2MpQB2 H2 `�iBQ 2Mi`2 H2b /2mt p�H2m`b ,
mM2 p�H2m` +QKT`Bb2 2Mi`2 y 2i R bQmp2Mi 2tT`BKû2 2M TQm` +2MiX

G2 T`Q#HĕK2- TQm` +2 [mB 2bi /2 H� p�HB/Biû /2 +2 ivT2 /ǶBM/B+�i2m`b- 2bi- [mǶ2M
�;`û;2�Mi THmbB2m`b p�H2m`b 2M mM2- BH +QM+2Mi`2 iQmi2b H2b +QM/BiBQMb /2 p�HB/Biû /2b
ûHûK2Mib [mB H2 +QKTQb2Mi Ĝ ¨ b�pQB` +2HH2b [m2 MQmb �pQMb ûMmKû`û2b +B@/2bbmbX
�BMbB- mM BM/B+�i2m` +QKK2 H2 i�mt /2 +?ƬK�;2- +mKmH2 HǶBM+2`iBim/2 HBû2 ¨ H�
/û}MBiBQM /2 +?ƬK2m`- K�Bb �mbbB /2 TQTmH�iBQM �+iBp2X

*2i BM/B+�i2m` M2 T`2M/ 2M +QKTi2 [m2 /2mt T�`�Kĕi`2b- K�Bb /Ƕ�mi`2b QmiBHb
pBb�Mi ¨ ûp�Hm2` H� +`QBbb�M+2- H2 #QM?2m`- HǶBMi2HHB;2M+2- H� T`Q/m+iBpBiû- H� [m�@
HBiû- HǶBMbû+m`Biû-XXX bQMi T�`7QBb +QMbi`mBib bm` /2b /Bx�BM2b /2 T�`�Kĕi`2b [mB M2
`ûTQM/2Mi iQmb- /�Mb +2 +QMi2ti2- [mǶ¨ H� b2mH2 /û}MBiBQM +?QBbB2 T�` +2mt [mB
+QMbi`mBb2Mi H2b BM/B+2bX LQmb /QmiQMb [mǶBH bQBi 2z2+iBp2K2Mi TQbbB#H2 /2 i`Qmp2`
/2b +`Biĕ`2b mMBp2`b2Hb [mB T2`K2ii2Mi /2 [m�MiB}2` H2 #QM?2m`- HǶBMi2HHB;2M+2- HǶ27@
}+�+Biû-XXX 2i MQmb T2MbQMb [m2 iQmi2 i2Mi�iBp2 /2 +QMbi`mB`2 /2 i2Hb BM/B+2b �KĕM2
�p2+ 2HH2 H� bm#D2+iBpBiû /2 H� Qm /2b T2`bQMM2b [mB /û}MBbb2Mi H2b +`Biĕ`2b T2`K2i@
i�Mi +2ii2 [m�MiB}+�iBQMX

SQm` +2ii2 `�BbQM- BH �TT�`�ŗi +QKK2 Mû+2bb�B`2 [m2 +2b QmiBHb bQB2Mi miBHBbûb �p2+
H� THmb ;`�M/2 T`û+�miBQM HQ`b[mǶBH bǶ�;Bi /ǶBM7Q`K2` , ¨ KQBMb /2 TQmpQB` ûMmKû`2`
HǶ2Mb2K#H2 /2b i`�Bib /û}MBiQB`2b [mB bQmb@i2M/2Mi +2b [m�MiB}+�iBQMb- HǶBM7Q`K�@
iBQM [mǶ2HH2b `2MpQB2Mi M2 T2mi āi`2 [m2 T�`iB2HH2 U2i T�`iB�H2VX �mbbB 7�m/`�Bi@BH-
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B/û�H2K2Mi- āi`2 2M +�T�+Biû /2 `2+QMM�ŗi`2 +2b Q#D2ib- /2 H2b /û+QMbi`mB`2- 2i T�`@
7QBb- /2 `2MQM+2` ¨ H2m` miBHBb�iBQM HQ`b[mǶBHb M2 +QMbiBim2Mi T�b pû`Bi�#H2K2Mi /2
+QKTHûK2Mi ¨ mM2 BM7Q`K�iBQM 7Q`KmH�#H2 T�` /2b KQibX

R3XkX9 G2 ivT2 /2 bi�iBbiB[m2

G2b T`Q#HĕK2b /2 p�HB/Biû ûMmKû`ûb +B@/2bbmb QMi i`�Bi /B`2+i2K2Mi �m T`Q+2bbmb
/2 [m�MiB}+�iBQMX G2b ivT2b /2 bi�iBbiB[m2b Ĝ /2b+`BTiBp2b- BM7û`2MiB2HH2b Qm T`QD2+@
iBp2b Ĝ T2mp2Mi- T�` +QMi`�bi2- �;B` +QKK2 /2b �KTHB}+�i2m`b /2 +2b T`Q#HĕK2b /2
p�HB/BiûX

lM2 bi�iBbiB[m2 /2b+`BTiBp2 Ĝ 2z2+imû2 bm` /2b /QMMû2b T`ûb2Mi2K2Mi /BbTQMB#H2b
bm` HǶ2Mb2K#H2 /2 H� TQTmH�iBQM Q#b2`pû2 Ĝ MǶ2Mi`�ŗM2- 2M T`BM+BT2- �m+mM T`Q#HĕK2
/2 p�HB/Biû bmTTHûK2Mi�B`2- TmBb[mǶ2HH2 M2 7�Bi [m2 /û+`B`2 /2b /QMMû2b 2t?�mbiBp2b c
2M `2p�M+?2- mM2 bi�iBbiB[m2 BM7û`2MiB2HH2 Ĝ T�bb�Mi T�` mM û+?�MiBHHQM T2`K2ii�Mi
/2 7�B`2 mM2 �TT`QtBK�iBQM /2b +�`�+iû`BbiB[m2b /2 HǶ2Mb2K#H2 /ǶmM2 TQTmH�iBQM Ĝ
T2mi �K2M2` /2b #B�Bb HBûb ¨ HǶû+?�MiBHHQMM�;2 c ivTB[m2K2Mi- mM û+?�MiBHHQM [mB M2
T`2M/`�Bi T�b bm{b�KK2Mi 2M +QKTi2 H2b T?ûMQKĕM2b /2 p�`B�iBQM Ĝ T`BM+BT�H2@
K2Mi /B�iQTB[m2 2i /B�bi`�iB[m2 Ĝ T`Q/mBi /2b BM7Q`K�iBQMb [mB M2 bQMi p�HB/2b [m2
TQm` H� TQTmH�iBQM `2bb2K#H�Mi ¨ HǶû+?�MiBHHQMX

G2b bi�iBbiB[m2b T`QD2+iBp2b Ĝ b2 #�b�Mi bm` /2b bi�iBbiB[m2b /2b+`BTiBp2b 2ifQm
BM7û`2MiB2HH2b TQm` Qz`B` mM2 T`ûpBbBQM /2 HǶ�p2MB` Ĝ bQMi +2HH2b [mB T`Q/mBb2Mi H�
THmb ;`�M/2 BM+2`iBim/2- TmBb[mǶ2HH2b T�`i2Mi /ǶmM2 bBim�iBQM �+im2HH2 TQm` T`û/B`2
mM2 bBim�iBQM 7mim`2- /�Mb H�[m2HH2 /2b ûHûK2Mib 2ti2`M2b ¨ H� bi�iBbiB[m2 T2mp2Mi
BM~m2M+2` H2b T�`�Kĕi`2b `2i2MmbX

SQm` āi`2 2M K2bm`2 /Ƕûp�Hm2` HǶBKT�+i bm` H� p�HB/Biû /2b +QM+HmbBQMb 7QM/û2b bm`
mM2 bi�iBbiB[m2- BH +QMpB2M/`�Bi /QM+ /Ƕāi`2 2M +�T�+Biû /2 `2+QMM�ŗi`2 +2b /Bzû`2Mi2b
K�MBĕ`2b /2 `û+QHi2` 2i i`�Bi2` /2b /QMMû2b , H� /2b+`BTiBQM /2 /QMMû2b 2t?�mbiBp2b
`2[mB2`i �p�Mi iQmi mM2 �ii2MiBQM bm` H2b /û}MBiBQMb miBHBbû2b TQm` [m�MiB}2`X �m
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+QMi`�B`2- HǶ2tTHQBi�iBQM /2 bi�iBbiB[m2b 7QM/û2b bm` HǶBM7û`2M+2 Q#HB;2 HǶQ#b2`p�i2m` ¨
+QMbB/û`2`- MQM b2mH2K2Mi +2b /û}MBiBQMb- K�Bb �mbbB H� `2T`ûb2Mi�iBpBiû /2 HǶû+?�M@
iBHHQM miBHBbû kX

aB HǶû+?�MiBHHQM bm` H2[m2H /2b Q#b2`p�iBQMb bi�iBbiB[m2b bQMi `û�HBbû2b M2 `2b@
b2K#H2 T�b ¨ H� TQTmH�iBQM ¨ H�[m2HH2 +2b BM7Q`K�iBQMb bQMi ;ûMû`�HBbû2b- �HQ`b 2HH2b
M2 T2mp2Mi T�b āi`2 +QMbB/û`û2b +QKK2 p�HB/2bX LQmb �pQMb Q#b2`pû +2 T?ûMQKĕM2
/�Mb HǶ2ti`�Bi ReXRy 2M T�;2 j88- /�Mb H2[m2H mM DQm`M�HBbi2 �p�M+2 [m2 k8W /2b
T2`bQMM2b ;mû`B2b /m +QpB/ /ûp2HQTT2Mi /2b bvKTiƬK2b bm` H2 HQM; i2`K2 c +2ii2
+QM+HmbBQM b2 7QM/�Bi bm` mM2 ûim/2 K2Mû2 �mT`ĕb /ǶmM û+?�MiBHHQM MQM `2T`ûb2Mi�iB7
/2 H� TQTmH�iBQM ;ûMû`�H2X LQmb �pQMb pm [m2 H� +QMbû[m2M+2 /2 +2ii2 ;ûMû`�HBb�@
iBQM 2bi mM BMp�HB/�iBQM /2 HǶBM7Q`K�iBQM , 2HH2 2bi /ûTQm`pm2 /2 p�H2m` /2 pû`Biû-
+�` 2HH2 `2TQb2 bm` H� T`ûbmTTQbBiBQM 7�mbb2 [m2 H2b BM7Q`K�iBQMb Q#i2Mm2b �mT`ĕb
/2 +2i û+?�MiBHHQM bQMi ;ûMû`�HBb�#H2bX

6BM�H2K2Mi Ĝ 2i BH +QMpB2Mi /Ƕ�/K2ii`2 [m2 MQi`2 +Q`Tmb MǶ2M +QMi2M�B2Mi T`�@
iB[m2K2Mi T�b Ĝ H2b bi�iBbiB[m2b T`QD2+iBp2b M2 T2mp2Mi b2 DmbiB}2` [m2 HQ`b[m2
HǶQ#b2`p�iBQM TQ`i2 bm` mM T?ûMQKĕM2 /QMi HǶûpQHmiBQM 2bi [m�bB HBMû�B`2 Qm /QMi H�
i`�D2+iQB`2 bmBi mM2 +Qm`#2 Q#D2+iBp�#H2X �BMbB- mM2 i2HH2 �TT`Q+?2 T`ûb2Mi2 T2m /2
b2Mb /�Mb H� /2b+`BTiBQM /2 H� THmT�`i /2b T?ûMQKĕM2b ?mK�BMb 2i bQ+B�mt- TmBb[m2
+2mt@+B ~m+im2Mi 2M 7QM+iBQM /2 MQK#`2mt 7�+i2m`b 2i M2 b2 H�Bbb2Mi ;mĕ`2 T`ûpQB`
bi�iBbiB[m2K2Mi jX

kX GǶû+?�MiBHHQMM�;2 2bi mM2 T`�iB[m2 +QKTH2t2 H�`;2K2Mi i?ûK�iBbû2 �BHH2m`b , MQmb
MǶ�pQMb T�b H� T`ûi2MiBQM /Ƕ2tTHB[m2` B+B +2 [mB +QMbiBim2 2z2+iBp2K2Mi mM û+?�MiBHHQM
`2T`ûb2Mi�iB7X

jX G2b û+QMQKBbi2b bǶv ?�b�`/2Mi TQm`i�Mi �p2+ H2m`b T`QD2+iBQMb /2 +`QBbb�M+2 2i �mi`2b
T2`bT2+iBp2b û+QMQKB[m2b [mB û+?Qm2Mi ;ûMû`�H2K2Mi HQ`b[mǶBMi2`pB2Mi HǶBKT`ûpm , mM2
;m2``2- mM2 +`Bb2 û+QMQKB[m2- b�MBi�B`2- bQ+B�H2- #Qm`bBĕ`2- KQMûi�B`2-XXX



R3XjX A.1LhA6A1_ G1a S_úalSSPaúa .1 J1al_1 j38

R3Xj A/2MiB}2` H2b T`ûbmTTQbûb /2 K2bm`2

G2 7�Bi /Ƕ�ii`B#m2` ¨ iQmi2 Q#b2`p�iBQM +?Bz`û2 H2b [m�HBiûb /2 K�i?ûK�iBb�#BHBiû
2i /ǶQ#D2+iBpBiû T`QT`2b ¨ H� K2bm`2 �m b2Mb ûi`QBi 2bi +QMbiBimiB7 /2 +2 [m2 MQmb
�pQMb MQKKû H2 T`ûbmTTQbû /2 K2bm`2X § MQi`2 b2Mb- bǶ?�#Bim2` ¨ `2+QMM�ŗi`2 H2b
TQBMib ûMmKû`ûb +B@/2bbmb UR3XkXR@R3XkX9V /2p`�Bi T2`K2ii`2 ¨ +?�+mM /2 b2 T`ûKm@
MB` +QMi`2 +2 T`ûbmTTQbûX

1M 2z2i- āi`2 +�T�#H2 /Ƕ�M�Hvb2` 2i /ǶB/2MiB}2` H2 T`Q+2bbmb /2 [m�MiB}+�iBQM [mB
bQmb@i2M/ H2b MQK#`2b- 2M /ûi2`KBM�Mi H2 +�`�+iĕ`2 +QMp2MiBQMM2H Qm MQM- /ûMQK@
#`�#H2 Qm MQM- /2b Q#D2ib b+`miûb- T2`K2i /2 b�BbB` HǶ�bT2+i `2H�iB7 /2b BM7Q`K�iBQMb
[mB 2M /û+QmH2Mi , +QMi`�B`2K2Mi ¨ /2b K2bm`2b +2b T`Q+2bbmb `2TQb2Mi- 2M 2z2i-
iQmDQm`b bm` H2 /ûMQK#`2K2Mi /2 +H�bb2b /Bb+`ĕi2b 2i MQM bm` /2b mMBiûb BMp�`B�#H2b
2i +QMiBMm2bX

S�` �BHH2m`b- āi`2 ¨ KāK2 /2 7�B`2 H� /Bzû`2M+2 2Mi`2 mM BM/B+�i2m` 2i mM2 K2bm`2
Ĝ MQMQ#bi�Mi H2m` 2tT`2bbBQM +QKKmM2 2M MQK#`2b `û2Hb Ĝ b2K#H2 2bb2MiB2HX 1M
/ûp2HQTT�Mi b� +�T�+Biû ¨ /û+QMbi`mB`2 H2 T`2KB2` 2i ¨ KQMi`2` [mǶBH `2TQb2 bm`
/2b p�H2m`b Ĝ T�`7QBb #QBi2mb2b Ĝ �;`û;û2b /2 7�ÏQM +QMp2MiBQMM2HH2 /�Mb H2 #mi
/ǶQ#b2`p2` mM Q#D2i [mǶBH 2bb2MiB�HBb2 T�` H¨ KāK2- T2`K2i ¨ HǶQ#b2`p�i2m` /Ƕāi`2
+`BiB[m2 /2 +2i QmiBH 2M `2H2p�Mi bQM +�`�+iĕ`2 bm#D2+iB7X

6BM�H2K2Mi- TQmpQB` B/2MiB}2` 2i /Bzû`2M+B2` H2 ivT2 /2 bi�iBbiB[m2 miBHBbû TQm`
/û+`B`2 mM2 `û�HBiû- T2mi T2`K2ii`2 ¨ mM Q#b2`p�i2m` �pBbû /2 K2ii`2 2M ûpB/2M+2
/2b 7�B#H2bb2b ûp2Mim2HH2b /ǶmM û+?�MiBHHQMM�;2 Qm H2b HBKBi2b ûTBbiûKQHQ;B[m2b /ǶmM2
T`QD2+iBQMX

SQm` `ûbmK2`- bǶû[mBT2` /2 +2b /Bzû`2Mi2b +�T�+Biûb- T2`K2i /2 i`�p2`b2` 2M b2Mb
BMp2`b2 H2 }Hi`2 /2 H� [m�MiB}+�iBQM- 2i /2 `2;�`/2` H2b +QM+2Ti2m`b /2 +2b BM/B+2b 2i
/ûMQK#`2K2Mib /�Mb H2b v2mt 2M K2ii�Mi ¨ Mm H2m` bm#D2+iBpBiû , H2m`b B/2MiBiûb-
H2m`b /û}MBiBQMb- H2m`b Kûi?Q/2bX 1z2+im2` +2 i`�D2i- +Ƕ2bi `û�HBb2` [m2 HǶQ#b2`p�iBQM
/ǶmM T?ûMQKĕM2 bQmb H2 b2mH �M;H2 bi�iBbiB[m2 M2 T2`K2i- 2M [m2H[m2 bQ`i2- /2 H2
pQB` [mǶ¨ i`�p2`b /2b HmM2ii2b i2BMiû2b , H2 +QKT`2M/`2- +Ƕ2bi b2 /QMM2` H� TQbbB#BHBiû
/ǶƬi2` +2b HmM2ii2b 2i /2 `2+QMM�ŗi`2 H� pû`Bi�#H2 +QHQ`�iBQM /2b Q#D2ib Q#b2`pûbX
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R3X9 _2+QMM�ŗi`2 HǶ�#b2M+2 /2 p�H2m` /2 pû@
`Biû /2b ûMQM+ûb +QMi2M�Mi mM T`ûbmT@
TQbû /2 K2bm`2

G2 /2`MB2` 2Mb2B;M2K2Mi /û+QmH�Mi /2b TQBMib `2H2pûb +B@/2bbmb � i`�Bi ¨ H� MQiBQM
/2 T`ûbmTTQbûX LQmb �pQMb `2H2pû [mǶmM T`ûbmTTQbû 2bi mM2 BM7Q`K�iBQM BKTHB+Bi2
T�`i�;û2 T�` H2b K2K#`2b /ǶmM2 bBim�iBQM +QKKmMB+�iBQMM2HH2- [mB- #B2M [mǶ�Miû@
`B2m` ¨ HǶ�+i2 /ǶûMQM+B�iBQM- �TT�`�ŗi +QKK2 mM Ŀ �TTQ`i T`QT`2 /2 HǶûMQM+û ŀ (RyR)
UTX kRVX 1M /Ƕ�mi`2 i2`K2b- H� pû`�+Biû /ǶmM2 T�`iB2 BKTHB+Bi2 /2 MQK#`2mt ûMQM+ûb
2bi �++2Tiû2 T�` T`ûbmTTQbûX .m+`Qi (RyR) i?ûQ`Bb2 H2 7�Bi Ŀ [m2- bB mM T`ûbmTTQbû HBû
¨ mM ûMQM+û 2bi 7�mt- +2i ûMQM+û MǶ2bi MB p`�B MB 7�mt- K�Bb bBKTH2K2Mi /ûTQm`pm
/2 b2Mb ŀ (9y) UTX R8RVX

.�Mb /2b ûMQM+ûb [m2 MQmb �pQMb �M�Hvbûb- +QKK2 Ŀ H� bBim�iBQM bǶ�KûHBQ`2 bm`
H2 K�`+?û /m i`�p�BH 2M amBbb2 ŀ- H� +�T�+Biû /2 HǶBM/B+�i2m` miBHBbû Ĝ 2M HǶQ++m``2M+2
H2 i�mt /2 +?ƬK�;2 b2HQM H2 a1*P Ĝ ¨ 2tT`BK2` mM T?ûMQKĕM2 Ĝ HǶ�KûHBQ`�iBQM bm`
H2 K�`+?û /m i`�p�BH Ĝ /2 7�ÏQM M2mi`2 2i Q#D2+iBp2 2bi T`ûbmTTQbû2X P`- MQmb �pQMb
KQMi`û [m2 H� b2mH2 p�`B�iBQM /2 +2i BM/B+�i2m` M2 +QMbiBim�Bi T�b Mû+2bb�B`2K2Mi
H2 bB;M2 /2 HǶ�KûHBQ`�iBQM /QMi 2HH2 b2`�Bi T`ûi2M/mK2Mi H� T`2mp2X G2 T`ûbmTTQbû
[mǶBH 2tBbi2`�Bi mM HB2M BMi`BMbĕ[m2 2Mi`2 H2 i�mt /2 +?ƬK�;2 �m b2Mb /m a1*P 2i H�
bBim�iBQM bm` H2 K�`+?û /m i`�p�BH 2bi /QM+ 7�mtX úi�Mi /QMMû [m2 HǶ�{`K�iBQM Ŀ G�
bBim�iBQM bǶ�KûHBQ`2 bm` H2 K�`+?û /m i`�p�BH 2M amBbb2 ŀ `2TQb2 bm` +2 T`ûbmTTQbû-
2i [m2 +2 T`ûbmTTQbû 2i 7�mt- +2i ûMQM+û M2 T2mi āi`2 +QMbB/û`û- MB +QKK2 p`�B- MB
+QKK2 7�mt , BH MǶ� bBKTH2K2Mi T�b /2 p�H2m` /2 pû`BiûX

�BMbB- iQmb H2b ûMQM+ûb [mB �ii`B#m2Mi ¨ mM2 Q#b2`p�iBQM +?Bz`û2 H2b [m�HBiûb /2
K�i?ûK�iBb�#BHBiû 2i /ǶQ#D2+iBpBiû T`QT`2b ¨ H� K2bm`2 9 �m b2Mb ûi`QBi Ĝ +Ƕ2bi@¨@/B`2
[mǶBHb +QMiB2MM2Mi mM T`ûbmTTQbû /2 K2bm`2 Ĝ MǶQMi T�b /2 p�H2m` /2 pû`Biû , BHb M2
T2mp2Mi D�K�Bb āi`2 THmb [m2 TQbbB#H2b Qm T`Q#�#H2bX

9X 1i [mB M2 b2`�B2Mi T�b 2HH2b@KāK2 /2b K2bm`2bX
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R3X8 G� TH�+2 /2 H� [m�MiB}+�iBQM /�Mb HǶ2M@
b2B;M2K2Mi /2b K�i?ûK�iB[m2b

aǶBH b2K#H2 2bb2MiB2H Ĝ �m pm /2b ûHûK2Mib KBb 2M ûpB/2M+2 T�` MQi`2 �M�Hvb2 Ĝ
[m2 H2b DQm`M�HBbi2b bQB2Mi 2M K2bm`2 /2 /û+QMbi`mB`2 /2b T`Q+2bbmb /2 [m�MiB}+�@
iBQM- MQmb T2MbQMb [m2 H2 /ûp2HQTT2K2Mi /2 +2ii2 +�T�+Biû TQm``�Bi āi`2 ûi2M/m
¨ iQmb H2b +BiQv2Mb /ǶmM2 /ûKQ+`�iB2- MQi�KK2Mi �m i`�p2`b /ǶmM 2Mb2B;M2K2Mi
/2b K�i?ûK�iB[m2b [mB BM+Hm`�Bi H� i?ûK�iB[m2 /m T�bb�;2 /m +Q/2 p2`#�H �m +Q/2
+?Bz`ûX

P`- 7Q`+2 2bi /2 +QMbi�i2`- [m2 /�Mb HǶ2Mb2B;M2K2Mi Q#HB;�iQB`2 2i TQbiQ#HB;�@
iQB`2 /2b K�i?ûK�iB[m2b- H� [m2biBQM /2 H� [m�MiB}+�iBQM MǶ�TT�`�ŗi T�b /2 7�@
ÏQM +2Mi`�H2X G� i`�/m+iBQM /2 HǶ2tTû`B2M+2 2M H�M;�;2 K�i?ûK�iB[m2 M2 7�Bi- T�`
2t2KTH2- T�b T�`iB2 /m TH�M /Ƕûim/2 /2 HǶû+QH2 /2 K�im`Biû 8 p�m/QBb2 (N3)X lM2
b2mH2 2t+2TiBQM 2bi T`ûpm2 TQm` H2b ûim/B�Mib �v�Mi 2tT`2bbûK2Mi +?QBbB HǶQTiBQM
bTû+B}[m2 �TTHB+�iBQM /2b K�i?ûK�iB[m2b 2M /2`MBĕ`2 �MMû2 2i TQm` [mB mM2 T�`iB2
/m +Qm`b /2p`�Bi Ĝ /Ƕ�T`ĕb H2b 2tB;2M+2b /m TH�M /Ƕûim/2 Ĝ āi`2 +QMb�+`û2 ¨ Ŀ i`�@
/mB`2- bQmb 7Q`K2 K�i?ûK�iB[m2- /2b T`Q#HĕK2b +QM+`2ib T`Qp2M�Mi /2 H� #BQHQ;B2-
/2 HǶû+QMQKB2- /2 HǶBM7Q`K�iB[m2- /2 H� T?vbB[m2 Qm /ǶmM �mi`2 /QK�BM2 ŀ UTX NRVX

*2H� MQmb T�`�ŗi BMbm{b�Mi , /2 MQK#`2mt b�pQB`b 2Mb2B;Mûb 2M K�i?ûK�iB[m2b
M2 b2`QMi KBb 2M �TTHB+�iBQM [m2 T�` mM2 KBMQ`Biû /2b ûim/B�Mib Q#i2M�Mi mM2
K�im`Biû- [m�M/- 2M `2p�M+?2- iQmb b2`QMi +QM7`QMiûb /2 7�ÏQM [mQiB/B2MM2 ¨ /2b
+QMi2Mmb /ǶBM7Q`K�iBQM K2ii�Mi 2M D2m /2b T?ûMQKĕM2b ?mK�BMb 2i bQ+B�mt [m�M@
iB}ûbX

SQm` iQmi2b H2b `�BbQMb [m2 MQmb �pQMb ûMmKû`û2b- MQmb T2MbQMb [m2 H� [m2b@
iBQM /2 H� T2`i2 /ǶBM7Q`K�iBQM `ûbmHi�Mi /m i`�Mb+Q/�;2 [mǶQTĕ`2 H2 T`Q+2bbmb /2
[m�MiB}+�iBQM /2p`�Bi T`2M/`2 mM2 TH�+2 THmb BKTQ`i�Mi2 /�Mb HǶ2Mb2B;M2K2Mi- MQ@
i�KK2Mi T�`+2 [m2 +2 b�pQB` +QMi`B#m2 ¨ H� MmKû`�iB2 /2b BM/BpB/mb , H2m` +�T�+Biû
¨ miBHBb2`- �TTHB[m2`- BMi2`T`ûi2`- +QKKmMB[m2`- +`û2` 2i +`BiB[m2` /2b BM7Q`K�iBQMb
2i /2b B/û2b K�i?ûK�iB[m2b /2 H� pB2 `û2HH2X

8X G� K�im`Biû 2bi HǶû[mBp�H2Mi bmBbb2 /m #�++�H�m`û�iX
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.2 +2 TQBMi /2 pm2- BH �TT�`�ŗi [m2 H2b K�i?ûK�iB[m2b TQm``�B2Mi āi`2 BMiû;`û2b
/2 7�ÏQM #2�m+QmT THmb bvbiûK�iB[m2 ¨ /2b /ûK�`+?2b /Ƕ2Mb2B;M2K2Mi BMi2`/Bb+B@
THBM�B`2X *2H� T2`K2ii`�Bi /2 TH�+2` H2b [m2biBQMb /2 [m�MiB}+�iBQM Ĝ [mB b2 i`Qmp2
¨ HǶBMi2`b2+iBQM /2b K�i?ûK�iB[m2b 2i /Ƕ�mi`2b /Bb+BTHBM2b Ĝ �m +Q2m` /2 HǶ2Mb2B;M2@
K2MiX



*?�TBi`2 RN

*QM+HmbBQM

LQmb �pQMb �#Q`/û +2 i`�p�BH bm` H2 +QMbi�i /ǶmM2 QKMBT`ûb2M+2 /2b MQK#`2b , mM2
i`ĕb ;`�M/2 T`QTQ`iBQM /2b bmD2ib 7�Bb�Mi HǶ�+im�HBiû T`ûb2Mi2 /2b �bT2+ib [m�MiB@
}�#H2b 2i +2ii2 TQbbB#BHBiû /2 i`�/mB`2 H� pB2 2M MQK#`2 2bi TH2BM2K2Mi 2tTHQBiû2X aB
H� K2bm`2 �m b2Mb bi`B+i MǶ2bi [mǶmM2 K�MBĕ`2 T�`KB /Ƕ�mi`2b /2 i`�Mb7Q`K2` /2b
T`QT`Bûiûb /m KQM/2 2M MQK#`2b- +2HH2@+B DQmBi iQmi27QBb /ǶmM2 T�`iB+mH�`Biû [m2
M2 T`ûb2Mi2Mi T�b H2b �mi`2b 7Q`K2b /2 [m�MiB}+�iBQMb , 2HH2 T2`K2i /2 T`Q/mB`2
/2b Q#b2`p�iBQMb [mB b2 T�bb2Mi /2 H� bm#D2+iBpBiûb /2b BM/BpB/mb ;`�+2 ¨ b2b +H�bb2b
/ǶQ#b2`p�iBQM BMp�`B�#H2b , H2b mMBiûb /2 K2bm`2X *QKK2 MQmb HǶ�pQMb KQMi`û- H�
K2bm`2- +QKT`Bb2 /�Mb +2 b2Mb- MǶ� ûiû `2M/m2 TQbbB#H2 [m2 T�` H2 /ûp2HQTT2K2Mi
/2b +?Bz`2b Ĝ T2`K2ii�Mi HǶ2tT`2bbBQM i?ûQ`B[m2 /2 HǶBM}MBK2Mi T`û+Bb Ĝ /ǶBMbi`m@
K2Mib /2 K2bm`2 2i /2 Kûi?Q/2b K�i?ûK�iB[m2b- �K2M�Mi mM2 K�ŗi`Bb2 /2 HǶ2``2m`
BM?û`2Mi2 ¨ HǶ�+iBpBiû /2 K2bm`�;2 U+7X +?�TBi`2 NVX GǶ�pĕM2K2Mi /2 H� K2bm`2 MǶ2bi-
TQm` T�`iB2- [m2 `2H�iBp2K2Mi `û+2Mi- TmBb[mǶ2HH2 M2 7mi TQbbB#H2 [mǶ¨ T�`iB` /m sAs2

bBĕ+H2 /�Mb +2`i�BMb /QK�BM2b /2 H� T?vbB[m2- /2 H� #BQHQ;B2 2i /2 H� +?BKB2 (RjN)
UTX 93VX

>BbiQ`B[m2K2Mi- +2ii2 ûTBT?�MB2 /2 H� K2bm`�#BHBiû /�Mb /2 MQK#`2mt +?�KTb
/2b b+B2M+2b /2 H� K�iBĕ`2 �++QKT�;M2 HǶûK2`;2M+2 /2 HǶB/û2 [m2 H2b MQK#`2b bQMi
/2b ûHûK2Mib 2bb2MiB2Hb TQm` +QKT`2M/`2 H2b 7�BibX SQm` `2T`2M/`2 H2b i2`K2b /2
>�+FBM; (RjN) , p2`b H� }M /m sAs2 bBĕ+H2 Ŀ H� T?BHQbQT?B2 Q{+B2HH2 ûi�Bi [mǶmM

j3N
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Q#D2i M2 TQmp�Bi āi`2 +QKT`Bb [m2 HQ`b[mǶBH TQmp�Bi āi`2 K2bm`û ŀ UTX 93- i`�/mBi /2
HǶ�M;H�BbVX J2ix (kyk) MQi2 /2 7�ÏQM bBKBH�B`2 [m2- /ĕb +2ii2 ûTQ[m2- Ŀ b2mH +2 [mB
T2mi āi`2 +QKTiû 2bi mM2 +�`�+iû`BbiB[m2 /2 H� bQ+Bûiû KQ/2`M2 ŀ UTX jjy- i`�/mBi
/2 HǶ�M;H�BbVX AH b2K#H2 �BMbB +Q?û`2Mi [m2 H2 iQm`M�Mi /m sAs2 bBĕ+H2 +QśM+B/2- 2M
1m`QT2- �p2+ H2 /ûp2HQTT2K2Mi /2 H� bi�iBbiB[m2 +QKK2 QmiBH /2 /2b+`BTiBQM /2b
úi�ib 2i �p2+ HǶ�TT�`BiBQM Ĝ MQi�KK2Mi +?2x Zm2i2H2i Ĝ /ǶmM2 pQHQMiû- 2M [m2H[m2
bQ`i2- /2 i`Qmp2`- T�` H2 /ûMQK#`2K2Mi- /2b HQBb mMBp2`b2HH2b ;mB/�Mi H� pB2 2i
HǶ�+iBQM ?mK�BM2X

.2 +2ii2 ?BbiQB`2 /2 /ûp2HQTT2K2Mib T�`�HHĕH2b /û+QmH2 mM KûH�M;2 ûTBbiûKQHQ@
;B[m2 UpQB` b2+iBQM RRXjV /�Mb HǶ�TTHB+�iBQM /2b MQK#`2b �mt b+B2M+2b ?mK�BM2b ,
THmbB2m`b +?�KTb /Bb+BTHBM�B`2b �mt �TT`Q+?2b i`ĕb /Bp2`b2b QMi 2M 2z2i �K2Mû /2b
T`�iB[m2b [mB- 2Mb2K#H2- bQmb@i2M/2Mi �mDQm`/Ƕ?mB MQi`2 K�MBĕ`2 /2 T`Q/mB`2 2i
/Ƕ�TT`û?2M/2` /2b bi�iBbiB[m2b (N8)X *2T2M/�Mi- T`Q;`2bbBp2K2Mi- HǶB/û2 2i H2 i2`K2
/2 K2bm`2 b2 bQMi BKTQbûb bm` /Ƕ�mi`2b `2M/�Mi TQm`i�Mi KB2mt +QKTi2 /2 H�
+QKTH2tBiû /2 H� [m�MiB}+�iBQM 2M b+B2M+2b ?mK�BM2b 2i bQ+B�H2bX .2b`QbBĕ`2b (N9)
HǶ2tTHB[m2 2i HǶBHHmbi`2 #`BHH�KK2Mi /�Mb +2 T�bb�;2 UTX R8NV ,

(XXX) H� bi�iBbiB[m2 bQ+B�H2 � ûiû +QMbi`mBi2- Hû;BiBKû2 2i /Bzmbû2 ¨ T�`iB`
/m KQ/ĕH2 Kûi`QHQ;B[m2 `û�HBbi2 /2b b+B2M+2b /2 H� M�im`2X G� `û�@
HBiû 2tBbi2 �Miû`B2m`2K2Mi ¨ bQM Q#b2`p�iBQM- +QKK2 HǶûiQBH2 TQH�B`2 �
2tBbiû #B2M �p�Mi iQmb H2b �bi`QMQK2bX J�Bb T`û+BbûK2Mi H� /û}MBiBQM
2i H� K2bm`2 /2 H� TQTmH�iBQM �+iBp2 2i /m +?ƬK�;2 `2Hĕp2Mi /ǶmM2
�mi`2 ûTBbiûKQHQ;B2 [m2 +2HH2 /2 HǶûiQBH2 TQH�B`2X 1HH2b BKTHB[m2Mi /2b
+QMp2MiBQMb U�M�HQ;m2b �mt T`BM+BT2b ;ûMû`�mt /2b HQBb 2i /2b +Q/2b
pQiûb T�` H2b S�`H2K2MibV 2i /2b /û+BbBQMb U�M�HQ;m2b ¨ +2HH2b /ǶmM
Dm;2V /Ƕ�z2+i2` i2H +�b ¨ i2HH2 +H�bb2X

*Ƕ2bi +2ii2 +QM7mbBQM 2Mi`2 /Bzû`2Mi2b 7Q`K2b /2 [m�MiB}+�iBQM [mB M2 b2 `2b@
b2K#H2Mi T�b- K�Bb T`Q/mBb2Mi /2b +?Bz`2b /QMi H� bB;MB}+�iBQM K�i?ûK�iB[m2 2i
HǶ�TT�`2M+2 bQMi B/2MiB[m2b- [mB 2bi ¨ H� #�b2 /2 +2 [m2 MQmb �pQMb MQKKû H2
T`ûbmTTQbû /2 K2bm`2X .�Mb H� /û}MBiBQM [m2 MQmb HmB �pQMb /QMMû- BH BMi2`pB2Mi
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HQ`b[m2 H2b [m�HBiûb /2 K�i?ûK�iBb�#BHBiû 2i /ǶQ#D2+iBpBiû T`QT`2b ¨ H� K2bm`2 �m
b2Mb ûi`QBi bQMi �ii`B#mû2b ¨ /2b p�H2m`b Q#i2Mm2b b�Mb H2 `2+Qm`b 2z2+iB7 ¨ +2ii2
7Q`K2 /2 [m�MiB}+�iBQMX

LQmb �pQMb �BMbB KQMi`û- ¨ i`�p2`b HǶ�M�Hvb2 /ǶmM +Q`Tmb /2 R9 DQm`M�mt iû@
HûpBbûb /2 H� _ha- [m2 H2b `�BbQMM2K2Mib p�H�#H2K2Mi �TTHB+�#H2b ¨ /2b K2bm`2b
�m b2Mb bi`B+i Ĝ 7Q`K2 /2 [m�MiB}+�iBQM [mB MǶ�/K2i [m2 /2b +H�bb2b /ǶQ#b2`p�iBQM
BMp�`B�#H2b Ĝ b2 i`Qmp2Mi- T�` 2ti2MbBQM- �TTHB[mûb ¨ /2b MQK#`2b Bbbmb /2 T`Q+2bbmb
/2 [m�MiB}+�iBQM [mB- �m +QMi`�B`2 /2 H� K2bm`2- M2 T2mp2Mi T�b b2 /û/Qm�M2` /ǶmM
i`�p�BH T`û�H�#H2 /2 /û}MBiBQMX *2b Q#D2ib `2TQb2Mi �BMbB bm` /2b #�b2b +QMp2MiBQM@
M2HH2b- +Ƕ2bi@¨@/B`2 bm#D2+iBp2b Qm BMi2`bm#D2+iBp2bX

G2 +Q`QHH�B`2 /2 +2ii2 Q#b2`p�iBQM 2bi [mǶmM2 [m�MiBiû MQM@Mû;HB;2�#H2 /ǶBM7Q`@
K�iBQMb R 7Q`KmHû2b bm` H� #�b2 /ǶmM2 Kûi`QHQ;B2 T2`Ïm2 +QKK2 `û�HBbi2 Ĝ ¨ HǶû;�H
/2 H� K2bm`2 Ĝ T�` +2mt [mB H2b +QKK2Mi2Mi- �- 2M `û�HBiû- mM2 p�H2m` /2 pû`Biû
BM+2`i�BM2X LQmb T�`p2MQMb ¨ K2ii`2 +2 T?ûMQKĕM2 2M HmKBĕ`2 bm` H� #�b2 /ǶmM
+Q`Tmb /2 +QMi2Mmb bmBbb2b c +2T2M/�Mi- iQmi H�Bbb2 T2Mb2` [mǶBH M2 b2 HBKBi2 T�b
;ûQ;`�T?B[m2K2Mi ¨ +2ii2 `û;BQMX G2 7�Bi [m2 .2b`QbBĕ`2b (Ne) Ĝ �mi2m` /2 M�iBQM�@
HBiû 7`�MÏ�Bb2 Ĝ �iiB`2 MQi`2 �ii2MiBQM bm` +2 KāK2 KB`�;2 HQ`b[mǶBH û+`Bi [m2 Ŀ H2
bBKTH2 7�Bi /ǶmiBHBb2` H2 p2`#2 K2bm`2` `2MpQB2 BKTHB+Bi2K2Mi ¨ H� Kûi`QHQ;B2 `û�HBbi2
/2b b+B2M+2b /2 H� M�im`2 ŀ UTX j3V- b2K#H2 BM/B[m2` [m2 HǶ�miQ`Biû M�im`2HH2 +QM7û@
`û2 ¨ iQmi +?Bz`2- T�` HǶBMi2`+2bbBQM /2 HǶB/û2 /2 K2bm`2- MǶ2bi T�b mM2 bTû+B}+Biû
?2HpûiB[m2X

AH +QMpB2Mi /2 `�TT2H2` B+B [m2 H2b +H�bb2b /ǶQ#b2`p�iBQM [m2 MQmb �pQMb miBHBbû2b
/�Mb H2 +�/`2 /2 +2ii2 ûim/2 bQMi 7QM/û2b bm` MQi`2 �M�Hvb2 2i bm` MQb ?vTQi?ĕb2bX
lM2 T�`iB2 BKTQ`i�Mi2 /2 MQi`2 i`�p�BH � +QMbBbiû ¨ `�TT2H2` [mǶmM2 /Qb2 /2 bm#@
D2+iBpBiû 2bi Mû+2bb�B`2K2Mi BM/mBi2 T�` H2 i`�p�BH /2 /û}MBiBQMb 2i /2 +H�bbB}+�iBQM
T`û+û/�Mi iQmi2 T`Q/m+iBQM 2z2+iBp2 /2 bi�iBbiB[m2bX *2ii2 `2K�`[m2 +QM+2`M2 /QM+
û;�H2K2Mi MQi`2 /ûK�`+?2 T`�iB[m2 , MQmb �pQMb +QMbi`mBi mM KQ/ĕH2 /ǶQ#b2`p�iBQM
[mB MQmb b2K#H2 T2`iBM2Mi TQm` K2ii`2 2M HmKBĕ`2 /2b T?ûMQKĕM2b- K�Bb MQmb MQmb
/2pQMb /Ƕ2M �++2Ti2` H2b HBKBi2b 2i MQmb +QM+û/QMb [mǶmM2 T�`iB2 /2 +2 i`�p�BH /2
+H�bbB}+�iBQM 2i /Ƕ�MMQi�iBQM 2bi TQ`i2mb2 /2 MQi`2 bm#D2+iBpBiûX LQmb miBHBbQMb û;�@

RX LQmb 2M �pQMb `2H2pû jk Q++m``2M+2b bm` THmb /2 e ?2m`2b /2 +QMi2MmbX
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H2K2Mi /2b bi�iBbiB[m2b �v�Mi pQ+�iBQM ¨ T`Qmp2` HǶ2tBbi2M+2 /2b T?ûMQKĕM2b [m2
MQmb �pQMb i?ûQ`Bbûb , 2M +2H� MQmb bQKK2b- MQmb �mbbB- T`Bb /�Mb mM2 /ûK�`+?2
/�Mb H�[m2HH2 H2b +?Bz`2b T�`iB+BT2Mi ¨ 7�B`2 �TT�`�ŗi`2 /2b 7�Bib [mB TQm`i�Mi M2 b2
K2bm`2Mi T�b �m b2Mb Qɍ MQmb HǶ�pQMb 2Mi2M/mX

*2 /2`MB2` +QMbi�i �iiB`2 MQi`2 �ii2MiBQM bm` H2 7�Bi [m2 H2 T`ûbmTTQbû /2 K2@
bm`2 M2 +QM+2`M2 T�b [m2 H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQMX G� `2+?2`+?2 �+�/ûKB[m2
2M b+B2M+2b ?mK�BM2b 2i bQ+B�H2b Ĝ /�Mb H2b[m2HH2b MQmb BM+HmQMb ûpB/2KK2Mi HǶû+Q@
MQKB2- K�H;`û b2b T`Bt LQ#2Hb Ĝ 2bi �mbbB +QM+2`Mû2 T�` H� [m2biBQM /2 H� T2`i2
/ǶBM7Q`K�iBQMb HBû2 ¨ H� [m�MiB}+�iBQMX

.Ƕ�mi`2b ûim/2b TQm``�B2Mi �pQB` pQ+�iBQM ¨ KQMi`2` HǶ2ti2MbBQM /2 +2 T`ûbmT@
TQbû /2 K2bm`2 ¨ H� 7`�M+QT?QMB2 Qm ¨ /Ƕ�mi`2b `û;BQMb HBM;mBbiB[m2b- K�Bb �mbbB ¨
/Ƕ�mi`2b 7Q`K2b /2 +QMi2MmbX LQmb MQmb bQKK2b +QM+2Mi`ûb bm` HǶBM7Q`K�iBQM- /�Mb
H2 +�/`2 /2 +2 i`�p�BHX P`- BH T�`�ŗi p`�Bb2K#H�#H2 [m2 /2b /Bb+Qm`b �`;mK2Mi�iB7b
Ĝ /2b û/BiQ`B�mt- /2b K22iBM;b TQHBiB[m2b- /2b /û#�ib-XXX Ĝ +QMiB2MM2Mi 2M+Q`2 #B2M
THmb /2 T`ûbmTTQbûb /2 K2bm`2- TmBb[m2 MQmb �pQMb KQMi`û [m2 H2 MQK#`2 T`2M�Bi
mM2 7Q`K2 +QKT�`�#H2 ¨ mM �`;mK2Mi /Ƕ�miQ`Biû- ¨ b�pQB` mM2 7Q`K2 /2 bQT?BbK2X

lM �mi`2 bmD2i /B`2+i2K2Mi HBû ¨ H� T`Q#HûK�iB[m2 /m T`ûbmTTQbû /2 K2bm`2 �
i`�Bi �mt i2+?MQHQ;B2b /2 HǶBM7Q`K�iBQMX LQmb �pQMb 2M 2z2i #`Bĕp2K2Mi `2H2pû [m2
H2 KQM/2 /2 HǶBM7Q`K�iBQM � /B�Kûi`�H2K2Mi +?�M;û /2TmBb HǶ�pûM2K2Mi /ǶBMi2`M2i-
�p2+ HǶ�TT�`BiBQM /2 `ûb2�mt 2i /Ƕ�H;Q`Bi?K2b TmBbb�Mib [mB ;mB/2Mi H2b BM/BpB/mb
p2`b /2b BM7Q`K�iBQMb 2M bmBp�Mi /2b `ĕ;H2b T`Q+û/m`�H2b [mB bQMi 2M `û�HBiû /2b
BM/B+�i2m`b bi�iBbiB[m2b 2z2+im�Mi Ŀ H� K2BHH2m`2 �TT`QtBK�iBQM /ǶmM T`BM+BT2 [m2
H2b miBHBb�i2m`b pQMi BMi2`T`ûi2` /2 7�ÏQM bm#bi�MiB2HH2 ŀ UTX edV (Rjy)X

*2b �H;Q`Bi?K2b TQ`i2Mi �p2+ 2mt mM2 T`QK2bb2 /ǶQ#D2+iBpBiû UTX RdNV- K�Bb
M2 +QMbBbi2Mi Ĝ MQmb HǶ�pQMb `2H2pû Ĝ T�b b2mH2K2Mi 2M /2b T`Q+û/m`2b M2mi`2b 2i
BM/ûT2M/�Mi2b /2b TmBbb�M+2b 2tiû`B2m`2b ¨ HǶ2bT�+2 MmKû`B[m2X G2 7�Bi [m2 H2b Kû@
+�MBbK2b [mB T`ûbB/2Mi ¨ H� pBbB#BHBiû /2b bBi2b bQMi K�MBTmH�#H2b 2i [mǶBH 2bi TQbbB#H2
/2 bǶ�+?2i2` mM2 Ŀ MQiQ`Bûiû ŀ 2M HB;M2 K2i ¨ K�H HǶB/û2 /Ƕ2bT�+2 /ǶQ#D2+iBpBiûX .2
THmb- H2b �H;Q`Bi?K2b M2 i`�p�BHH2Mi T�b �p2+ /2b K2bm`2b �m b2Mb bi`B+i , H2b T`Q@
+2bbmb /2 [m�MiB}+�iBQM [mB bQmb@i2M/2Mi H2m`b `ĕ;H2b T`Q+û/m`�H2b T�bb2Mi T�` H2
i`�p�BH bm#D2+iB7 /2 /û}MBiBQM 2i /2 +H�bbB}+�iBQM [mB +�`�+iû`Bb2 H2b BM/B+�i2m`b bi�@
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iBbiB[m2b `2TQb�Mi bm` /2b /ûMQK#`2K2Mib /ǶQ#D2ib +QMp2MiBQMM2HbX 1M +2 b2Mb- H2
bmD2i /2 H� M2mi`�HBiûfQ#D2+iBpBiû �H;Q`Bi?KB[m2 2bi 7Q`i2K2Mi HBû �mt ûHûK2Mib [m2
MQmb �pQMb i?ûK�iBbûb c BH Kû`Bi2`�Bi- ¨ HmB b2mH- mM i`�p�BH /Ƕ2Mp2`;m`2X

hQmi �m HQM; /2 +2 i`�p�BH- MQmb �pQMb +?2`+?û ¨ BMb+`B`2 MQi`2 T`Q#HûK�iB[m2
/�Mb HǶ�+im�HBiûX lM2 T�`iB2 /2 +2i 2zQ`i � +QMbBbiû ¨ +QKT`2M/`2 2M [mQB HǶmiBHBb�@
iBQM �+im2HH2 /2b bi�iBbiB[m2b /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM 2bi +�`�+iû`BbiB[m2
/m MûQHB#`�HBbK2X § +2ii2 Q++�bBQM- MQmb �pQMb `2H2pû Ĝ KQ#BHBb�Mi MQi�KK2Mi /2b
i`�p�mt /2 *�`/QM (8y)- "Qm`/B2m (je) 2i .2b`QbBĕ`2b (N8) Ĝ [m2 H2b KQ/�HBiûb /2 `2@
+Qm`b ¨ HǶ�`;mK2Mi bi�iBbiB[m2 �p�B2Mi +?�M;û U+7X +?�TBi`2 RkVX .Ƕ�T`ĕb +2b �mi2m`b-
MQmb b2`BQMb 2M 2z2i T�bbûb /ǶmM2 miBHBb�iBQM /2b bi�iBbiB[m2b T�` H2b ;Qmp2`M�Mib
TQm` Q#b2`p2` H2 KQM/2 2i T`2M/`2 /2b /û+BbBQMb û+H�B`û2b- ¨ mM2 KQ#BHBb�iBQM /2
+2b QmiBHb +QKK2 BMbi`mK2Mib /2 +QMpB+iBQM , /2 Hû;BiBK�iBQM /2 HǶ�+iBQM Tm#HB[m2
U2i T`Bpû2VX LQmb �pQMb 7Q`KmHû HǶ?vTQi?ĕb2 [m2 H2b bi�iBbiB[m2b �BMbB KQ#BHBbû2b
+QKTHûi�B2Mi- 2M [m2H[m2 bQ`i2- H� };m`2 /2 HǶ2tT2`i Ĝ mM2 };m`2 /2 Hû;BiBK�iBQM
/m TQmpQB` MûQHB#û`�H b2HQM aiB2;H2` (k33) UTX eRV Ĝ 2M /QMM�Mi mM2 Hû;BiBKBiû Ŀ M�@
im`2HH2 ŀ 2i [m�bB Ŀ /Q;K�iB[m2 ŀ ¨ iQmi2 BM7Q`K�iBQM 7QM/û2 bm` /2b +?Bz`2bX .�Mb
mM2 i2HH2 +QM};m`�iBQM- H2 +?Bz`2 b2K#H2 H2 ;�`�Mi /2 H� K2bm`2 [mB /QMM2 �BMbB /2
H� p�HB/Biû �mt +QM+HmbBQMb T`ûi2M/mK2Mi M2mi`2b 2i Q#D2+iBp2b /2 HǶ2tT2`iX

LQmb �pQMb KQMi`û [m2 /�Mb H2 /Bb+Qm`b /2 HǶBM7Q`K�iBQM- HǶ2tT2`i MǶ2bi bQmp2Mi
T�b /B`2+i2K2Mi T`ûb2Mi , BH MǶ�TT�`�ŗi [mǶ¨ i`�p2`b /2b bi�iBbiB[m2b [mB bQMi bQmp2Mi
ûH�#Q`û2b �BHH2m`b- K�Bb T`2MM2Mi T�`i ¨ mM2 i`ĕb ;`�M/2 [m�MiBiû /2 bmD2ibX *2ii2
2ti`�MûBiû /2 H� T`Q/m+iBQM /2b +?Bz`2b `2M7Q`+2 H2m` �TT�`2Mi2 TmBbb�M+2 M�im`2HH2
2i /Q;K�iB[m2- TmBb[mǶ2M HǶ�#b2M+2 /2 H� };m`2 /Ƕ2tT2`i- H� p�HB/Biû /2b +?Bz`2b MǶ2bi
bQmp2Mi T�b KBb2 2M /Bb+mbbBQM c BHb b2K#H2Mi- �m +QMi`�B`2- /QMM2` mM2 Hû;BiBKBiû
�mt +QMi2Mmb /ǶBM7Q`K�iBQMb �mt[m2Hb BHb b2 `�TTQ`i2MiX *Ƕ2bi H� `�BbQM TQm` H�[m2HH2
MQmb �pQMb bQmHB;Mû [m2 H2b bi�iBbiB[m2b bQMi T�`7QBb KQ#BHBbû2b +QKK2 /2b ûHûK2Mib
[mB b2 bm#biBim2Mi ¨ H� };m`2 /2 HǶ2tT2`i- TmBb[m2 +2HH2@+B MǶ2bi- 2M [m2H[m2 bQ`i2-
T`ûb2Mi2 [mǶ¨ i`�p2`b +2b Q#D2ib `2H�vûb T�` /2b DQm`M�HBbi2bX

LQmb �pQMb i2`KBMû +2 i`�p�BH T�` mM +?�TBi`2 UR3V Qz`�Mi /2b +Hûb /2p�Mi
T2`K2ii`2- ¨ +2HH2b 2i +2mt [mB H2 bQm?�Bi2Mi- /Ƕ�B;mBb2` H2m` +�T�+Biû ¨ `2+QMM�ŗi`2
2i ¨ 2t2`+2` mM TQmpQB` +`BiB[m2 7�+2 �mt T`ûbmTTQbûb /2 K2bm`2X .�Mb +2i 2Mb2K#H2
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/2 `2+QKK�M/�iBQMb- ¨ MQi`2 b2Mb 2bb2MiB2HH2b ¨ H� 7Q`K�iBQM /ǶmM 2bT`Bi +`BiB[m2-
MQmb �pQMb BMbBbiû bm` H� Mû+2bbBiû /2 `2MQm2` �p2+ mM2 /û}MBiBQM Ŀ miBH2 ŀ /2
H� K2bm`2X LQmb �pQMb 2MbmBi2 `2H2pû 2i �iiB`û HǶ�ii2MiBQM bm` H2b H2b ûHûK2Mib ¨
+QMM�ŗi`2 +QMi`B#m�Mi ¨ H� p�HB/Biû /ǶmM2 [m�MiB}+�iBQM- 2M BMpBi�Mi- MQi�KK2Mi- ¨
+QMbB/û`2` H� M�im`2 /2b 2MiBiûb 7�Bb�Mi HǶQ#D2i /ǶmM i`�Mb+Q/�;2X 6BM�H2K2Mi- MQmb
�pQMb +QM+Hm 2M bQmHB;M�Mi HǶBKT�+i [m2 H2 T`ûbmTTQbû /2 K2bm`2 T2mi �pQB` bm` H�
p�H2m` /2 pû`Biû /2 MQK#`2mb2b BM7Q`K�iBQMbX

LQmb 2biBKQMb [mǶmM2 ?�#BHBiû ¨ KQ#BHBb2` +2b ûHûK2Mib T�`iB+BT2 /2 H� MmKû`�iB2
/2b BM/BpB/mb- +Ƕ2bi@¨@/B`2 /2 H2m` +�T�+Biû /2 HQ+�HBb2`- /ǶmiBHBb2`- /ǶBMi2`T`ûi2` 2i
/2 +QKKmMB[m2` /2 HǶBM7Q`K�iBQM 2i /2b B/û2b K�i?ûK�iB[m2bX LQmb �pQMb KQMi`û
[m2 +2b ûHûK2Mib T`ûb2Mi2Mi mM BMiû`āi 2i mM 2MD2m /û+BbB7 /�Mb H� +QMbi`m+iBQM /2b
BM/BpB/mb 2M /ûKQ+`�iB2 c +Ƕ2bi û;�H2K2Mi H� `�BbQM TQm` H�[m2HH2 MQmb �TT2HQMb
/2 MQb pQ2mt [m2 H� [m2biBQM /2 H� [m�MiB}+�iBQM TmBbb2 T`2M/`2 mM2 T�`i THmb
BKTQ`i�Mi2 /�Mb HǶ2Mb2B;M2K2Mi Q#HB;�iQB`2 2i TQbi@Q#HB;�iQB`2 /2b K�i?ûK�iB[m2bX



"B#HBQ;`�T?B2

(R) :mv �#2BHH2X Ŀ � HǶQ`B;BM2 /m /û}+Bi ¨ jW /m SA"- mM2 BMp2MiBQM
RyyWXXX 7`�MÏ�Bb2 ŀX AM , G� h`B#mM2 UR2` Q+iX kyRyVX m`H , ?iiTb,ff
rrrXH�i`B#mM2X7`fQTBMBQMbfi`B#mM2bfkyRyRyyRi`B#yyy8893dRf
�@H@Q`B;BM2@/m@/27B+Bi@�@j@/m@TB#@mM2@BMp2MiBQM@Ryy@
7`�M+�Bb2X?iKH UpBbBiû H2 Rkfy3fkykRVX

(k) �6SX *QM7û`2M+2 /2 T`2bb2 /m S`ûbB/2Mi J�+`QMX k8 �p`X kyRNX m`H ,
?iiTb , f f rrr X vQmim#2 X +QK f r�i+? \ p 4 xGF_eSbk?�� UpBbBiû H2
ydfRyfkykRVX

(j) *?`BbiB�M �;`BHHQX Ŀ LmK2`B+�H �M/ �`Bi?K2iB+ �#BHBiB2b BM LQM@
S`BK�i2 aT2+B2b ŀX AM , h?2 Pt7Q`/ >�M/#QQF Q7 LmK2`B+�H *Q;MBiBQMX
Pt7Q`/ , PlS- kyR8- TX kR9ĜkjeX Bb#M , Nd3@y@RN@Ne9kj9@kX

(9) *?`BbiB�M �;`BHHQ 2i �HX Ŀ 1pB/2M+2 7Q` hrQ LmK2`B+�H avbi2Kb h?�i
�`2 aBKBH�` BM >mK�Mb �M/ :mTTB2b ŀX AM , SHQb PM2 dXk UkyRkVX BbbM ,
RNjk@ekyjX /QB , RyXRjdRfDQm`M�HXTQM2XyyjRNkjX m`H , ?iiTb,
ffDQm`M�HbXTHQbXQ`;fTHQbQM2f�`iB+H2\B/4RyXRjdRfDQm`M�HX
TQM2XyyjRNkjX

(8) �H C�x22`�X LQ�K *?QKbFvǶb J�Mm7�+im`BM; *QMb2Mi `2pBbBi2/X
kk /û+X kyR3X m`H , ?iiTb,ffrrrX�HD�x22`�X+QKfT`Q;`�Kfi?2@
HBbi2MBM;@ TQbifkyR3fRkfkkfMQ�K@ +?QKbFvb@ K�Mm7�+im`BM;@
+QMb2Mi@`2pBbBi2/ UpBbBiû H2 kefRRfkykRVX

jN8

https://www.latribune.fr/opinions/tribunes/20101001trib000554871/a-l-origine-du-deficit-a-3-du-pib-une-invention-100-francaise.html
https://www.latribune.fr/opinions/tribunes/20101001trib000554871/a-l-origine-du-deficit-a-3-du-pib-une-invention-100-francaise.html
https://www.latribune.fr/opinions/tribunes/20101001trib000554871/a-l-origine-du-deficit-a-3-du-pib-une-invention-100-francaise.html
https://www.latribune.fr/opinions/tribunes/20101001trib000554871/a-l-origine-du-deficit-a-3-du-pib-une-invention-100-francaise.html
https://www.youtube.com/watch?v=zLkR6Ps2haA
https://doi.org/10.1371/journal.pone.0031923
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0031923
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0031923
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0031923
https://www.aljazeera.com/program/the-listening-post/2018/12/22/noam-chomskys-manufacturing-consent-revisited
https://www.aljazeera.com/program/the-listening-post/2018/12/22/noam-chomskys-manufacturing-consent-revisited
https://www.aljazeera.com/program/the-listening-post/2018/12/22/noam-chomskys-manufacturing-consent-revisited
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(e) h`m2ii �HHBbQM 2i �HX Ŀ >mK�M 1ti`�bi`B�i2 oBbm�H *Q`i2t �M/ i?2
S2`+2TiBQM Q7 6�+2b- qQ`/b- LmK#2`b- �M/ *QHQ`b ŀX AM , *2`2#`�H
+Q`i2t 9X8 URNN9V- TX 899Ĝ889X

(d) "`mMQ �K�#H2X G� `ûbBbiB#H2 �b+2MbBQM /m MûQHB#û`�HBbK2X ú+QMQKB2
2i SQHBiB[m2X S�`Bb , G� .û+Qmp2`i2- kykRX Bb#M , Nd3@k@j93@ye3Ny@9X

(3) J�`B2 �K�H`B+ 2i ai�MBbH�b .2?�2M2X Ŀ *Q`iB+�H *B`+mBib 7Q` J�@
i?2K�iB+�H EMQrH2/;2 , 1pB/2M+2 7Q` � J�DQ` am#/BpBbBQM qBi?BM i?2
"`�BMǶb a2K�MiB+ L2irQ`Fb ŀX AM , S?BHQbQT?B+�H h`�Mb�+iBQMb Q7 i?2
_Qv�H aQ+B2iv " , "BQHQ;B+�H a+B2M+2b jdjXRd9y UkyRdV- TX RĜNX /QB , RyX
RyN3f`bi#XkyReXy8R8X m`H , ?iiTb,ff`Qv�HbQ+B2ivTm#HBb?BM;X
Q`;f/QBf7mHHfRyXRyN3f`bi#XkyReXy8R8X

(N) J�`B2 �K�H`B+ 2i ai�MBbH�b .2?�2M2X Ŀ P`B;BMb Q7 i?2 "`�BM L2i@
rQ`Fb 7Q` �/p�M+2/ J�i?2K�iB+b BM 1tT2`i J�i?2K�iB+B�Mb ŀX AM ,
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b RRjXR3 UkyReV- TX 9NyNĜ
9NRdX BbbM , yykd@39k9- RyNR@e9NyX /QB , RyXRydjfTM�bXReyjky8RRjX
m`H , ?iiTb,ffrrrXTM�bXQ`;f+QMi2MifRRjfR3f9NyNX

(Ry) 6�#B�M �KK�M 2i �HX Ŀ oB`�H o�`B�Mi@_2bQHp2/q�bi2r�i2` am`p2BHH�M+2
Q7 a�_a@*Qo@k �i L�iBQM�H a+�H2 ŀX AM , L�im`2 "BQi2+?MQHQ;v UR3 DmBHX
kykkV- TX RĜNX BbbM , R89e@ReNeX /QB , RyXRyj3fb9R83d@ykk@yRj3d@vX
m`H , ?iiTb,ffrrrXM�im`2X+QKf�`iB+H2bfb9R83d@ykk@yRj3d@v
UpBbBiû H2 kkfydfkykkVX

(RR) �_* AM7QX J2/B� , HǶ�ib p2`b2 Rk-9 KBHHBQMb /2 /BpB/2M/2b ¨ b2b
�+iBQMM�B`2b 2i bmTT`BK2 mM2 [m�`�Mi�BM2 /2 TQbi2bX kd �p`X kyR3X m`H ,
?iiTb,ff�`+BM7QXBQK2/B�X+?fbmBbb2fK2/B�b@H�ib@p2`b2@Rk9@
KBHHBQMb@/2@/BpB/2M/2b@�@b2b@�+iBQMM�B`2b@�HQ`b@[m2HH2@
p� @ bmTT`BK2` @ mM2 @ [m�`�Mi�BM2 @ /2 @ TQbi2b @ d8j8N3 UpBbBiû H2
y9fykfkykkVX

https://doi.org/10.1098/rstb.2016.0515
https://doi.org/10.1098/rstb.2016.0515
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2016.0515
https://royalsocietypublishing.org/doi/full/10.1098/rstb.2016.0515
https://doi.org/10.1073/pnas.1603205113
https://www.pnas.org/content/113/18/4909
https://doi.org/10.1038/s41587-022-01387-y
https://www.nature.com/articles/s41587-022-01387-y
https://arcinfo.iomedia.ch/suisse/medias-lats-verse-124-millions-de-dividendes-a-ses-actionnaires-alors-quelle-va-supprimer-une-quarantaine-de-postes-753598
https://arcinfo.iomedia.ch/suisse/medias-lats-verse-124-millions-de-dividendes-a-ses-actionnaires-alors-quelle-va-supprimer-une-quarantaine-de-postes-753598
https://arcinfo.iomedia.ch/suisse/medias-lats-verse-124-millions-de-dividendes-a-ses-actionnaires-alors-quelle-va-supprimer-une-quarantaine-de-postes-753598
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(Rk) 6�#`B+2 �`7BX *QKK2Mi 6`�MÏQBb _m{M 2i H2 DQm`M�H Ŀ6�FB`ŀ QMi ûiû
2bTBQMMûb T�` GoJ> X kR K�B kyRNX m`H , ?iiTb,ffrrrXK2/B�T�`iX
7` f DQm`M�H f 7`�M+2 f kRy8RN f +QKK2Mi @ 7`�M+QBb @ `m77BM @ 2i @
H2 @ DQm`M�H @ 7�FB` @ QMi @ 2i2 @ 2bTBQMM2b @ T�` @ HpK? UpBbBiû H2
kkfykfkykkVX

(Rj) J�`F >X �b?+`�7i 2i 1/KmM/ >X ai�xvFX Ŀ J2M�i�H �//BiBQM ,
� h2bi Q7 h?`22 o2`B}+�iBQM JQ/2Hb ŀX AM , J2KQ`v � *Q;MBiBQM NXk
URN3RV- TX R38ĜRNeX BbbM , R8jk@8N9eX /QB , RyXjd83f"6yjkykjj9X
m`H , ?iiTb,ff/QBXQ`;fRyXjd83f"6yjkykjj9X

(R9) �haX �ha , GǶ�;2M+2 /ǶBM7Q`K�iBQM M�iBQM�H2X aȿ`2X _�TB/2X JmH@
iBKû/B�X J�B kyy3X m`H , ?iiTb,ff#HQ;bXH2i2KTbX+?f#2MQBi@
;�BHH�`/frT@ +QMi2MifmTHQ�/bfbBi2bfjefkyR3fyRf�ha@ nHn
n�;2M+2nhW*jW�NHW*jW�N;`�T?B[m2XT/7X

(R8) �haX Ŀ GǶ�ha MǶ2bi T�b mM2 bQ+Bûiû ¨ #mi MQM Hm+`�iB7- �{`K2 bQM
/B`2+i2m` ;ûMû`�H ŀX AM , G2 h2KTb Uk3 D�MX kyR3VX BbbM , R9kj@jNedX
m`H , ?iiTb , f f rrr X H2i2KTb X +? f 2+QMQKB2 f H�ib @ M2bi @ mM2 @
bQ+B2i2@#mi@MQM@Hm+`�iB7@�77B`K2@/B`2+i2m`@;2M2`�H UpBbBiû
H2 y9fykfkykkVX

(Re) S�mH �p2HBM2X "QHHQ`û +QMi`2 H2 DQm`M�HBbK2 , RR �Mb /2 T`Q+û/m`2b
#�BHHQMbX R2` K�`X kykRX m`H , ?iiTb,ffrrrX�``2ibm`BK�;2bXM2if
�`iB+H2bf#QHHQ`2@+QMi`2@H2@DQm`M�HBbK2@RR@�Mb@/2@T`Q+2/m`2b@
#�BHHQMb UpBbBiû H2 R3fykfkykkVX

(Rd) S�mH "�+Qi- .QKBMB[m2 .2bK�`+?2HB2` 2i avHpB�MM2 _öKB@:B`�m/X
Ŀ G2 H�M;�;2 /2b +?Bz`2b 2M TQHBiB[m2 ŀX AM , JQibX G2b H�M;�;2b /m TQ@
HBiB[m2 Ryy UkyRkV- TX 8ĜR9X BbbM , yk9j@e98yX m`H , ?iiT,ffrrrX
+�B`MXBM7Qf`2bmK2XT?T\A.n�_hA*G14JPhanRyynyyy8X

(R3) "2M >X "�;/BFB�MX Ŀ J2/B� JQMQTQHv ŀX AM , h?2 "H�+Fr2HH 1M+v@
+HQT2/B� Q7 aQ+BQHQ;vX �K2`B+�M *�M+2` aQ+B2iv- kyydX Bb#M , Nd3@R@
9y8R@e88R@3X m`H , ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bf
RyXRyykfNd3R9y8Re88R3Xr#2QbKye8 UpBbBiû H2 kNfy9fkykRVX

https://www.mediapart.fr/journal/france/210519/comment-francois-ruffin-et-le-journal-fakir-ont-ete-espionnes-par-lvmh
https://www.mediapart.fr/journal/france/210519/comment-francois-ruffin-et-le-journal-fakir-ont-ete-espionnes-par-lvmh
https://www.mediapart.fr/journal/france/210519/comment-francois-ruffin-et-le-journal-fakir-ont-ete-espionnes-par-lvmh
https://doi.org/10.3758/BF03202334
https://doi.org/10.3758/BF03202334
https://blogs.letemps.ch/benoit-gaillard/wp-content/uploads/sites/36/2018/01/ATS-_l__agence_T%C3%A9l%C3%A9graphique.pdf
https://blogs.letemps.ch/benoit-gaillard/wp-content/uploads/sites/36/2018/01/ATS-_l__agence_T%C3%A9l%C3%A9graphique.pdf
https://blogs.letemps.ch/benoit-gaillard/wp-content/uploads/sites/36/2018/01/ATS-_l__agence_T%C3%A9l%C3%A9graphique.pdf
https://www.letemps.ch/economie/lats-nest-une-societe-but-non-lucratif-affirme-directeur-general
https://www.letemps.ch/economie/lats-nest-une-societe-but-non-lucratif-affirme-directeur-general
https://www.arretsurimages.net/articles/bollore-contre-le-journalisme-11-ans-de-procedures-baillons
https://www.arretsurimages.net/articles/bollore-contre-le-journalisme-11-ans-de-procedures-baillons
https://www.arretsurimages.net/articles/bollore-contre-le-journalisme-11-ans-de-procedures-baillons
http://www.cairn.info/resume.php?ID_ARTICLE=MOTS_100_0005
http://www.cairn.info/resume.php?ID_ARTICLE=MOTS_100_0005
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781405165518.wbeosm065
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781405165518.wbeosm065
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(RN) .Q`Qi?û2 "�`#�X �6S , �;2M+2 /2 T`2bb2 2i �;2M+2 /2 +QKǶX k D�MX
kykyX m`H , ?iiTb,ffrrrX7`�M+2BMi2`X7`f2KBbbBQMbfH@2/BiQ@
KfH@2/BiQ@K@yk@D�MpB2`@kyky UpBbBiû H2 kdfyRfkykkVX

(ky) �HH�M "�`i2X "�Bbb2 /m +?ƬK�;2�X N MQpX kykRX m`H , ?iiTb , f f
irBii2`X+QKf�HH�M"�_h1\`27nb`+4irb`+W81;QQ;H2Wd*ir+�KTW
81b2`TWd*ir;`W81�mi?Q` UpBbBiû H2 kRfyRfkykkVX

(kR) *?`BbiBM2 "�`i?2iX 6`�M+Bb ubB/`Q 1/;2rQ`i?X AM , 1M+v+HQT¤/B�
lMBp2`b�HBbX m`H , ?iiTb,ffrrrXmMBp2`b�HBbX7`f2M+v+HQT2/B2f
7`�M+Bb@vbB/`Q@2/;2rQ`i?f UpBbBiû H2 R3fRRfkykRVX

(kk) �`M�m/ "�b/2p�Mi 2i *û+BH2 *B�M;m`�X P#ûbBiûX AM , 1M+v+HQT¤/B�
lMBp2`b�HBbX m`H , ?iiT,ffrrrXmMBp2`b�HBb@2/mX+QKf2M+v+HQT2/B2f
Q#2bBi2f UpBbBiû H2 kkfy9fkykkVX

(kj) 6`�MÏQBb "ö;�m/2�mX "QMBK2MibX �Kbi2`/�KfJmHiBim/2b- kykjX Bb#M ,
Nd3@k@j893y@keR@8X

(k9) JB+?�2H "2`�M 2i �HX Ŀ JQMF2vb UJ�+�+� JmH�ii� �M/ *2#mb �T2HH�V
�M/ >mK�M �/mHib �M/ *?BH/`2M U>QKQ a�TB2MbV *QKT�`2 am#b2ib Q7
JQpBM; aiBKmHB "�b2/ QM LmK2`QbBiv ŀX AM , 6`QMiB2`b BM Sbv+?QHQ;v
k UkyRRVX BbbM , Ree9@Ryd3X m`H , ?iiTb,ffrrrX7`QMiB2`bBMXQ`;f
�`iB+H2fRyXjj3Nf7Tbv;XkyRRXyyyeRX

(k8) C�+[m2b "2`MQmHHBX �`b +QMD2+i�M/B- QTmb TQbi?mKmK , �++2/Bi i`�+@
i�imb /2 b2`B2#mb BM}MBiBb- 2i 2TBbiQH� :�HHB+2 b+`BTi� /2 Hm/Q TBH¤ `2@
iB+mH�`BbX "�H2 , AKT2MbBb h?m`MBbBQ`mK 6`�i`mK- RdRjX

(ke) C�+[m2b "2`iBMX aûKBQHQ;B2 ;`�T?B[m2X S�`Bb , JQmiQM 2i :�mi?B2`@
oBHH�`b- RNedX

(kd) LB+QH� "2`iQH/BX Ŀ GǶ�+im�HBiû /ǶmM2 B/ûQHQ;B2 ŀX AM , *�?B2`b .`QBi-
a+B2M+2b � h2+?MQHQ;B2b 3 UkyRNV- TX RyjĜRk3X BbbM , RNed@yjRRX m`H ,
?iiTb,ffDQm`M�HbXQT2M2/BiBQMXQ`;f+/bifdkyOiQ+iQRM9 UpBbBiû
H2 RNfRRfkykRVX

https://www.franceinter.fr/emissions/l-edito-m/l-edito-m-02-janvier-2020
https://www.franceinter.fr/emissions/l-edito-m/l-edito-m-02-janvier-2020
https://twitter.com/AllanBARTE?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://twitter.com/AllanBARTE?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://twitter.com/AllanBARTE?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.universalis.fr/encyclopedie/francis-ysidro-edgeworth/
https://www.universalis.fr/encyclopedie/francis-ysidro-edgeworth/
http://www.universalis-edu.com/encyclopedie/obesite/
http://www.universalis-edu.com/encyclopedie/obesite/
https://www.frontiersin.org/article/10.3389/fpsyg.2011.00061
https://www.frontiersin.org/article/10.3389/fpsyg.2011.00061
https://journals.openedition.org/cdst/720#tocto1n4
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(k3) C2�M@GQmBb "2bbQMX G� +Biû /2b +?Bz`2b Qm HǶBHHmbBQM /2b bi�iBbiB[m2bX
�mi`2K2MiX aû`B2 a+B2M+2b 2M bQ+Bûiû 8X S�`Bb , �mi`2K2Mi- RNNkX keR TX
Bb#M , Nd3@k@3ekey@j9e@NX

(kN) "G�ah- G2 bQm77H2 /2 HǰBM7QX "G�ah ;�;M2 +QMi`2 "2`M�`/@
>2M`B GûpvX kj b2TiX kykRX m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\
p4+HoelpmH6hJ UpBbBiû H2 RyfykfkykkVX

(jy) "G�ah- G2 bQm77H2 /2 HǰBM7QX 6�mi@BH bmTT`BK2` hrBii2`X Ry �Qȿi
kykRX m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4�jr7j>7G?db
UpBbBiû H2 kjfykfkykkVX

(jR) "G�ah- G2 bQm77H2 /2 HǰBM7QX 6`�M+2- Z�i�`- Gv#B2 , H2b +Q/2b@
#�``2b /2 H� +Q``mTiBQMX k8 Q+iX kykRX m`H , ?iiTb,ffrrrXvQmim#2X
+QKfr�i+?\p4_Jk*+_Gxto1 UpBbBiû H2 RyfykfkykkVX

(jk) "G�ah- G2 bQm77H2 /2 HǰBM7QX G� HB#2`iû /ǶBM7Q`K2` 2bi 2M /�M;2`
/2 KQ`iX j MQpX kykRX m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4
ExDe.y"rAqy UpBbBiû H2 yjfykfkykkVX

(jj) "G�ah- G2 bQm77H2 /2 HǰBM7QX Z�i�` *QMM2+iBQM , Zm�M/ H�
6`�M+2 2i H2 Z�i�` T`Q;`�KK�B2Mi H� ;m2``2 2M GB#v2X m`H , ?iiTb,ff
rrrX#H�bi@BM7QX7`f�`iB+H2bfkykRf[�i�`@+QMM2+iBQM@[m�M/@
H�@7`�M+2@2i@H2@[�i�`@T`Q;`�KK�B2Mi@H�@;m2``2@2M@HB#v2@
.q>:38v�Z`P..98CHH*bZ; UpBbBiû H2 RyfykfkykkVX

(j9) "G�ah- G2 bQm77H2 /2 HǰBM7QX _û7Q`K2 /m +?ƬK�;2 , mM /ûb�bi`2
TQm` H2b �;2Mib 2i H2b +?ƬK2m`bX Rk 7ûpX kykkX m`H , ?iiTb,ffrrrX
vQmim#2X+QKfr�i+?\p4eiE9yA>eZ+b UpBbBiû H2 RdfykfkykkVX

(j8) .QKBMB[m2 "QmHHB2`X aQ+BQHQ;B2 /m MmKû`B[m2X S�`Bb , �`K�M/ *Q@
HBM- kyReX

(je) SB2``2 "Qm`/B2mX GǶ2bb2M+2 /m MûQHB#û`�HBbK2X R2` K�`X RNN3X m`H ,
?iiTb,ffrrrXKQM/2@/BTHQK�iB[m2X7`fRNN3fyjf"Pl_.A1lfjeyN
UpBbBiû H2 ydfRyfkykRVX

https://www.youtube.com/watch?v=clV6UvulFTM
https://www.youtube.com/watch?v=clV6UvulFTM
https://www.youtube.com/watch?v=A3wf3HfLh7s
https://www.youtube.com/watch?v=RM2CcRLzxVE
https://www.youtube.com/watch?v=RM2CcRLzxVE
https://www.youtube.com/watch?v=Kzj6D0BwIW0
https://www.youtube.com/watch?v=Kzj6D0BwIW0
https://www.blast-info.fr/articles/2021/qatar-connection-quand-la-france-et-le-qatar-programmaient-la-guerre-en-libye-DWHG85yAQrODD45JllCsQg
https://www.blast-info.fr/articles/2021/qatar-connection-quand-la-france-et-le-qatar-programmaient-la-guerre-en-libye-DWHG85yAQrODD45JllCsQg
https://www.blast-info.fr/articles/2021/qatar-connection-quand-la-france-et-le-qatar-programmaient-la-guerre-en-libye-DWHG85yAQrODD45JllCsQg
https://www.blast-info.fr/articles/2021/qatar-connection-quand-la-france-et-le-qatar-programmaient-la-guerre-en-libye-DWHG85yAQrODD45JllCsQg
https://www.youtube.com/watch?v=6tK40IH6Qcs
https://www.youtube.com/watch?v=6tK40IH6Qcs
https://www.monde-diplomatique.fr/1998/03/BOURDIEU/3609
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(jd) SB2``2 "Qm`/B2mX am` H� iûHûpBbBQM � GǶ2KT`Bb2 /m DQm`M�HBbK2X _�B@
bQMb /Ƕ�;B`X S�`Bb , _�BbQMb /Ƕ�;B`- kyRNX N8 TX Bb#M , Nd3@k@NRkRyd@yy@
3X

(j3) SB2``2 "Qm`/B2m 2i C2�M@*H�m/2 S�bb2`QMX G� `2T`Q/m+iBQM , ûHû@
K2Mib TQm` mM2 i?ûQ`B2 /m bvbiĕK2 /Ƕ2Mb2B;M2K2MiX G2 b2Mb +QKKmMX
S�`Bb , JBMmBi- kyRRX Bb#M , Nd3@k@dydj@ykke@dX

(jN) SB2``2 "Qm`/B2m 2i C2�M@*H�m/2 S�bb2`QMX G2b ?û`BiB2`b , H2b ûim@
/B�Mib 2i H� +mHim`2X G2 b2Mb +QKKmMX S�`Bb , JBMmBi- kyRkX Bb#M ,
Nd3@k@dydj@yy3R@kX

(9y) J�`iBM2 "`�+QTbX AMi`Q/m+iBQM ¨ H� T`�;K�iB[m2X "`mt2HH2b , .2
"Q2+F- kyyeX

(9R) 1HBx�#2i? JX "`�MMQM 2i CQQMFQQ S�`FX Ŀ S?vHQ;2Mv �M/ PMiQ;2Mv
Q7 J�i?2K�iB+�H �M/ LmK2`B+�H lM/2`bi�M/BM; ŀX AM , h?2 Pt7Q`/
>�M/#QQF Q7 LmK2`B+�H *Q;MBiBQMX Pt7Q`/ , PlS- kyR8- TX kyjĜkRjX
Bb#M , Nd3@y@RN@Ne9kj9@kX

(9k) J�`+ "`vb#�2`iX Ŀ �`�#B+ LmK#2` _2�/BM; , PM i?2 L�im`2 Q7
i?2 LmK2`B+�H a+�H2 �M/ i?2 P`B;BM Q7 S?QMQHQ;B+�H _2+Q/BM;X ŀ AM ,
CQm`M�H Q7 2tT2`BK2Mi�H Tbv+?QHQ;v , :2M2`�H Rk9X9 URNN8V- TX 9j9Ĝ
98kX m`H , ?iiTb,ff/QBXQ`;fRyXRyjdfyyNe@j998XRk9X9X9j9X

(9j) J�`+ "`vb#�2`i- qBK 6B�b 2i J�`B2@S�b+�H2 LQĊHX Ŀ h?2 q?Q`@
}�M >vTQi?2bBb �M/ LmK2`B+�H *Q;MBiBQM , Bb Ǵhr2Miv@6Qm`Ǵ S`Q+2b@
b2/ BM i?2 a�K2 q�v �b Ǵ6Qm`@�M/@hr2MivǴ \ ŀ AM , *Q;MBiBQM eeXR
URNN3V- TX 8RĜddX BbbM , yyRy@ykddX /QB , RyXRyRefayyRy@ykddUN3V
yyyye @ dX m`H , ?iiTb , f f rrr X b+B2M+2/B`2+i X +QK f b+B2M+2 f
�`iB+H2fTBBfayyRyykddN3yyyyedX

(99) "m`2�m BMi2`M�iBQM�H /2b TQB/b 2i K2bm`2bX G2 bvbiĕK2 BM@
i2`M�iBQM�H /ǶmMBiû , NĕK2 û/BiBQMX kyRNX m`H , ?iiTb,ffrrrX#BTKX
Q`;f/Q+mK2MibfkyRkef9R93jykkfaA@"`Q+?m`2@NXT/7f7+7yNy#k@
y92e@33++@RR9N@+j2ykN�/3kjkX

https://doi.org/10.1037/0096-3445.124.4.434
https://doi.org/10.1016/S0010-0277(98)00006-7
https://doi.org/10.1016/S0010-0277(98)00006-7
https://www.sciencedirect.com/science/article/pii/S0010027798000067
https://www.sciencedirect.com/science/article/pii/S0010027798000067
https://www.bipm.org/documents/20126/41483022/SI-Brochure-9.pdf/fcf090b2-04e6-88cc-1149-c3e029ad8232
https://www.bipm.org/documents/20126/41483022/SI-Brochure-9.pdf/fcf090b2-04e6-88cc-1149-c3e029ad8232
https://www.bipm.org/documents/20126/41483022/SI-Brochure-9.pdf/fcf090b2-04e6-88cc-1149-c3e029ad8232
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(98) .�pB/ "m`` 2i CQ?M _QbbX Ŀ � oBbm�H a2Mb2 Q7 LmK#2` ŀX AM , *m`@
`2Mi "BQHQ;v R3Xe Ukyy3V- TX 9k8Ĝ9k3X BbbM , yNey@N3kkX /QB , RyXRyRef
DX+m#Xkyy3XykXy8kX m`H , ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKf
b+B2M+2f�`iB+H2fTBBfayNeyN3kky3yykj33 UpBbBiû H2 y8fyjfkykRVX

(9e) "Q`Bb "mbbHBM;2`X Ŀ GǶBMBiB�iBp2 TQm` /2b 2Mi`2T`Bb2b `2bTQMb�#H2b 2M
bBt [m2biBQMb ŀX AM , G2 h2KTb Ue MQpX kykyVX BbbM , R9kj@jNedX m`H ,
?iiTb,ffrrrXH2i2KTbX+?fbmBbb2fHBMBiB�iBp2@ 2Mi`2T`Bb2b@
`2bTQMb�#H2b@bBt@[m2biBQMb UpBbBiû H2 kjfy9fkykRVX

(9d) :2Q`;2b *�M;mBH?2KX Ŀ ZmǶ2bi@+2 [mǶmM2 B/ûQHQ;B2 b+B2MiB}[m2 \ ŀ
AM , A/ûQHQ;B2 2i `�iBQM�HBiû /�Mb HǶ?BbiQB`2 /2b b+B2M+2b /2 H� pB2 jj
URNddVX

(93) C2bbB+� 6X *�MiHQM 2i 1HBx�#2i? JX "`�MMQMX Ŀ a?�`2/ avbi2K 7Q`
P`/2`BM; aK�HH �M/ G�`;2 LmK#2`b BM JQMF2vb �M/ >mK�Mb ŀX AM ,
Sbv+?QHQ;B+�H a+B2M+2 RdX8 UkyyeV- TX 9yRĜ9yeX BbbM , yN8e@dNdeX /QB ,
RyXRRRRfDXR9ed@Nk3yXkyyeXyRdRNXtX m`H , ?iiTb,ff/QBXQ`;fRyX
RRRRfDXR9ed@Nk3yXkyyeXyRdRNXtX

(9N) *?`BbiB�M2 *�T`QM 2i JB+?2H .mvK2X Ŀ �bb2bbK2Mi Q7 1z2+ib Q7
aQ+BQ@2+QMQKB+ ai�imb QM AZ BM � 6mHH *`Qbb@7Qbi2`BM; aim/v ŀX AM ,
L�im`2 j9yXekj9 U�Qȿi RN3NV- TX 88kĜ889X BbbM , R9de@9e3dX /QB ,
RyXRyj3fj9y88k�yX m`H , ?iiTb,ffrrrXM�im`2X+QKf�`iB+H2bf
j9y88k�y UpBbBiû H2 yefyRfkykkVX

(8y) .QKBMB[m2 *�`/QMX � [mQB `āp2Mi H2b �H;Q`Bi?K2b , MQb pB2b ¨ HǶ?2m`2
/2b Ǵ#B; /�i�ǴX S�`Bb , a2mBH- kyR8X Bb#M , Nd3@k@yk@RkdNNe@kX

(8R) .QKBMB[m2 *�`/QMX Ŀ G2 TQmpQB` /2b �H;Q`Bi?K2b ŀX AM , SQmpQB`b
Re9 URR D�MX kyR3V- TX ejĜdjX BbbM , yR8k@yde3X /QB , RyXjNRdfTQmpX
Re9XyyejX m`H , ?iiTb,ffrrrX+�B`MXBM7Qf`2pm2@TQmpQB`b@kyR3@
R@T�;2@ejX?iK UpBbBiû H2 R9fRRfkyR3VX

(8k) *2Mi`2 L�iBQM�H /2 _2bbQm`+2b h2tim2HH2b 2i G2tB+�H2X
.û}MBiBQM /2 +QMp2MiBQMM2HX m`H , ?iiTb,ffrrrX+M`iHX7`f/27BMBiBQMf
+QMp2MiBQMM2H UpBbBiû H2 kyfy9fkykkVX

https://doi.org/10.1016/j.cub.2008.02.052
https://doi.org/10.1016/j.cub.2008.02.052
https://www.sciencedirect.com/science/article/pii/S0960982208002388
https://www.sciencedirect.com/science/article/pii/S0960982208002388
https://www.letemps.ch/suisse/linitiative-entreprises-responsables-six-questions
https://www.letemps.ch/suisse/linitiative-entreprises-responsables-six-questions
https://doi.org/10.1111/j.1467-9280.2006.01719.x
https://doi.org/10.1111/j.1467-9280.2006.01719.x
https://doi.org/10.1111/j.1467-9280.2006.01719.x
https://doi.org/10.1038/340552a0
https://www.nature.com/articles/340552a0
https://www.nature.com/articles/340552a0
https://doi.org/10.3917/pouv.164.0063
https://doi.org/10.3917/pouv.164.0063
https://www.cairn.info/revue-pouvoirs-2018-1-page-63.htm
https://www.cairn.info/revue-pouvoirs-2018-1-page-63.htm
https://www.cnrtl.fr/definition/conventionnel
https://www.cnrtl.fr/definition/conventionnel
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(8j) *2Mi`2 L�iBQM�H /2 _2bbQm`+2b h2tim2HH2b 2i G2tB+�H2X
.û}MBiBQM /2 QKMB+QMp2M�M+2X m`H , ?iiTb , f f rrr X +M`iH X 7` f
/27BMBiBQMfQKMB+QMp2M�M+2 UpBbBiû H2 yefyRfkykkVX

(89) *2Mi`2 bmBbb2 /2 +QQ`/BM�iBQM TQm` H� `2+?2`+?2 2M ö/m@
+�iBQMX GǶû/m+�iBQM 2M amBbb2 @ _�TTQ`iX ��`�m , *a_1- kyR3X

(88) S�i`B+F *?�`�m/2�mX G2b Kû/B�b 2i HǶBM7Q`K�iBQMX "`mt2HH2b , .2
"Q2+F amTû`B2m`- kyRRX Bb#M , Nd3@k@3y9R@eeRR@jX /QB , Ry X jNRd f
/#mX+?�`�XkyRRXyRX m`H , ?iiTb,ffrrrX+�B`MXBM7QfH2b@K2/B�b@
2i@H@BM7Q`K�iBQM@@Nd3k3y9ReeRRjX?iK UpBbBiû H2 k3fy9fkykRVX

(8e) LQ�K *?QKbFvX G2 H�M;�;2 2i H� T2Mbû2X h`�/X T�` GQmBb@C2�M *�H@
p2iX S�`Bb , S�vQi- RNNyX Bb#M , Nd3@k@kk3@jR93j@RX

(8d) a+Qii �X *?`BbiQ772`bQM- _Q#2`i aX J+LBb? 2i .B�M2 GX aB�bX
Ŀ q?2`2 J2`;2`b :Q q`QM; ŀX AM , J+EBMb2v Zm�`i2`Hv S2`bT2+@
iBp2b QM *Q`TQ`�i2 6BM�M+2 �M/ ai`�i2;vXRy Ukyy9VX m`H , ?iiTb,
f f rrr X K+FBMb2v X +QK f #mbBM2bb @ 7mM+iBQMb f bi`�i2;v @ �M/ @
+Q`TQ`�i2 @ 7BM�M+2 f Qm` @ BMbB;?ib f r?2`2 @ K2`;2`b @ ;Q @ r`QM;
UpBbBiû H2 k8fydfkykkVX

(83) _QB *Q?2M E�/Qb? 2i �pBb?�B >2MBFX Ŀ � *QKKQM _2T`2b2Mi�iBQM
7Q` a2K�MiB+ �M/ S?vbB+�H S`QT2`iB2b ŀX AM , 1tT2`BK2Mi�H Sbv+?QHQ;v
8jXk UkyyeV- TX 3dĜN9X BbbM , ReR3@jReNX /QB , RyXRykdfReR3@jReNX
8jXkX3dX m`H , ?iiTb,ff2+QMi2MiX?Q;`272X+QKf/QBf�#bfRyX
RykdfReR3@jReNX8jXkX3dX

(8N) "2`M�`/ *Q?2MX Ŀ a+B2MiB}+ _2pQHmiBQMb- _2pQHmiBQMb BM a+B2M+2- �M/
� T`Q#�#BHBbiB+ _2pQHmiBQM R3yy@RNjy ŀX AM , h?2 S`Q#�#BHBbiB+ _2pQHm@
iBQM , A/2�b BM >BbiQ`vX hX RX *�K#`B/;2- J�- la , h?2 JAh S`2bb-
RN3d- TX kjĜ99X

(ey) *QHH2+iB7X AM/B+2 /2 K�bb2 +Q`TQ`2HH2X AM , qBFBTû/B�X ke D�MX kykkX
m`H , ?iiTb,ff7`XrBFBT2/B�XQ`;frfBM/2tXT?T\iBiH24AM/B+2n
/2nK�bb2n+Q`TQ`2HH2�QH/B/4RNykeej8R UpBbBiû H2 kkfy9fkykkVX

https://www.cnrtl.fr/definition/omniconvenance
https://www.cnrtl.fr/definition/omniconvenance
https://doi.org/10.3917/dbu.chara.2011.01
https://doi.org/10.3917/dbu.chara.2011.01
https://www.cairn.info/les-medias-et-l-information--9782804166113.htm
https://www.cairn.info/les-medias-et-l-information--9782804166113.htm
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/where-mergers-go-wrong
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/where-mergers-go-wrong
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/where-mergers-go-wrong
https://doi.org/10.1027/1618-3169.53.2.87
https://doi.org/10.1027/1618-3169.53.2.87
https://econtent.hogrefe.com/doi/abs/10.1027/1618-3169.53.2.87
https://econtent.hogrefe.com/doi/abs/10.1027/1618-3169.53.2.87
https://fr.wikipedia.org/w/index.php?title=Indice_de_masse_corporelle&oldid=190266351
https://fr.wikipedia.org/w/index.php?title=Indice_de_masse_corporelle&oldid=190266351
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(eR) *QHH2+iB7X aQM/�;2b /ǶQTBMBQM bm` H2 KQmp2K2Mi /2b :BH2ib D�mM2bX
AM , qBFBTû/B�X jR K�B kykRX m`H , ?iiTb,ff7`XrBFBT2/B�XQ`;f
rfBM/2tXT?T\iBiH24aQM/�;2bn/WkdQTBMBQMnbm`nH2nKQmp2K2Min
/2bn:BH2ibnD�mM2b�QH/B/4R3j9R98yj UpBbBiû H2 y3fyjfkykkVX

(ek) "2MQŗi *QHHQK#�i 2i .�KB2M *mpBHHB2`X G2 +?QBt /m +?ƬK�;2X
S�`Bb , 6mim`QTQHBb- kykRX Bb#M , Nd3@k@d893@k898@yX

(ej) *QKBiö +QKKmM TQm` H2b ;mB/2b 2M Köi`QHQ;B2X oQ+�#mH�B`2
BMi2`M�iBQM�H /2 Kûi`QHQ;B2 –*QM+2Tib 7QM/�K2Mi�mt 2i ;ûMû`�mt
2i i2`K2b �bbQ+Bûb UoAJVX kyRkX m`H , ?iiTb,ffrrrX#BTKXQ`;f
/Q+mK2MibfkyRkefkydRky9fC*:JnkyynkyRkXT/7X

(e9) *QKKBbbBQM 2m`QTö2MM2X GBp`2 #H�M+ /2 H� *QKKBbbBQM- *`QBb@
b�M+2- +QKTûiBiBpBiû- 2KTHQBX RNNjX m`H , ?iiTb,ffrrrX+p+2X2mfQ#Df
HBp`2n#H�M+n/2nH�n+QKKBbbBQMn+`QBbb�M+2n+QKT2iBiBpBi2n
2KTHQBnRNNj@7`@#yejj�de@9+/d@9Nd7@N/�R@9/#j/###8e23X?iKH
UpBbBiû H2 kRfyjfkykjVX

(e8) *QKKBbbBQM M�iBQM�H2 +QMbmHi�iBp2 /2b /`QBib /2 Hǰ?QKK2X
_�TTQ`i kyR3 bm` H� Hmii2 +QMi`2 H2 `�+BbK2- HǶ�MiBbûKBiBbK2 2i H� tû@
MQT?Q#B2X _ûTm#HB[m2 6`�MÏ�Bb2- kyR3X m`H , ?iiTb,ffrrrX+M+/?X
7`fbBi2bf/27�mHif7BH2bf2bb2MiB2Hbn`�TTQ`in`�+BbK2nkyR3n
p/27nRXT/7X

(ee) C2�M@�MiQBM2@LB+QH�b /2 *�`Bi�i *QM/Q`+2iX h�#H2�m ;ûMû`�H /2 H�
b+B2M+2- [mB � TQm` Q#D2i HǶ�TTHB+�iBQM /m +�H+mH �mt b+B2M+2b TQHB@
iB[m2b 2i KQ`�H2bX S�`Bb , 6B`KBM .B/Qi 6`ĕ`2b- R39dX m`H , ?iiTb,ff
;�HHB+�X#M7X7`f�`F,fRkR93f#TieF9Rdek? UpBbBiû H2 R9fRyfkykRVX

(ed) *QM7ö/ö`�iBQM bmBbb2X *PoA.@gRN amBbb2 % *Q`QM�pB`mb % .�b?@
#Q�`/X m`H , ?iiTb,ffrrrX+QpB/RNX�/KBMX+?f7`fQp2`pB2r\iBK24
iQi�H UpBbBiû H2 k8fydfkykkVX

https://fr.wikipedia.org/w/index.php?title=Sondages_d%27opinion_sur_le_mouvement_des_Gilets_jaunes&oldid=183414503
https://fr.wikipedia.org/w/index.php?title=Sondages_d%27opinion_sur_le_mouvement_des_Gilets_jaunes&oldid=183414503
https://fr.wikipedia.org/w/index.php?title=Sondages_d%27opinion_sur_le_mouvement_des_Gilets_jaunes&oldid=183414503
https://www.bipm.org/documents/20126/2071204/JCGM_200_2012.pdf
https://www.bipm.org/documents/20126/2071204/JCGM_200_2012.pdf
https://www.cvce.eu/obj/livre_blanc_de_la_commission_croissance_competitivite_emploi_1993-fr-b0633a76-4cd7-497f-9da1-4db3dbbb56e8.html
https://www.cvce.eu/obj/livre_blanc_de_la_commission_croissance_competitivite_emploi_1993-fr-b0633a76-4cd7-497f-9da1-4db3dbbb56e8.html
https://www.cvce.eu/obj/livre_blanc_de_la_commission_croissance_competitivite_emploi_1993-fr-b0633a76-4cd7-497f-9da1-4db3dbbb56e8.html
https://www.cncdh.fr/sites/default/files/essentiels_rapport_racisme_2018_vdef_1.pdf
https://www.cncdh.fr/sites/default/files/essentiels_rapport_racisme_2018_vdef_1.pdf
https://www.cncdh.fr/sites/default/files/essentiels_rapport_racisme_2018_vdef_1.pdf
https://gallica.bnf.fr/ark:/12148/bpt6k41762h
https://gallica.bnf.fr/ark:/12148/bpt6k41762h
https://www.covid19.admin.ch/fr/overview?time=total
https://www.covid19.admin.ch/fr/overview?time=total
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(e3) *QM7ö/ö`�iBQM bmBbb2X _a 3jdXy @ GQB 7û/û`�H2 bm` HǶ�bbm`�M+2@
+?ƬK�;2 Q#HB;�iQB`2 2i HǶBM/2KMBiû 2M +�b /ǶBMbQHp�#BHBiûX k8 DmBM RN3kX
m`H , ?iiTb,ffrrrX72/H2tX�/KBMX+?f2HBf++fRN3kfkR39nkR39n
kR39f7` UpBbBiû H2 yefyefkykjVX

(eN) *QMb2BH 6ö/ö`�H amBbb2X _a 3jdXyjj @ P`/QMM�M+2 /m ky K�`b
kyky bm` H2b K2bm`2b /�Mb H2 /QK�BM2 /2 HǶ�bbm`�M+2@+?ƬK�;2 2M HB2M
�p2+ H2 +Q`QM�pB`mb U*PoA.@RNV UP`/QMM�M+2 *PoA.@RN �bbm`�M+2@
+?ƬK�;2VX ky K�`X kykyX m`H , ?iiTb,ffrrrX72/H2tX�/KBMX+?f
2HBf++fkykyfReNf7` UpBbBiû H2 yefy9fkykRVX

(dy) *QMp2MiBQM +BiQv2MM2 TQm` H2 +HBK�iX aBi2 Q{+B2H /2 H� *QMp2M@
iBQM *BiQv2MM2 TQm` H2 *HBK�iX kyRNX m`H , ?iiTb,ffrrrX+QMp2MiBQM+BiQv2MM2TQm`H2+HBK�iX
7`f UpBbBiû H2 yNfy9fkykRVX

(dR) .�MB2H *Q`MmX CQm`M�HBbK2 2i pû`Biû , HǶûi?B[m2 /2 HǶBM7Q`K�iBQM �m
/û} /m +?�M;2K2Mi Kû/B�iB[m2X jĕK2X :2Mĕp2 , G�#Q` 2i 6B/2b- kyyNX

(dk) 1`M2bi *QmK2iX Ŀ �m;mbi2 *QKi2X G2 +�H+mH /2b +?�M+2b- �#2``�iBQM
`�/B+�H2 /2 HǶ2bT`Bi K�i?ûK�iB[m2 ŀX AM , J�i?ûK�iB[m2b 2i b+B2M+2b
?mK�BM2b Rek UR2` K�`X kyyjVX BbbM , yN3d@eNjeX /QB , RyX9yyyfKb?X
k33NX m`H , ?iiTb,ffDQm`M�HbXQT2M2/BiBQMXQ`;fKb?fk33N UpBbBiû
H2 ydfyNfkykRVX

(dj) *?�`H2b@>2M`v *mBM- 6`�MÏQBb :`2bH2 2i _QM�M >2`pQm2iX Ŀ AX
.2 H� Ŀ T?vbB[m2 bQ+B�H2 ŀ ¨ H� Ŀ bQ+BQHQ;B2 ŀ , H� /û+Qmp2`i2 /ǶmM
MQmp2H Q#D2i /2 +QMM�Bbb�M+2 URd3N@R3eyV ŀX AM , >BbiQB`2 /2 H� bQ+BQ@
HQ;B2X hX 92 û/X kyRd- TX NĜj8X m`H , ?iiTb,ffrrrX+�B`MXBM7Qf
?BbiQB`2@/2@H�@bQ+BQHQ;B2@@Nd3kdydRdNRee@T�;2@NX?iK UpBbBiû
H2 ydfyNfkykRVX

(d9) C�K2b *m``�MX h?2 "`BiBb? S`2bb- � J�MB72biQX GQM/QM , J�+KBHH�M-
RNd3X

(d8) h?QK�b *X .�//2bBQX PM JBM/b �M/ avK#QHbX hX RRdX �TT`Q+?2b iQ
a2KBQiB+bX "2`HBM , .2 :`mvi2` JQmiQM- RNN8X

https://www.fedlex.admin.ch/eli/cc/1982/2184_2184_2184/fr
https://www.fedlex.admin.ch/eli/cc/1982/2184_2184_2184/fr
https://www.fedlex.admin.ch/eli/cc/2020/169/fr
https://www.fedlex.admin.ch/eli/cc/2020/169/fr
https://www.conventioncitoyennepourleclimat.fr/
https://www.conventioncitoyennepourleclimat.fr/
https://doi.org/10.4000/msh.2889
https://doi.org/10.4000/msh.2889
https://journals.openedition.org/msh/2889
https://www.cairn.info/histoire-de-la-sociologie--9782707179166-page-9.htm
https://www.cairn.info/histoire-de-la-sociologie--9782707179166-page-9.htm
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(de) �Kv GX .�Bi+? 2i �HX Ŀ J�TTBM; >mK�M h2KTQ`�H �M/ S�`B2i�H
L2m`QM�H SQTmH�iBQM �+iBpBiv �M/ 6mM+iBQM�H *QmTHBM; .m`BM; J�@
i?2K�iB+�H *Q;MBiBQM ŀX AM , S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7
a+B2M+2b RRjX9e UR8 MQpX kyReV- 1dkddĜ1dk3eX BbbM , yykd@39k9- RyNR@
e9NyX /QB , RyXRydjfTM�bXRey39j9RRjX m`H , ?iiTb,ffrrrXTM�bX
Q`;f+QMi2MifRRjf9ef1dkdd UpBbBiû H2 RNfykfkykRVX

(dd) JQ?�KK�/ .�biD2`/B 2i �HX Ŀ LmK2`B+�H S`Q+2bbBM; BM i?2 >mK�M
S�`B2i�H *Q`i2t .m`BM; 1tT2`BK2Mi�H �M/ L�im`�H *QM/BiBQMb ŀX AM ,
L�im`2 *QKKmMB+�iBQMb 9XR UR8 Q+iX kyRjV- TX k8k3X BbbM , ky9R@RdkjX
/QB , Ry X Ryj3 f M+QKKbj8k3X m`H , ?iiTb , f f rrr X M�im`2 X +QK f
�`iB+H2bfM+QKKbj8k3 UpBbBiû H2 RNfykfkykRVX

(d3) .�i� hQQHb PMHBM2X m`H , ?iiTb,ff/�i�XT�;2f UpBbBiû H2 R9fydfkykkVX
(dN) GmBb .2 H� S2Ɯ� 2i J�`+Qb CX :QMx�H2xX Ŀ .m *Qm`b /2 HBM;mBb@

iB[m2 ;ûMû`�H2 �m b�mbbm`BbK2 /Ƕ�mDQm`/Ƕ?mBX 1Mi`2iB2M �p2+ 6`�M@
ÏQBb _�biB2` ŀX AM , h2tiQ 5 ssAA- MR UR2` D�MX kyRdVX m`H , ?iiTb,
ffrrrX`2b2�`+?;�i2XM2ifTm#HB+�iBQMfjkyyedNyjn.mn*Qm`bn
/2nHBM;mBbiB[m2n;2M2`�H2n�mnb�mbbm`BbK2n/^ �mDQm`/^ ?mBn
1Mi`2iB2Mn�p2+n6`�M+QBbn_�biB2`nT�`nGmBbn/2nH�nS2M�n2in
J�`+QbnCn:QMx�H2xX

(3y) JB+?2H .2 S`�+QMi�HX GǶBKTQbim`2 b+B2MiB}[m2 2M /Bt H2ÏQMbX 1/X
KBb2 ¨ DQm`X SQBMibX a+B2M+2b Re8X S�`Bb , a2mBH- kyy8X Bb#M , Nd3@k@yk@
yejN99@eX

(3R) hBT?�BM2 .2 _Q+[mB;MvX ǴoQmb �p2x /Bi MûQHB#û`�H \Ǵ RV �mt Q`B;BM2
/m MûQHB#û`�HBbK2 @ 1Mi`2iB2M �p2+ a2`;2 �m/B2`X 1Mi2M/2x@pQmb HǶû+Q \
d D�MX kykyX m`H , ?iiTb,ffrrrX7`�M+2+mHim`2X7`fQ2mp`2fH2@
+QHHQ[m2@HBTTK�MM@�mt@Q`B;BM2b@/m@M2Q@HB#2`�HBbK2 UpBbBiû H2
RjfyRfkykkVX

https://doi.org/10.1073/pnas.1608434113
https://www.pnas.org/content/113/46/E7277
https://www.pnas.org/content/113/46/E7277
https://doi.org/10.1038/ncomms3528
https://www.nature.com/articles/ncomms3528
https://www.nature.com/articles/ncomms3528
https://data.page/
https://www.researchgate.net/publication/320067903_Du_Cours_de_linguistique_generale_au_saussurisme_d'aujourd'hui_Entretien_avec_Francois_Rastier_par_Luis_de_la_Pena_et_Marcos_J_Gonzalez
https://www.researchgate.net/publication/320067903_Du_Cours_de_linguistique_generale_au_saussurisme_d'aujourd'hui_Entretien_avec_Francois_Rastier_par_Luis_de_la_Pena_et_Marcos_J_Gonzalez
https://www.researchgate.net/publication/320067903_Du_Cours_de_linguistique_generale_au_saussurisme_d'aujourd'hui_Entretien_avec_Francois_Rastier_par_Luis_de_la_Pena_et_Marcos_J_Gonzalez
https://www.researchgate.net/publication/320067903_Du_Cours_de_linguistique_generale_au_saussurisme_d'aujourd'hui_Entretien_avec_Francois_Rastier_par_Luis_de_la_Pena_et_Marcos_J_Gonzalez
https://www.researchgate.net/publication/320067903_Du_Cours_de_linguistique_generale_au_saussurisme_d'aujourd'hui_Entretien_avec_Francois_Rastier_par_Luis_de_la_Pena_et_Marcos_J_Gonzalez
https://www.franceculture.fr/oeuvre/le-colloque-lippmann-aux-origines-du-neo-liberalisme
https://www.franceculture.fr/oeuvre/le-colloque-lippmann-aux-origines-du-neo-liberalisme


9ye "A"GAP:_�S>A1

(3k) hBT?�BM2 .2 _Q+[mB;MvX ǴoQmb �p2x /Bi MûQHB#û`�H \Ǵ jV G� 6`�M+2
2bi@2HH2 mM úi�i MûQHB#û`�H \ @ 2Mi`2iB2M �p2+ L�/2` >�FBK 2i "`mMQ
S�HB2`X 1Mi2M/2x@pQmb HǶû+Q \ Re D�MX kykyX m`H , ?iiTb , f f rrr X
7`�M+2+mHim`2X7`fQ2mp`2fH2@+QHHQ[m2@HBTTK�MM@�mt@Q`B;BM2b@
/m@M2Q@HB#2`�HBbK2 UpBbBiû H2 RjfyRfkykkVX

(3j) 62`/BM�M/ .2 a�mbbm`2X *Qm`b /2 HBM;mBbiB[m2 ;ûMû`�H2X S�vQiX S�@
`Bb- RNdRX

(39) ai�MBbH�b .2?�2M2X G� #Qbb2 /2b K�i?bX S�`Bb , P/BH2 C�+Q#- kyR3X
Bb#M , Nd3@k@dj3R@98jk@RX

(38) ai�MBbH�b .2?�2M2X Ŀ G�M;�;2 2i K�i?ûK�iB[m2b /2b `ûb2�mt /BbbQ@
+B�#H2b ŀX *Qm`b �m +QHHĕ;2 /2 6`�M+2 , S�`QH2- KmbB[m2- K�i?ûK�@
iB[m2b , H2b H�M;�;2b /m +2`p2�mX S�`Bb- ky K�`X kyRdX m`H , ?iiTb,ff
rrrX+QHH2;2@/2@7`�M+2X7`fbBi2fbi�MBbH�b@/2?�2M2f+Qm`b2@
kyRd@yj@ky@yN?jyX?iKX

(3e) ai�MBbH�b .2?�2M2- 1KK�Mm2H .mTQmt 2i C�+[m2b J2?H2`X Ŀ Ab
LmK2`B+�H *QKT�`BbQM .B;Bi�H \ �M�HQ;B+�H �M/ avK#QHB+ 1z2+ib BM
hrQ@.B;Bi LmK#2` *QKT�`BbQM ŀX AM , CQm`M�H Q7 1tT2`BK2Mi�H Sbv@
+?QHQ;v , >mK�M S2`+2TiBQM �M/ S2`7Q`K�M+2 ReXj URNNyV- TX ekeĜe9RX
BbbM , RNjN@RkddU1H2+i`QMB+V-yyNe@R8kjUS`BMiVX /QB , RyXRyjdfyyNe@
R8kjXReXjXekeX

(3d) ai�MBbH�b .2?�2M2 2i �HX Ŀ *2`2#`�H �+iBp�iBQMb .m`BM; LmK#2` JmH@
iBTHB+�iBQM �M/ *QKT�`BbQM , � S1h aim/v ŀX AM , L2m`QTbv+?QHQ;B�
j9XRR URNNeV- TX RyNdĜRRyeX

(33) C2�M .2HBbH2X LQiBQMb /Ƕ?BbiQB`2 /2 H� i`�/m+iBQMX S`2bb2b /2 HǶlMB@
p2`bBiû G�p�H- kykRX

(3N) :û`�`/ .2HQ+?2 2i s�pB2` a2`QMX Ŀ 6`QK h?`22 iQ j , � .Bz2`2MiB�H
�M�HvbBb Q7 aFBHHb BM h`�Mb+Q/BM; Zm�MiBiB2b "2ir22M S�iB2Mib rBi?
"`Q+�Ƕb �M/ q2`MB+F2Ƕb �T?�bB� ŀX AM , "`�BM Ry8X9 URN3kV- TX dRNĜ
djjX

https://www.franceculture.fr/oeuvre/le-colloque-lippmann-aux-origines-du-neo-liberalisme
https://www.franceculture.fr/oeuvre/le-colloque-lippmann-aux-origines-du-neo-liberalisme
https://www.franceculture.fr/oeuvre/le-colloque-lippmann-aux-origines-du-neo-liberalisme
https://www.college-de-france.fr/site/stanislas-dehaene/course-2017-03-20-09h30.htm
https://www.college-de-france.fr/site/stanislas-dehaene/course-2017-03-20-09h30.htm
https://www.college-de-france.fr/site/stanislas-dehaene/course-2017-03-20-09h30.htm
https://doi.org/10.1037/0096-1523.16.3.626
https://doi.org/10.1037/0096-1523.16.3.626
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(Ny) G�2iBiB� .2bK2i- C�+[m2b :`ö;QB`2 2i *?`BbiQT?2 JmbbQHBMX Ŀ .2@
p2HQTK2Mi�H *?�M;2b BM i?2 *QKT�`BbQM Q7 .2+BK�H 6`�+iBQMb ŀX AM ,
G2�`MBM; �M/ AMbi`m+iBQM kyXe UkyRyV- TX 8kRĜ8jkX BbbM , yN8N@9d8kX
/QB , RyXRyRefDXH2�`MBMbi`m+XkyyNXydXyy9X m`H , ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayN8N9d8kyNyyydRRX

(NR) �H�BM .2b`QbBĐ`2bX Ŀ *H�bb2` 2i K2bm`2` , H2b /2mt 7�+2b /2 HǶ�`@
;mK2Mi bi�iBbiB[m2 ŀX AM , _ûb2�mtX *QKKmMB+�iBQM @ h2+?MQHQ;B2 @
aQ+Bûiû RjXdR URNN8V- TX RRĜkNX /QB , RyXj9yef`2bQXRNN8Xke3NX
m`H , ?iiTb,ffrrrXT2`b22X7`f/Q+f`2bQnyd8R@dNdRnRNN8nMmKn
RjndRnke3N UpBbBiû H2 RRfy3fkykRVX

(Nk) �H�BM .2b`QbBĐ`2bX Ŀ 1Mi`2 `û�HBbK2 Kûi`QHQ;B[m2 2i +QMp2MiBQMb
/Ƕû[mBp�H2M+2 , H2b �K#B;mśiûb /2 H� bQ+BQHQ;B2 [m�MiBi�iBp2 ŀX AM , :2@
Mĕb2b k UkyyRV- TX RRkĜRkdX

(Nj) �H�BM .2b`QbBĐ`2bX :Qmp2`M2` T�` H2b MQK#`2b , GǶ�`;mK2Mi bi�iBb@
iB[m2 AA X a+B2M+2b bQ+B�H2bX S�`Bb , S`2bb2b /2b JBM2b- kyRjX Bb#M , Nd3@
k@j8edR@RNe@yX m`H , ?iiT,ff#QQFbXQT2M2/BiBQMXQ`;fT`2bb2bKBM2bf
j9RX

(N9) �H�BM .2b`QbBĐ`2bX G� TQHBiB[m2 /2b ;`�M/b MQK#`2b , ?BbiQB`2 /2
H� `�BbQM bi�iBbiB[m2X S�`Bb , G� .û+Qmp2`i2- kyRyX Bb#M , Nd3@k@dydR@
e8y9@eX

(N8) �H�BM .2b`QbBĐ`2bX SQm` mM2 bQ+BQHQ;B2 ?BbiQ`B[m2 /2 H� [m�MiB}@
+�iBQM , GǶ�`;mK2Mi bi�iBbiB[m2 A X a+B2M+2b bQ+B�H2bX S�`Bb , S`2bb2b
/2b JBM2b- kyy3X Bb#M , Nd3@k@j8edR@yNy@RX m`H , ?iiT,ff#QQFbX
QT2M2/BiBQMXQ`;fT`2bb2bKBM2bfNyRX

(Ne) �H�BM .2b`QbBĐ`2bX S`Qmp2` 2i ;Qmp2`M2` , mM2 �M�Hvb2 TQHBiB[m2 /2b
bi�iBbiB[m2b Tm#HB[m2bX S�`Bb , G� .û+Qmp2`i2- kyR9X Bb#M , Nd3@k@dydR@
d3N8@9X

(Nd) CQ?M .2r2vX G2 Tm#HB+ 2i b2b T`Q#HĕK2bX 6QHBQ U:�HHBK�`/VX 1bb�Bb
8jjX S�`Bb , :�HHBK�`/- kyRyX Bb#M , Nd3@k@yd@y9j83d@eX

https://doi.org/10.1016/j.learninstruc.2009.07.004
https://www.sciencedirect.com/science/article/pii/S0959475209000711
https://www.sciencedirect.com/science/article/pii/S0959475209000711
https://doi.org/10.3406/reso.1995.2689
https://www.persee.fr/doc/reso_0751-7971_1995_num_13_71_2689
https://www.persee.fr/doc/reso_0751-7971_1995_num_13_71_2689
http://books.openedition.org/pressesmines/341
http://books.openedition.org/pressesmines/341
http://books.openedition.org/pressesmines/901
http://books.openedition.org/pressesmines/901
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(N3) .B`2+iBQM :ûMû`�H2 /2 H� 7Q`K�iBQM TQbiQ#HB;�iQB`2 .6C* o�m/X 1+QH2
/2 K�im`BiûX SH�M /Ƕûim/2b 2i HBbi2 /2b 2t�K2MbX kykkX m`H , ?iiTb,
ffrrrXp/X+?f7BH2�/KBMfmb2`nmTHQ�/fQ`;�MBb�iBQMf/7Df/;2Tf
/;2Tn7B+?B2`bnT/7f.:1Sn#`Q+?m`2n1Jnr2#XT/7X

(NN) 6`�MF .QK�?b- J�`;�`2i2 .2H�x2` 2i >�Mbɢ*?`BbiQT? Lm2`FX Ŀ q?�i
J�F2b JmHiBTHB+�iBQM 6�+ib .B{+mHi ŀX AM , 1tT2`BK2Mi�H Sbv+?QHQ;v
8jX9 UkyyeV- TX kd8Ĝk3kX BbbM , ReR3@jReNX /QB , Ry X Rykd f ReR3 @
jReNX8jX9Xkd8X m`H , ?iiTb,ff2+QMi2MiX?Q;`272X+QKf/QBf�#bf
RyXRykdfReR3@jReNX8jX9Xkd8X

(Ryy) C2�M@*H�m/2 .QK2M;2iX Ŀ G2b };m`2b /2 HǶmb�;2` /2 hrBii2` ŀX AM ,
Sm#HB+ 2i hA* , +QM7`QMi�iBQMb +QM+2Tim2HH2b 2i `2+?2`+?2b 2KTB`B[m2bX
aQmb H� /B`X /2 SB2``2 JQ`2HHB- L�i?�HB2 SB;M�`/@*?2vM2H 2i .B@
/B2` "�Hi�x�`iX hX jRX Zm2biBQMb /2 +QKKmMB+�iBQM- bû`B2 �+i2bX
S`2bb2b mMBp2`bBi�B`2b /2 L�M+v @ 1/BiBQMb lMBp2`bBi�B`2b /2 GQ``�BM2-
kyRe- TX R8NĜRd9X m`H , ?iiTb,ff?�HX�`+?Bp2b@Qmp2`i2bX7`f?�H@
yR8R9jy3 UpBbBiû H2 kjfykfkykkVX

(RyR) Pbr�H/ .m+`QiX G2 /B`2 2i H2 /BiX S�`Bb , 1/X /2 KBMmBi- RN39X
(Ryk) 6`�MÏQBb .m7Qm`X G2b Ryy KQib /m DQm`M�HBbK2X Zm2 b�Bb@D2 \ S�`Bb ,

S`2bb2b lMBp2`bBi�B`2b /2 6`�M+2- kyR3X Bb#M , Nd3@k@Rj@y3RyRy@yX m`H ,
?iiTb,ffrrrX+�B`MXBM7QfH2b@ Ryy@ KQib@ /m@ DQm`M�HBbK2@@
Nd3kRjy3RyRyyX?iK UpBbBiû H2 y9fykfkykkVX

(Ryj) .�pB/ .m7`2bM2X G2b /ûbQ`/`2b /m KQM/2X �p2+ H� +QHHX /2 C�+[m2b
_�M+BĐ`2X kj D�MX kykkX m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\
p4x`"2F*a7n@3 UpBbBiû H2 k3fyRfkykkVX

(Ry9) 1KBH2 .m`F?2BKX h2ti2b f RX 1HûK2Mib /ǶmM2 i?ûQ`B2 bQ+B�H2X S�`Bb ,
JBMmBi- RNd8X 8yN TX Bb#M , Nd3@k@dydj@yyd9@9X

(Ry8) JB`D�K 1#2`b#�+? 2i �HX Ŀ h?2 _2H�iBQMb?BT "2ir22M i?2 a?�T2 Q7
i?2 J2Mi�H LmK#2` GBM2 �M/ 6�KBHB�`Biv rBi? LmK#2`b BM 8@ iQ N@u2�`
PH/ *?BH/`2M , 1pB/2M+2 7Q` � a2;K2Mi2/ GBM2�` JQ/2H ŀX AM , CQm`M�H

https://www.vd.ch/fileadmin/user_upload/organisation/dfj/dgep/dgep_fichiers_pdf/DGEP_brochure_EM_web.pdf
https://www.vd.ch/fileadmin/user_upload/organisation/dfj/dgep/dgep_fichiers_pdf/DGEP_brochure_EM_web.pdf
https://www.vd.ch/fileadmin/user_upload/organisation/dfj/dgep/dgep_fichiers_pdf/DGEP_brochure_EM_web.pdf
https://doi.org/10.1027/1618-3169.53.4.275
https://doi.org/10.1027/1618-3169.53.4.275
https://econtent.hogrefe.com/doi/abs/10.1027/1618-3169.53.4.275
https://econtent.hogrefe.com/doi/abs/10.1027/1618-3169.53.4.275
https://hal.archives-ouvertes.fr/hal-01514308
https://hal.archives-ouvertes.fr/hal-01514308
https://www.cairn.info/les-100-mots-du-journalisme--9782130810100.htm
https://www.cairn.info/les-100-mots-du-journalisme--9782130810100.htm
https://www.youtube.com/watch?v=zrBekCSf_-8
https://www.youtube.com/watch?v=zrBekCSf_-8
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Q7 1tT2`BK2Mi�H *?BH/ Sbv+?QHQ;v NNXR Ukyy3V- TX RĜRdX BbbM , yykk@
yNe8X /QB , RyXRyRefDXD2+TXkyydXy3XyyeX m`H , ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayykkyNe8ydyyRRRdX

(Rye) lK#2`iQ 1+QX G2 bB;M2 , ?BbiQB`2 2i �M�Hvb2 /ǶmM +QM+2TiX h`�/X T�`
C2�M@J�`B2 EHBMF2M#2`;X "`mt2HH2b , G�#Q`- RNNyX Bb#M , Nd3@k@k8j@
yeyN9@NX

(Ryd) õ/BiBQMb G�`Qmbb2X .û}MBiBQMb , T?Q#B2X G�`Qmbb2X m`H , ?iiTb,
f f rrr X H�`Qmbb2 X 7` f /B+iBQMM�B`2b f 7`�M+�Bb f T?Q#B2 f eyjyk
UpBbBiû H2 Ryfy3fkykkVX

(Ry3) 17B+B2MbX *Q`QM�pB`mb MQK#`2 /2 +�b amBbb2X m`H , ?iiTb,ffrrrX
+Q`QM�pB`mb@bi�iBbiB[m2bX+QKfbi�ib@T�vbf+Q`QM�pB`mb@MQK#`2@
/2@+�b@bmBbb2f UpBbBiû H2 RdfykfkykRVX

(RyN) 1H�#2X *QMp2MiBQM *BiQv2MM2 TQm` H2 *HBK�i- [mǶ2M T2Mb2Mi H2b 6`�M@
Ï�Bb \ CmBM kykyX m`H , ?iiTb,ff2H�#2X7`frT@+QMi2MifmTHQ�/bf
kykyfyef2H�#2n+++nk8yekykyXT/7 UpBbBiû H2 kefRRfkykRVX

(RRy) õGl*A.X S`QD2i /Ƕ�bb�bbBM�i- BMiBKB/�iBQMb , BHb QMi pQmHm b2 /û#�`@
`�bb2` /2 HǶ�mi2m` /2b :mB;MQHb 5 R3 /û+X kykRX m`H , ?iiTb,ffrrrX
vQmim#2X+QKfr�i+?\p4a8@A+?>i""r UpBbBiû H2 kRfykfkykkVX

(RRR) �MM2 1v/Qmt 2i �HX Ŀ �bbm`�M+2@+?ƬK�;2 , ǴlM2 `û7Q`K2 BM2{+�+2-
BMDmbi2 2i TmMBiBp2Ǵ ŀX AM , G2 JQM/2 Ujy b2TiX kykRVX m`H , ?iiTb,
ffrrrXH2KQM/2X7`f2KTHQBf�`iB+H2fkykRfyNfjyf�bbm`�M+2@
+?QK�;2@mM2@`27Q`K2@BM277B+�+2@BMDmbi2@2i@TmMBiBp2neyNe8jjn
ReN3ejdX?iKH UpBbBiû H2 k9fykfkykkVX

(RRk) h?QK�b CX 6�mHF2M#2``v 2i "2MiQM >X SB2`+2X Ŀ J2Mi�H _2T`2@
b2Mi�iBQMb BM 6`�+iBQM *QKT�`BbQM ŀX AM , 1tT2`BK2Mi�H Sbv+?QHQ;v
83Xe UkyRRV- TX 93yĜ93NX BbbM , ReR3@jReNX /QB , Ry X Rykd f ReR3 @
jReNf�yyyRReX m`H , ?iiTb,ff2+QMi2MiX?Q;`272X+QKf/QBf�#bf
RyXRykdfReR3@jReNf�yyyRReX

https://doi.org/10.1016/j.jecp.2007.08.006
https://www.sciencedirect.com/science/article/pii/S0022096507001117
https://www.sciencedirect.com/science/article/pii/S0022096507001117
https://www.larousse.fr/dictionnaires/francais/phobie/60302
https://www.larousse.fr/dictionnaires/francais/phobie/60302
https://www.coronavirus-statistiques.com/stats-pays/coronavirus-nombre-de-cas-suisse/
https://www.coronavirus-statistiques.com/stats-pays/coronavirus-nombre-de-cas-suisse/
https://www.coronavirus-statistiques.com/stats-pays/coronavirus-nombre-de-cas-suisse/
https://elabe.fr/wp-content/uploads/2020/06/elabe_ccc_25062020.pdf
https://elabe.fr/wp-content/uploads/2020/06/elabe_ccc_25062020.pdf
https://www.youtube.com/watch?v=S5-IchHtBBw
https://www.youtube.com/watch?v=S5-IchHtBBw
https://www.lemonde.fr/emploi/article/2021/09/30/assurance-chomage-une-reforme-inefficace-injuste-et-punitive_6096533_1698637.html
https://www.lemonde.fr/emploi/article/2021/09/30/assurance-chomage-une-reforme-inefficace-injuste-et-punitive_6096533_1698637.html
https://www.lemonde.fr/emploi/article/2021/09/30/assurance-chomage-une-reforme-inefficace-injuste-et-punitive_6096533_1698637.html
https://www.lemonde.fr/emploi/article/2021/09/30/assurance-chomage-une-reforme-inefficace-injuste-et-punitive_6096533_1698637.html
https://doi.org/10.1027/1618-3169/a000116
https://doi.org/10.1027/1618-3169/a000116
https://econtent.hogrefe.com/doi/abs/10.1027/1618-3169/a000116
https://econtent.hogrefe.com/doi/abs/10.1027/1618-3169/a000116
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(RRj) *ûHBM2 62HH�; �`BQm2iX avbiĕK2 BMi2`M�iBQM�H /ǶmMBiûb UaAVX AM ,
1M+v+HQT¤/B� lMBp2`b�HBbX m`H , ?iiT,ffrrrXmMBp2`b�HBb@ 2/mX
+QKf2M+v+HQT2/B2fbvbi2K2@BMi2`M�iBQM�H@/@mMBi2b@bBf UpBbBiû
H2 Rdfy3fkykRVX

(RR9) _QM�H/ �vHK2` 6Bb?2`X Ŀ PM i?2 ǳS`Q#�#H2 1``Q`Ǵ Q7 � *Q2{+B2Mi
Q7 *Q``2H�iBQM .2/m+2/ 7`QK � aK�HH a�KTH2X ŀ AM , J2i`QM R URNkRV-
TX jĜjkX m`H , ?iiTb,ff?2FvHHXb2`pB+2bX�/2H�B/2X2/mX�mfX

(RR8) _QM�H/ �vHK2` 6Bb?2`X Ŀ h?2 *Q``2H�iBQM #2ir22M _2H�iBp2b QM i?2
amTTQbBiBQM Q7 J2M/2HB�M AM?2`Bi�M+2X ŀ AM , 1�`i? �M/ 1MpB`QMK2M@
i�H a+B2M+2 h`�Mb�+iBQMb Q7 h?2 _Qv�H aQ+B2iv Q7 1/BM#m`;? 8kXk
URNRNV- TX jNNĜ9jjX BbbM , ky8j@8N98- yy3y@98e3X /QB , Ry X RyRd f
ayy3y98e3yyyRkRejX m`H , ?iiTb,ffrrrX+�K#`B/;2XQ`;f+Q`2f
DQm`M�Hbf2�`i?@ �M/@ 2MpB`QMK2Mi�H@ b+B2M+2@ i`�Mb�+iBQMb@
Q7@`Qv�H@bQ+B2iv@Q7@2/BM#m`;?f�`iB+H2ftpi?2@+Q``2H�iBQM@
#2ir22M@`2H�iBp2b@QM@i?2@bmTTQbBiBQM@Q7@K2M/2HB�M@BM?2`Bi�M+2f
�eyed8y8k1y6"d3*8eR6ee*edy"*d8.1 UpBbBiû H2 R3fRRfkykRVX

(RRe) .�MB2H 6BiQmbB 2i .�MB2H �H;QKX Ŀ aBx2 *QM;`mBiv 1z2+ib qBi?
hrQ@.B;Bi LmK#2`b , 1tT�M/BM; i?2 LmK#2` GBM2 \ ŀ AM , J2KQ`v �
*Q;MBiBQM j9Xk UkyyeV- TX 998Ĝ98dX BbbM , R8jk@8N9eX /QB , RyXjd83f
"6yjRNj9kRX m`H , ?iiTb,ff/QBXQ`;fRyXjd83f"6yjRNj9kRX

(RRd) C2``v 6Q/Q`X Ŀ AMi`Q/m+iBQM �m T`Q#HĕK2 /2 H� `2T`ûb2Mi�iBQM K2M@
i�H2 ŀX AM , G2 H�M;�;2X h`�/X T�` C2�M@J�`B2 _QvX *Q`Tmb jykdX S�`Bb ,
6H�KK�`BQM- RNNd- TX e9ĜdkX Bb#M , Nd3@k@y3Rk@e8jNX

(RR3) 6QM/�iBQM >m;Qi /m *QHHĐ;2 /2 6`�M+2X .2 [mQB H� ;Qmp2`@
M�M+2 2bi@2HH2 H2 MQK \ @ 1Mi`2pm2 �p2+ �H�BM amTBQiX Rd 7ûpX kyRdX
m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4m1mPCR�k�yA UpBbBiû H2
y3fyjfkykjVX

(RRN) JB+?2H 6Qm+�mHiX aû+m`Biû- i2``BiQB`2- TQTmH�iBQM , +Qm`b �m *QHHĕ;2
/2 6`�M+2 URNdd@RNd3VX *Qm`b �m *QHHĕ;2 /2 6`�M+2 f JB+?2H 6Qm+�mHi
(d)X S�`Bb , :�HHBK�`/- kyy9X tBY9j8X Bb#M , Nd3@k@yk@yjydNN@9X

http://www.universalis-edu.com/encyclopedie/systeme-international-d-unites-si/
http://www.universalis-edu.com/encyclopedie/systeme-international-d-unites-si/
https://hekyll.services.adelaide.edu.au/
https://doi.org/10.1017/S0080456800012163
https://doi.org/10.1017/S0080456800012163
https://www.cambridge.org/core/journals/earth-and-environmental-science-transactions-of-royal-society-of-edinburgh/article/xvthe-correlation-between-relatives-on-the-supposition-of-mendelian-inheritance/A60675052E0FB78C561F66C670BC75DE
https://www.cambridge.org/core/journals/earth-and-environmental-science-transactions-of-royal-society-of-edinburgh/article/xvthe-correlation-between-relatives-on-the-supposition-of-mendelian-inheritance/A60675052E0FB78C561F66C670BC75DE
https://www.cambridge.org/core/journals/earth-and-environmental-science-transactions-of-royal-society-of-edinburgh/article/xvthe-correlation-between-relatives-on-the-supposition-of-mendelian-inheritance/A60675052E0FB78C561F66C670BC75DE
https://www.cambridge.org/core/journals/earth-and-environmental-science-transactions-of-royal-society-of-edinburgh/article/xvthe-correlation-between-relatives-on-the-supposition-of-mendelian-inheritance/A60675052E0FB78C561F66C670BC75DE
https://www.cambridge.org/core/journals/earth-and-environmental-science-transactions-of-royal-society-of-edinburgh/article/xvthe-correlation-between-relatives-on-the-supposition-of-mendelian-inheritance/A60675052E0FB78C561F66C670BC75DE
https://doi.org/10.3758/BF03193421
https://doi.org/10.3758/BF03193421
https://doi.org/10.3758/BF03193421
https://www.youtube.com/watch?v=uEuOJ1a2A0I
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(Rky) 6`�M+2 k9X G2 /Bb+Qm`b /m S`ûbB/2Mi J�+`QM HQ`b /2 H� *QMp2MiBQM
+BiQv2MM2 bm` H2 +HBK�iX kN DmBM kykyX m`H , ?iiTb,ffrrrXvQmim#2X
+QKfr�i+?\p4Ky6@mbH6b?� UpBbBiû H2 ydfRyfkykRVX

(RkR) 62/2`B+Q 6`�M+?BMBX GǶ�ha- mM2 �;2M+2 �m b2`pB+2 /2 H� +Q?ûbBQM
2i /2 H� /ûKQ+`�iB2X ke D�MX kykkX m`H , ?iiTb,ffbvM/B+QKX+?f
7` f �+im2H f �`iB+H2 f H�ib @ mM2 @ �;2M+2 @ �m @ b2`pB+2 @ /2 @ H� @
+Q?2bBQM@2i@/2@H�@/2KQ+`�iB2f UpBbBiû H2 yjfykfkykkVX

(Rkk) JBHiQM 6`B2/K�MX *�TBi�HBbK2 2i HB#2`iûX h`�/X T�` �X JX *?�`MQX
h2ti2 Q`B;BM�H /2 RNekX S�`Bb , 6H�KK�`BQM- kyReX Bb#M , Nd3@k@y3@
Rj8338@yX

(Rkj) Ab�#2HH2 :�BHH�`/X Ŀ .2 HǶûi`�M;2 Hm+�`M2 ¨ H� iûHûpBbBQMX >BbiQB`2
/ǶmM2 #�M�HBb�iBQM URN9N@RN39V ŀX AM , oBM;iBĕK2 aBĕ+H2X _2pm2 /Ƕ?Bb@
iQB`2 NRXj UkyyeV- TX NĜkjX BbbM , ykN9@Rd8NX /QB , RyXjNRdfpBM;XyNRX
yNX m`H , ?iiTb,ffrrrX+�B`MXBM7Qf`2pm2@pBM;iB2K2@bB2+H2@
`2pm2@/@?BbiQB`2@kyye@j@T�;2@NX?iKX

(Rk9) �BF�i2`BMB :�H�MB 2i �HX Ŀ a�_a@*Qo@kq�bi2r�i2` am`p2BHH�M+2 .�i�
*�M S`2/B+i >QbTBi�HBx�iBQMb �M/ A*l �/KBbbBQMb ŀX AM , a+B2M+2 Q7
h?2 hQi�H 1MpB`QMK2Mi 3y9 UR8 D�MX kykkV- TX R8yĜR8RX BbbM , yy93@
NeNdX /QB , RyXRyRefDXb+BiQi2MpXkykRXR8yR8RX m`H , ?iiTb,ff
rrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayy93NeNdkRy8kk3R
UpBbBiû H2 kkfydfkykkVX

(Rk8) .�M� :�MQ`@ai2`M- CQb2T? hx2H;Qp 2i _�pB/ 1HH2M#Q;2MX Ŀ �m@
iQK�iB+Biv �M/ hrQ@.B;Bi LmK#2`b ŀX AM , CQm`M�H Q7 1tT2`BK2Mi�H
Sbv+?QHQ;v , >mK�M S2`+2TiBQM �M/ S2`7Q`K�M+2 jjXk UkyydV- TX 93jĜ
9NeX BbbM , RNjN@RkddX /QB , RyXRyjdfyyNe@R8kjXjjXkX93jX

(Rke) C�pB2` :�`+Ō�@P`x� 2i C2bȹb .�K�bX Ŀ a2[m2MiB�H S`Q+2bbBM; Q7
hrQ@.B;Bi LmK#2`b , 1pB/2M+2 Q7 .2+QKTQbBiBQM 7`QK � S2`+2Tim�H
LmK#2` J�i+?BM; h�bF ŀX AM , w2Bib+?`B7i 7Ƀ` Sbv+?QHQ;B2fCQm`M�H Q7
Sbv+?QHQ;v kRNXR UkyRRV- TX kjĜkNX BbbM , kR8R@key9X /QB , RyXRykdf
kR8R@key9f�yyyy9kX

https://www.youtube.com/watch?v=m0F-uslFshA
https://www.youtube.com/watch?v=m0F-uslFshA
https://syndicom.ch/fr/actuel/article/lats-une-agence-au-service-de-la-cohesion-et-de-la-democratie/
https://syndicom.ch/fr/actuel/article/lats-une-agence-au-service-de-la-cohesion-et-de-la-democratie/
https://syndicom.ch/fr/actuel/article/lats-une-agence-au-service-de-la-cohesion-et-de-la-democratie/
https://doi.org/10.3917/ving.091.09
https://doi.org/10.3917/ving.091.09
https://www.cairn.info/revue-vingtieme-siecle-revue-d-histoire-2006-3-page-9.htm
https://www.cairn.info/revue-vingtieme-siecle-revue-d-histoire-2006-3-page-9.htm
https://doi.org/10.1016/j.scitotenv.2021.150151
https://www.sciencedirect.com/science/article/pii/S0048969721052281
https://www.sciencedirect.com/science/article/pii/S0048969721052281
https://doi.org/10.1037/0096-1523.33.2.483
https://doi.org/10.1027/2151-2604/a000042
https://doi.org/10.1027/2151-2604/a000042
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(Rkd) aBKQM2 :�xx2HHBMB 2i �H2bb�M/`Q G�m/�MM�X Ŀ .B;Bi _2T2iBiBQM 17@
72+i BM hrQ@.B;Bi LmK#2` *QKT�`BbQM ŀX AM , w2Bib+?`B7i 7Ƀ` Sbv+?Q@
HQ;B2 kRNXR UkyRRV- TX jyĜjeX BbbM , kRNy@3jdyX /QB , RyXRykdfkR8R@
key9f�yyyy9jX m`H , ?iiTb,ff2+QMi2MiX?Q;`272X+QKf/QBf�#bf
RyXRykdfkR8R@key9f�yyyy9jX

(Rk3) _QK�BM :2Q77`QvXlM KBHHBQM /Ƕ2Mi`2T`Bb2b +`ûû2b 2MƘkykR 2M 6`�M+2-
bB;M2 /Ƕ�ii`�+iBpBiû Qm /2 T`û+�`BiûƘ\ G2 JQM/2X ky D�MX kykkX m`H ,
?iiTb,ffrrrXH2KQM/2X7`fH2b@ /2+Q/2m`bf�`iB+H2fkykkfyRf
ky f mM @ KBHHBQM @ / @ 2Mi`2T`Bb2b @ +`222b @ 2M @ kykR @ bB;M2 @ / @
�ii`�+iBpBi2@Qm@/2@T`2+�`Bi2neRRyk89n9j88ddyX?iKH UpBbBiû H2
y3fy9fkykkVX

(RkN) :6aX"2`MX _�TTQ`i bm++BM+i bm` H� R`2 2M[māi2 Ǵa_: h`2M/Ǵ `2@
H�iBp2 ¨ H� pQi�iBQM TQTmH�B`2 /m kN MQp2K#`2 kykyX kj Q+iX kykyX
m`H , ?iiTb , f f rrr X ;7b#2`M X +? f 7` f Tm#HB+�iBQMbf UpBbBiû H2
kjfy9fkykRVX

(Rjy) h�`H2iQM :BHH2bTB2X Ŀ h?2 _2H2p�M+2 Q7 �H;Q`Bi?Kb ŀX AM , J2/B�
i2+?MQHQ;B2b , 1bb�vb QM +QKKmMB+�iBQM- K�i2`B�HBiv- �M/ bQ+B2iv UkyR9V-
TX RedĜRNjX

(RjR) GvM/� :BMb#m`;- Jv`M� J�MHv 2i J�`v C�M2 a+?KBiiX Ŀ h?2
*QKTQM2Mib Q7 LmK2`�+v ŀX AM , L�iBQM�H *2Mi2` 7Q` aim/v Q7 �/mHi
GBi2`�+v �M/ G2�`MBM; UkyyeVX m`H , ?iiT , f f rrr X M+b�HH X M2i f
7BH2�/KBMf`2bQm`+2bf`2b2�`+?fQTnMmK2`�+vXT/7X

(Rjk) JB+?�2H :`22M�+`2X *Q``2bTQM/2M+2 �M�HvbBb BM S`�+iB+2X "Q+� _�@
iQM- GQM/QM- L2r uQ`F , *_* T`2bb- kyRdX

(Rjj) .2MBb :m2/DX GǶ2KTB`2 /2b MQK#`2bX S�`Bb , :�HHBK�`/- RNNeX Bb#M ,
Nd3@k@yd@y8jjdj@kX

(Rj9) _2Mû :möMQMX G2 `ĕ;M2 /2 H� [m�MiBiû 2i H2b bB;M2b /2b i2KTbX S�`Bb ,
:�HHBK�`/- RN98X

https://doi.org/10.1027/2151-2604/a000043
https://doi.org/10.1027/2151-2604/a000043
https://econtent.hogrefe.com/doi/abs/10.1027/2151-2604/a000043
https://econtent.hogrefe.com/doi/abs/10.1027/2151-2604/a000043
https://www.lemonde.fr/les-decodeurs/article/2022/01/20/un-million-d-entreprises-creees-en-2021-signe-d-attractivite-ou-de-precarite_6110254_4355770.html
https://www.lemonde.fr/les-decodeurs/article/2022/01/20/un-million-d-entreprises-creees-en-2021-signe-d-attractivite-ou-de-precarite_6110254_4355770.html
https://www.lemonde.fr/les-decodeurs/article/2022/01/20/un-million-d-entreprises-creees-en-2021-signe-d-attractivite-ou-de-precarite_6110254_4355770.html
https://www.gfsbern.ch/fr/publications/
http://www.ncsall.net/fileadmin/resources/research/op_numeracy.pdf
http://www.ncsall.net/fileadmin/resources/research/op_numeracy.pdf
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(Rj8) CQ?M CX :mKT2`xX .B`2+iBQMb BM aQ+BQHBM;mBbiB+b , i?2 1i?MQ;`�T?v Q7
*QKKmMB+�iBQMX L2r uQ`F , >QHi- _BM2?�`i 2i qBMbiQM- RNdkX Bb#M ,
Nd3@y@yj@yddd98@8X

(Rje) CQ?M CX :mKT2`x 2i ai2T?2M *X G2pBMbQMX Ŀ _2i?BMFBM; GBM;mBbiB+
_2H�iBpBiv ŀX AM , *m``2Mi �Mi?`QTQHQ;v jkX8 URNNRV- TX eRjĜekjX

(Rjd) A�M >�+FBM;X h?2 1K2`;2M+2 Q7 S`Q#�#BHBiv , � S?BHQbQT?B+�H aim/v
Q7 1�`Hv A/2�b �#Qmi S`Q#�#BHBiv- AM/m+iBQM �M/ ai�iBbiB+�H AM72`2M+2X
k2 û/X *�K#`B/;2 , *�K#`B/;2 lMBp2`bBiv S`2bb- kyyeX Bb#M , Nd3@y@
8kR@3ee88@kX /QB , RyXRyRdf*"PNd3y8RR3Rd88dX m`H , ?iiTb,ff
rrrX+�K#`B/;2XQ`;f+Q`2f#QQFbf2K2`;2M+2@ Q7@ T`Q#�#BHBivf
N38kyRd�j3y*ej.�jy33e.k8"3yjje�d UpBbBiû H2 R9fRyfkykRVX

(Rj3) A�M >�+FBM;X h?2 h�KBM; Q7 *?�M+2X *�K#`B/;2 , *�K#`B/;2 lMB@
p2`bBiv S`2bb- RNNyX Bb#M , Nd3@y@8kR@j3339@NX

(RjN) A�M >�+FBM;X Ŀ q�b h?2`2 � S`Q#�#BHBbiB+ _2pQHmiBQM R3yy@RNjy \ ŀ
AM , h?2 S`Q#�#BHBbiB+ _2pQHmiBQM , A/2�b BM >BbiQ`vX hX RX *�K#`B/;2-
J�- la , h?2 JAh S`2bb- RN3d- TX 98Ĝ88X

(R9y) C�+[m2b >�/�K�`/X 1bb�B bm` H� Tbv+?QHQ;B2 /2 HǶBMp2MiBQM /�Mb H2
/QK�BM2 K�i?ûK�iB[m2X RNd8X Bb#M , Nd3@k@y9@yykkNj@3X m`H , ?iiTb,
ff/B�HM2iXmMB`BQD�X2bfb2`pH2ifHB#`Q\+Q/B;Q4jdRNe9 UpBbBiû H2
RNfykfkykRVX

(R9R) >2B/BXM2rbX h�K2/B� S�T2`bX kykyX m`H , ?iiTb,ffrrrX?2B/BX
M2rbf2tTHQ`�iBQMbfi�K2/B�@T�T2`b UpBbBiû H2 kefRRfkykRVX

(R9k) CQ?M 6X >2HHBr2HH 2i �HXqQ`H/ ?�TTBM2bb `2TQ`iX kykRX m`H , ?iiTb,
ffrQ`H/?�TTBM2bbX`2TQ`if2/fkykRfX

(R9j) �pBb?�B >2MBF 2i CQb2T? hx2H;QpX Ŀ Ab h?`22 :`2�i2` h?�M 6Bp2 ,
i?2 _2H�iBQM "2ir22M S?vbB+�H �M/ a2K�MiB+ aBx2 BM *QKT�`BbQM
h�bFb ŀX AM , J2KQ`v � *Q;MBiBQM RyX9 URN3kV- TX j3NĜjN8X BbbM ,
R8jk@8N9eX /QB , RyXjd83f"6yjkyk9jRX m`H , ?iiTb,ff/QBXQ`;fRyX
jd83f"6yjkyk9jRX

https://doi.org/10.1017/CBO9780511817557
https://www.cambridge.org/core/books/emergence-of-probability/9852017A380C63DA30886D25B80336A7
https://www.cambridge.org/core/books/emergence-of-probability/9852017A380C63DA30886D25B80336A7
https://www.cambridge.org/core/books/emergence-of-probability/9852017A380C63DA30886D25B80336A7
https://dialnet.unirioja.es/servlet/libro?codigo=371964
https://dialnet.unirioja.es/servlet/libro?codigo=371964
https://www.heidi.news/explorations/tamedia-papers
https://www.heidi.news/explorations/tamedia-papers
https://worldhappiness.report/ed/2021/
https://worldhappiness.report/ed/2021/
https://doi.org/10.3758/BF03202431
https://doi.org/10.3758/BF03202431
https://doi.org/10.3758/BF03202431
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(R99) 1/r�`/ aX >2`K�MX Ŀ h?2 AMbiBimiBQM�HBx�iBQM Q7 "B�b BM 1+QMQ@
KB+b ŀX AM , J2/B�- *mHim`2 � aQ+B2iv 9Xj UR2` DmBHX RN3kV- TX kd8ĜkNRX
BbbM , yRej@99jdX /QB , RyXRRddfyRej99jd3kyy9yyjydX m`H , ?iiTb,
ff/QBXQ`;fRyXRRddfyRej99jd3kyy9yyjyd UpBbBiû H2 kNfy9fkykRVX

(R98) 1/r�`/ aX >2`K�M 2i LQ�K *?QKbFvX J�Mm7�+im`BM; *QMb2Mi ,
h?2 SQHBiB+�H 1+QMQKv Q7 i?2 J�bb J2/B�X oBMi�;2 .B;Bi�H- kyRyX

(R9e) J�`+ >BK#2`iX Ŀ � "`B27 >BbiQ`v Q7 J2�bm`2K2Mi ŀX AM , h?2 1m@
`QT2�M S?vbB+�H CQm`M�H aT2+B�H hQTB+b RdkXR UkyyNV- TX k8Ĝj8X BbbM ,
RN8R@e9yRX /QB , RyXRR9yf2TDbif2kyyN@ yRyjN@ RX m`H , ?iiTb,
ff/QBXQ`;fRyXRR9yf2TDbif2kyyN@yRyjN@R UpBbBiû H2 Rdfy3fkykRVX

(R9d) aQMD� >X >Q2+FM2` 2i �HX Ŀ AKT�B`K2Mib Q7 i?2 J2Mi�H LmK#2` GBM2
7Q` hrQ@.B;Bi LmK#2`b BM L2;H2+i ŀX AM , *Q`i2tX aT2+B�H Abbm2 QM
LmK#2`b- aT�+2- �M/ �+iBQM 99X9 Ukyy3V- TX 9kNĜ9j3X BbbM , yyRy@
N98kX /QB , RyXRyRefDX+Q`i2tXkyydXyNXyyRX m`H , ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyRyN98kydyyy3esX

(R93) .�pB/ *X >Qr2HHX Jûi?Q/2b bi�iBbiB[m2b 2M b+B2M+2b ?mK�BM2bX h`�/X
T�` J�`vHĕM2 _Q;B2`- oBM+2Mi ux2`#vi 2i up2b "2bi2;2MX "`mt2HH2b ,
.2 "Q2+F- RNN3X

(R9N) 1/r�`/ JX >m##�`/ 2i �HX Ŀ AMi2`�+iBQMb "2ir22M LmK#2` �M/
aT�+2 BM S�`B2i�H *Q`i2t ŀX AM , L�im`2 _2pB2rb L2m`Qb+B2M+2 eXe
Ukyy8V- TX 9j8Ĝ993X BbbM , R9dR@yy93X /QB , RyXRyj3fM`MRe39X m`H ,
?iiTb,ffrrrXM�im`2X+QKf�`iB+H2bfM`MRe39X

(R8y) _B+?�`/ >m77X :Qmp2`M2K2Mi�HBiûX AM , 1M+v+HQT¤/B� lMBp2`b�HBbX
m`H , ?iiT,ffrrrXmMBp2`b�HBb@2/mX+QKf2M+v+HQT2/B2f;Qmp2`M2K2Mi�HBi2f
UpBbBiû H2 Rkfy3fkykRVX

(R8R) "�biB2M >m;m2bX h`QBb +?Qb2b ¨ b�pQB` bm` G�m`2Mi P#2`iQM2- H2 DQm`@
M�HBbi2 7ûiB+?2 /m 6L X d K�`X kyRjX m`H , ?iiTb,ffrrrX7`�M+2ipBM7QX
7`f7`�M+2fi`QBb@+?Qb2b@�@b�pQB`@bm`@H�m`2Mi@Q#2`iQM2@H2@
DQm`M�HBbi2@72iB+?2@/m@7MnkdjN9RX?iKH UpBbBiû H2 ydfyRfkykkVX

https://doi.org/10.1177/016344378200400307
https://doi.org/10.1177/016344378200400307
https://doi.org/10.1177/016344378200400307
https://doi.org/10.1140/epjst/e2009-01039-1
https://doi.org/10.1140/epjst/e2009-01039-1
https://doi.org/10.1140/epjst/e2009-01039-1
https://doi.org/10.1016/j.cortex.2007.09.001
https://www.sciencedirect.com/science/article/pii/S001094520700086X
https://www.sciencedirect.com/science/article/pii/S001094520700086X
https://doi.org/10.1038/nrn1684
https://www.nature.com/articles/nrn1684
http://www.universalis-edu.com/encyclopedie/gouvernementalite/
https://www.francetvinfo.fr/france/trois-choses-a-savoir-sur-laurent-obertone-le-journaliste-fetiche-du-fn_273941.html
https://www.francetvinfo.fr/france/trois-choses-a-savoir-sur-laurent-obertone-le-journaliste-fetiche-du-fn_273941.html
https://www.francetvinfo.fr/france/trois-choses-a-savoir-sur-laurent-obertone-le-journaliste-fetiche-du-fn_273941.html
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(R8k) *�`H qBH?2HK 6`2B?2`` pQM >mK#QH/iX ɂ#2` /B2 o2`b+?B2/2M?2Bi /2b
K2Mb+?HB+?2M aT`�+?#�m2b mM/ B?`2M 1BM~mbb �m7 /B2 ;2BbiB;2 1MirB@
+FHmM; /2b J2Mb+?2M;2b+?H2+?ibX .`X /X E;HX �F�/X /X qBbbX- R3jeX

(R8j) A"JX aSaa ai�iBbiB+bX o2`bBQM kdX �KQMF- la�- kykRX
(R89) A7QTX G2b 6`�MÏ�Bb- H� H�ś+Biû 2i H� Hmii2 +QMi`2 HǶBbH�KBbK2X kyRNX m`H ,

?iiTb,ffrrrXB7QTX+QKfrT@+QMi2MifmTHQ�/bfkyRNfRyfRRe3k8n
_�TTQ`inC..nG�B+Bi2@kyRNXRyXk8XT/7X

(R88) :2Q`;2b A7`�?X >BbiQB`2 mMBp2`b2HH2 /2b +?Bz`2b , HǶBMi2HHB;2M+2 /2b
?QKK2b `�+QMiû2 T�` H2b MQK#`2b 2i H2 +�H+mHX hX A � AAX S�`Bb , _G�7@
7QMi- RNN9X Bb#M , Nd3@k@kkR@y8ddN@dX

(R8e) 6`�M+2 AM7QX S`ûbB/2MiB2HH2 , QM � pû`B}û i`QBb /û+H�`�iBQMb /2 +�M/B@
/�ib bm` H2 +?ƬK�;2X 6`�M+2BM7QX k3 K�`X kykkX m`H , ?iiTb,ffrrrX
7`�M+2ipBM7QX7`f`2TH�v@`�/BQfH2@p`�B@/m@7�mtfT`2bB/2MiB2HH2@
QM@ �@ p2`B7B2@ i`QBb@ /2+H�`�iBQMb@ /2@ +�M/B/�ib@ bm`@ H2@
+?QK�;2n8yydydRX?iKH UpBbBiû H2 y3fy9fkykkVX

(R8d) 6`�M+2 AM7Q 2i �6SX G2 +?ƬK�;2 /BKBMm2 7Q`i2K2Mi- ¨ d-9W- �m
[m�i`BĕK2 i`BK2bi`2 kykR- �p2+ mM2 #�Bbb2 MQi�#H2 +?2x H2b D2mM2bX
6`�M+2BM7QX R3 7ûpX kykkX m`H , ?iiTb,ffrrrX7`�M+2ipBM7QX7`f
2+QMQKB2f2KTHQBf+?QK�;2fH2@+?QK�;2@/BKBMm2@7Q`i2K2Mi@�@
d@9@�m@[m�i`B2K2@i`BK2bi`2@kykR@�p2+@mM2@#�Bbb2@MQi�#H2@
+?2x@H2b@D2mM2bn9Ne3jReX?iKH UpBbBiû H2 ydfy9fkykkVX

(R83) AMbiBimi M�iBQM�H /2 H� bi�iBbiB[m2 2i /2b öim/2b ö+QMQ@
KB[m2bX .û}MBiBQM @ *?ƬK2m` U�m b2Mb /m "m`2�m AMi2`M�iBQM�H /m
h`�p�BH U"AhVVX m`H , ?iiTb,ffrrrXBMb22X7`f7`fK2i�/QMM22bf
/27BMBiBQMf+RRkN UpBbBiû H2 yefyRfkykkVX

(R8N) AMbiBimi M�iBQM�H /2 H� bi�iBbiB[m2 2i /2b öim/2b ö+QMQ@
KB[m2bX G2b +?ƬK2m`b �m b2Mb /m "Ah 2i H2b /2K�M/2m`b /Ƕ2KTHQB
BMb+`Bib ¨ SƬH2 2KTHQBƘ, mM2 /Bp2`;2M+2 /2 K2bm`2 /m +?ƬK�;2 �mt

https://www.ifop.com/wp-content/uploads/2019/10/116825_Rapport_JDD_Laicite-2019.10.25.pdf
https://www.ifop.com/wp-content/uploads/2019/10/116825_Rapport_JDD_Laicite-2019.10.25.pdf
https://www.francetvinfo.fr/replay-radio/le-vrai-du-faux/presidentielle-on-a-verifie-trois-declarations-de-candidats-sur-le-chomage_5007071.html
https://www.francetvinfo.fr/replay-radio/le-vrai-du-faux/presidentielle-on-a-verifie-trois-declarations-de-candidats-sur-le-chomage_5007071.html
https://www.francetvinfo.fr/replay-radio/le-vrai-du-faux/presidentielle-on-a-verifie-trois-declarations-de-candidats-sur-le-chomage_5007071.html
https://www.francetvinfo.fr/replay-radio/le-vrai-du-faux/presidentielle-on-a-verifie-trois-declarations-de-candidats-sur-le-chomage_5007071.html
https://www.francetvinfo.fr/economie/emploi/chomage/le-chomage-diminue-fortement-a-7-4-au-quatrieme-trimestre-2021-avec-une-baisse-notable-chez-les-jeunes_4968316.html
https://www.francetvinfo.fr/economie/emploi/chomage/le-chomage-diminue-fortement-a-7-4-au-quatrieme-trimestre-2021-avec-une-baisse-notable-chez-les-jeunes_4968316.html
https://www.francetvinfo.fr/economie/emploi/chomage/le-chomage-diminue-fortement-a-7-4-au-quatrieme-trimestre-2021-avec-une-baisse-notable-chez-les-jeunes_4968316.html
https://www.francetvinfo.fr/economie/emploi/chomage/le-chomage-diminue-fortement-a-7-4-au-quatrieme-trimestre-2021-avec-une-baisse-notable-chez-les-jeunes_4968316.html
https://www.insee.fr/fr/metadonnees/definition/c1129
https://www.insee.fr/fr/metadonnees/definition/c1129
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+�mb2b KmHiBTH2b Ɛ 1KTHQB- +?ƬK�;2- `2p2Mmb /m i`�p�BHX m`H , ?iiTb,
ffrrrXBMb22X7`f7`fbi�iBbiB[m2bf9R3jy88\bQKK�B`249R3kN8y
UpBbBiû H2 ydfy9fkykkVX

(Rey) AS**X *HBK�i2 *?�M;2 , AKT�+ib- �/�Ti�iBQM �M/ omHM2`�#BHBivX kykkX
m`H , ?iiTb,ffrrrXBT++X+?f`2TQ`ifbBti?@�bb2bbK2Mi@`2TQ`i@
rQ`FBM;@;`QmT@BBf UpBbBiû H2 RjfyefkykkVX

(ReR) oû`QMB[m2 Ax�`/ 2i ai�MBbH�b .2?�2M2X Ŀ *�HB#`�iBM; i?2 J2Mi�H
LmK#2` GBM2 ŀX AM , *Q;MBiBQM RyeXj Ukyy3V- TX RkkRĜRk9dX BbbM , yyRy@
ykddX m`H , ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2f
TBBfayyRyykddydyyR8e9 UpBbBiû H2 kefykfkykRVX

(Rek) a�Km2H C�#2`;X Zm�M/ H2b +`BKBM2Hb 2M +QH #H�M+ i2Mi2Mi /2 #�BHHQM@
M2` H� T`2bb2X kj �p`X kykRX m`H , ?iiTb,ffrrrXbrBbbBM7QX+?f7`2f
2+QMQKB2f[m�M/@ H2b@ +`BKBM2Hb@ 2M@ +QH@ #H�M+@ i2Mi2Mi@ /2@
#W*jW�kBHHQMM2`@H�@T`2bb2@f9e8je393 UpBbBiû H2 R3fykfkykkVX

(Rej) CQ?M >QTFBMb lMBp2`bBivX *PoA.@RN J�TX m`H , ?iiTb , f f
+Q`QM�pB`mbXD?mX2/mfK�TX?iKH UpBbBiû H2 RyfyjfkykkVX

(Re9) Ab�#2HH2 E�HBMQrbFBX L2mi`�HBiû �tBQHQ;B[m2X AM , 1M+v+HQT¤/B� lMB@
p2`b�HBbX m`H , ?iiT,ffrrrXmMBp2`b�HBb@2/mX+QKf2M+v+HQT2/B2f
M2mi`�HBi2@�tBQHQ;B[m2f UpBbBiû H2 kNfydfkyRNVX

(Re8) �`�p� uX E�HH�B 2i CQb2T? hx2H;QpX Ŀ q?2M J2�MBM;7mH *QKTQ@
M2Mib AMi2``mTi i?2 S`Q+2bbBM; Q7 i?2 q?QH2 , h?2 *�b2 Q7 6`�+iBQMb ŀX
AM , �+i� Sbv+?QHQ;B+� RjNXk UkyRkV- TX j83ĜjeNX BbbM , yyyR@eNR3X
/QB , Ry X RyRe f D X �+iTbv X kyRR X RR X yyNX m`H , ?iiTb , f f rrr X
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyyReNR3RRyykRekX

(Ree) *�i?2`BM2 E2`#`�i@P`2++?BQMBX GǶBKTHB+Bi2X k2X lX GBM;mBbiB[m2X
S�`Bb , �`K�M/ *QHBM- RNN3X Bb#M , Nd3@k@kyy@kR3N9@kX

(Red) �H�M EB`K�MX Ŀ 1+QMQKB+ h?2Q`v BM *`BbBb ŀX AM , _2pm2 2+QMQKB[m2
ejXj UkR K�B kyRkV- TX 9kRĜ9jeX BbbM , yyj8@kde9X m`H , ?iiTb,ff
rrrX+�B`MXBM7Qf`2pm2@2+QMQKB[m2@kyRk@j@T�;2@9kRX?iK UpBbBiû
H2 RNfyRfkykkVX

https://www.insee.fr/fr/statistiques/4183055?sommaire=4182950
https://www.insee.fr/fr/statistiques/4183055?sommaire=4182950
https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-ii/
https://www.sciencedirect.com/science/article/pii/S0010027707001564
https://www.sciencedirect.com/science/article/pii/S0010027707001564
https://www.swissinfo.ch/fre/economie/quand-les-criminels-en-col-blanc-tentent-de-b%C3%A2illonner-la-presse-/46536848
https://www.swissinfo.ch/fre/economie/quand-les-criminels-en-col-blanc-tentent-de-b%C3%A2illonner-la-presse-/46536848
https://www.swissinfo.ch/fre/economie/quand-les-criminels-en-col-blanc-tentent-de-b%C3%A2illonner-la-presse-/46536848
https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
http://www.universalis-edu.com/encyclopedie/neutralite-axiologique/
http://www.universalis-edu.com/encyclopedie/neutralite-axiologique/
https://doi.org/10.1016/j.actpsy.2011.11.009
https://www.sciencedirect.com/science/article/pii/S0001691811002162
https://www.sciencedirect.com/science/article/pii/S0001691811002162
https://www.cairn.info/revue-economique-2012-3-page-421.htm
https://www.cairn.info/revue-economique-2012-3-page-421.htm
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(Re3) C2�M@J�`B2 EHBMF2M#2`;X Ŀ SQm` mM2 bûKBQiB[m2 +Q;MBiBp2 ŀX AM ,
GBMtX _2pm2 /2b HBM;mBbi2b /2 HǶmMBp2`bBiû S�`Bb L�Mi2``2 99 UkyyRV-
TX RjjĜR93X BbbM , kRR3@NeNkX /QB , RyX9yyyfHBMtXRy8eX m`H , ?iiT,
ffDQm`M�HbXQT2M2/BiBQMXQ`;fHBMtfRy8eX

(ReN) h?QK�b aX Em?MX Ŀ h?2 6mM+iBQM Q7 J2�bm`2K2Mi BM JQ/2`M S?vbB@
+�H a+B2M+2 ŀX AM , AbBb 8kXk URNeRV- TX ReRĜRNjX BbbM , yykR@Rd8jX m`H ,
?iiTb,ffrrrXDbiQ`XQ`;fbi�#H2fkk3ed3 UpBbBiû H2 Rdfy3fkykRVX

(Rdy) h?QK�b aX Em?MX h?2 ai`m+im`2 Q7 a+B2MiB}+ _2pQHmiBQMbX *?B+�;Q ,
lMBp2`bBiv Q7 *?B+�;Q S`2bb- kyRkX

(RdR) a�M;22i EmK�`X Ŀ h?2 �H;Q`Bi?KB+ .�M+2 , uQmhm#2Ƕb �/TQ+�HvTb2
�M/ i?2 :�i2F22TBM; Q7 *mHim`�H *QMi2Mi QM .B;Bi�H SH�i7Q`Kb ŀX AM ,
AMi2`M2i SQHB+v _2pB2r 3Xk UkyRNV- TX RĜkRX BbbM , kRNd@edd8X /QB ,
RyXR9dejfkyRNXkXR9RdX m`H , ?iiTb,ffrrrX2+QMbiQ`X2mf?�M/H2f
Ry9RNfkR9y3j UpBbBiû H2 kefy3fkykRVX

(Rdk) :BHH2b G�#�`i?2X S`2bbBQMb bm` HǶBMp2biB;�iBQM 2M amBbb2X R2` K�B
kyRdX m`H , ?iiTb,ffH2+Qm``B2`X+?fkyRdfy8fyRfT`2bbBQMb@
bm`@HBMp2biB;�iBQM@2M@bmBbb2f UpBbBiû H2 yjfykfkykkVX

(Rdj) qBHHB�K G�#QpX Ŀ P#D2+iBpBiv �M/ *QKKBiK2Mi BM GBM;mBbiB+ a+B2M+2 ,
h?2 *�b2 Q7 i?2 "H�+F 1M;HBb? h`B�H BM �MM �`#Q` ŀX AM , G�M;m�;2
BM aQ+B2iv RRXk URN3kV- TX Re8ĜkyRX BbbM , R9eN@3yRj- yy9d@9y98X /QB ,
RyXRyRdfayy9d9y98yyyyNRNkX m`H , ?iiTb,ffrrrX+�K#`B/;2XQ`;f
+Q`2fDQm`M�HbfH�M;m�;2@ BM@ bQ+B2ivf�`iB+H2fQ#D2+iBpBiv@
�M/@ +QKKBiK2Mi@ BM@ HBM;mBbiB+@ b+B2M+2@ i?2@ +�b2@ Q7@ i?2@
#H�+F@2M;HBb?@i`B�H@BM@�MM@�`#Q`fRj*8yy�y666**N1d8*y"*y6ye3988�69X

(Rd9) qBHHB�K G�#QpX aQ+BQHBM;mBbiB+ S�ii2`MbX *QM/m+i �M/ *QKKmMB+�@
iBQM- 9X S?BH�/2HT?B� , lMBp2bBiv Q7 S2MMbvHp�MB� S`2bb- RNdkX Bb#M ,
Nd3@y@3Rkk@de8d@kX

(Rd8) qBHHB�K G�#QpX aQ+BQHBM;mBbiB[m2X h`�/X T�` SB2``2 1M+`2pö 2i �H�BM
EB?KX G2 b2Mb +QKKmMX S�`Bb , JBMmBi- RNdeX Bb#M , Nd3@k@dydj@yRky@
3X

https://doi.org/10.4000/linx.1056
http://journals.openedition.org/linx/1056
http://journals.openedition.org/linx/1056
https://www.jstor.org/stable/228678
https://doi.org/10.14763/2019.2.1417
https://www.econstor.eu/handle/10419/214083
https://www.econstor.eu/handle/10419/214083
https://lecourrier.ch/2017/05/01/pressions-sur-linvestigation-en-suisse/
https://lecourrier.ch/2017/05/01/pressions-sur-linvestigation-en-suisse/
https://doi.org/10.1017/S0047404500009192
https://www.cambridge.org/core/journals/language-in-society/article/objectivity-and-commitment-in-linguistic-science-the-case-of-the-black-english-trial-in-ann-arbor/13C500A0FFFCC9E75C0BC0F068455AF4
https://www.cambridge.org/core/journals/language-in-society/article/objectivity-and-commitment-in-linguistic-science-the-case-of-the-black-english-trial-in-ann-arbor/13C500A0FFFCC9E75C0BC0F068455AF4
https://www.cambridge.org/core/journals/language-in-society/article/objectivity-and-commitment-in-linguistic-science-the-case-of-the-black-english-trial-in-ann-arbor/13C500A0FFFCC9E75C0BC0F068455AF4
https://www.cambridge.org/core/journals/language-in-society/article/objectivity-and-commitment-in-linguistic-science-the-case-of-the-black-english-trial-in-ann-arbor/13C500A0FFFCC9E75C0BC0F068455AF4
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(Rde) a�Km2H G�m`2MiX CǶ�B pm M�ŗi`2 H2 KQMbi`2 , irBii2` p�@i@BH im2` H�
O/ûKQ+`�iB2 \ S�`Bb , G2b �`ĕM2b- kykRX Bb#M , NdN@Ry@jd8@yk3d@kX

(Rdd) S�mH 6X G�x�`b72H/X Ŀ LQi2b QM i?2 >BbiQ`v Q7 Zm�MiB}+�iBQM BM
aQ+BQHQ;v–h`2M/b- aQm`+2b �M/ S`Q#H2Kb ŀX AM , AbBb 8kXk URNeRV-
TX kddĜjjjX BbbM , yykR@Rd8jX /QB , RyXRy3efj9N9djX m`H , ?iiTb,
ffrrrXDQm`M�HbXm+?B+�;QX2/mf/QBf�#bfRyXRy3efj9N9dj UpBbBiû
H2 RefRRfkyR3VX

(Rd3) JB+?ĕH2 G2 .Q2m77X "�+QM +?�M+2HB2` 6`�M+Bb UR8ey Qm R8eR@RekeVX
AM , 1M+v+HQT¤/B� lMBp2`b�HBbX m`H , ?iiT,ffrrrXmMBp2`b�HBb@
2/m X +QK f 2M+v+HQT2/B2 f #�+QM @ +?�M+2HB2` @ 7`�M+Bbf UpBbBiû H2
ykfyNfkykRVX

(RdN) G2 JQM/2 .BTHQK�iB[m2 2i �+`BK2/X Jû/B�b 7`�MÏ�Bb- [mB TQb@
bĕ/2 [mQB \ R8 /û+X kykRX m`H , ?iiTb,ffrrrXKQM/2@/BTHQK�iB[m2X
7`f+�`i2bfSS� UpBbBiû H2 kRfyRfkykkVX

(R3y) Gm/QpB+ G2#�`i- �H�BM JQ`BM2�m 2i J�`B2 SB`QMX ai�iBbiB[m2 2t@
THQ`�iQB`2 KmHiB/BK2MbBQMM2HH2X j2 û/X .mMQ/ S�`Bb- RNN8X

(R3R) "2`M�`/@SB2``2 Gö+mv2`X Ŀ S`Q#�#BHBiv BM oBi�H �M/ aQ+B�H ai�iBbiB+b ,
Zm2iH2i- 6�`` �M/ i?2 "2`iBHHQMb ŀX AM , h?2 S`Q#�#BHBbiB+ _2pQHmiBQM ,
A/2�b BM >BbiQ`vX hX RX *�K#`B/;2- J�- la , h?2 JAh S`2bb- RN3d-
TX jRdĜjj8X

(R3k) "2`M�`/@SB2``2 Gö+mv2`X Zm2i2H2i �/QHT?2 URdNe@R3d9VX AM , 1M+v@
+HQT¤/B� lMBp2`b�HBbX Re MQpX kyR3X m`H , ?iiT,ffrrrXmMBp2`b�HBb@
2/mX+QKf2M+v+HQT2/B2f�/QHT?2@[m2i2H2if UpBbBiû H2 RefRRfkyR3VX

(R3j) :2Qz`2v G22+?X Ŀ *Q`Tmb �MMQi�iBQM a+?2K2b ŀX AM , GBi2`�`v �M/
GBM;mBbiB+ *QKTmiBM; 3X9 URNNjV- TX kd8Ĝk3RX BbbM , yke3@RR98- R9dd@
9eR8X /QB , RyXRyNjfHH+f3X9Xkd8X m`H , ?iiTb,ff�+�/2KB+XQmTX
+QKf/b?f�`iB+H2@HQQFmTf/QBfRyXRyNjfHH+f3X9Xkd8X

https://doi.org/10.1086/349473
https://www.journals.uchicago.edu/doi/abs/10.1086/349473
https://www.journals.uchicago.edu/doi/abs/10.1086/349473
http://www.universalis-edu.com/encyclopedie/bacon-chancelier-francis/
http://www.universalis-edu.com/encyclopedie/bacon-chancelier-francis/
https://www.monde-diplomatique.fr/cartes/PPA
https://www.monde-diplomatique.fr/cartes/PPA
http://www.universalis-edu.com/encyclopedie/adolphe-quetelet/
http://www.universalis-edu.com/encyclopedie/adolphe-quetelet/
https://doi.org/10.1093/llc/8.4.275
https://academic.oup.com/dsh/article-lookup/doi/10.1093/llc/8.4.275
https://academic.oup.com/dsh/article-lookup/doi/10.1093/llc/8.4.275
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(R39) _ûKB G272#p`2X Ŀ G2b :BH2ib D�mM2b 2i H2b 2tB;2M+2b /2 H� `2T`ûb2M@
i�iBQM TQHBiB[m2 ŀX AM , G� oB2 /2b B/û2b URy b2TiX kyRNVX m`H , ?iiTb,
ffH�pB2/2bB/22bX7`fG2b@:BH2ib@D�mM2b@2i@H2b@2tB;2M+2b@
/2@H�@`2T`2b2Mi�iBQM@TQHBiB[m2X?iKH UpBbBiû H2 yNfyjfkykkVX

(R38) S�B;2 G2bFBMX uQmhm#2 "`Qm;?i BM 0R8 "BHHBQM BM �/p2`iBbBM; _2p2Mm2
BM kyRN —N hBK2b JQ`2 h?�M :QQ;H2 S�B/ iQ �+[mB`2 i?2 aBi2 R9
u2�`b �;QX 9 7ûpX kykyX m`H , ?iiTb , f f rrr X #mbBM2bbBMbB/2` X
+QKfvQmim#2@�/p2`iBbBM;@`2p2Mm2@N@iBK2b@;QQ;H2@�+[mB`2/@
pB/2Q@TH�i7Q`K@kyky@k UpBbBiû H2 kjfykfkykkVX

(R3e) .�MB2H CX G2pBiBMX � 6B2H/ :mB/2 iQ GB2b �M/ ai�iBbiB+b , � L2m`Qb@
+B2MiBbi QM >Qr iQ J�F2 a2Mb2 Q7 � *QKTH2t qQ`H/X GQM/QM , oBFBM;-
kyReX Bb#M , Nd3@y@k9R@k9yyy@dX

(R3d) G:"hY >2HTHBM2X m`H , ?iiTb , f f rrr X H;#i @ ?2HTHBM2 X +? f 7`f
UpBbBiû H2 kRfydfkykkVX

(R33) :BHH2b Hǰ>Qi2X am` H� iûHûpBbBQMX �p2+ H� +QHHX /2 SB2``2 "Qm`/B2mX
R3 K�`X RNNeX m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4p++e�1TD/+u
UpBbBiû H2 y3fyjfkykkVX

(R3N) q�Hi2` GBTTK�MMX h?2 :QQ/ aQ+B2ivX GQM/QM , �HH2M 2i lMrBM- RN99X
(RNy) �H2t J�?Qm/2�mX G� S�MB[m2 rQF2X S�`Bb , ú/BiBQMb h2tim2H- kykkX
(RNR) �H�BM J�BHH�`/X lM2 �;2M+2 /2 T`2bb2 2M Kmi�iBQM , E2vbiQM2@

�haX �Qȿi kyRNX m`H , ?iiTb,ff#/T2`XTH�M/2im/2bX+?fmTHQ�/bf
`2bbQm`+2bf98Nkf�;2M+2n2MnKmi�iBQMXT/7 UpBbBiû H2 yjfykfkykkVX

(RNk) :2Q`;2 J�M/H2` 2i "BHHB2 CX a?2#QX Ŀ am#BiBxBM; , �M �M�HvbBb Q7
Bib +QKTQM2Mi T`Q+2bb2b ŀX AM , CQm`M�H Q7 1tT2`BK2Mi�H Sbv+?QHQ;v ,
:2M2`�H RRRXR URN3kV- TX RĜkkX BbbM , RNjN@kkkkX /QB , RyXRyjdfyyNe@
j998XRRRXRXRX

(RNj) "2`M�`/ J�MBMX S`BM+BT2b /m ;Qmp2`M2K2Mi `2T`ûb2Mi�iB7 X S�`Bb ,
*�HK�MM@Gûpv- RNN8X Bb#M , Nd3@k@dykR@k9yd@NX

https://laviedesidees.fr/Les-Gilets-jaunes-et-les-exigences-de-la-representation-politique.html
https://laviedesidees.fr/Les-Gilets-jaunes-et-les-exigences-de-la-representation-politique.html
https://laviedesidees.fr/Les-Gilets-jaunes-et-les-exigences-de-la-representation-politique.html
https://www.businessinsider.com/youtube-advertising-revenue-9-times-google-acquired-video-platform-2020-2
https://www.businessinsider.com/youtube-advertising-revenue-9-times-google-acquired-video-platform-2020-2
https://www.businessinsider.com/youtube-advertising-revenue-9-times-google-acquired-video-platform-2020-2
https://www.lgbt-helpline.ch/fr/
https://www.youtube.com/watch?v=vcc6AEpjdcY
https://bdper.plandetudes.ch/uploads/ressources/4592/Agence_en_mutation.pdf
https://bdper.plandetudes.ch/uploads/ressources/4592/Agence_en_mutation.pdf
https://doi.org/10.1037/0096-3445.111.1.1
https://doi.org/10.1037/0096-3445.111.1.1
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(RN9) *û/`B+ J�`;QiX Ŀ :QQ;H2 Bi- #27Q`2 vQm 2�i Bi 5 ŀ AM , �miQm` /2 H�
i�#H2X J�M;2`- #QB`2 2i +QKKmMB[m2`X � +QMi`�`BQ *�KTmbX G�mb�MM2 ,
"aL S`2bb- kyky- TX RN8ĜkRyX Bb#M , Nd3@k@N9ye93@Rd@dX m`H , ?iiTb,
ffrrrX+�B`MXBM7Qf�miQm`@ /2@ H�@ i�#H2@ K�M;2`@ #QB`2@ 2i@
+QKKmMB[m2`@@Nd3kN9ye93Rdd@T�;2@RN8X?iK UpBbBiû H2 kkfykfkykkVX

(RN8) �M/`û J�`iBM2iX 1HûK2Mib /2 HBM;mBbiB[m2 ;ûMû`�H2X 82 û/X *m`bmbX
S�`Bb , �X *QHBM- kyRRX Bb#M , Nd3@k@kyy@j899d@jX

(RNe) a�H22K J�b�/2? 2i "BHH >�KBHiQMX Ŀ h?2 �7i2`K�i? P7 h?2 �/@
TQ+�HvTb2 , avbi2KB+ "B�b QM uQmhm#2 ŀX AM , UkykyVX

(RNd) PHBpB2` J�mHBMBX Ŀ ZmB � 2m +2ii2 B/û2 7QHH2- mM DQm` /ǶBMp2Mi2` (H2b
MQi2b ¨) HǶû+QH2 \ S2iBi2 ?BbiQB`2 /2 HǶûp�Hm�iBQM +?Bz`û2 ¨ HǶmb�;2 /2
+2HH2b 2i +2mt [mB /ûbB`2Mi bǶ 2M T�bb2` U2i /2b �mi`2bV ŀX AM , �`+?Bp2b
Qmp2`i2b lLA:1 URNNeVX m`H , ?iiT,ff�`+?Bp2@Qmp2`i2XmMB;2X
+?fmMB;2,9R999X

(RN3) EQH22M J+*`BMF- ai�MBbH�b .2?�2M2 2i :?BbH�BM2 .2?�2M2@G�K#2`ixX
Ŀ JQpBM; �HQM; i?2 LmK#2` GBM2 , PT2`�iBQM�H JQK2MimK BM LQM@
bvK#QHB+ �`Bi?K2iB+ ŀX AM , S2`+2TiBQM � Sbv+?QT?vbB+b eNX3 UkyydV-
TX Rjk9ĜRjjjX BbbM , R8jk@8NekX /QB , RyXjd83f"6yjRNkN9NX m`H ,
?iiTb,ff/QBXQ`;fRyXjd83f"6yjRNkN9NX

(RNN) q�``2M aX J+*mHHQ+?X Ŀ q?�i Bb � LmK#2`- i?�i � J�M J�v EMQr
Bi- �M/ � J�M- i?�i ?2 J�v EMQr � LmK#2` ŀX AM , :2M2`�H a2K�MiB+b
"mHH2iBM keXkd URNeRV- TX dĜR3X

(kyy) J2/B�T�`iX G� T`2bb2 BM/ûT2M/�Mi2 +QMi`2 H2b p2Mib K�mp�BbX kj MQpX
kykRX m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4qajh2>iwFBb
UpBbBiû H2 k9fRRfkykRVX

(kyR) *?`BbiB�M J2ixX Ŀ _û~2tBQMb bm` H� ǴaûKBQHQ;B2 ;`�T?B[m2Ǵ /2 C�+[m2b
"2`iBM ŀX AM , �MM�H2b keXj URNdRV- TX d9RĜdedX /QB , RyXj9yef�?2bbX
RNdRX9kk99RX m`H , ?iiTb,ffrrrXT2`b22X7`f/Q+f�?2bbnyjN8@
ke9NnRNdRnMmKnkenjn9kk99R UpBbBiû H2 RefyjfkykRVX

https://www.cairn.info/autour-de-la-table-manger-boire-et-communiquer--9782940648177-page-195.htm
https://www.cairn.info/autour-de-la-table-manger-boire-et-communiquer--9782940648177-page-195.htm
https://www.cairn.info/autour-de-la-table-manger-boire-et-communiquer--9782940648177-page-195.htm
http://archive-ouverte.unige.ch/unige:41444
http://archive-ouverte.unige.ch/unige:41444
https://doi.org/10.3758/BF03192949
https://doi.org/10.3758/BF03192949
https://www.youtube.com/watch?v=WS3TeHtZkis
https://doi.org/10.3406/ahess.1971.422441
https://doi.org/10.3406/ahess.1971.422441
https://www.persee.fr/doc/ahess_0395-2649_1971_num_26_3_422441
https://www.persee.fr/doc/ahess_0395-2649_1971_num_26_3_422441
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(kyk) E�`H >2BMx J2ixX Ŀ S�mT2`b �M/ LmK#2`b ŀX AM , h?2 S`Q#�#BHBbiB+
_2pQHmiBQM , A/2�b BM >BbiQ`vX hX RX *�K#`B/;2- J�- la , h?2 JAh
S`2bb- RN3d- TX jjdĜj8yX

(kyj) JBMBbiĐ`2 7`�MÊ�Bb /m i`�p�BH /2 Hǰ2KTHQB 2i /2 HǰBMb2`iBQMX
LQmp2HH2b `ĕ;H2b /Ƕ�bbm`�M+2 +?ƬK�;2X kykRX m`H , ?iiTb,ffi`�p�BH@
2KTHQBX;QmpX7`fH2@KBMBbi2`2@2M@�+iBQMfMQmp2HH2b@`2;H2b@
/@�bbm`�M+2@+?QK�;2f UpBbBiû H2 kRfyRfkykkVX

(ky9) J�`iBM JX JQMiB- G�r`2M+2 JX S�`bQMb 2i .�MB2H LX Pb?2`bQMX
Ŀ h?Qm;?i "2vQM/ G�M;m�;2 , L2m`�H .BbbQ+B�iBQM Q7 �H;2#`� �M/
L�im`�H G�M;m�;2 ŀX AM , Sbv+?QHQ;B+�H a+B2M+2 kjX3 UR2` �Qȿi kyRkV-
TX NR9ĜNkkX BbbM , yN8e@dNdeX /QB , Ry X RRdd f yN8edNdeRk9jd9kdX
m`H , ?iiTb,f f/QBX Q`;f RyXRRdd fyN8edNdeRk9jd9kd UpBbBiû H2
RNfykfkykRVX

(ky8) :2Q`;2b JQ`H�iX ai�iBbiB[m2X AM , 1M+v+HQT¤/B� lMBp2`b�HBbX m`H ,
?iiT,ffrrrXmMBp2`b�HBb@2/mX+QKf2M+v+HQT2/B2fbi�iBbiB[m2f
UpBbBiû H2 kRfRyfkykRVX

(kye) JQ`i�HBiû `QmiBĕ`2 , #�Bbb2 ?BbiQ`B[m2 TQm` mM KQBb /Ƕ�QȿiX G2 S`Q;`ĕbX
R9 b2TiX kyR3X m`H , ?iiTb,ffrrrXH2T`Q;`2bX7`f7`�M+2@KQM/2f
kyR3fyNfR9fKQ`i�HBi2@`QmiB2`2@#�Bbb2@?BbiQ`B[m2@TQm`@mM@
KQBb@/@�Qmi UpBbBiû H2 Ryfy3fkykkVX

(kyd) _Q#2`i aX JQv2` 2i h?QK�b EX G�M/�m2`X Ŀ hBK2 _2[mB`2/ 7Q`
Cm/;2K2Mib Q7 LmK2`B+�H AM2[m�HBiv ŀX AM , L�im`2 kR8X8RyN URNedV-
TX R8RNĜR8kyX BbbM , R9de@9e3dX /QB , RyXRyj3fkR8R8RN�yX m`H ,
?iiTb,ffrrrXM�im`2X+QKf�`iB+H2bfkR8R8RN�yX

(ky3) CQm`M�H /m M2iX _û7Q`K2 /m +?ƬK�;2Ƙ, +�H2M/`B2`- BM/2KMBiûb- +Q@
`QM�pB`mbX R3 /û+X kykRX m`H , ?iiTb,ffrrrXDQm`M�H/mM2iX7`f
K�M�;2K2Mif;mB/2@/m@K�M�;2K2MifRRNdddR@`27Q`K2@/m@+?QK�;2@
+�H2M/`B2`@BM/2KMBi2b@+Q`QM�pB`mbf UpBbBiû H2 y3fy9fkykkVX

https://travail-emploi.gouv.fr/le-ministere-en-action/nouvelles-regles-d-assurance-chomage/
https://travail-emploi.gouv.fr/le-ministere-en-action/nouvelles-regles-d-assurance-chomage/
https://travail-emploi.gouv.fr/le-ministere-en-action/nouvelles-regles-d-assurance-chomage/
https://doi.org/10.1177/0956797612437427
https://doi.org/10.1177/0956797612437427
http://www.universalis-edu.com/encyclopedie/statistique/
https://www.leprogres.fr/france-monde/2018/09/14/mortalite-routiere-baisse-historique-pour-un-mois-d-aout
https://www.leprogres.fr/france-monde/2018/09/14/mortalite-routiere-baisse-historique-pour-un-mois-d-aout
https://www.leprogres.fr/france-monde/2018/09/14/mortalite-routiere-baisse-historique-pour-un-mois-d-aout
https://doi.org/10.1038/2151519a0
https://www.nature.com/articles/2151519a0
https://www.journaldunet.fr/management/guide-du-management/1197771-reforme-du-chomage-calendrier-indemnites-coronavirus/
https://www.journaldunet.fr/management/guide-du-management/1197771-reforme-du-chomage-calendrier-indemnites-coronavirus/
https://www.journaldunet.fr/management/guide-du-management/1197771-reforme-du-chomage-calendrier-indemnites-coronavirus/
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(kyN) :2Q`;2b L2vX J2bm`2 @ Jûi?Q/QHQ;B2X AM , 1M+v+HQT¤/B� lMBp2`b�HBbX
m`H , ?iiT,ffrrrXmMBp2`b�HBb@2/mX+QKf2M+v+HQT2/B2fK2bm`2@
K2i?Q/QHQ;B2f UpBbBiû H2 Rdfy3fkykRVX

(kRy) "2M LQ`iQMX lXEX S�`HB�K2Mi _2TQ`i .2i�BHb >Qr L�hPǶb kyRR
q�` BM GB#v� r�b "�b2/ QM GB2bX Re b2TiX kyReX m`H , ?iiTb,ff
rrrXb�HQMX+QKfkyRefyNfRefm@F@T�`HB�K2Mi@`2TQ`i@/2i�BHb@
?Qr@M�iQb@kyRR@r�`@BM@HB#v�@r�b@#�b2/@QM@HB2bf UpBbBiû H2
RyfykfkykkVX

(kRR) >�Mb@*?`BbiQT? Lm2`F- EQ`#BMB�M JQ2HH2` 2i EH�mb qBHHK2bX
Ŀ JmHiB@.B;Bi LmK#2` S`Q+2bbBM; , Pp2`pB2r- *QM+2Tim�H *H�`B}+�@
iBQMb- �M/ G�M;m�;2 AM~m2M+2b ŀX AM , h?2 Pt7Q`/ >�M/#QQF Q7 Lm@
K2`B+�H *Q;MBiBQMX Pt7Q`/ , PlS- kyR8- TX RyeĜRjNX Bb#M , Nd3@y@RN@
Ne9kj9@kX

(kRk) >�Mb@*?`BbiQT? Lm2`F- lX q2;2` 2i EH�mb qBHHK2bX Ŀ .2+�/2
"`2�Fb BM i?2 J2Mi�H LmK#2` GBM2 \ SmiiBM; i?2 h2Mb �M/ lMBib "�+F
BM .Bz2`2Mi "BMb ŀX AM , *Q;MBiBQM 3kXR UkyyRV- "k8ĜjjX BbbM , yyRy@
ykddX /QB , RyXRyRefbyyRy@ykddUyRVyyR9k@RX

(kRj) >�Mb@*?`BbiQT? Lm2`F 2i �HX Ŀ PM h?2 AKT�+i Q7 .Bz2`2Mi LmK@
#2` _2T`2b2Mi�iBQMb BM i?2 LmK#2` "Bb2+iBQM h�bF ŀX AM , *Q`i2t
j3X8 UkyykV- TX eNRĜdR8X BbbM , yyRy@N98kX /QB , RyXRyRefayyRy@
N98kUy3 V dyyj3 @ 3X m`H , ?iiTb , f f rrr X b+B2M+2/B`2+i X +QK f
b+B2M+2f�`iB+H2fTBBfayyRyN98ky3dyyj33X

(kR9) G�m`2Mi P#2`iQM2X G� 6`�M+2 AMi2`/Bi2X S�`Bb , _BM;- kyR3X Bb#M ,
NdN@Ry@NR99d@3R@kX

(kR8) P#b2`p�iQB`2 /2b KmHiBM�iBQM�H2bX GQ##vb +QMi`2 +BiQv2MbX ZmB
p2mi H� T2�m /2 H� +QMp2MiBQM +HBK�i \ kykRX m`H , ?iiTb,ffKmHiBM�iBQM�H2bX
Q`;fHQ##vb@+BiQv2Mb@+QMp2MiBQM@+HBK�i UpBbBiû H2 kRfy9fkykRVX

(kRe) P#b2`p�iQB`2 /2b KmHiBM�iBQM�H2b 2i _BiBKQX JmHiBM�iBQM�H2b ,
H2b #�i�BHH2b /2 HǶBM7Q`K�iBQMX kyReX m`H , ?iiTb,ffrrrX+Q`2/2KX
BM7QfAJ:fT/7fT�bbR9n7`#/nr2#XT/7X

http://www.universalis-edu.com/encyclopedie/mesure-methodologie/
http://www.universalis-edu.com/encyclopedie/mesure-methodologie/
https://www.salon.com/2016/09/16/u-k-parliament-report-details-how-natos-2011-war-in-libya-was-based-on-lies/
https://www.salon.com/2016/09/16/u-k-parliament-report-details-how-natos-2011-war-in-libya-was-based-on-lies/
https://www.salon.com/2016/09/16/u-k-parliament-report-details-how-natos-2011-war-in-libya-was-based-on-lies/
https://doi.org/10.1016/s0010-0277(01)00142-1
https://doi.org/10.1016/S0010-9452(08)70038-8
https://doi.org/10.1016/S0010-9452(08)70038-8
https://www.sciencedirect.com/science/article/pii/S0010945208700388
https://www.sciencedirect.com/science/article/pii/S0010945208700388
https://multinationales.org/lobbys-citoyens-convention-climat
https://multinationales.org/lobbys-citoyens-convention-climat
https://www.coredem.info/IMG/pdf/pass14_frbd_web.pdf
https://www.coredem.info/IMG/pdf/pass14_frbd_web.pdf
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(kRd) P#b2`p�iQB`2 L�iBQM�H /2 H� /öHBM[m�M+2 2i /2b `öTQMb2b
TöM�H2bX oB+iBKBb�iBQM kyR3 2i T2`+2TiBQMb /2 H� bû+m`Biû , _ûbmHi�ib
/2 HǶ2M[māi2 Ǵ*�/`2 /2 pB2 2i bû+m`Biû kyRNǴX kyRNX m`H , ?iiTb,ff
rrrXB?2KBX7`fbBi2bf/27�mHif7BH2bfTm#HB+�iBQMbf7BH2bfkyRN@
Rkf_�nPL._SnkyRNXT/7X

(kR3) P*.1X GǶûp�Hm�iBQM /2b +QKTûi2M+2b /2b �/mHi2b , J�Mm2H ¨ HǶmb�;2
/2b H2+i2m`bX P1*. Sm#HBb?BM;- kyR9X Bb#M , Nd3@Nk@e9@ky9Rk@eX

(kRN) �pM2` P772` 2i :�#`B2H aƴ/2`#2`;X h?2 LQ#2H 6�+iQ`X S`BM+2iQM
lMBp2`bBiv S`2bb- kyReX Bb#M , Nd3@y@eNR@Reeyj@kX m`H , ?iiTb,ff
T`2bbXT`BM+2iQMX2/mf#QQFbf?�`/+Qp2`fNd3yeNRReeyjkfi?2@
MQ#2H@7�+iQ` UpBbBiû H2 kRfyjfkykjVX

(kky) P77B+2 7ö/ö`�H /2 H� b�Miö Tm#HB[m2X P6aS@"mHH2iBM 9jfkyRd
J�;�xBM2 /ǶBM7Q`K�iBQM TQm` T`Q72bbBQMM2Hb /2 H� b�Miû 2i TQm` H2b
Kû/B�bX kyRdX m`H , rrrX#�;X�/KBMX+?X

(kkR) P77B+2 7ö/ö`�H /2 H� bi�iBbiB[m2X liBHBb�iBQM /2 H� iûHûpBbBQM
T�` +?�ŗM2X m`H , ?iiTb,ffrrrX#7bX�/KBMX+?f#7bf7`f?QK2f
bi�iBbiBF2MfFmHim`@K2/B2M@BM7Q`K�iBQMb;2b2HHb+?�7i@bTQ`if
K2/B2M f K2/B2M�M;2#Qi @ MmixmM; f 72`Mb2?2M f 72`Mb2?MmixmM; @
b2M/2`X?iKH UpBbBiû H2 kRfRyfkykkVX

(kkk) *?�`H2b E�v P;/2M 2i ApQ` �`Kbi`QM; _B+?�`/bX h?2 J2�MBM; Q7
J2�MBM;X GQM/QM , _QmiH2/;2 � E2;�M S�mH- RNkjX

(kkj) P`;�MBb�iBQM JQM/B�H2 /2 H� a�MiöX lM2 /û}MBiBQM /2 +�b +HB@
MB[m2 TQm` HǶ�z2+iBQM TQb@*PoA.@RN ûi�#HB2 T�` mM +QMb2Mbmb .2HT?BX
e Q+iX kykRX m`H , ?iiTb,ffrrrXr?QXBMif7`fTm#HB+�iBQMbfBf
Bi2K f q>P @ kyRN @ M*Qo @ SQbi n *PoA. @ RN n +QM/BiBQM @ *HBMB+�H n
+�b2n/27BMBiBQM@kykRXRX

https://www.ihemi.fr/sites/default/files/publications/files/2019-12/RA_ONDRP_2019.pdf
https://www.ihemi.fr/sites/default/files/publications/files/2019-12/RA_ONDRP_2019.pdf
https://www.ihemi.fr/sites/default/files/publications/files/2019-12/RA_ONDRP_2019.pdf
https://press.princeton.edu/books/hardcover/9780691166032/the-nobel-factor
https://press.princeton.edu/books/hardcover/9780691166032/the-nobel-factor
https://press.princeton.edu/books/hardcover/9780691166032/the-nobel-factor
www.bag.admin.ch
https://www.bfs.admin.ch/bfs/fr/home/statistiken/kultur-medien-informationsgesellschaft-sport/medien/medienangebot-nutzung/fernsehen/fernsehnutzung-sender.html
https://www.bfs.admin.ch/bfs/fr/home/statistiken/kultur-medien-informationsgesellschaft-sport/medien/medienangebot-nutzung/fernsehen/fernsehnutzung-sender.html
https://www.bfs.admin.ch/bfs/fr/home/statistiken/kultur-medien-informationsgesellschaft-sport/medien/medienangebot-nutzung/fernsehen/fernsehnutzung-sender.html
https://www.bfs.admin.ch/bfs/fr/home/statistiken/kultur-medien-informationsgesellschaft-sport/medien/medienangebot-nutzung/fernsehen/fernsehnutzung-sender.html
https://www.who.int/fr/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/fr/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/fr/publications/i/item/WHO-2019-nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
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(kk9) Pm2bi@6`�M+2X G2 KQmp2K2Mi OJ2hQQ � 7�Bi #QM/B` /2 RjW H2
MQK#`2 /2 TH�BMi2b TQm` �;`2bbBQMb b2tm2HH2bX j K�`X kyRNX m`H ,
?iiTb,ffrrrXQm2bi@7`�M+2X7`fbQ+B2i2fH2@KQmp2K2Mi@K2iQQ@
7�Bi@#QM/B`@/2@Rj@H2@MQK#`2@/2@TH�BMi2b@TQm`@�;`2bbBQMb@
b2tm2HH2b@ek98Rkj UpBbBiû H2 RjfyRfkykkVX

(kk8) *?`BbiQT?2 S�HHB2`- �MM2@.QKBMB[m2 .2p�m+?2HH2 2i ai�MBbH�b
.2?�2M2X Ŀ *Q`iB+�H _2T`2b2Mi�iBQM Q7 i?2 *QMbiBim2Mi ai`m+im`2 Q7
a2Mi2M+2b ŀX AM , S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b
Ry3Xe UkyRRV- TX k8kkĜk8kdX BbbM , yykd@39k9- RyNR@e9NyX /QB , RyX
RydjfTM�bXRyR3dRRRy3X m`H , ?iiTb,ffrrrXTM�bXQ`;f+QMi2Mif
Ry3fefk8kkX

(kke) *?�`H2b a�M/2`b S2B`+2X S?BHQbQT?B+�H r`BiBM;b Q7 S2B`+2X S?BHQbQT?B@
+�H GB#`�`vX L2r uQ`F- RN88X

(kkd) h?QK�b SBF2iiv 2i �HX Ŀ 6�+2 ¨ H� +`Bb2- +QMbi`mB`2 HǶ1m`QT2 /Ƕ�T`ĕb
H2 Ŀ +QMb2Mbmb /2 J��bi`B+?i ŀ ŀX AM , G2 :`�M/ *QMiBM2Mi UR3 /û+X
kykyVX m`H , ?iiTb,ffH2;`�M/+QMiBM2MiX2mf7`fkykyfRkfR3f
+QMbi`mB`2@H2m`QT2@/�T`2bf UpBbBiû H2 Rkfy3fkykRVX

(kk3) SBMF *`Qbb- h`�Mb;2M/2` L2irQ`F arBix2`H�M/ 2i P`;�MB@
b�iQM amBbb2 /2b G2b#B2MM2bX _�TTQ`i bm` H2b +`BK2b /2 ?�BM2 kykk ,
/Bb+`BKBM�iBQM 2i pBQH2M+2 �MiB@G:"hZ 2M amBbb2 2M kykRX Rd K�B
kykkX m`H , ?iiTb,ffrrrXTBMF+`QbbX+?fmMb2`@2BMb�ixfTQHBiBFf
?�i2@+`BK2f?�i2+`BK2n#2`B+?inkykk@7`n7BMXT/7X

(kkN) "2`M�`/ SB`2X J2bm`2 @ om2 /Ƕ2Mb2K#H2X AM , 1M+v+HQT¤/B� lMBp2`@
b�HBbX m`H , ?iiT,ffrrrXmMBp2`b�HBb@ 2/mX+QKf2M+v+HQT2/B2f
K2bm`2@pm2@/@2Mb2K#H2f UpBbBiû H2 Rdfy3fkykRVX

(kjy) 1/rv SH2M2HX SQm` H2b KmbmHK�MbX S�`Bb , G� .û+Qmp2`i2- kyR9X
Bb#M , Nd3@k@dydR@3j8j@3X

https://www.ouest-france.fr/societe/le-mouvement-metoo-fait-bondir-de-13-le-nombre-de-plaintes-pour-agressions-sexuelles-6245123
https://www.ouest-france.fr/societe/le-mouvement-metoo-fait-bondir-de-13-le-nombre-de-plaintes-pour-agressions-sexuelles-6245123
https://www.ouest-france.fr/societe/le-mouvement-metoo-fait-bondir-de-13-le-nombre-de-plaintes-pour-agressions-sexuelles-6245123
https://doi.org/10.1073/pnas.1018711108
https://doi.org/10.1073/pnas.1018711108
https://www.pnas.org/content/108/6/2522
https://www.pnas.org/content/108/6/2522
https://legrandcontinent.eu/fr/2020/12/18/construire-leurope-dapres/
https://legrandcontinent.eu/fr/2020/12/18/construire-leurope-dapres/
https://www.pinkcross.ch/unser-einsatz/politik/hate-crime/hatecrime_bericht_2022-fr_fin.pdf
https://www.pinkcross.ch/unser-einsatz/politik/hate-crime/hatecrime_bericht_2022-fr_fin.pdf
http://www.universalis-edu.com/encyclopedie/mesure-vue-d-ensemble/
http://www.universalis-edu.com/encyclopedie/mesure-vue-d-ensemble/
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(kjR) h?2Q/Q`2 JX SQ`i2`X Ŀ J�FBM; h?BM;b Zm�MiBi�iBp2 ŀX AM , a+B2M+2
BM *QMi2ti dXj UQ+iX RNN9V- TX j3NĜ9ydX BbbM , R9d9@yee9- ykeN@33NdX
/QB , RyXRyRdfaykeN33NdyyyyRd8dX m`H , ?iiTb,ffrrrX+�K#`B/;2X
Q`; f +Q`2 f DQm`M�Hb f b+B2M+2 @ BM @ +QMi2ti f �`iB+H2 f K�FBM; @
i?BM;b@[m�MiBi�iBp2fj1�e"NeR68881"8�.k"j*j�j*j19**63X

(kjk) h?2Q/Q`2 JX SQ`i2`X h`mbi BM LmK#2`b , i?2 Sm`bmBi Q7 P#D2+iBpBiv
BM a+B2M+2 �M/ Sm#HB+ GB72X S`BM+2iQM- LXCX , S`BM+2iQM lMBp2`bBiv
S`2bb- RNN8X Bb#M , Nd3@y@eNR@yjdde@NX

(kjj) Sm#HB+ aöM�iX �m/BiBQM /2 oBM+2Mi "QHHQ`û URNfyRfkkVX RN D�MX kykkX
m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4liSr:"iDEmA UpBbBiû H2
kdfyRfkykkVX

(kj9) Sm#HB+ aöM�iX *QM+2Mi`�iBQM /2b Kû/B�b , �m/BiBQMb /Ƕ1X SH2M2H- 1X
6QiiQ`BMQ- LX "2viQmi- AX _Q#2`i UkRfyRVX kR D�MX kykkX m`H , ?iiTb,
ffrrrXvQmim#2X+QKfr�i+?\p4lh_bFC2+Z>; UpBbBiû H2 kdfyRfkykkVX

(kj8) Sm#HB+ aöM�iX *QM+2Mi`�iBQM /2b Kû/B�b , "X �`M�mHi- S.: /m
;`QmT2 GoJ>- /2p�Mi H� +QKKBbbBQM /Ƕ2M[māi2 UkyfyRVX ky D�MX kykkX
m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p48tt#LprS�6Z UpBbBiû H2
kdfyRfkykkVX

(kje) Sm#HB+QKX JQMBiQ`BM; Kû/B�b amBbb2X kykRX m`H , ?iiTb,ffrrrX
KQMBiQ`BM;@K2/B�b@bmBbb2X+?f UpBbBiû H2 yefy8fkykRVX

(kjd) JBHQ �X Sm?�M 2i �HX Ŀ "m`/2M Q7 SQbi@*PoA.@RN avM/`QK2 �M/
AKTHB+�iBQMb 7Q` >2�Hi?+�`2 a2`pB+2 SH�MMBM; , � SQTmH�iBQM@#�b2/
*Q?Q`i aim/v ŀX AM , SGPa PL1 ReXd URk DmBHX kykRVX Sm#HBb?2` ,
Sm#HB+ GB#`�`v Q7 a+B2M+2- 2yk898kjX BbbM , RNjk@ekyjX /QB , RyXRjdRf
DQm`M�H X TQM2 X yk898kjX m`H , ?iiTb , f f DQm`M�Hb X THQb X Q`; f
THQbQM2f�`iB+H2\B/4RyXRjdRfDQm`M�HXTQM2Xyk898kj UpBbBiû H2
kkfydfkykkVX

(kj3) �/QHT?2 Zm2i2H2iX �Mi?`QTQKûi`B2 Qm J2bm`2 /2b /Bzû`2Mi2b 7�+mH@
iûb /2 HǶ?QKK2X "`mt2HH2b , Jm[m�`/i- R3dyX

https://doi.org/10.1017/S0269889700001757
https://www.cambridge.org/core/journals/science-in-context/article/making-things-quantitative/3EA6B961F555EB5AD2B3C3A3C3E4CCF8
https://www.cambridge.org/core/journals/science-in-context/article/making-things-quantitative/3EA6B961F555EB5AD2B3C3A3C3E4CCF8
https://www.cambridge.org/core/journals/science-in-context/article/making-things-quantitative/3EA6B961F555EB5AD2B3C3A3C3E4CCF8
https://www.youtube.com/watch?v=UtPwGBtjKuI
https://www.youtube.com/watch?v=UTRskJecQHg
https://www.youtube.com/watch?v=UTRskJecQHg
https://www.youtube.com/watch?v=5xxbNvwPaFQ
https://www.monitoring-medias-suisse.ch/
https://www.monitoring-medias-suisse.ch/
https://doi.org/10.1371/journal.pone.0254523
https://doi.org/10.1371/journal.pone.0254523
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0254523
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0254523
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(kjN) �/QHT?2 Zm2i2H2iX S?vbB[m2 bQ+B�H2- Qm 1bb�B bm` H2 /ûp2HQTT2K2Mi
/2b 7�+mHiûb /2 HǶ?QKK2X "`mt2HH2b , Jm[m�`/i- R3eNX

(k9y) �/QHT?2 Zm2i2H2iX _2+?2`+?2b bi�iBbiB[m2b bm` H2 `Qv�mK2 /2b S�vb@
"�bX "`mt2HH2b , >�v2x- R3kNX

(k9R) �/QHT?2 Zm2i2H2iX Ŀ _2+?2`+?2b bm` H� HQB /2 H� +`QBbb�M+2 /2 HǶ?QKK2X ŀ
AM , LQmp2�mt KûKQB`2b /2 HǶ�+�/ûKB2 _Qv�H2 /2b a+B2M+2b 2i "2HH2b@
G2ii`2b /2 "`mt2HH2b d UR3jkVX

(k9k) �/QHT?2 Zm2i2H2iX _2+?2`+?2b bm` H2 T2M+?�Mi �m +`BK2 �mt /Bzû@
`2Mb �;2bX "`mt2HH2b , >�v2x- R3jjX

(k9j) �/QHT?2 Zm2i2H2iX Ŀ _2+?2`+?2b bm` H2 TQB/b /2 HǶ?QKK2 �mt /Bzû@
`2Mb �;2bX ŀ AM , LQmp2�mt KûKQB`2b /2 HǶ�+�/ûKB2 _Qv�H2 /2b a+B2M+2b
2i "2HH2b@G2ii`2b /2 "`mt2HH2b d UR3jkVX

(k99) _�/BQ höHöpBbBQM amBbb2X *2 [m2 /Bb2Mi 2i M2 /Bb2Mi T�b H2b +?Bz`2b
2i H2b +Qm`#2b /m +Q`QM�pB`mbX k9 K�`X kykyX m`H , ?iiTb,ffrrrX`ibX
+?fBM7QfKQM/2fRRRNRR3d@+2@[m2@/Bb2Mi@2i@M2@/Bb2Mi@T�b@
H2b@+?B77`2b@2i@H2b@+Qm`#2b@/m@+Q`QM�pB`mbX?iKH UpBbBiû H2
RkfRRfkykRVX

(k98) _�/BQ höHöpBbBQM amBbb2X G� KQ`i�HBiû � �ii2BMi 2M kyky /2b MB@
p2�mt BMû/Bib /2TmBb Ryy �MbX Rj D�MX kykRX m`H , ?iiTb, f f rrr X
`ibX+?fBM7QfbmBbb2fRR3NyNed@H�@KQ`i�HBi2@�@�ii2BMi@2M@
kyky @ /2b @ MBp2�mt @ BM2/Bib @ /2TmBb @ Ryy @ �Mb X ?iKH UpBbBiû H2
RyfyjfkykkVX

(k9e) _�/BQ höHöpBbBQM amBbb2X G2 +Q`QM�pB`mb 2M +?Bz`2b 2i 2M +�`i2b
@ `ibX+? @ amBbb2X d D�MX kykRX m`H , ?iiTb,ffrrrX`ibX+?fBM7Qf
bmBbb2fRRRjdjRk@H2@+Q`QM�pB`mb@2M@+?B77`2b@2i@2M@+�`i2bX
?iKH UpBbBiû H2 yNfyRfkykRVX

(k9d) _�/BQ höHöpBbBQM amBbb2X G2 +Q`QM�pB`mb 2M +?Bz`2b 2i 2M +�`i2b @
`ibX+? @ amBbb2X m`H , ?iiTb,ffrrrX`ibX+?fBM7QfbmBbb2fRRRjdjRk@
H2 @ +Q`QM�pB`mb @ 2M @ +?B77`2b @ 2i @ 2M @ +�`i2b X ?iKH UpBbBiû H2
kNfyRfkykRVX

https://www.rts.ch/info/monde/11191187-ce-que-disent-et-ne-disent-pas-les-chiffres-et-les-courbes-du-coronavirus.html
https://www.rts.ch/info/monde/11191187-ce-que-disent-et-ne-disent-pas-les-chiffres-et-les-courbes-du-coronavirus.html
https://www.rts.ch/info/monde/11191187-ce-que-disent-et-ne-disent-pas-les-chiffres-et-les-courbes-du-coronavirus.html
https://www.rts.ch/info/suisse/11890967-la-mortalite-a-atteint-en-2020-des-niveaux-inedits-depuis-100-ans.html
https://www.rts.ch/info/suisse/11890967-la-mortalite-a-atteint-en-2020-des-niveaux-inedits-depuis-100-ans.html
https://www.rts.ch/info/suisse/11890967-la-mortalite-a-atteint-en-2020-des-niveaux-inedits-depuis-100-ans.html
https://www.rts.ch/info/suisse/11137312-le-coronavirus-en-chiffres-et-en-cartes.html
https://www.rts.ch/info/suisse/11137312-le-coronavirus-en-chiffres-et-en-cartes.html
https://www.rts.ch/info/suisse/11137312-le-coronavirus-en-chiffres-et-en-cartes.html
https://www.rts.ch/info/suisse/11137312-le-coronavirus-en-chiffres-et-en-cartes.html
https://www.rts.ch/info/suisse/11137312-le-coronavirus-en-chiffres-et-en-cartes.html
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(k93) _�/BQ höHöpBbBQM amBbb2X hûHûDQm`M�H /2 Rk>98X N 7ûpX kykkX m`H ,
?iiTb,ffrrrX`ibX+?fTH�vfipfRk?98fpB/2QfRk?98\m`M4m`M,`ib,
pB/2Q,Rk38ke83X

(k9N) _�/BQ höHöpBbBQM amBbb2X hûHûDQm`M�H /2 Rk?98X 3 7ûpX kykkX m`H ,
?iiTb,ffrrrX`ibX+?fTH�vfipfRk?98fpB/2QfRk?98\m`M4m`M,`ib,
pB/2Q,Rk39NNjyX

(k8y) _�/BQ höHöpBbBQM amBbb2X hûHûDQm`M�H /2 RN?jyX kN �p`X kykRX m`H ,
?iiTb,ffrrrX`ibX+?fTH�vfipf2KBbbBQMfRN?jy\B/4e989dyeX

(k8R) _�/BQ höHöpBbBQM amBbb2X hûHûDQm`M�H /2 RN?jyX Rd K�B kykkX m`H ,
?iiTb,ffrrrX`ibX+?fTH�vfipfRN?jyfpB/2QfRN?jy\m`M4m`M,`ib,
pB/2Q,RjRyj93kX

(k8k) _�/BQ höHöpBbBQM amBbb2X hûHûDQm`M�H /2 RN?jyX 9 DmBM kykkX m`H ,
?iiTb,ffrrrX`ibX+?fTH�vfipfRN?jyfpB/2QfRN?jy\m`M4m`M,`ib,
pB/2Q,RjR93R93X

(k8j) C�+[m2b _�M+BĐ`2X G2b i`2Mi2 BM;HQ`B2mb2b , a+ĕM2b TQHBiB[m2bX S�`Bb ,
G� 6�#`B[m2 1/BiBQMb- kykkX Bb#M , Nd3@k@j83dk@kk9@dX

(k89) 6`�MÏQBb _�biB2`X a�mbbm`2 �m 7mim`X 1M+`2 K�`BM2X S�`Bb , G2b "2HH2b
G2ii`2b- kyR8X Bb#M , Nd3@k@j8y33@yNk@RX

(k88) 1HB2 _�iBM+Ft- J�`+ "`vb#�2`i 2i qBK 6B�bX Ŀ L�KBM; hrQ@
.B;Bi �`�#B+ LmK2`�Hb , 1pB/2M+2 7`QK J�bF2/ S`BKBM; aim/B2b ŀX
AM , CQm`M�H Q7 1tT2`BK2Mi�H Sbv+?QHQ;v , >mK�M S2`+2TiBQM �M/
S2`7Q`K�M+2 jRX8 Ukyy8V- TX RR8yĜRRejX BbbM , RNjN@RkddX /QB , RyX
RyjdfyyNe@R8kjXjRX8XRR8yX

(k8e) :BHH2b _�p2�m/X 1+QMQKB2 , QM MǶ� T�b iQmi 2bb�vû 5 S�`Bb , a2mBH-
kyR3X Bb#M , Nd3@k@yk@Rjj3ey@dX

(k8d) _2;�`/bX "�Bbb2 /m +?ƬK�;2- H� ;`Qbb2 �`M�[m2 , H2 �a�S /2 SB2``2
C�+[m2K�BMX ke D�MX kykkX m`H , ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\
p4a#+/GvD2*6J UpBbBiû H2 ydfykfkykkVX

https://www.rts.ch/play/tv/12h45/video/12h45?urn=urn:rts:video:12852658
https://www.rts.ch/play/tv/12h45/video/12h45?urn=urn:rts:video:12852658
https://www.rts.ch/play/tv/12h45/video/12h45?urn=urn:rts:video:12849930
https://www.rts.ch/play/tv/12h45/video/12h45?urn=urn:rts:video:12849930
https://www.rts.ch/play/tv/emission/19h30?id=6454706
https://www.rts.ch/play/tv/19h30/video/19h30?urn=urn:rts:video:13103482
https://www.rts.ch/play/tv/19h30/video/19h30?urn=urn:rts:video:13103482
https://www.rts.ch/play/tv/19h30/video/19h30?urn=urn:rts:video:13148148
https://www.rts.ch/play/tv/19h30/video/19h30?urn=urn:rts:video:13148148
https://doi.org/10.1037/0096-1523.31.5.1150
https://doi.org/10.1037/0096-1523.31.5.1150
https://www.youtube.com/watch?v=SbcdLyjeCFM
https://www.youtube.com/watch?v=SbcdLyjeCFM
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(k83) _2TQ`i2``2X *QMp2MiBQM TQm` H2 +HBK�i , b2mH2b Ry W /2b T`QTQ@
bBiBQMb QMi ûiû `2T`Bb2b T�` H2 ;Qmp2`M2K2MiX jR K�`X kykRX m`H ,
?iiTb,ff`2TQ`i2``2XM2if*QMp2MiBQM@TQm`@H2@+HBK�i@b2mH2b@
Ry@/2b@T`QTQbBiBQMb@QMi@2i2@`2T`Bb2b@T�`@H2@;Qmp2`M2K2Mi
UpBbBiû H2 yNfy9fkykRVX

(k8N) _2TQ`i2``2X J�+`QM 2i H2 +HBK�i , j-j bm` Ry- b2HQM H� *QMp2MiBQM
+BiQv2MM2X R2` K�`X kykRX m`H , ?iiTb,ff`2TQ`i2``2XM2ifJ�+`QM@
2i@H2@+HBK�i@j@j@bm`@Ry@b2HQM@H�@*QMp2MiBQM@+BiQv2MM2
UpBbBiû H2 ydfRyfkykRVX

(key) _2TQ`i2`b b�Mb 7`QMiBĐ`2bX “G2 avbiĕK2 "” , H2 /Q+mK2Mi�B`2
+?Q+ /2 _a6 bm` H2 bvbiĕK2 "QHHQ`û $i2ti#�` _2TQ`i2`b b�Mb 7`QMiBĕ`2bX
R9 Q+iX kykRX m`H , ?iiTb,ff`b7XQ`;f7`f�+im�HBi2bfH2@bvbi2K2@
#@ H2@ /Q+mK2Mi�B`2@ +?Q+@ /2@ `b7@ bm`@ H2@ bvbi2K2@ #QHHQ`2
UpBbBiû H2 k3fyRfkykkVX

(keR) _öTm#HB[m2 6`�MÊ�Bb2X *?ƬK�;2 , [m2HH2b bQMi H2b +�iû;Q`B2b /2
/2K�M/2m`b /Ƕ2KTHQB \ k8 Q+iX kykRX m`H , ?iiTb,ffrrrXb2`pB+2@
Tm#HB+X7`fT�`iB+mHB2`bfpQb/`QBibf6Rjk9y UpBbBiû H2 k9fykfkykkVX

(kek) PHBpB2` _2vX Zm�M/ H2 KQM/2 bǶ2bi 7�Bi MQK#`2X S�`Bb , aiQ+F- kyReX
(kej) "2`i _2vMpQ2i- E�`QHB2M LQi2#�2`i 2i 1p� o�M /2M "mbb+?2X

Ŀ h?2 S`Q+2bbBM; Q7 hrQ@.B;Bi LmK#2`b .2T2M/b QM h�bF AMbi`m+@
iBQMb ŀX AM , w2Bib+?`B7i 7Ƀ` Sbv+?QHQ;B2 kRNXR UkyRRV- TX jdĜ9RX BbbM ,
kRNy@3jdyX /QB , RyXRykdfkR8R@ key9f�yyyy99X m`H , ?iiTb,ff
2+QMi2MiX?Q;`272X+QKf/QBf�#bfRyXRykdfkR8R@key9f�yyyy99X

(ke9) C2�M@6`�MÏQBb _B+?�`/X :�HiQM aB` 6`�M+BbX AM , 1M+v+HQT¤/B� lMB@
p2`b�HBbX m`H , ?iiTb , f f rrr X mMBp2`b�HBb X 7` f 2M+v+HQT2/B2 f
;�HiQM@bB`@7`�M+Bbf UpBbBiû H2 R3fRRfkykRVX

(ke8) .2MBb _Q#2`iX Ŀ J� pB+iQB`2 /�Mb HǶ�z�B`2 *H2�`bi`2�K ŀX R2` Q+iX
kyRRX m`H , ?iiTb , f f rrr X KQM/2 @ /BTHQK�iB[m2 X 7` f K�p f RRN f
_P"1_hfkRyje UpBbBiû H2 RyfykfkykkVX

https://reporterre.net/Convention-pour-le-climat-seules-10-des-propositions-ont-ete-reprises-par-le-gouvernement
https://reporterre.net/Convention-pour-le-climat-seules-10-des-propositions-ont-ete-reprises-par-le-gouvernement
https://reporterre.net/Macron-et-le-climat-3-3-sur-10-selon-la-Convention-citoyenne
https://reporterre.net/Macron-et-le-climat-3-3-sur-10-selon-la-Convention-citoyenne
https://rsf.org/fr/actualites/le-systeme-b-le-documentaire-choc-de-rsf-sur-le-systeme-bollore
https://rsf.org/fr/actualites/le-systeme-b-le-documentaire-choc-de-rsf-sur-le-systeme-bollore
https://www.service-public.fr/particuliers/vosdroits/F13240
https://www.service-public.fr/particuliers/vosdroits/F13240
https://doi.org/10.1027/2151-2604/a000044
https://econtent.hogrefe.com/doi/abs/10.1027/2151-2604/a000044
https://econtent.hogrefe.com/doi/abs/10.1027/2151-2604/a000044
https://www.universalis.fr/encyclopedie/galton-sir-francis/
https://www.universalis.fr/encyclopedie/galton-sir-francis/
https://www.monde-diplomatique.fr/mav/119/ROBERT/21036
https://www.monde-diplomatique.fr/mav/119/ROBERT/21036
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(kee) SX 1X _QH�M/ 2i GX 6`B#2`;X Ŀ GQ+�HBx�iBQM Q7 *Q`iB+�H �`2�b �+@
iBp�i2/ #v h?BMFBM; ŀX AM , CQm`M�H Q7 L2m`QT?vbBQHQ;v 8jX8 URN38V-
TX RkRNĜRk9jX

(ked) :B/2QM _Qb2MX Ŀ �#bi`�+i P#D2+ib ŀX AM , ai�M7Q`/ 1M+v+HQT2/B� Q7
S?BHQbQT?v �`+?Bp2 UkyR3VX m`H , ?iiTb,ffTH�iQXbi�M7Q`/X2/mf
�`+?Bp2bfrBMkyR3f2Mi`B2bf�#bi`�+i@Q#D2+ibf UpBbBiû H2 kyfy9fkykkVX

(ke3) 6`�MÏQBb _m77BMX J2`+B S�i`QM 5 kyReX
(keN) _Q#2`i a�H�Bb- LB+QH�b "�p�`2x 2i "ûMû/B+i2 _2vM�m/X GǶBMp2M@

iBQM /m +?ƬK�;2X >BbiQB`2 2i i`�Mb7Q`K�iBQMb /ǶmM2 +�iû;Q`B2 2M 6`�M+2
/2b �MMû2b R3Ny �mt �MMû2b RN3yX S�`Bb , S`2bb2b lMBp2`bBi�B`2b /2
6`�M+2- RN3eX Bb#M , Nd3@k@Rj@yjNjey@jX

(kdy) J�`+Q a�M/`BMB 2i �HX Ŀ h?2 _2bB/m�H *�H+mH�iBQM �#BHBiB2b Q7 � S�@
iB2Mi rBi? a2p2`2 �T?�bB� , 1pB/2M+2 7Q` � a2H2+iBp2 .2}+Bi Q7 am#i`�+@
iBQM S`Q+2/m`2b ŀX AM , *Q`i2t jNXR UkyyjV- TX 38ĜNeX BbbM , yyRy@N98kX
/QB , RyXRyRefayyRy@ N98kUy3Vdyyde@ 8X m`H , ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyRyN98ky3dyyde8X

(kdR) a2TT2 a�Mi2Mb 2i �HX Ŀ LmK#2` S`Q+2bbBM; S�i?r�vb BM >mK�M S�@
`B2i�H *Q`i2t ŀX AM , *2`2#`�H *Q`i2t kyXR UkyRyV- TX ddĜ33X BbbM ,
R9ey@kRNNX /QB , RyXRyNjf+2`+Q`f#?Ty3yX

(kdk) 1/r�`/ a�TB`X Ŀ h?2 ai�imb Q7 GBM;mBbiB+b �b � a+B2M+2 ŀX AM , G�M@
;m�;2 URNkNV- TX kydĜkR9X

(kdj) �`i?m` a+?QT2M?�m2`X GǶ�`i /Ƕ�pQB` iQmDQm`b `�BbQMX S�`Bb , 6�v�`/fJBHH2
2i mM2 MmBib- RNN3X

(kd9) qQH7;�M; a+?r�`x 2i �MD� Ab+?2#2+FX Ŀ PM i?2 _2H�iBp2 aT22/
�++QmMi Q7 LmK#2`@aBx2 AMi2`72`2M+2 BM *QKT�`�iBp2 Cm/;K2Mib Q7
LmK2`�HbX ŀ AM , CQm`M�H Q7 1tT2`BK2Mi�H Sbv+?QHQ;v , >mK�M S2`@
+2TiBQM �M/ S2`7Q`K�M+2 kNXj UkyyjV- TX 8ydĜ8kkX

(kd8) a+B2M+2b SQX G2 iB`�;2 �m bQ`i 2bi@BH /ûKQ+`�iB[m2 \ GǶ2t2KTH2 /2
H� *QMp2MiBQM +BiQv2MM2 TQm` H2 +HBK�iX N Q+iX kyRNX m`H , ?iiTb,
ffrrrXvQmim#2X+QKfr�i+?\p48_AyKB/`[@b UpBbBiû H2 ydfRyfkykRVX

https://plato.stanford.edu/archives/win2018/entries/abstract-objects/
https://plato.stanford.edu/archives/win2018/entries/abstract-objects/
https://doi.org/10.1016/S0010-9452(08)70076-5
https://www.sciencedirect.com/science/article/pii/S0010945208700765
https://www.sciencedirect.com/science/article/pii/S0010945208700765
https://doi.org/10.1093/cercor/bhp080
https://www.youtube.com/watch?v=5RI0midrq-s
https://www.youtube.com/watch?v=5RI0midrq-s
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(kde) a2+`öi�`B�i /ǰ1i�i £ Hǰö+QMQKB2X *?Bz`2b /m +?ƬK�;2X m`H ,
?iiTb,ffrrrXb2+QX�/KBMX+?fb2+Qf7`f?QK2f�`#2Bif�`#2BibHQb2Mp2`bB+?2`mM;f
�`#2BibHQb2Mx�?H2MX?iKH UpBbBiû H2 R3fydfkykkVX

(kdd) a2+`öi�`B�i /ǰ1i�i £ Hǰö+QMQKB2X G� bBim�iBQM bm` H2 K�`+?û /m
i`�p�BH 2M D�MpB2` kykkX d 7ûpX kykkX m`H , 7BH2,ffflb2`bfl/`2f
.QrMHQ�/bfS_1aa1.PEkkyRn6WkyU9VXT/7X

(kd3) a2+`öi�`B�i /ǰ1i�i £ Hǰö+QMQKB2X JQMBiQ`�;2 `2H�iB7 ¨ HǶ2tû+m@
iBQM /2 HǶQ#HB;�iBQM /Ƕ�MMQM+2` H2b TQbi2b p�+�MibX "2`M2- e K�B kykkX
m`H , ?iiTb,ffrrrX�`#2BiXbrBbbfb2+Q�Hpf7`f?QK2fK2Mm2f
mMi2`M2?K2Mfbi2HH2MK2H/2T7HB+?iX?iKHX

(kdN) a2+`öi�`B�i /ǰ1i�i £ Hǰö+QMQKB2X _�TTQ`i /Ƕ�+iBpBiû J�`+?û /m
i`�p�BH 2i �bbm`�M+2@+?ƬK�;2X CmBM kykkX m`H , ?iiTb,ffrrrXb2+QX
�/KBMX+?fb2+Qf7`f?QK2f�`#2Bif�`#2BibHQb2Mp2`bB+?2`mM;f
;`mM/H�;2MX?iKHX

(k3y) a2+`öi�`B�i /ǰ1i�i £ Hǰö+QMQKB2X ai�iBbiB[m2b /m +?ƬK�;2X m`H ,
?iiTb,ffrrrXb2+QX�/KBMX+?fb2+Qf7`f?QK2frB`ib+?�7ibH�;2@@@
rB`ib+?�7ibTQHBiBFfqB`ib+?�7ibH�;2f�`#2BibHQb2Mx�?H2MX?iKH
UpBbBiû H2 yefyRfkykkVX

(k3R) a�Km2H a?�FB 2i J�`iBM >X 6Bb+?2`X Ŀ _2�/BM; aT�+2 BMiQ LmK#2`b
–� *`Qbb@HBM;mBbiB+ *QKT�`BbQM Q7 i?2 aL�_* 1z2+i ŀX AM , *Q;MB@
iBQM Ry3Xk Ukyy3V- TX 8NyĜ8NNX BbbM , yyRy@ykddX /QB , RyXRyRefDX
+Q;MBiBQMXkyy3Xy9XyyRX m`H , ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKf
b+B2M+2f�`iB+H2fTBBfayyRyykddy3yyyNd3X

(k3k) C2MMB72` a?mK 2i �HX Ŀ � "`�BM �`2� 7Q` oBbm�H LmK2`�Hb ŀX AM , CQm`@
M�H Q7 L2m`Qb+B2M+2 jjXRe UkyRjV- TX edyNĜedR8X BbbM , ykdy@e9d9-
R8kN@k9yRX /QB , RyXR8kjfCL1l_Pa*AX9883@RkXkyRjX m`H , ?iiTb,
ffrrrXDM2m`Qb+BXQ`;f+QMi2MifjjfRefedyNX

https://www.seco.admin.ch/seco/fr/home/Arbeit/Arbeitslosenversicherung/arbeitslosenzahlen.html
https://www.seco.admin.ch/seco/fr/home/Arbeit/Arbeitslosenversicherung/arbeitslosenzahlen.html
file:///Users/Udre/Downloads/PRESSEDOK2201_F%20(4).pdf
file:///Users/Udre/Downloads/PRESSEDOK2201_F%20(4).pdf
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(k3j) L�i�+?� aQmBHH�`/ 2i �HX Ŀ G2b :BH2ib D�mM2b- ûim/2 /ǶmM KQmp2K2Mi
bQ+B�H �m T`BbK2 /2 b2b �`ĕM2b Kû/B�iB[m2b ŀX AM , h2`KBM�HX h2+?MQ@
HQ;B2 /2 HǶBM7Q`K�iBQM- +mHim`2 � bQ+Bûiû Rkd UkykyVX m`H , ?iiTb,
ffDQm`M�HbXQT2M2/BiBQMXQ`;fi2`KBM�Hf8edRX

(k39) 1HBx�#2i? aX aT2HF2 2i E�i?2`BM2 .X EBMxH2`X Ŀ *Q`2 EMQrH2/;2 ŀX
AM , .2p2HQTK2Mi�H a+B2M+2 RyXR UkyydV- TX 3NĜNeX BbbM , R9ed@de3dX
/QB , ?iiTb,ff/QBXQ`;fRyXRRRRfDXR9ed@de3dXkyydXyy8eNXtX
m`H , ?iiTb,ffQMHBM2HB#`�`vXrBH2vX+QKf/QBf�#bfRyXRRRRfDX
R9ed@de3dXkyydXyy8eNXt UpBbBiû H2 RefyjfkykRVX

(k38) .�M aT2`#2` 2i .2B`/`2 qBHbQMX Ŀ G� T2`iBM2M+2 , +QKKmMB+�iBQM
2i +Q;MBiBQM ŀX AM , G2 H�M;�;2X h`�/X T�` S�b+�H Gm/rB;X *Q`Tmb
jykdX S�`Bb , 6H�KK�`BQM- RNNd- TX R33ĜRN8X Bb#M , Nd3@k@y3Rk@e8jNX

(k3e) .�pB/ aTB2;2H?�Hi2`X h?2 �`i Q7 ai�iBbiB+b , G2�`MBM; 7`QK .�i�X
lE , S2HB+�M- kykyX Bb#M , Nd3@y@k9R@k83de@dX

(k3d) ai�iBbi� :K#>X h?2 ai�iBbiB+b SQ`i�HX m`H , ?iiTb,ffrrrXbi�iBbi�X
+QKf UpBbBiû H2 yNfyjfkykkVX

(k33) "�`#�`� aiB2;H2`X ǳAH 7�mi bǶ�/�Ti2`Ǵ , bm` mM MQmp2H BKTû`�iB7 TQ@
HBiB[m2X S�`Bb , :�HHBK�`/- kyRNX jje TX Bb#M , Nd3@k@yd@kd8d9N@8X

(k3N) ai2T?2M JX aiB;H2`X Ŀ h?2 J2�bm`K2Mi Q7 lM+2`i�BMiv BM LBM2i22Mi?@
*2Mim`v aQ+B�H a+B2M+2b ŀX AM , h?2 S`Q#�#BHBbiB+ _2pQHmiBQM , A/2�b BM
>BbiQ`vX hX RX *�K#`B/;2- J�- la , h?2 JAh S`2bb- RN3d- TX k3dĜkNkX

(kNy) *QM7û/û`�iBQM bmBbb2X *PoA.@gRN amBbb2f*Q`QM�pB`mbf.�b?#Q�`/X R9 �p`X
kykkX m`H , ?iiTb,ffrrrX+QpB/RNX�/KBMX+?f7`f2TB/2KBQHQ;B+f
i2bi UpBbBiû H2 R9fy9fkykkVX

(kNR) �H�BM amTBQiX *QM7û`2M+2 /2 T`ûb2Mi�iBQM , ǳG� ;Qmp2`M�M+2 T�` H2b
MQK#`2bǴX q2#ip /2 L�Mi2b lMBp2`bBiûX k DmBM kyR8X m`H , ?iiTb,ff
K2/B�b2`p2`XmMBp@M�Mi2bX7`fT2`K�HBMFfpRkeRN8d///Rkbd2�/R3f
UpBbBiû H2 y3fyjfkykjVX
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(kNk) �H�BM amTBQiX G� ;Qmp2`M�M+2 T�` H2b MQK#`2b , +Qm`b �m *QHHĕ;2
/2 6`�M+2 UkyRk@kyR9VX SQB/b 2i K2bm`2b /m KQM/2X L�Mi2b c S�`Bb ,
AMbiBimi /Ƕûim/2b �p�M+û2b /2 L�Mi2b c 6�v�`/- kyR8X Bb#M , Nd3@k@kRj@
e3RyN@kX m`H , ?iiT,ffrrrXH�pB2/2bB/22bX7`fo2`b@H�@7BM@/2@
H@?BbiQB`2@/2@H�@bi�iBbiB[m2X?iKHX

(kNj) w2MQ :X arBDiBMFX Ŀ h?2 P#D2+iB}+�iBQM Q7 P#b2`p�iBQM ŀX AM , h?2
S`Q#�#BHBbiB+ _2pQHmiBQM , A/2�b BM >BbiQ`vX hX RX *�K#`B/;2- J�- la ,
h?2 JAh S`2bb- RN3d- TX keRĜk38X

(kN9) :2Q`;2b h?BMĐbX E�`H S2�`bQMX AM , 1M+v+HQT¤/B� lMBp2`b�HBbX m`H ,
?iiTb , f f rrr X mMBp2`b�HBb X 7` f 2M+v+HQT2/B2 f F�`H @ T2�`bQMf
UpBbBiû H2 R3fRRfkykRVX

(kN8) h?BMF2`pB2rX S�bb b�MBi�B`2- ;ûQTQHBiB[m2 /2 H� .�i�- +QTB2 T`Bpû2 \
"2MD�KBM "�v�`i 2i J�`+ _22bX kykRX m`H , ?iiTb,ffrrrXvQmim#2X
+QKfr�i+?\p41Pq22rH+k*1 UpBbBiû H2 yefRyfkykRVX

(kNe) 1/r�`/ _X hm7i2X "2�miB7mH 1pB/2M+2X :`�T?B+b T`2bb *?2b?B`2- *h-
kyyeX

(kNd) 1/r�`/ _X hm7i2X h?2 oBbm�H .BbTH�v Q7 Zm�MiBi�iBp2 AM7Q`K�iBQMX
k2 û/X :`�T?B+b S`2bb- kyyRX Bb#M , Nd3@R@Njy3k9@Rj@jX

(kN3) CQb2T? hx2H;Qp 2i �HX Ŀ �miQK�iB+ *QKT�`BbQMb Q7 �`iB}+B�H .B;Bib
L2p2` *QKT�`2/ , G2�`MBM; GBM2�` P`/2`BM; _2H�iBQMbX ŀ AM , CQm`M�H
Q7 1tT2`BK2Mi�H Sbv+?QHQ;v , G2�`MBM;- J2KQ`v- �M/ *Q;MBiBQM keXR
UkyyyV- TX RyjĜRkyX

(kNN) CQb2T? hx2H;Qp 2i �HX Ŀ S`BKBiBp2b �M/ LQM@T`BKBiBp2b Q7 LmK2`B+�H
_2T`2b2Mi�iBQMb ŀX AM , h?2 Pt7Q`/ >�M/#QQF Q7 LmK2`B+�H *Q;MBiBQMX
Pt7Q`/ , PlS- kyR8- TX 98ĜeeX Bb#M , Nd3@y@RN@Ne9kj9@kX

(jyy) _Q#BM l/`Bb�`/- aQT?B2 ai�/2HK�MM 2i _�T?�ďH "Bx2X Ŀ .2b +?Bz`2b
p�m/QBb bm` H� pB+iBKBb�iBQM /2b D2mM2b G:"h ŀX AM , *2Mi`2 mMBp2`@
bBi�B`2 /2 Kû/2+BM2 ;ûMû`�H2 2i b�Miû Tm#HB[m2 UlMBb�MiûVX _�BbQM
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/2 b�Miû jkN UkykkVX BbbM , Reey@dRy9fjkNX /QB , RyXReNy3X m`H ,
?iiTb,ffrrrXmMBb�Mi2X+?f7`f7Q`K�iBQM@`2+?2`+?2f`2+?2`+?2f
Tm#HB+�iBQMbf`�BbQMb@b�Mi2f`�BbQMb@b�Mi2@jkNX

(jyR) lM2/B+X Zm2HH2b bQMi H2b +QM/BiBQMb TQm` �pQB` /`QBi �mt �HHQ+�iBQMb
+?ƬK�;2 \ $i2ti#�` lM2/B+X7`X m`H , ?iiTb , f f rrr X mM2/B+ X Q`; f
BM/2KMBb�iBQMfpQb@[m2biBQMb@bm`@BM/2KMBb�iBQM@�bbm`�M+2@
+?QK�;2f[m2HH2b@bQMi@H2b@+QM/BiBQMb@TQm`@#2M27B+B2`@/2b@
�HHQ+�iBQMb@+?QK�;2 UpBbBiû H2 yefyRfkykkVX

(jyk) >2M`B oQHF2MX Ŀ G2b 7QM/2K2Mib , K2bm`2 TQm` K2bm`2 ŀX AM , _2pm2
2m`QTû2MM2 /2b b+B2M+2b bQ+B�H2bX 1m`QT2�M CQm`M�H Q7 aQ+B�H a+B2M+2b
UsGo@Rj3 k DmBHX kyydV- TX 88Ĝe8X BbbM , yy93@3y9eX /QB , RyX9yyyf
`2bbXRNkX m`H , ?iiTb,ffDQm`M�HbXQT2M2/BiBQMXQ`;f`2bbfRNk\
H�M;42M UpBbBiû H2 yjfyNfkykRVX

(jyj) J�t q2#2`X G2 b�p�Mi 2i H2 TQHBiB[m2X S`2bb2b úH2+i`QMB[m2b /2 6`�M+2-
kyRjX Bb#M , NdN@Ry@kkj@yR3N@jX

(jy9) l`B2H q2BM`2B+?- qBHHB�K G�#Qp 2i J�`pBM AX >2`xQ;X Ŀ 1KTB`B+�H
6QmM/�iBQMb 7Q` � h?2Q`v Q7 G�M;m�;2 *?�M;2 ŀX AM , .B`2+iBQMb 7Q`
>BbiQ`B+�H GBM;mBbiB+b , � avKTQbBmKX lMBp2`bBiv Q7 h2t�b S`2bb- RNe3-
TX N8ĜRN8X

(jy8) "2MD�KBM G22 q?Q`7X G�M;m�;2- h?Qm;?i- �M/ _2�HBiv , a2H2+i2/
q`BiBM;b Q7 "2MD�KBM G22 q?Q`7 X JAh T`2bb- kyRkX

(jye) :mBH?2`K2 qQQ/- JQ`Bix J�?` 2i >�Mb@*?`BbiQT? Lm2`FX Ŀ .2@
+QMbi`m+iBM; �M/ _2+QMbi`m+iBM; i?2 "�b2@Ry ai`m+im`2 Q7 �`�#B+ LmK@
#2`b ŀX AM , Sbv+?QHQ;v a+B2M+2 9dXR Ukyy8V- TX 39ĜN8X

(jyd) :mBH?2`K2 qQQ/ 2i �HX Ŀ �HH 7Q` PM2 #mi MQi PM2 7Q` �HH , >Qr
JmHiBTH2 LmK#2` _2T`2b2Mi�iBQMb �`2 _2+`mBi2/ BM PM2 LmK2`B+�H
h�bF ŀX AM , "`�BM _2b2�`+? RR3d Ukyy3V- TX R89ĜReeX BbbM , yyye@
3NNjX /QB , RyXRyRefDX#`�BM`2bXkyydXyNXyN9X m`H , ?iiTb,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayyye3NNjydykjj8NX
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https://www.unedic.org/indemnisation/vos-questions-sur-indemnisation-assurance-chomage/quelles-sont-les-conditions-pour-beneficier-des-allocations-chomage
https://www.unedic.org/indemnisation/vos-questions-sur-indemnisation-assurance-chomage/quelles-sont-les-conditions-pour-beneficier-des-allocations-chomage
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https://doi.org/10.4000/ress.192
https://journals.openedition.org/ress/192?lang=en
https://journals.openedition.org/ress/192?lang=en
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(jy3) a�K�` w2#B�MX Ŀ GBMF�;2b "2ir22M LmK#2` *QM+2Tib- aT�iB�H h?BM@
FBM;- �M/ .B`2+iBQM�HBiv Q7 q`BiBM; , h?2 aL�_* 1z2+i �M/ i?2
_2p2`b2 aL�_* 1z2+i BM 1M;HBb? �M/ �`�#B+ JQMQHBi2`�i2b- "BHB@
i2`�i2b- �M/ AHHBi2`�i2 �`�#B+ aT2�F2`b ŀX AM , CQm`M�H Q7 *Q;MBiBQM
�M/ *mHim`2 8XR Ukyy8V- TX Re8ĜRNyX BbbM , R8e3@8jdj- R8ed@dyN8X /QB ,
RyXRRejfR8e38jdy89ye3eeyX m`H , ?iiTb,ff#`BHHX+QKfpB2rf
DQm`M�HbfDQ++f8fR@kf�`iB+H2@TRe8ndXtKHX

(jyN) CB�DB2 w?�M; 2i .QM�H/ �X LQ`K�MX Ŀ � _2T`2b2Mi�iBQM�H �M�@
HvbBb Q7 LmK2`�iBQM avbi2Kb ŀX AM , *Q;MBiBQM 8dXj URNN8V- TX kdRĜ
kN8X BbbM , yyRy@ykddX /QB , Ry X RyRe f yyRy @ ykddUN8 V yyed9 @ jX
m`H , ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBf
yyRyykddN8yyed9j UpBbBiû H2 ykfyjfkykkVX

(jRy) sBMHBM w?Qm 2i �HX Ŀ >QHBbiB+ Q` *QKTQbBiBQM�H _2T`2b2Mi�iBQM Q7
hrQ@.B;Bi LmK#2`b \ 1pB/2M+2 7`QK i?2 .Bbi�M+2- J�;MBim/2- �M/
aL�_* 1z2+ib BM � LmK#2`@K�i+?BM; h�bF ŀX AM , *Q;MBiBQM RyeXj
Ukyy3V- TX R8k8ĜR8jeX BbbM , yyRy@ykddX /QB , RyXRyRefDX+Q;MBiBQMX
kyydXyeXyyjX m`H , ?iiTb,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f
�`iB+H2fTBBfayyRyykddydyyR833X

(jRR) CQ`/�M wH�i2pX Ŀ *Q;MBiBp2 a2KBQiB+b , �M 1K2`;BM; 6B2H/ 7Q` i?2
h`�Mb/Bb+BTHBM�`v aim/v Q7 J2�MBM; ŀX AM , Sm#HB+ CQm`M�H Q7 a2KBQiB+b
9XR UkyRkV- TX kĜk9X

(jRk) CmHB� wm#2` 2i �HX Ŀ PM i?2 G�M;m�;2 aT2+B}+Biv Q7 "�bB+ LmK#2`
S`Q+2bbBM; , h`�Mb+Q/BM; BM � G�M;m�;2 qBi? AMp2`bBQM �M/ Bib _2@
H�iBQM iQ qQ`FBM; J2KQ`v *�T�+Biv ŀX AM , CQm`M�H Q7 1tT2`BK2Mi�H
*?BH/ Sbv+?QHQ;v RykXR UkyyNV- TX eyĜddX BbbM , yykk@yNe8X /QB , RyX
RyRefDXD2+TXkyy3Xy9XyyjX m`H , ?iiTb,ffrrrXb+B2M+2/B`2+iX
+QKfb+B2M+2f�`iB+H2fTBBfayykkyNe8y3yyy8RNX
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