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.2TmBb RN8d- HǶBMiû;`�iBQM û+QMQKB[m2 2bi 2M K�`+?2X G� KBb2 2M TH�+2 /m K�`+?û +QKKmM URN3e 2i RNNjV
2i HǶ�/QTiBQM /2 H� KQMM�B2 mMB[m2 URNNNV bQMi /2b i2KTb 7Q`ib /2 +2ii2 BMiû;`�iBQMX �m MBp2�m /2 H�
HBiiû`�im`2 �+�/ûKB[m2 û+QMQKB[m2 2i 2M û+QMQKB2 TQHBiB[m2- /2mt +Qm`�Mib T`BM+BT�mt ûim/B2Mi H� /vM�KB[m2
/2 +2ii2 BMiû;`�iBQM, /Ƕ�#Q`/- H2b T�`iBb�Mb /2 H� i?ûQ`B2 /2b xQM2b KQMûi�B`2b QTiBK�H2b U2M/Q;ĕM2b Qm
MQMV- 2i 2MbmBi2- H2 +Qm`�Mi /2 H� +QMp2`;2M+2 û+QMQKB[m2X G2 T`2KB2` +Qm`�Mi /ûp2HQTT2 mM2 �M�Hvb2 [mB
�bbQ+B2 H� +QMp2`;2M+2 û+QMQKB[m2 ¨ HǶmiBHBb�iBQM /2 H� KQMM�B2 mMB[m2X G2 b2+QM/ +Qm`�Mi ûim/B2 HǶQmp2`im`2
/2b û+?�M;2b 2i H2b /vM�KB[m2b /2 +QMp2`;2M+2 [mB 2M `ûbmHi2MiX .�Mb +2 +QMi2ti2- H2 +�b 2m`QTû2M 2bi
T�`iB+mHBĕ`2K2Mi BMiû`2bb�MiX

1M 1m`QT2- HǶQmp2`im`2 /2b û+?�M;2b T�` H� KBb2 2M TH�+2 /m K�`+?û +QKKmM 2i /2 HǶBMiû;`�iBQM KQMûi�B`2
Qz`2 mM +�/`2 mMB[m2 TQm` HǶ�M�Hvb2 /2 HǶBMiû;`�iBQM 2i /2 H� +QMp2`;2M+2 2m`QTû2MM2bX *2 KûKQB`2 � TQm`
T`2KB2` Q#D2+iB7 /Ƕûim/B2` H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQM 2i +QMp2`;2M+2 /�Mb H2 +QMi2ti2 2m`QTû2MX
SQm` +2H�- MQmb �HHQMb MQmb �TTmv2` bm` H2b HBiiû`�im`2b BMBiBû2b T�` E`m;K�M URNNjV 2i 1B+?2M;`22M URNNj-
kyRjV bm` H2b [m2biBQMb /2 +QMp2`;2M+2- /ǶBMiû;`�iBQM 2i /2 +QKK2`+2 BMi2`M�iBQM�HX § HǶ�M�Hvb2 +QM+2Tim2HH2-
MQmb �DQmiQMb 2MbmBi2 mM2 T2`bT2+iBp2 2KTB`B[m2 Q`B;BM�H2- MQM T�b �m MBp2�m K�+`Qû+QMQKB[m2- K�Bb �m
MBp2�m KûbQû+QMQKB[m2X 1M MQmb �TTmv�Mi bm` mM2 #�b2 /2 /QMMû2b mMB[m2- MQmb �HHQMb �M�Hvb2` H� /v@
M�KB[m2 /2 HǶBMiû;`�iBQM 2m`QTû2MM2 2M miBHBb�Mi H2b ;`�TT2b BM/mbi`B2HH2b +QKK2 mMBiû /Ƕ�M�Hvb2X 1M 2z2i-
MQi`2 ?vTQi?ĕb2 2bi [m2 H� HB#û`�HBb�iBQM /2b û+?�M;2b �m b2BM /2 HǶ1m`QT2- �++QKT�;Mû2 T�` HǶmiBHBb�iBQM
/ǶmM2 KQMM�B2 mMB[m2- /QBi �pQB` mM 2z2i bm` H2b +?�ŗM2b /2 p�H2m` /2b 2Mi`2T`Bb2b KmHiBM�iBQM�H2b 2i H2m`
`2;`QmT2K2Mi �m b2BM /2 ;`�TT2b BM/mbi`B2HH2bX *2b /2`MBĕ`2b QMi /2b HQ+�HBb�iBQMb [mB bQMi H2 `ûbmHi�i /2b �p�M@
i�;2b +QKT�`�iB7b BM7`�@M�iBQM�mt 2i 7�Bb�Mi �BMbB /2 H� bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 mM2 /vM�KB[m2
bmT`�@M�iBQM�H2X

*2ii2 ?vTQi?ĕb2 2bi i2biû ¨ HǶ�B/2 /2 MQi`2 #�b2 /2 /QMMû2b bm` H2b ey ;`�TT2b BM/mbi`B2HH2b 2M 1m`QT2 2Mi`2
RNNR 2i kyR9X LQmb T`QTQbQMb mM2 �M�Hvb2 /m +v+H2 /2 pB2 /2b ;`�TT2b BM/mbi`B2HH2b /�Mb mM2 T2`bT2+iBp2
/Ƕû+QMQKB2 ;ûQ;`�T?B[m2X 1M +QM+HmbBQM- H2b `ûbmHi�ib KQMi`2Mi mM2 bTû+B�HBb�iBQM `û;BQM�H2 BM7`�M�iBQM�H2
/2 HǶû+QMQKB2 2m`QTû2MM2X 1M bQKK2- HǶBMiû;`�iBQM 2m`QTû2MM2 b2K#H2 /QM+- 2M bmb /2 H� +QMp2`;2M+2
K�+`QûQMQKB[m2 M�iBQM�H2- bǶ�++QKT�;M2` /ǶmM2 bTû+B�HBb�iBQM `û;BQM�H2- `2H�MÏ�Mi �BMbB H2 /û#�i bm` H�
[m2biBQM /2 H� T2`iBM2M+2 /2 H� +QMp2`;2M+2X





�#bi`�+i

aBM+2 RN8d- i?2 2m`QT2�M 2+QMQKB+ BMi2;`�iBQM Bb mM/2`r�vX h?2 2bi�#HBb?K2Mi Q7 i?2 +QKKQM K�`F2i
URN3e �M/ RNNjV �M/ i?2 �/QTiBQM Q7 i?2 bBM;H2 +m``2M+v mMBi URNNNV �`2 ?B;?HB;?ib Q7 i?Bb `2;BQM�H 2+QMQKB+
BMi2;`�iBQMX 6`QK i?2 �+�/2KB+ �M/ 2+QMQKB+ HBi2`�im`2- irQ K�BM i`2M/b �`2 bim/vBM; i?Bb BMi2;`�iBQM
/vM�KB+, }`bi- i?2 T�`iBb�Mb Q7 i?2 PTiBK�H *m``2M+v �`2� i?2Q`v U2M/Q;2MQmb Q` MQiV �M/ i?2M i?2 QM2b Q7
i?2 2+QMQKB+ +QMp2`;2M+2X h?2 }`bi i`2M/ /2p2HQTb �M �M�HvbBb r?B+? �bbQ+B�i2b 2+QMQKB+ +QMp2`;2M+2 rBi?
i?2 mb2 Q7 i?2 bBM;H2 +m``2M+v mMBiX h?2 b2+QM/ bim/B2b i?2 i`�/2 QT2MBM; �M/ i?2 `2bmHiBM; +QMp2`;2M+2 @ Q`
bT2+B�HBx�iBQM @ /vM�KB+X AM i?Bb +QMi2ti- i?2 1m`QT2�M +�b2 bim/v Bb 2t+2TiBQMM�Hv BMi2`2biBM;X

AM 1m`QT2- i?2 i`�/2 QT2MBM; i?`Qm;? i?2 +QKKQM K�`F2i �M/ i?2 KQM2i�`v BMi2;`�iBQM T`QpB/2b � mMB[m2
7`�K2rQ`F 7Q` i?2 1m`QT2�M BMi2;`�iBQM �M/ i?2 +QMp2`;2M+2 �M�HvbBbX h?2 }`bi Q#D2+iBp2 Q7 i?Bb K�bi2`
/2;`22 i?2bBb Bb iQ bim/v i?2 +QM+2Tim�H `2H�iBQMb?BT #2ir22M BMi2;`�iBQM �M/ +QMp2`;2M+2 BM � 1m`QT2�M
+QMi2tiX hQ /Q i?Bb- r2 rBHH mb2 i?2 HBi2`�im`2 BMBiB�i2/ #v E`m;K�M URNNjV �M/ 1B+?2M;`22M URNNj- kyRjV QM
Bbbm2b Q7 +QMp2`;2M+2 @ Q` bT2+B�HBx�iBQM @- BMi2;`�iBQM �M/ BMi2`M�iBQM�H i`�/2X AM �//BiBQM iQ i?2 +QM+2Tim�H
�M�HvbBb- r2 �// �M MQp2H 2KTB`B+�H T2`bT2+iBp2- MQi K�+`Q2+QMQKB+- #mi K2bQ@2+QMQKB+X "�b2/ QM � mMB[m2
/�i�#�b2- r2 rBHH �M�Hvx2 i?2 /vM�KB+b Q7 1m`QT2�M BMi2;`�iBQM mbBM; +Hmbi2`b �b i?2 mMBi Q7 �M�HvbBbX AM/22/-
Qm` ?vTQi?2bBb Bb i?�i i`�/2 HB#2`�HBx�iBQM BM 1m`QT2 U+QKKQM K�`F2iV- �bbQ+B�i2/ iQ i?2 bBM;H2 +m``2M+v mMBi-
Kmbi ?�p2 �M 2z2+i QM i?2 p�Hm2 +?�BMb Q7 KmHiBM�iBQM�Hb �M/ i?2B` ;�i?2`BM; BM @ BM/mbi`B�H @ +Hmbi2`bX h?2b2
+Hmbi2`b ?�p2 HQ+�iBQMb r?B+? �`2 i?2 `2bmHi Q7 bm#@M�iBQM�H +QKT�`�iBp2 �/p�Mi�;2b �M/ i?mb +?�`�+i2`Bx2
i?2 `2;BQM�H BM/mbi`B�H bT2+B�HBx�iBQM /vM�KB+ �b � bmT`�@M�iBQM�H +QMb2[m2M+2X

h?Bb ?vTQi?2bBb Bb i2bi2/ mbBM; Qm` mMB[m2 /�i�#�b2 Q7 ey +Hmbi2`b BM 1m`QT2 #2ir22M RNNR �M/ kyR9X q2
T`QTQb2 �M �M�HvbBb Q7 i?2 +Hmbi2`bǶ HB72 +v+H2 i?`Qm;?Qmi � ;2Q;`�T?B+�H 2+QMQKv T2`bT2+iBp2X AM +QM+HmbBQM-
i?2 `2bmHib b?Qr � `2;BQM�H bT2+B�HBx�iBQM Q7 i?2 1m`QT2�M 2+QMQKv r?B+? +�M #2 bm#M�iBQM�H �M/fQ` bmT`�@
M�iBQM�H �++Q`/BM; iQ +Hmbi2` ivT2bX h?2`27Q`2- 1m`QT2�M BMi2;`�iBQM b22Kb iQ #2 �bbQ+B�i2/ iQ � `2;BQM�H
bT2+B�HBx�iBQM /vM�KB+ r?B+? #2 �#H2 iQ `2pBpBM; i?2 /2#�i2 QM i?2 [m2biBQM Q7 i?2 +QMp2`;2M+2 `2H2p�M+2X





_2K2`+B2K2Mi

a2 `û�HBb2` bǶ�TT�`2Mi2 ¨ mM2 bm++2bbBQM /Ƕ�p2Mim`2b BMi2HH2+im2HH2b 2i 7QM+iBQMM2HH2b T�bbBQMM�Mi2b ûi�vû2b T�`
/2b `2M+QMi`2b 2t+2TiBQMM2HH2b- 2HH2b@KāK2b `2bTQMb�#H2b /Ƕû+?�M;2 2i /2 T�`i�;2 ?Q`b /m +QKKmMX *2 bQMi
2HH2b [mB bQMi ¨ HǶQ`B;BM2 /2b �TT`2MiBbb�;2b- `û~2tBQMb- /Bb+mbbBQMb 2i `2KBb2b 2M [m2biBQM [mB T2`K2ii2Mi
T`Q;`2bbBQM 2i ûT�MQmBbb2K2Mi Dmb[mǶ�m /2p2MB` bQBX
*2 KûKQB`2- [mB 2bi HǶ�#QmiBbb2K2Mi /ǶmM i`�p�BH /2 `2+?2`+?2 /2 /2mt �Mb iQmi �mbbB 2t�Hi�Mi [mǶ2M`B+?Bbb�Mi-
BHHmbi`2 T�`7�Bi2K2Mi HǶmM2 /2 +2b �p2Mim`2bX 1M T`û�K#mH2- DǶ�/`2bb2 /QM+ K2b THmb bBM+ĕ`2b `2K2`+B2K2Mib
�mt T2`bQMM2b [mB QMi bm KǶ�TTQ`i2` bQmiB2M /m`�Mi +2b /2mt �MMû2b- K�Bb bm`iQmi b�Mb H2b[m2HH2b D2 MǶ�m`�Bb
Tm +QKTHûi2` �p2+ �mi�Mi /Ƕ�`/2m`- /2 }M2bb2- 2i /2 TH�BbB` +2ii2 ûi�T2 BKTQ`i�Mi2 /2 K� pB2X

C2 `2K2`+B2 /2 iQmi +Q2m` h?B2``v q�`BM- KQM /B`2+i2m` /2 `2+?2`+?2- [mB KǶ� /QMMû HǶQTTQ`imMBiû /2 `û�HBb2`
+2 KûKQB`2 2i [mB KǶ� 7�Bi +QM}�M+2 TQm` /2 MQK#`2mt �mi`2b T`QD2ib ?�HHm+BM�Mib `2bTQMb�#H2b /2 K� `ûmbbBi2X
:`�+2 ¨ HmB- DǶ�B /ûp2HQTTû- 2Mi`2 �mi`2b- /2mt MQmp2�mt /QK�BM2b /Ƕ2tT2`iBb2 , H� b+B2M+2 /2b /QMMû2b 2i
HǶû+QMQKB2X hQmDQm`b /BbTQMB#H2 2i ¨ HǶû+Qmi2- BH � bm K2 +QMb2BHH2` 2i KǶ�B;mBHH2` �mbbB #B2M i2+?MB[m2K2Mi
[mǶ?mK�BM2K2Mi- iQmi 2M K2 i`�MbK2ii�Mi b� T�bbBQM- b� #QMM2 ?mK2m` 2i H2 K�tBKmK /2 +QMM�Bbb�M+2bX
*2b [m�HBiûb- 2M bmb /2 b� b�;2bb2 2i b� ;`�M/2 ;ûMû`QbBiû- 7QMi /2 HmB #B2M THmb [mǶmM T`Q72bb2m`- 2M bQKK2
mM K2MiQ` /Ƕ2t+2TiBQMX

.�Mb H2 KāK2 +�/`2- D2 `2K2`+B2 H2 *A_�LP U*2Mi`2 AMi2`mMBp2`bBi�B`2 /2 _2+?2`+?2 2M �M�Hvb2 /2b P`@
;�MBb�iBQMbV- L�i?�HB2 /2 J�`+2HHBb@q�`BM 2i Cû`ƬK2 "H�M+- TQm` Qz`B` mM 2MpB`QMM2K2Mi /2 i`�p�BH 2i
/Ƕ�TT`2MiBbb�;2 /Ƕ2t+2HH2M+2 �mt D2mM2b ;ûMû`�iBQMb 2i H2�/2`b /2 /2K�BMX *Ƕ2bi B+B [m2 DǶ�B 7�Bi H� `2M+QMi`2
/2 +2mt [mB QMi ûiû mM /2b TBHB2`b /2 K� `ûmbbBi2 2M i�Mi [mǶ�TT`2MiB +?2`+?2m` , qBHHB�K- :mBHH�mK2 .X-
J�`BM2- uQ�MM- 6�`M�x 2i H2b /2mt h?B#�mHiX J2`+B TQm` pQb +QMb2BHb �B;mBbûb- 2i TQm` iQmi2b H2b /Bb+mbbBQMb
T�bbBQMMû2b [m2 MQmb �pQMb T�`i�;û2bX J2MiBQM bTû+B�H2 ¨ qBHHB�K TQm` +2b [m2H[m2b HQM;m2b MmBib /2 i`�p�BHX

C2 `2K2`+B2 �mbbB i`ĕb +?�H2m`2mb2K2Mi 2i /m 7QM/ /m +Q2m` K� 7�KBHH2X § K� Kĕ`2 2i K� bQ2m` /Ƕ�#Q`/- [mB
T�` H2m` �KQm`- H2m` bQmiB2M- H2m` i2M/`2bb2 2i H2m` bBKTH2 T`ûb2M+2 /�Mb K� pB2- KǶQMi T2`KBb /2 KǶûT�MQmB`
2i /2 /2p2MB` HǶ?QKK2 [m2 D2 bmBb �mDQm`/Ƕ?mBX § KQM Tĕ`2 [mB i`Qmp2`� /�Mb +2 KûKQB`2 HǶmM /2b `ûbmHi�ib
/2 b2b k8 �MMû2b /2 i`�p�BH TQm` KǶ�B/2` ¨ �p�M+2` /�Mb H� pB2X 1M}M- ¨ mM2 T2`bQMM2 [mB KǶ2bi i`ĕb +?ĕ`2 2i
[mB KǶ� T2`KBb /2 T`2M/`2 TH2BM2K2Mi +QM}�M+2 2M KQB- �H2t�M/`� "QmbbBûX J2`+B TQm` i� 7QHB2- iQM �KQm`-
2i bm`iQmi TQm` �pQB` iQmDQm`b `ûTQM/m T`ûb2Mi2 KāK2 [m�M/ +Ƕûi�Bi BMmiBH2X

J2`+B �m 7�Mi�biB[m2 89e *?2``B2` [mB � ûiû HǶ�T`2 /2 T�Bt 2i H2 ;�`/B2M /2 K� bi�#BHBiû ¨ JQMi`û�HX J2`+B
�/BH- K2`+B wBM� TQm` pQi`2 bQmiB2M- pQi`2 û+Qmi2- pQi`2 H�+?2` T`Bb2- 2i bm`iQmi pQi`2 /ûpQm2K2MiX oQmb �p2x
iQmDQm`b i`Qmpû H2b KQib TQm` K2 `2KQMi2` H2 KQ`�H 2i TQm` [m2 DǶ�/QTi2 H� ǳTQbBiBp2 �iiBim/2Ǵ /�Mb +2ii2
+Qm`b2 2z`ûMû2X

J2`+B ¨ a�HK�- [mB T�` b� i2M/`2bb2 b�Bi 2biQKT2` K2b /Qmi2b 2i +�M�HBb2` H2b KQK2Mib /2 ?�mi2 T`2bbBQM
[mǶ� ûiû +2ii2 �p2Mim`2X C2 `2K2`+B2 �mbbB K2b �KBbX lM ûMQ`K2 K2`+B ¨ :mBHH�mK2 JX- uQmbb27- :`û;QB`2-
"�TiBbi2- �`i?m`- J�i?B2m- �KBM2- 6�`2b- a?�?M�x 2i i�Mi /Ƕ�mi`2b [mB KǶ�++QKT�;M2Mi iQmb H2b DQm`b 2i [mB
bQMi iQmDQm`b H¨ TQm` T�`i�;2` mM pQv�;2- mM 7Qm `B`2 Qm 2M+Q`2 mM p`�B KQK2Mi /2 /ûi2Mi2X

6BM�H2K2Mi- D2 `2K2`+B2 >1* JQMi`û�HX .2 T�` bQM 2MpB2 /ǶBMMQp2` 2i b� ~2tB#BHBiû- +2ii2 mMBp2`bBiû KǶ�
T2`KBb /2 `û�HBb2` +2 KûKQB`2 /�Mb /Ƕ�mbbB #QMM2b +QM/BiBQMb 2i �p2+ �mi�Mi /2 TH�BbB`X
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_ûbmKû
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_2K2`+B2K2Mi

AMi`Q/m+iBQM R

R S�MQ`�K� bm` HǶlMBQM 2m`QTû2MM2 , ?BbiQB`2- 7QM/2K2Mib 2i /vM�KB[m2 /2 +QMbi`m+iBQM j
RXR GǶlMBQM 2m`QTû2MM2 , mM /2b+`BTiB7 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j

RXRXR GǶlMBQM 2m`QTû2MM2- [mǶ2bi@+2 [m2 +Ƕ2bi \ 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 j
RXRXk G2b T`BM+BT2b 2i Q#D2+iB7b /2 HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X 9
RXRXj 6QM+iBQMM2K2Mi- +QKTûi2M+2b 2i BMbiBimiBQMb 2m`QTû2MM2b X X X X X X X X X X X X X X X X 8
RXRX9 G2 #m/;2i 2m`QTû2M X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8
RXRX8 G2b T`Q+û/m`2b /û+BbBQMM2HH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kd
RXRXe GǶlMBQM 2m`QTû2MM2 ¨ HǶBMi2`M�iBQM�H 2i b2b `2H�iBQMb T`BpBHû;Bû2b X X X X X X X X X X X X jR

RXk G� +QMbi`m+iBQM 2m`QTû2MM2 , H2b ûi�T2b /ǶBMiû;`�iBQM p2`b H� M�Bbb�M+2 /2 HǶû+QMQKB2 2m`QTû2MM2 jj
RXkXR RNjy@RN99, H2b T`2KB2`b 2bb�Bb /ǶmM2 1m`QT2 mMB}û2 X X X X X X X X X X X X X X X X X X X X jj
RXkXk RN98@RN8e, H2b Q`B;BM2b /2 HǶ1m`QT2 BMbiBimiBQMM2HH2 X X X X X X X X X X X X X X X X X X X X j9
RXkXj RN8d@RNdj, /2 HǶ1m`QT2 /2b e ¨ HǶ1m`QT2 /2b N X X X X X X X X X X X X X X X X X X X X X X X j8
RXkX9 RNd9@RNNk, H2b +`Bb2b 2i H� MQmp2HH2 /vM�KB[m2 2m`QTû2MM2 p2`b H2 K�`+?û mMB[m2 X X X jd
RXkX8 RNNj@kyy9 , G� M�Bbb�M+2 /2 HǶ2m`Q 2i /2 HǶû+QMQKB2 2m`QTû2MM2- H� `Qmi2 p2`b HǶmMBQM

TQHBiB[m2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN
RXkXe kyy8 @ kyRd U�mDQm`/Ƕ?mBV , H2 /`�K2 /2 HǶ2m`Q- H� +`Bb2 }M�M+Bĕ`2 2i H� `2H�M+2 /2 H�

+QMbi`m+iBQM 2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R
RXj GǶ1m`QT2 2M [m2H[m2b +?Bz`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j

k _2pm2 /2 HBiiû`�im`2 8N
kXR G� HQ;B[m2 /ǶBMiû;`�iBQM U2M û+QMQKB2V X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N

kXRXR .û}MBiBQM 2i Q#D2+iB7b /2 HǶBMiû;`�iBQM U2M û+QMQKB2V X X X X X X X X X X X X X X X X X X X 8N
kXRXk G2b 7Q`K2b /ǶBMiû;`�iBQM 2M û+QMQKB2 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 ey
kXRXj GǶBMiû;`�iBQM `û;BQM�H2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR

kXk *QKK2`+2 AMi2`M�iBQM�H 2i AMiû;`�iBQM _û;BQM�H2 , H� `2H�iBQM +QM+2Tim2HH2 X X X X X X X X X X X e9
kXkXR G� T2`bT2+iBp2 i`�/BiBQMM2HH2 +H�bbB[m2 2i MûQ@+H�bbB[m2 /m +QKK2`+2 BMi2`M�iBQM�H X X e9
kXkXk G� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H /�Mb mM +QMi2ti2 /ǶBMiû;`�iBQM ,

H2 +�b T�`iB+mHB2` /2 HǶmMBQM /Qm�MBĕ`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X e3
kXkXj G� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H , mM TBHB2` i?ûQ`B[m2 /2 HǶBMiû;`�iBQM

`û;BQM�H2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dj
kXj *QMp2`;2M+2 2M û+QMQKB2 2i BMiû;`�iBQM `û;BQM�H2 , H� `2H�iBQM +QM+2Tim2HH2 +QKK2 MQmp2HH2

/û}MBiBQM /2 H� +QMp2`;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 X X X X X X X X X X X X X X dN
kXjXR G� +QMp2`;2M+2 û+QMQKB[m2 , mM2 /û}MBiBQM K�+`Qû+QMQKB[m2 T�` HǶlMBQM 2m`QTû2MM2 dN
kXjXk G� +QMp2`;2M+2 `û2HH2 , mM 2z2i +Qm`i i2`K2 2i HQM;@i2`K2 X X X X X X X X X X X X X X X X 3R



kXjXj G� i?ûQ`B2 /2b wQM2b JQMûi�B`2 PTiBK�H2b U2M/Q;ĕM2 Qm MQMV X X X X X X X X X X X X X X 3k
kX9 :`�TT2b BM/mbi`B2HH2b , /û}MBiBQM- K2bm`2b 2i BKTHB+�iBQM û+QMQKB[m2b X X X X X X X X X X X X X 33

kX9XR .û}MBiBQM /m +QM+2Ti /2 ;`�TT2b BM/mbi`B2HH2b X X X X X X X X X X X X X X X X X X X X X X X 33
kX9Xk AKTHB+�iBQMb û+QMQKB[m2b 2i K2bm`2 /2b ;`�TT2b BM/mbi`B2HH2b , BM/B+�i2m`b TQm` mM2

MQmp2HH2 mMBiû /Ƕ�M�Hvb2 bQmb T2`bT2+iBp2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2 X X X Ny

j *�/`2 /2 `2+?2`+?2 N8

9 Jûi?Q/QHQ;B2 Nd
9XR G2b /QMMû2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryy

9XRXR .2b+`BTiBQM /2b /QMMû2b #`mi2b 2i /2 HǶû+?�MiBHHQM T`BM+BT�H X X X X X X X X X X X X X X X Ryy
9XRXk S`Q+û/m`2 /2 +QHH2+i2 2i T`ûT�`�iBQM /2b /QMMû2b X X X X X X X X X X X X X X X X X X X X X RyN
9XRXj AKTHB+�iBQM /2b /QMMû2b 2i T`ûb2Mi�iBQM /2b Rj û+?�MiBHHQMb bûH2+iBQMMûb X X X X X X X X RyN
9XRX9 .û}MBiBQM /m 7Q`K�i T�M2H 2i /2b BM/2t /BK2MbBQMM2Hb X X X X X X X X X X X X X X X X X X RRy

9Xk ai�iBbiB[m2b /2b+`BTiBp2b `2H�iBp2b �mt Rj û+?�MiBHHQMb �M�Hvbûb X X X X X X X X X X X X X X X X X X RRR
9XkXR ú+?�MiBHHQM ;HQ#�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 X X X X X X X X X X X RRR
9XkXk ú+?�MiBHHQM `2T`ûb2Mi�Mi H2b T�vb `B+?2b /2 HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X X Rke
9XkXj ú+?�MiBHHQM `2T`ûb2Mi�Mi H2b T�vb T�mp`2b /2 HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X Rkd
9XkX9 ú+?�MiBHHQM `2T`ûb2Mi�Mi H2 iQT Ry /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b X X X X X X X X Rk3
9XkX8 ú+?�MiBHHQM `2T`ûb2Mi�Mi H2 iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /m b2+i2m`

T`BK�B`2 2i b2+QM/�B`2 UK�Mm7�+im`Bĕ`2bV 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 RkN
9XkXe ú+?�MiBHHQM `2T`ûb2Mi�Mi H2 iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /m b2+i2m`

i2`i�B`2 UH2b b2`pB+2bV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjy
9XkXd ú+?�MiBHHQM `2T`ûb2Mi�Mi H2 iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b ûK2`;2Mi2b 2m`QTû2MM2b X X RjR
9XkX3 ú+?�MiBHHQM `2T`ûb2Mi�Mi H� Tû`BQ/2 T`û +`Bb2 }M�M+Bĕ`2 /2 kyy3 X X X X X X X X X X X X X Rjk
9XkXN ú+?�MiBHHQM `2T`ûb2Mi�Mi H� Tû`BQ/2 TQbi +`Bb2 }M�M+Bĕ`2 /2 kyy3 X X X X X X X X X X X X Rjk
9XkXRy ú+?�MiBHHQM `2T`ûb2Mi�Mi H� Tû`BQ/2 T`û KQMM�B2 mMB[m2 U1m`Q- RNNNV X X X X X X X X X X Rjk
9XkXRR ú+?�MiBHHQM `2T`ûb2Mi�Mi H� Tû`BQ/2 TQbi KQMM�B2 mMB[m2 U1m`Q- RNNNV X X X X X X X X X Rjk
9XkXRk ú+?�MiBHHQM `2T`ûb2Mi�Mi H2 iQT Ry /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /2b T�vb `B+?2b

/2 HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjk
9XkXRj ú+?�MiBHHQM `2T`ûb2Mi�Mi H2 iQT Ry /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /2b T�vb T�m@

p`2b /2 HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj9
9Xj ú+QMQKûi`B2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj8

9XjXR Jûi?Q/QHQ;B2 /m KQ/ĕH2 û+QMQKûi`B[m2 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 Rj8
9XjXk G2b KQ/ĕH2b û+QMQKûi`B[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rje
9XjXj .2b+`BTiBQM /2b p�`B�#H2b /ûT2M/�Mi2b TQm` H2b i`QBb KQ/ĕH2b X X X X X X X X X X X X X X R9R
9XjX9 .2b+`BTiBQMb /2b p�`B�#H2b BM/ûT2M/�Mi2b TQm` H2b i`QBb KQ/ĕH2b X X X X X X X X X X X X X R9j
9XjX8 Jûi?Q/2b /Ƕ2biBK�iBQM /2b KQ/ĕH2b û+QMQKûi`B[m2b X X X X X X X X X X X X X X X X X X X X R98

9X9 *�`iQ;`�T?B2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R93

8 _ûbmHi�ib 2i BMi2`T`ûi�iBQMb R8j
8XR _ûbmHi�ib û+QMQKûi`B[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8j
8Xk _ûbmHi�ib +�`iQ;`�T?B[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3y



*QM+HmbBQM- /Bb+mbbBQMb 2i HBKBi2b R3j

�MM2t2b R3d
�MM2t2 R @ .2b+`BTiBQM +QKTHûK2Mi�B`2 /2b BMbiBimiBQMb X X X X X X X X X X X X X X X X X X X X X X X X R3N

G� *Qm` /2 CmbiB+2 /2 HǶlMBQM 2m`QTû2MM2 U*Cl1V X X X X X X X X X X X X X X X X X X X X X X X X R3N
G� *Qm` /2b +QKTi2b 2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3N
G2 a2`pB+2 1m`QTû2M TQm` HǶ�+iBQM 1tiû`B2m`2 Ua1�1V X X X X X X X X X X X X X X X X X X X X X X RNy
G2 *QKBiû ú+QMQKB[m2 2i aQ+B�H 1m`QTû2M U*1a1V X X X X X X X X X X X X X X X X X X X X X X X X RNR
G� "�M[m2 1m`QTû2MM2 /ǶAMp2biBbb2K2Mi U"1AV 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 RNR

�MM2t2 k @ .2b+`BTiBQMb /2b MBp2�mt ;ûQ;`�T?B[m2b /2 H� #�b2 /2 /QMMû2b X X X X X X X X X X X X X X RN9
�MM2t2 j @ LQK2M+H�i2m`2 ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2i BM/mbi`B2 L�*1 _2pX kX X X X X X X kyj
�MM2t2 9 @ _ûbmHi�ib /2b i2bib û+QMQKûi`B[m2b T2`iBM2Mib X X X X X X X X X X X X X X X X X X X X X X X kky

_ûbmHi�ib TQm` HǶû+?�MiBHHQM ;HQ#�H b�Mb BMi2`�+iBQM /2 H� p�`B�#H2 K2bm`�Mi HǶlMBQM û+QMQKB[m2
2i KQMûi�B`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kky

_ûbmHi�ib TQm` HǶû+?�MiBHHQM ;HQ#�H �p2+ BMi2`�+iBQM /2 H� p�`B�#H2 K2bm`�Mi HǶlMBQM û+QMQKB[m2
2i KQMûi�B`2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9j

�MM2t2 8 @ *�`iQ;`�T?B2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ked
*�`iQ;`�T?B2 /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2 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 ked
*�`iQ;`�T?B2 /2 H� ;`�TT2 /2b h2+?MQHQ;B2b /2 T`Q/m+iBQM 2i K�+?BM2`B2b HQm`/2b X X X X X X X k3d
*�`iQ;`�T?B2 /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b X X X X X X X X X X X X X X X X X X X X X X jyd
*�`iQ;`�T?B2 /2 H� ;`�TT2 /2b .Bbi`B#miBQM 2i /m +QKK2`+2 ûH2+i`QMB[m2 X X X X X X X X X X X X jkd

"B#HBQ;`�T?B2 j9N





GBbi Q7 6B;m`2b
R *�`i2 /2b T�vb K2K#`2b 2i 2M pQB2 /Ƕ�/?ûbBQM ¨ HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X X X j
k *�`iQ;`�T?B2 /2b 2bT�+2b /ǶBMiû;`�iBQM �m b2BM /m +QMiBM2Mi 2m`QTû2M X X X X X X X X X X X X X X 9
j _ûbmKû /m 7QM+iBQMM2K2Mi /2b 9 TBHB2`b /2b BMbiBimiBQMb 1m`QTû2MM2b X X X X X X X X X X X X X X R9
9 a+?ûK� /m 7QM+iBQMM2K2Mi /2b BMbiBimiBQMb 1m`QTû2MM2b X X X X X X X X X X X X X X X X X X X X X R8
8 S`Q+2bbmb /Ƕ�TT`Q#�iBQM /m #m/;2i 1m`QTû2M 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 jy
e amT2`}+B2 /2b /Bzû`2Mib T�vb /2 HǶl1 UFK +�``ûbV 2M kyR8 X X X X X X X X X X X X X X X X X X X X 9j
d SQTmH�iBQM iQi�H T�` T�vb 2m`QTû2M 2M kyRj 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 99
3 úpQHmiBQM /2 H� TQTmH�iBQM iQi�H2 T�` T�vb 2Mi`2 RN38 2i kyRj X X X X X X X X X X X X X X X X X X 98
N SA" T�` ?�#Bi�Mi T�` T�vb 2M kyRj U2m`QbV 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 9e
Ry úpQHmiBQM /m SA" T�` ?�#Bi�Mi TQm` +?�[m2 T�vb 2Mi`2 RN38 2i kyRj U2m`QbV X X X X X X X X X X 9d
RR S`QTQ`iBQM /2 H� TQTmH�iBQM T�` T�vb �v�Mi Q#i2Mm mM /BTHƬK2 /Ƕûim/2 bmTû`B2m` 2M kyRj X X 93
Rk LQK#`2 KQv2M /2 H�M;m2b ûi`�M;ĕ`2b �+[mBb2b T�` ûHĕp2 /�Mb HǶ2Mb2B;M2K2Mi bmTû`B2m` 2M kyRe 9N
Rj .m`û2 /2 pB2 KQv2MM2 ¨ H� M�Bbb�M+2 2M kyR8 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 8y
R9 h�mt /2 +?QK�;2 KQv2M UWV T�` T�vb 2M kyRe X X X X X X X X X X X X X X X X X X X X X X X X X X 8R
R8 h�mt /2 +?QK�;2 KQv2M UWV T�` T�vb 2Mi`2 RN38 2i kyRe X X X X X X X X X X X X X X X X X X X X 8k
Re _ûT�`iBiBQM /2b 2KTHQBb T�` ivT2 2i T�` T�vb U2M KBHHB2`bV 2M kyRe X X X X X X X X X X X X X X X 8j
Rd hQi�H /2b /ûT2Mb2b _�. T�` b2+i2m` UKBHHBQMb /Ƕ2m`QbV T�` T�vb 2M kyR8 X X X X X X X X X X X X 89
R3 S`QTQ`iBQM /2 pQv�;2m` T�` `Qmi2 2i `�BH 2M kyR8 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 88
RN Zm�MiBiû /2 pQv�;2m` T�` pQB2 �û`B2MM2 T�` T�vb 2M kyRe X X X X X X X X X X X X X X X X X X X X X 8e
ky AKTQ`i�iBQMb /ǶûM2`;B2 2M W /2 +QMbQKK�iBQM ûM2`;ûiB[m2 iQi�H /m T�vb 2M kyR8 X X X X X X X 8d
kR S`QTQ`iBQM /ǶûH2+i`B+Biû T`Q/mBi2 ¨ T�`iB` /2b bQm`+2b /ǶûM2`;B2 `2MQmp2H�#H2b T�` T�vb 2M kyR8 83
kk 1Mb2K#H2 /m T`Q+2bbmb Jûi?Q/QHQ;B[m2 U*�/`2 +QM+2Tim2HH2 /2 `2+?2`+?2V X X X X X X X X X X X NN
kj :`�TT2b BM/mbi`B2HH2b T`ûb2Mi2Mi /�Mb H� #�b2 /2 /QMMû2b URfkV X X X X X X X X X X X X X X X X X Ryk
k9 :`�TT2b BM/mbi`B2HH2b T`ûb2Mi2Mi /�Mb H� #�b2 /2 /QMMû2b UkfkV X X X X X X X X X X X X X X X X X Ryj
k8 :`�TT2b BM/mbi`B2HH2b T`ûb2Mi2Mi /�Mb H� #�b2 /2 /QMMû2b UkfkV X X X X X X X X X X X X X X X X X Ryj
ke G2b MBp2�mt /ǶBMiû;`�iBQM û+QMQKB[m2 2M 1m`QT2 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 Rye
kd .Bbi`B#miBQM /2b /QMMû2b bm` H� [m�MiBiû /Ƕ2KTHQBb TQm` HǶû+?�MiBHHQM ;HQ#�H X X X X X X X X X X RRd
k3 .Bbi`B#miBQM /2b /QMMû2b bm` H� [m�Miû /Ƕ2Mi`2T`Bb2 TQm` HǶû+?�MiBHHQM ;HQ#�H X X X X X X X X X X RR3
kN .Bbi`B#miBQM /2b /QMMû2b bm` H2 `�iBQ 2Mi`2T`Bb2b 2KTHQBb TQm` HǶû+?�MiBHHQM ;HQ#�H X X X X X X X RRN
jy .Bbi`B#miBQM /2b /QMMû2b bm` H2 b�H�B`2 KQv2M T�` 2KTHQB TQm` HǶû+?�MiBHHQM ;HQ#�H X X X X X X X Rky
jR .Bbi`B#miBQM /2b /QMMû2b /2 H� p�`B�#H2 ."h.A6 U/2ii2 Tm#HB+V TQm` HǶû+?�MiBHHQM ;HQ#�H X X X Rkk
jk J�i`B+2 /2b ;`�T?B[m2b /2 +Q``ûH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rkj
jj J�i`B+2 /2 +Q``ûH�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk9
j9 �T2`Ïm /2 HǶ�TTHB+�iBQM @ *�`iQ;`�T?B2 BMi2`�+iBp2 /2b ;`�TT2b BM/mbi`B2HH2b X X X X X X X X X X R8k
j8 *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-

AaA*V URfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kyj
je *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-

AaA*V UkfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky9
jd *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-

AaA*V UjfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky8



j3 *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V U9fRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kye

jN *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V U8fRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kyd

9y *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UefRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky3

9R *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UdfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kyN

9k *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V U3fRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRy

9j *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UNfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRy

99 *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URyfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRR

98 *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URRfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRk

9e *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URkfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRj

9d *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URjfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR9

93 *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UR9fRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR8

9N *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UR8fRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRe

8y *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URefRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRd

8R *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URdfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR3

8k *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UR3fRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR3

8j *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URNfRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kRN





GBbi Q7 h�#H2b
R _ûbmKû /2b /Bzû`2Mib MBp2�mt /2 +QKTûi2M+2b /2 HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X X X Ry
k AM/2t ;ûQ;`�T?B[m2 `2H�`B7 ¨ HǶû+?�MiBHHQM /2 /QMMû2 T�M2H X X X X X X X X X X X X X X X X X X X X RyR
j AM/2t `2H�iB7 �m MBp2�m /ǶBMiû;`�iBQM û+QMQKB[m2 TQm` HǶû+?�MiBHHQM /2 /QMMû2 X X X X X X X X X Ry9
9 o�`B�#H2b /2 H� #�b2 /2 /QMMû2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rye
8 _ûbmKû /2b BM/2t /BK2MbBQMM2Hb /2 H� #�b2 /2 /QMMû2b T�M2H TQm` H2b i`QBb Kûi?Q/2b /Ƕ�M�Hvb2bRRR
e ai�iBbiB[m2b /2b+`BTiBp2b /2 HǶ2+?�MiBHHQM ;HQ#�H TQm` H� p�`B�#H2 i�BHH2 /2 H� ;`�TT2 U[i2 /Ƕ2KTHQBVRRj
d ai�iBbiB[m2b /2b+`BTiBp2b /2 HǶ2+?�MiBHHQM ;HQ#�H TQm` H� p�`B�#H2 +QM+2Mi`�iBQM /Ƕ�+iBpBi2 /2 H�

;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2bV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR9
3 ai�iBbiB[m2b /2b+`BTiBp2b /2 HǶ2+?�MiBHHQM ;HQ#�H TQm` H� p�`B�#H2 [m�HBi2 /2 H� ;`�TT2 Ub�H�B`2

KQv2MV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR8
N ai�iBbiB[m2b /2b+`BTiBp2b /2 HǶ2+?�MiBHHQM ;HQ#�H TQm` H� p�`B�#H2 BMi2MbB2 +QM+m``2MiB2HH2 /2 H�

;`�TT2 U`�TTQ`i [i2 2Mi`2T`Bb2b T�` 2KTHQBV 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 RRe
Ry GBbi2 /2b T�vb +QMbB/û`ûb TQm` MQi`2 ûim/2 +QKK2 H2b T�vb /ûp2HQTTûb U`B+?2bV /2 HǶlMBQM

2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rkd
RR GBbi2 /2b T�vb +QMbB/û`ûb TQm` MQi`2 ûim/2 +QKK2 H2b T�vb 2M pQB2 /2 /ûp2HQTT2K2Mi UT�mp`2bV

/2 HǶlMBQM 2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk3
Rd GBbi2 /2b T�vb +QMbB/û`ûb TQm` MQi`2 ûim/2 +QKK2 H2b T�vb /ûp2HQTTûb U`B+?2bV /2 HǶlMBQM

2m`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjj
RN GBbi2 /2b T�vb +QMbB/û`ûb TQm` MQi`2 ûim/2b +QKK2 H2b MQM T�vb /ûp2HQTTûb /2 HǶlMBQM 2m@

`QTû2MM2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj8
ky _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BMû K2bm`�Mi H� i�BHH2 /2 H�

;`�TT2 U[i2 /Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H
Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R89

kR _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BM2 K2bm`�Mi H� +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X R88

kk _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM +QK#BM2 K2bm`�Mi HǶBMi2MbBi2
+QM+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b >Pa 2i /2
+QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X R8e

kj _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM
;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV 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 R8d

k9 _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BMû K2bm`�Mi H� i�BHH2 /2 H�
;`�TT2 U[i2 /Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H
U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R8N

k8 _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BM2 K2bm`�Mi H� +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X Rey



ke _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM +QK#BM2 K2bm`�Mi HǶBMi2MbBi2
+QM+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b >Pa 2i /2
+QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X ReR

kd _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM
;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV 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 Rek

jR _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 K2bm`�Mi H� i�BHH2 /2 H� ;`�TT2 U[i2
/Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2
2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkR

jk _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 K2bm`�Mi H� i�BHH2 /2 H� ;`�TT2 U[i2
/Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`�+iBQM
�p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkk

jj _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BMû K2bm`�Mi H� i�BHH2 /2 H�
;`�TT2 U[i2 /Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H
Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kkj

j9 _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H
Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk8

j8 _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 K2bm`�Mi H� +QM+2Mi`�iBQM /Ƕ�+iBpBi2
/2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm` HǶû+?�MiBHHQM ;HQ#�H
Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kke

je _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BM2 K2bm`�Mi H� +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X kkd

jd _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi HǶBMi2MbBi2 +QM+m``2M@
iB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM
;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV 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 kkN

j3 _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi HǶBMi2MbBi2 +QM+m`@
`2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X kjy

jN _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM +QK#BM2 K2bm`�Mi HǶBMi2MbBi2
+QM+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b >Pa 2i /2
+QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X kjR

9y _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H Ub�Mb BMi2`@
�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjj

9R _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H
Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj9

9k _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM
;HQ#�H Ub�Mb BMi2`�+iBQM �p2+ H� xQM2 2m`QV 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 kj8



9j h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X X X X kje

99 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X kje

98 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2/2 H� i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i
*QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X kje

9e h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X X X X kje

9d h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBû /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X kjd

93 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i
*QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X kjd

9N h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶBMi2MbBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X X X X kjd

8y h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶBMi2MbBi2 +QM+m``2MiB2HH2 /m KQ/ĕH2 /m
KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X kjd

8R h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶBMi2MbBi2 +QM+m``2MiB2HH2 /2b ;`�TT2b /m
KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib
}t2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj3

8k h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�HBiû /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b 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 kj3

8j h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�HBiû /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X kj3

89 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�HBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i
*QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X kj3

88 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X kjN

8e h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b
;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2XkjN

8d h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m@
2HH2b bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kjN

83 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X kjN

8N h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b
;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2Xk9y

ey h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/B@
pB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9y

eR h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶBMi2MbBiû +QM+m`@
`2MiB2HH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9y



ek h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 HǶBMi2MbBiû
+QM+m``2MiB2HH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9y

ej h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b
2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X 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 k9R

e9 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X k9R

e8 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû
/2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b
2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9R

ee h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/B@
pB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9R

ed h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb
bm` H2b 2``2m`b bQMi 2tQ;ĕM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9k

e3 h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb
bm` H2b 2``2m`b bQMi 2tQ;ĕM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9k

eN h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2bTQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�@
iQB`2b /2b BM/BpB/mb bm` H2b 2``2m`b bQMi 2tQ;ĕM2b 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 k9k

dy h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb
bm` H2b 2``2m`b bQMi 2tQ;ĕM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9j

dR _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 K2bm`�Mi H� i�BHH2 /2 H� ;`�TT2 U[i2
/Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2
2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k99

dk _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 K2bm`�Mi H� i�BHH2 /2 H� ;`�TT2 U[i2
/Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`�+iBQM
�p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k98

dj _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BMû K2bm`�Mi H� i�BHH2 /2 H�
;`�TT2 U[i2 /Ƕ2KTHQBbV � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H
U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9e

d9 _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H
U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k93

d8 _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 K2bm`�Mi H� +QM+2Mi`�iBQM /Ƕ�+iBpBi2
/2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm` HǶû+?�MiBHHQM ;HQ#�H
U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9N



de _2bmHi�ib /2 +?�[m2 K2i?Q/2 /Ƕ2biBK�iBQM TQm` H2 KQ/2H2 +QK#BM2 K2bm`�Mi H� +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X k8y

dd _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi HǶBMi2MbBi2 +QM+m``2M@
iB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM
;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV 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 k8k

d3 _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi HǶBMi2MbBi2 +QM+m`@
`2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X k8j

dN _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM +QK#BM2 K2bm`�Mi HǶBMi2MbBi2
+QM+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQv2bV � T�`iB` /2b p�`B�#H2b >Pa 2i /2
+QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X k89

3y _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H U�p2+ BMi2`@
�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8e

3R _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H
U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k8d

3k _2bmHi�ib /2b K2i?Q/2b /Ƕ2biBK�iBQMb /m KQ/2H2 /2 `2;`2bbBQM K2bm`�Mi H� [m�HBi2 /2 H� ;`�TT2
Ub�H�B`2 KQv2M T�` 2KTHQv2V � T�`iB` /2b p�`B�#H2b >Pa 2i /2 +QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM
;HQ#�H U�p2+ BMi2`�+iBQM �p2+ H� xQM2 2m`QV 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 k83

3j h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X X X X k8N

39 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X k8N

38 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2/2 H� i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i
*QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X k8N

3e h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X X X X k8N

3d h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBû /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X key

33 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i
*QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X key

3N h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶBMi2MbBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X X X X key

Ny h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶBMi2MbBi2 +QM+m``2MiB2HH2 /m KQ/ĕH2 /m
KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X key

NR h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶBMi2MbBi2 +QM+m``2MiB2HH2 /2b ;`�TT2b /m
KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib
}t2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X keR

Nk h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�HBiû /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b 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 keR



Nj h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�HBiû /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X X X X X X X X X X X X X X keR

N9 h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�HBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i
*QMp2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b X X X X X X X keR

N8 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X kek

Ne h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b
;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2Xkek

Nd h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m@
2HH2b bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kek

N3 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X kek

NN h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b
;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2Xkej

Ryy h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/B@
pB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kej

RyR h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶBMi2MbBiû +QM+m`@
`2MiB2HH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kej

Ryk h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 HǶBMi2MbBiû
+QM+m``2MiB2HH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kej

Ryj h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b
2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X 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 ke9

Ry9 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X ke9

Ry8 h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2 /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû
/2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b
2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke9

Rye h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M@
/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/B@
pB/m2HH2b bTû+B}[m2b 2bi MmHH2X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke9

Ryd h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb
bm` H2b 2``2m`b bQMi 2tQ;ĕM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke8

Ry3 h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb
bm` H2b 2``2m`b bQMi 2tQ;ĕM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke8



RyN h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2bTQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�@
iQB`2b /2b BM/BpB/mb bm` H2b 2``2m`b bQMi 2tQ;ĕM2b 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 ke8

RRy h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M@
/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb
bm` H2b 2``2m`b bQMi 2tQ;ĕM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kee



AMi`Q/m+iBQM

.2TmBb H� bQ`iB2 /2 H� a2+QM/2 :m2``2 JQM/B�H2- HǶ2MpB`QMM2K2Mi û+QMQKB[m2 KQM/B�H2 2bi 2M TH2BM2 Kmi�iBQMX
a�Mb +2bb2 THmb Qmp2`i �mt û+?�M;2b BMi2`M�iBQM�mt 2i /ûKQMi`�Mi mM2 BMi2`/ûT2M/�M+2 û+QMQKB[m2 b�Mb +2bb2
THmb 7Q`i2 2Mi`2 H2b ûi�ib Ul1- �a1�L- L�6h�- *1h�- 2i+XV- H� T`Q#HûK�iB[m2 b2 `�TTQ`i�Mi �m i?ĕK2 /2
HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2i �mt T?ûMQKĕM2b /2 +`QBbb�M+2b /2b û+QMQKB2b b2 pQBi TQ`i2` /ǶmM ûH�M
BKTQ`i�Mi- 2i +2 bQmb /2mt bT?ĕ`2b T`û/QKBM�Mi2b , HǶû+QMQKB2 2i H� TQHBiB[m2X S�` +QMbû[m2Mi- H2 +QMi2ti2
û+QMQKB[m2 2i BM/mbi`B2H KQM/B�H � +QKTHĕi2K2Mi +?�M;û H�Bbb�Mi TH�+2 ¨ +2 [m2 HǶQM �TT2HH2 H2b +?�ŗM2b
/2 p�H2m` KQM/B�H2b 2i H2 T?ûMQKĕM2 /Ƕ�;;HQKû`�iBQM /ǶBM/mbi`B2b , H2b ;`�TT2b BM/mbi`B2HH2bX �BMbB- /û}MB
bQmb mM MQmp2H �M;H2 ¨ H� 7QBb TQHBiB[m2- û+QMQKB[m2 2i BM/mbi`B2H- HǶ2MpB`QMM2K2Mi KQM/B�H 2bi bQmKBb ¨ mM2
MQmp2HH2 `û�HBiû 2KTB`B[m2 bQmH2p�Mi �HQ`b /2 MQmp2HH2b T`Q#HûK�iB[m2b [m2 H2b i?ûQ`B2b T�bbû2b M2 bQMi T�b ¨
KāK2 /Ƕ2tTHB[m2` 2M i`Qmp�Mi +QMb2MbmbX

S�` �BHH2m`b- /2TmBb RN8d HǶBMiû;`�iBQM 2m`QTû2MM2 2bi 2M K�`+?2 2i � ûiû b�Mb +2bb2 `2M7Q`+û2 /2 T�` b�
/vM�KB[m2 /2 T`Q;`2bbBQM +QMiBMm2HH2X �m /ûT�`i mM `2;`QmT2K2Mi /2 e T�vb /m +QMiBM2Mi 2m`QTû2M �miQm`
/ǶmM2 BM/mbi`B2 T�`iB+mHBĕ`2 UHǶ�+B2` 2i H2 +?�`#QMV- 2HH2 +QKT`2M/ �mDQm`/Ƕ?mB k3 T�vb K2K#`2b �bbQ+Bûb �miQm`
/ǶmM ;`�M/ K�`+?û mMB[m2 2i /ǶmM2 KQMM�B2 +QKKmM2 , HǶlMBQM 2m`QTû2MM2X *2ii2 /2`MBĕ`2 b2 bBim2 2Mi`2
HǶBMiû;`�iBQM û+QMQKB[m2 2i HǶBMiû;`�iBQM TQHBiB[m2 iQi�H2 2M i2`K2b /2 i`�Mb72`i /2 TQmpQB`- �BMbB [mǶ2Mi`2 H�
7û/û`�iBQM 2i H� +QM7û/û`�iBQM 2M i2`K2b /2 7QM+iBQMM2K2Mi 2i /2 +QKTûi2M+2bX .2 T�` +2ii2 +�`�+iû`Bb�iBQM
#B/BK2MbBQMM2HH2- /2 MQK#`2mb2b [m2biBQMb bQMi bQmH2pû2b 2i mM /û#�i +QMbi�Mi 2tBbi2 �miQm` /2b T?ûMQKĕM2b
/2 +QMp2`;2M+2 2i /2 bTû+B�HBb�iBQM �bbQ+Bûb ¨ HǶBMiû;`�iBQM `û;BQM�H2 û+QMQKB[m2- bQBi HǶQmp2`im`2 �mt û+?�M;2b
2i HǶ?�`KQMBb�iBQM /2b TQHBiB[m2b 2Mi`2 THmbB2m`b û+QMQKB2bX 1M T�`iB+mHB2`- /2mt +Qm`�Mib i?ûQ`B[m2b /2 H�
HBiiû`�im`2 b+B2MiB}[m2- �v�Mi iQmb /2mt TQm` Q#D2+iB7 /2 ;�`�MiB` H� T`Q;`2bbBQM /2 HǶBMiû;`�iBQM �BMbB [m2 /2
T2`K2ii`2 H� +`QBbb�M+2 /2b û+QMQKB2b- b2K#H2Mi bǶQTTQb2` , H2b T�`iBb�Mb /2 H� h?ûQ`B2 /2b wQM2b JQMûi�B`2
PTiBK�H2b 2i +2mt /2 H� +QMp2`;2M+2 2M û+QMQKB2X G2 T`2KB2` +Qm`�Mi /ûp2HQTT2 mM2 �M�Hvb2 [mB �bbQ+B2
H� +QMp2`;2M+2 û+QMQKB[m2 ¨ HǶmiBHBb�iBQM /2 H� KQMM�B2 mMB[m2X G2 b2+QM/ +Qm`�Mi ûim/B2 HǶQmp2`im`2 /2b
û+?�M;2b 2i H2b /vM�KB[m2b /2 +QMp2`;2M+2 [mB 2M `ûbmHi2MiX *Ƕ2bi B+B [m2 b2 bBim2 �HQ`b H� T`Q#HûK�iB[m2 /2
+2 KûKQB`2X .�Mb +2 +QMi2ti2 2i T�` +QMbû[m2Mi- HǶlMBQM 2m`QTû2MM2 �TT�`�ŗi +QKK2 H2 +�b /ǶBMiû;`�iBQM
H2 THmb +QM+`2i- H2 THmb �p�M+û 2i �BMbB H2 THmb BMiû`2bb�Mi ¨ miBHBb2` TQm` H� `2+?2`+?2 2M û+QMQKB2 �miQm` /2
+2ii2 i?ûK�iB[m2 , HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2X

�mbbB- /2TmBb HǶ�``Bpû2 /ǶBMi2`M2i- /2 ;`�M/2b BMMQp�iBQM i2+?MQHQ;B[m2 �miQm` /2b /QMMû2b 2i /m b�pQB` QMi
2m HB2mX *2b /2`MBĕ`2b 2KKĕM2Mi H2 KQM/2 p2`b b� [m�i`BĕK2 `ûpQHmiBQM BM/mbi`B2HH2 , HǶBM/mbi`B2 9Xy 2i H�
b+B2M+2 /2b /QMMû2bX �HQ`b [mǶBH v � mM2 pBM;i�BM2 /Ƕ�MMû2b- H2 T`2KB2` KQi2m` /2 `2+?2`+?2 /m +ûHĕ#`2 :QQ;H2
M2 +QKTi�Bi [m2 k9 KBHHBQMb /2 T�;2b- �mDQm`/Ƕ?mB +2 /2`MB2` �TT�`�ŗi +QKK2 H2 ;û�Mi û+QMQKB[m2 /2 MQi`2
bBĕ+H2 �p2+ THmbB2m`b KBHHB�`/b T�;2b- /QM+ /2 /QMMû2b 2i /2 b�pQB`- 2i }M�H2K2Mi /2 `2[māi2b [mQiB/B2MM2b
2z2+imû2b bm` bQM KQi2m` /2 `2+?2`+?2X AH 2M p� /2 KāK2 TQm` mM i�b /Ƕ�mi`2- T�` 2t2KTH2 6�+2#QQF [mB
`2pāi THmb /ǶmM KBHHB�`/ /ǶmiBHBb�i2m`b [mQiB/B2M 2i �m KQBMb �mi�Mi /2 MQmp2HH2b BM7Q`K�iBQMb 2M`2;Bbi`û2b T�`
DQm`bX �mDQm`/Ƕ?mB- HǶ�TT�`BiBQM 2i HǶ�++mKmH�iBQM /2 +2 MQK#`2 BKT`2bbBQMM�Mi /ǶBM7Q`K�iBQMb QMi TQmbbû
�m /ûp2HQTT2K2Mi /2 MQmp2HH2b i2+?MB[m2b /Ƕ�M�Hvb2- ¨ b�pQB` T�` 2t2KTH2 H� `2+?2`+?2 `2T`Q/m+iB#H2 2i H�
b+B2M+2 /2b /QMMû2bX S�` +QMbû[m2Mi- HǶmiBHBb�iBQM /2b /QMMû2b K�bbBp2b U#B; /�i�V �BMbB [m2 H� T`Q;`2bbBQM
?�HHm+BM�Mi2 /2b TmBbb�M+2b 2i i2+?MB[m2b /2 +�H+mH T2`K2ii2Mi �HQ`b /Ƕ�++mKmH2` 2i /2 i`�Bi2` mM MQK#`2
BKT`2bbBQMM�Mi /2 +QMM�Bbb�M+2b @ Qm /QMMû2b @ +�T�#H2 /Ƕ�TTQ`i2` mM2 �M�Hvb2 bvbiûK�iB[m2 UK�i?ûK�iB[m2-

R



bi�iBbiB[m2b- û+QMQKûi`B[m2- 2i+XV THmb T`Q7QM/2 2i THmb ;`�MmH�B`2 [mǶ�mT�`�p�Mi- ¨ HǶBK�;2 /2 +2 [m2 bQMi
H2b ;`�TT2b BM/mbi`B2HH2b TQm` H2b �M�Hvb2b 2M û+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2X

.2 +2b 7�Bib 2bi Mû2 H� i?ûK�iB[m2 /2 `2+?2`+?2 /2 +2 KûKQB`2 , HǶBMiû;`�iBQM 2m`QTû2MM2 2i H2b ;`�TT2b BM/mb@
i`B2HH2bX SHmb T`û+BbûK2Mi- 2i ¨ HǶBK�;2 /m /û#�i +QMbi�Mi 2Mi`2 H2b /2mt +Qm`�Mib i?ûQ`B[m2b T`û+û/2KK2Mi
+Biûb- H� [m2biBQM /2 `2+?2`+?2 /2 +2 KûKQB`2 2bi T`û+Bbû2 , 1M 1m`QT2- Q#b2`p2@i@QM mM2 /vM�KB[m2
/2 bTû+B�HBb�iBQM `û;BQM�H2 @ Qm /2 +QMp2`;2M+2 @ ¨ i`�p2`b H2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM@
/mbi`B2HH2b \

*2 KûKQB`2 b2 /BpBb2 2M +BM[ T�`iB2b /BbiBM+i2bX .�Mb mM T`2KB2` i2KTb- 2i +QKK2 T`2KBĕ`2 b2+iBQM- H2
+QMi2ti2 /2 HǶûim/2 b2`� TQbû 2i 2tTHB+Biû 2M T`ûb2Mi�Mi mM T�MQ`�K� /2 HǶlMBQM 2m`QTû2MM2X *2 T�MQ`�K�
T`ûb2Mi2- /ǶmM2 T�`i- mM ûi�i /2b HB2mt /2 HǶlMBQM 2m`QTû2MM2 , b2b Q#D2+iB7b- bQM 7QM+iBQMM2K2Mi- b2b +QKTû@
i2M+2b 2i b2b BMbiBimiBQMbX .Ƕ�mi`2 T�`i- BH T`QTQb2 mM2 `2pm2 ?BbiQ`B[m2 /2 H� +QMbi`m+iBQM 2m`QTû2MM2X

.�Mb mM2 b2+QM/2 b2+iBQM- mM2 bvMi?ĕb2 /2 H� `2pm2 /2 HBiiû`�im`2 b+B2MiB}[m2 2M HB2M �p2+ H� i?ûK�iB[m2 /2
`2+?2`+?2 @ AMiû;`�iBQM 1m`QTû2MM2 2i ;`�TT2b BM/mbi`B2HH2b , H2b T?ûMQKĕM2b /2 +QMp2`;2M+2 2M û+QMQKB2 bQmb
mM2 T2`bT2+iBp2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2 @ 2bi T`ûb2Miû2X *2ii2 bvMi?ĕb2 `2;`QmT2 MQi�KK2Mi
H2b �TTQ`ib i?ûQ`B[m2b K�D2m`b /2b /Bzû`2Mib �mi2m`b USX E`m;K�M- "X 1B+?2M;`22M- _X JmM/2HH- SX .2
:`�mr- 2i+XV +QM+2`M�Mi HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2- H2 +QKK2`+2 BMi2`M�iBQM�H 2i H2b T?ûMQKĕM2b
/2 +QMp2`;2M+2b 2M û+QMQKB2X 6BM�H2K2Mi- 2HH2 T`ûb2Mi2 H� /û}MBiBQM /2b ;`�TT2b BM/mbi`B2HH2b �BMbB [m2 H2m`
K2bm`2 /2 T2`7Q`K�M+2 U+v+H2 /2 pB2VX

SQm` i`QBbBĕK2 b2+iBQM- /û+QmH�Mi /2b /2mt T`û+û/2Mi2b- H2 +�/`2 /2 `2+?2`+?2 2bi 2tTQbûX AH /û}MBi THmb
+QKTHĕi2K2Mi H� i?ûK�iB[m2 /2 `2+?2`+?2- H� [m2biBQM /2 `2+?2`+?2 bQmH2pû2 2i H2b ?vTQi?ĕb2b [mB v bQMi
�bbQ+Bû2bX �mbbB- +2ii2 /2`MBĕ`2 T�`iB2 T2`K2i /Ƕ2tTHB+Bi2` /2 7�ÏQM +H�B`2 H2b +QMi`B#miBQMb ¨ H� 7QBb i?ûK�iB[m2
2i Kûi?Q/QHQ;B[m2X

SQm` TQm`bmBp`2- H� [m�i`BĕK2 b2+iBQM b2`i /2 /û}MBiBQM Kûi?Q/QHQ;B[m2 TQm` H� `û�HBb�iBQM /2 HǶ�M�Hvb2X *2ii2
/2`MBĕ`2 Kûi?Q/QHQ;B2 /Ƕ�M�Hvb2 2bi H2 7`mBi /2 HǶmiBHBb�iBQM /2 H� b+B2M+2 /2b /QMMû2b 2i /2b Kûi?Q/2b TQm`
H� `2+?2`+?2 `2T`Q/m+iB#H2 2M û+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2X 1HH2 +QMi`B#m2 ¨ /û}MB` mM2 Kûi?Q/2
/Ƕ�M�Hvb2 bvbiûK�iB[m2 KBt�Mi û+QMQKûi`B2- +�`iQ;`�T?B2 2i /QMMû2b K�bbBp2bX

SQm` i2`KBM2`- H� +BM[mBĕK2 b2+iBQM b2 +QKTQb2 /2 HǶ�M�Hvb2 2i /2 HǶBMi2`T`ûi�iBQM /2b `ûbmHi�ib TQm` +?�+mM2
/2b Kûi?Q/2b /Ƕ�M�Hvb2b 2i /Ƕ2biBK�iBQMb `2H�iBp2b �mt ?vTQi?ĕb2b 2i ¨ H� [m2biBQM /2 `2+?2`+?2 bQmH2pû2 T�`
H2b /2mt T`2KBĕ`2b b2+iBQMb @ S�MQ`�K� /2 HǶlMBQM 2m`QT2ûMM2 2i _2pm2 /2 HBiiû`�im`2X

6BM�H2K2Mi- H2 KûKQB`2 b2 i2`KBM2 T�` mM2 +QM+HmbBQM [mB T`ûb2Mi2 /2b `2+QKK�M/�iBQMb [m�Mi ¨ H� [m2biBQM
/2 `2+?2`+?2 2i b2b ?vTQi?ĕb2b �BMbB [m2 H2b HBKBi2b `2H�iBp2b ¨ HǶûim/2X *2ii2 /2`MBĕ`2 T`QpQ[m2 H� M�Bbb�M+2
/2 MQmp2HH2b BMi2``Q;�iBQMb [m�Mi ¨ HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 @ T�`iB+mHBĕ`2K2Mi bm` +2HH2 2M K�`+?2
bm` H2 +QMiBM2Mi 2m`QTû2M @ 2i H2b T?ûMQKĕM2b /2 +QMp2`;2M+2 �bbQ+Bû2X
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R S�MQ`�K� bm` HǶlMBQM 2m`QTû2MM2 , ?BbiQB`2- 7QM/2K2Mib 2i /v@
M�KB[m2 /2 +QMbi`m+iBQM

RXR GǶlMBQM 2m`QTû2MM2 , mM /2b+`BTiB7

RXRXR GǶlMBQM 2m`QTû2MM2- [mǶ2bi@+2 [m2 +Ƕ2bi \

GǶlMBQM 2m`QTû2MM2 Ul1V /Ƕ�mDQm`/Ƕ?mB 2bi mM2 Q`;�MBb�iBQM THm`BM�iBQM�H2 Mû2 /m bvbiĕK2 /ǶBMiû;`�iBQM H2
THmb pB2mt 2i H2 THmb �#QmiB bm` H� TH�Mĕi2X SHmb T`û+BbûK2Mi- +2ii2 Q`;�MBb�iBQM 2bi mM2 �bbQ+B�iBQM û+QMQKB[m2
2i TQHBiB[m2 `2;`QmT�Mi k3 T�vb /m +QMiBM2Mi 2m`QTû2M U�HH2K�;M2- �mi`B+?2- "mH;�`B2- *?vT`2- .�M2K�`F-
1bT�;M2- 1biQMB2- 6BMH�M/2- 6`�M+2- :`ĕ+2- >mM;�`v- A`2H�M/- Ai�HB2- GBi?m�M2- G2iiQMB2- Gmt2K#Qm`;- J�Hi2-
S�vb@"�b- SQHQ;M2- SQ`im;�H- _ûTm#HB[m2 i+?ĕ[m2- _QmK�MB2- _Qv�mK2@lMB- aHQpûMB2- amĕ/2 2i *`Q�iB2V-
�BMbB [m2 d T�vb bmTTHûK2Mi�B`2b bm` H� pQB2 /2 HǶ�/?ûbBQM U�H#�MB2- "QbMB2@>2`xû;QpBM2- EQbQpQ- J�+û/QBM2-
a2`#B2 2i hm`[mB2VX

6B;m`2 R, *�`i2 /2b T�vb K2K#`2b 2i 2M pQB2 /Ƕ�/?ûbBQM ¨ HǶlMBQM 2m`QTû2MM2

*2ii2 Q`;�MBb�iBQM THm`BM�iBQM�H2 2bi- �mDQm`/Ƕ?mB- mM2 mMBQM û+QMQKB[m2- KQMûi�B`2 2i T�`iB2HH2K2Mi TQHB@
iB[m2X 1M 2z2i- +2 [mB �p�Bi +QKK2M+û +QKK2 mM2 mMBQM Tm`2K2Mi û+QMQKB[m2 THm`BM�iBQM�H2 bǶ2bi i`�Mb@
7Q`Kû2 2M mM2 Q`;�MBb�iBQM bmT`�M�iBQM�H2 2M;HQ#�Mi /2 MQK#`2mt /QK�BM2b TQHBiB[m2b- i2Hb [m2 H2 +HBK�i-
HǶ2MpB`QMM2K2Mi- H� b�Miû- H2b `2H�iBQMb 2tiû`B2m`2b 2i H� bû+m`Biû- H� DmbiB+2 2i H2b KB;`�iBQMbX *2ii2 ûpQHmiBQM

j



/m bi�/2 /ǶmMBQM BMiû;`û2 û+QMQKB[m2K2Mi p2`b mM2 mMBQM BMiû;`û2 û+QMQKB[m2K2Mi 2i 2M T�`iB2 TQHBiB[m2@
K2Mi b2 `2~ĕi2 bvK#QHB[m2K2Mi /�Mb H2 +?�M;2K2Mi /2 MQK bm`p2Mm 2M RNNj T�` H� bB;M�im`2 /m h`�Biû /2
J��bi`B+?i , H� *QKKmM�miû ú+QMQKB[m2 1m`QTû2MM2 U*11V /2pB2Mi HǶlMBQM 2m`QTû2MM2 Ul1VX

�mDQm`/Ƕ?mB- HǶlMBQM 2m`QTû2MM2 2bi }M�H2K2Mi H2 `2;`QmT2K2Mi /2 k3 T�vb 2i [mB T`ûb2Mi2 2M bQM b2BM KāK2
THmbB2m`b bQmb ;`QmT2b /û}MBb T�` /Bzû`2Mib �++Q`/b 2i /QM+ /Bzû`2Mi2b Hû;BbH�iBQMbX *2b /Bzû`2M+2b bQMi
/B`2+i2K2Mi HBû2b �mt Kû+�MBbK2b /ǶBMiû;`�iBQM `û;BQM�H2 û+QMQKB[m2 2m`QTû2MX LQmb Q#b2`pQMb MQi�KK2Mi
, URV HǶlMBQM 2m`QTû2MM2- UkV HǶ2bT�+2 a+?2M;2M- UjV HǶ1m`Q wQM2- U9V HǶ1bT�+2 ú+QMQKB[m2 1m`QTû2M 2i-
}M�H2K2Mi U8V HǶlMBQM bTû+B�HBbû2 �p2+ H� hm`[mB2X

6B;m`2 k, *�`iQ;`�T?B2 /2b 2bT�+2b /ǶBMiû;`�iBQM �m b2BM /m +QMiBM2Mi 2m`QTû2M

RXRXk G2b T`BM+BT2b 2i Q#D2+iB7b /2 HǶlMBQM 2m`QTû2MM2

ǳaB H� TQHBiB[m2 p2mi /B`2 [m2 HǶQM 7�#`B[m2 /m T`Q;`ĕb- /2 H� T�Bt- /m #QM?2m`- MQM T�b BM/BpB/m2H- K�Bb
+QHH2+iB7- THmiƬi [m2 /Ƕ2Mi`2i2MB` /2b +QM~Bib- �HQ`b H2 T`QD2i 2m`QTû2M 2bi H2 THmb #2�m /2b T`QD2ib TQHBiB[m2b
D�K�Bb 2Mi�KûbǴ UJB+?2H "�`MB2`- .ûTmiû 2m`QTû2MVX

GǶlMBQM 2m`QTû2MM2 2bi- pû`Bi�#H2K2Mi- Mû2 �m H2M/2K�BM /2 H� a2+QM/2 :m2``2 KQM/B�H2 �m MQK /ǶmM #mi
+QKKmM b�Mb û[mBpQ[m2, `2M7Q`+2` H� +QQTû`�iBQM û+QMQKB[m2 2Mi`2 H2b M�iBQMb /m +QMiBM2Mi 2m`QTû2MX *2
KQmp2K2Mi T�`i /m T`BM+BT2 [m2 H2b T�vb HBûb T�` /2b û+?�M;2b +QKK2`+B�mt /2pB2MM2Mi û+QMQKB[m2K2Mi
BMi2`/ûT2M/�Mib- 2i bQMi /QM+ bB;MB}+�iBp2K2Mi KQBMb 2M+HBMb ¨ 2Mi`2` 2M +QM~BiX
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SHmb bTû+B}[m2K2Mi- +2 Kû+�MBbK2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2bi 7QM/û bm` /2mt Q#D2+iB7b 7QM/�K2M@
i�mt T�`i�;ûb T�` H2b T�vb �/?û`2MibX S`Q+?2 /m #mi +QKKmM +Biû +B@/2bbmb- H2 T`2KB2` 2bi H� +QMbi`m+iBQM
/ǶmM +QMiBM2Mi 2m`QTû2M mMB}û TQm` H� T�Bt �miQm` /2b û+QMQKB2b [mB H2 +QKTQb2MiX G2 b2+QM/- 2i MQM
/2b KQBM/`2b- 2bi /Ƕ�bbm`2` H2 T`Q;`ĕb bQ+B�H 2i û+QMQKB[m2 ¨ i`�p2`b +2b Kû+�MBbK2b /Ƕ�+iBQMb +QKKmMbX
�mi`2K2Mi /Bi- +Ƕ2bi H� +`û�iBQM /ǶmM2 mMBQM 7Q`i2- +QM+2Mi`û2 �miQm` /2b /Bzû`2Mib úi�ib 2m`QTû2Mb 2i
bm`iQmi /2 H2m`b TQTmH�iBQMb- [mB BMbi�m`2`� mM +HBK�i /2 T�Bt 2M 1m`QT2X *Ƕ2bi �mbbB T�` HǶBMi2`Kû/B�B`2
/2 +2ii2 /2`MBĕ`2 [m2 H� /vM�KB[m2 TQbBiBp2 /2b /Bb+mbbBQMb T�+B}[m2b 2Mi�Kû2b 2Mi`2 H2b M�iBQMb ¨ H� }M
/2 H� a2+QM/2 :m2``2 KQM/B�H2 TQm``� āi`2 +QMb2`pû2X *2b Q#D2+iB7b +H27b `ûpĕH2Mi mM +QMb2Mi2K2Mi Kmim2H
/2b úi�ib ¨ �p�M+2` p2`b H� +`û�iBQM /ǶmM2 mMBQM- MQM T�b mMB[m2K2Mi û+QMQKB[m2- K�Bb TQHBiB[m2- 2i +2 �m
i`�p2`b /2 /Bzû`2Mi2b ûi�T2b 2i /2;`ûb /ǶBMiû;`�iBQMX *2ii2 /2`MBĕ`2 2bi bvMQMvK2 /Ƕ�TQ;û2 TQm` +2 T`Q+2bbmb
/ǶBMiû;`�iBQM `û;BQM�H +QM+`ĕi2K2Mi 2M K�`+?2 /2TmBb RN8dX

S�` �BHH2m`b- bQmb@D�+2Mib ¨ b2b /2mt Q#D2+iB7b 7QM/�K2Mi�mt- HǶlMBQM 2m`QTû2MM2 � TQm` KBbbBQM T`BM+BT�H2 /2
T`QKQmpQB` 2i 7�B`2 `2bT2+i2` H� +QMp2MiBQM /2b /`QBib /2 HǶ?QKK2 US�`Bb- RN93V- �mbbB #B2M ¨ HǶBMiû`B2m` [mǶ¨
HǶ2tiû`B2m` /2b 7`QMiBĕ`2b /2 HǶlMBQMX *2+B 2bi 2tTHB+Bi2K2Mi KBb 2M ûpB/2M+2 pB� H� *QMp2MiBQM 1m`QTû2MM2 /2b
.`QBib /2 HǶ>QKK2 �BMbB [m2 T�` H2b p�H2m`b [m2 HǶlMBQM TQ`i2 , H� /B;MBiû ?mK�BM2- H� HB#2`iû- H� /ûKQ+`�iB2-
HǶû;�HBiû- HǶûi�i /2 /`QBi 2i H2 `2bT2+i /2b /`QBib /2 HǶ?QKK2X .Ƕ�BHH2m`b- 2M `2bT2+i /2b p�H2m`b ûMQM+û2b
+B@�p�Mi- +2b /`QBib 2i /2pQB`b bQMi `ûmMBb /�Mb H� *?�`i2 /2b .`QBib 6QM/�K2Mi�mt /2 HǶlMBQM 2m`QTû2MM2X
*2HH2@+B T`Q/B;m2 ¨ HǶ2Mb2K#H2 /2b �+i2m`b /2 HǶmMBQM Uúi�ib- BMbiBimiBQMb- T2mTH2b- 2i+XV mM2 Q#HB;�iBQM Hû;�H2
/2 H2b `2bT2+i2`X aB �`/2KK2Mi 2biBKû 2i ?QMQ`û- +2i 2M;�;2K2Mi bQH2MM2H � T2`KBb /2 7�B`2 +QMbB/û`�#H2K2Mi
�p�M+2` H� T�Bt- H� `û+QM+BHB�iBQM- H� /ûKQ+`�iB2- H2 /ûp2HQTT2K2Mi û+QMQKB[m2 2i bQ+B�H- �BMbB [m2 H2b /`QBib
/2 HǶ?QKK2 bm` HǶ2Mb2K#H2 /m +QMiBM2Mi 2m`QTû2MX 1M `2+QMM�Bbb�M+2 /2 +2b �p�M+û2b `2K�`[m�#H2b- HǶlMBQM
2m`QTû2MM2 � ûiû ;`�iB}û2 /m T`Bt LQ#2H /2 H� S�Bt 2M kyRkX

RXRXj 6QM+iBQMM2K2Mi- +QKTûi2M+2b 2i BMbiBimiBQMb 2m`QTû2MM2b

S�`iB /ǶmM bBKTH2 `2M7Q`+2K2Mi /2b HB2Mb +QKK2`+B�mt 2Mi`2 b2b úi�ib K2K#`2b- �mDQm`/Ƕ?mB- HǶlMBQM 2m@
`QTû2MM2 2bi mM2 Q`;�MBb�iBQM bmT`�M�iBQM�H2 #�iB2 bm` /2b i`�BiûbX S�` H2b /Bzû`2Mi2b +QKTûi2M+2b [m2 HmB
QMi i`�Mb7û`û2b H2b úi�ib K2K#`2b- HǶlMBQM 2m`QTû2MM2 2bi BMbiBimiBQMM�HBbû2X
*2ii2 1m`QT2 BMbiBimiBQMM2HH2 2bi �mDQm`/Ƕ?mB /2p2Mm2 H2 KQi2m` /2 HǶûi�#HBbb2K2Mi /2b 7QM/2K2Mib /ǶmM2
mMBQM iQmDQm`b 2i b�Mb +2bb2 THmb ûi`QBi2 2Mi`2 H2b /Bzû`2Mib úi�ib 2m`QTû2MbX 1HH2 b2 p2mi āi`2 H2 ;�`�Mi
/m T`Q;`ĕb �BMbB [m2 /2 H� +Q?ûbBQM û+QMQKB[m2 2i bQ+B�H2 /2b úi�ib 2i /2b T2mTH2b 2m`QTû2MbX SQm` +2
7�B`2- 2HH2 2bi H� T`BM+BT�H2 BMp2biB;�i`B+2 /2b T`QTQbBiBQMb /2 /ûp2HQTT2K2Mi /2 T�` H2 7QM+iBQMM2K2Mi /2 b2b
BMbiBimiBQMbX

RXRXjXR 6QM+iBQMM2K2Mi

G2 T`BM+BT2 bm` H2[m2H HǶQ`;�MBb�iBQM 2i H2 7QM+iBQMM2K2Mi /2 HǶlMBQM 2m`QTû2MM2 BMbiBimiBQMM2HH2 bQMi 7QM/ûb
2bi H� T`BK�miû /2b /`QBibX �mi`2K2Mi /Bi- +2H� bB;MB}2 [m2 iQmi2b H2b �+iBQMb /2 HǶmMBQM- bQBi b� bi`m+im`2
Dm`B/B[m2 2i /û+BbBQMM2HH2- `2TQb2Mi bm` /2b i`�Biûb �mt[m2Hb iQmb H2b úi�ib K2K#`2b US`ûbB/2Mi Qm S`2KB2`
KBMBbi`2V QMi �/?û`û /ûKQ+`�iB[m2K2Mi 2i /2 H2m` TH2BM ;`ûX
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§ HǶ?2m`2 �+im2HH2- HǶQ`;�MBb�iBQM /2 HǶmMBQM `2TQb2 bm` H2 i`�Biû /2 GBb#QMM2 UkyyNV- [mB `2KTH�+2 H2 T`QD2i
/2 h`�Biû úi�#HBbb�Mi mM2 *QMbiBimiBQM TQm` HǶ1m`QT2 Uh1*1V i2Mm 2M û+?2+ 2M kyy8 T�` H� 6`�M+2 2i H2b
S�vb@"�bX *2 i`�Biû /2 kyyN �TTQ`i2 /2b KQ/B}+�iBQMb ¨ H� 7QBb �m h`�Biû bm` HǶlMBQM 2m`QTû2MM2 Uh`�Biû /2
J��bi`B+?i- RNNjV- ¨ HǶ�+i2 lMB[m2 URN3eV 2i �m i`�Biû BMbiBim�Mi H� *QKKmM�miû ú+QMQKB[m2 1m`QTû2MM2
Uh`�Biû /2 _QK2- RN8dVX SHmb T`û+BbûK2Mi- BH �/�Ti2 2M T`Q7QM/2m` H2b `ĕ;H2b /2b �M+B2Mb i`�Biûb- K�Bb M2
H2b `2KTH�+2 T�b- /�Mb H2 #mi /2 T2`K2ii`2 mM2 K2BHH2m`2 +QQ`/BM�iBQM /2b kd úi�ib K2K#`2b /2 HǶûTQ[m2
U�mDQm`/Ƕ?mB k3 �p2+ HǶ2Mi`û2 /2 H� *`Q�iB2 2M kyRjVX GǶQ#D2+iB7 2bi /QM+ /2 `2KTHB` �p2+ bm++ĕb H2 /Qm#H2 /û}
H�M+û ¨ HǶlMBQM /2TmBb H2b �MMû2b Ny , URV �++m2BHHB` /2 MQmp2�mt úi�ib K2K#`2b �}M /Ƕ�TT`Q7QM/B` H2
T`QD2i /2 `û+QM+BHB�iBQM 2m`QTû2M 2M;�;û �m /û#mi /2b �MMû2b 8y bm` H2 +QMiBM2Mi 2i UkV `2M7Q`+2` HǶ2{+�+Biû
/2b KQ/�HBiûb /2 T`Bb2b /2 /û+BbBQM /2 K�MBĕ`2 ¨ ûpBi2` H2b `Bb[m2b /2 #HQ+�;2 iQmi 2M ;�`�MiBbb�Mi H�
Hû;BiBKBiû /2b /û+BbBQMbX �mi`2K2Mi /Bi- T�` H� KBb2 2M pB;m2m` /m i`�Biû /2 GBb#QMM2- HǶlMBQM 2bi K�BMi2M�Mi
`û;B2 T�` /2mt i`�Biûb , H2 h`�Biû bm` HǶlMBQM 1m`QTû2MM2 Uhl1V 2i H2 h`�Biû bm` H2 6QM+iBQMM2K2Mi 1m`QTû2M
Uh6l1VX

�p�Mi GBb#QMM2 UkyyNV- TQm` 7QM+iBQMM2`- HǶlMBQM 2m`QTû2MM2 bǶ2bi +QMbi`mBi2 �miQm` /2 i`QBb TBHB2`b 2bb2MiB2Hb
¨ bQM Q`;�MBb�iBQM- bQM 7QM+iBQMM2K2Mi 2i bQM /ûp2HQTT2K2MiX *2b i`QBb TBHB2`b ûi�B2Mi H2b bmBp�Mib ,

RX G2b AMbBimiBQMb 1mQ`Tû2MM2b , H2 TBHB2` +QKKmM�mi�B`2 +QKTQbû- 2Mi`2 �mi`2b- /m S�`H2K2Mi 2m@
`QTû2M- /m *QMb2BH 2m`QTû2M- /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2- /2 H� *QKKBbbBQM 2m`QTû2MM2- /2 H�
*Qm` /2 DmbiB+2 /2 HǶlMBQM 2m`QTû2MM2 U*Cl1V- /2 H� *Qm` /2b +QKTi2b 2m`QTû2MM2- /2 H� "�M[m2
+2Mi`�H2 2m`QTû2MM2 U"*1V- /m *QKBiû /2b `û;BQMb U*/_V- /m a2`pB+2 2m`QTû2M TQm` HǶ�+iBQM 2tiû`B2m`2
Ua1�1V- 2i }M�H2K2Mi /2 THmbB2m`b �mi`2b b2`pB+2b BMi2`BMbiBimiBQMM2HbX

kX GǶlAJ UQm A�CV , H2 TBHB2` /2 H� +QQTû`�iBQM TQHB+Bĕ`2 2i Dm/B+B�B`2 2M K�iBĕ`2 TûM�H2 pB� GǶlMBQM
AMi2`M�iBQM�H2 /2b J�;Bbi`�ib U/QMi H2 T`2KB2` ;`QmT2 2bi GǶlMBQM 2m`QTû2MM2 /2b J�;Bbi`�ib- RN8jV

jX G� S1a* UQm *a6SV , H2 TBHB2` /2 H� SQHBiB[m2 úi`�M;ĕ`2 2i /2 aû+m`Biû *QKKmM2 UQm *QKKQM
6Q`2B;M �M/ a2+m`Biv SQHB+vV

G2 MQmp2�m i`�Biû UGBb#QMM2 kyyNV K2i 2M TH�+2 THmbB2m`b `û7Q`K2b BMbiBimiBQMM2HH2b 2bb2MiB2HH2b p2M�Mi KQ/@
B}2` +H�B`2K2Mi H2 7QM+iBQMM2K2Mi /2 HǶlMBQM ,

Ç Q+i`Qv2` mM2 T2`bQMM�HBiû Dm`B/B[m2 ¨ HǶlMBQM U+Ƕ2bi@¨@/B`2 /QMM2` H� +�T�+Biû ¨ HǶlMBQM /Ƕāi`2 T�`iB2
/ǶmM2 +QMp2MiBQM BMi2`M�iBQM�H2 Qm K2K#`2 /ǶmM2 Q`;�MBb�iBQM BMi2`M�iBQM�H2V c

Ç 7mbBQMM2` H2b i`QBb TBHB2`b T`û+û/2Mib c
Ç �/QTi2` mM MQmp2�m T`Q+2bbmb /û+BbBQMM2H [m�HB}û /2 /Qm#H2 K�DQ`Biû [m�HB}û2 c
Ç �TTQ`i2` mM2 bi�#BHBiû /2 T`ûbB/2M+2 T2`K�M2Mi2 2i �+i2` /m MQM@+mKmH /2b K�M/�ib �m *QMb2BH 2m@

`QTû2M c
Ç +`û2` mM TQbi2 /2 ?�mi `2T`ûb2Mi�Mi /2 HǶlMBQM TQm` H2b �z�B`2b ûi`�M;ĕ`2b 2i H� TQHBiB[m2 /2 bû+m`Biû c
Ç `2M7Q`+2` H� /ûKQ+`�iB2 T�`iB+BT�iBp2 2i Q+i`Qv2` H2 /`QBi /ǶBMBiB�iBp2 +BiQv2MM2 c
Ç ûH�`;B` H2b TQmpQB`b /m S�`H2K2Mi 2m`QTû2M c
Ç Q{+B�HBb2` H2 T`BM+BT2 /2 +Q/û+BbBQM 2Mi`2 H2 S�`H2K2Mi 2m`QTû2M 2i H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 c
Ç `2M7Q`+2` H2 `ƬH2 /2b T�`H2K2Mib M�iBQM�mt �mT`ĕb /2b BMbiBimiBQMb 2m`QTû2MM2b �p2+ [mB BHb i`�p�BHH2Mi

+QMDQBMi2K2Mi UT`BM+BT2 /2 bm#bB/B�`BiûV c
Ç 7�B`2 /2 H� #�M[m2 +2Mi`�H2 2m`QTû2MM2 mM2 pû`Bi�#H2 BMbiBimiBQM c
Ç 7�B`2 /2 H� Hmii2 +QMi`2 H2 +?�M;2K2Mi +HBK�iB[m2 mM bi�imi T`BQ`Bi�B`2 c

e



Ç T`ûpQB` mM2 +H�mb2 /2 bQ`iB2 +QM7û`�Mi mM /`QBi /2 `2i`�Bi /2 HǶlMBQM 2m`QTû2MM2 TQm` H2b úi�ib K2K#`2b c
Ç �/QTi2` H2b ǳ+H�mb2b T�bb2`2HH2bǴ 2i H2b ǳ+H�mb2b /2 ~2tB#BHBiûǴ [mB- `2bT2+iBp2K2Mi- T2`K2ii2Mi �m

*QMb2BH 2m`QTû2M /2 /û+B/2` H2 T�bb�;2 �m pQi2 ¨ H� K�DQ`Biû [m�HB}û2 THmiƬi [mǶ¨ HǶmM�MBKBiû U¨
HǶ2t+2TiBQM /2b bmD2ib /2 /û72Mb2V 2i ûi2M/ H2b +QKTûi2M+2b /2 HǶlMBQMX

*QKK2 ¨ bQM ?�#Bim/2- �m }H /2b �MMû2b 2i /2b i`�Biûb bm++2bbB7b- H2b TQmpQB`b /2 HǶlMBQM 2m`QTû2MM2 ûpQHm2Mi
b2MbB#H2K2Mi- /2 KāK2 [m2 H2b T`Q+û/m`2b /2 /û+BbBQMbX GǶlMBQM 2m`QTû2MM2 T`Q;`2bb2 T�b ¨ T�b p2`b /2b
BMbiBimiBQMb 2m`QTû2MM2b /2 THmb 2M THmb i`�MbT�`2Mi2b- /ûKQ+`�iB[m2b 2i /QM+ /2 THmb 2M THmb 7Q`i2bX *Ƕ2bi
H2 T�`+Qm`b /2 HǶlMBQM ú+QMQKB[m2 2i JQMûi�B`2 p2`b HǶlMBQM SQHBiB[m2 �++QKTHB2X

6BM�H2K2Mi- /2TmBb HǶ2Mi`û2 2M pB;m2m` /m i`�Biû /2 GBb#QMM2 UkyyNV- H2b /`QBib 2m`QTû2Mb bQMi `ûmMBb /�Mb
mM KāK2 /Q+mK2Mi- H� *?�`i2 /2b /`QBib 7QM/�K2Mi�mt /2 HǶlMBQM 2m`QTû2MM2- [mB HmB +QM7ĕ`2 �BMbB mM2
7Q`+2 Dm`B/B[m2 +QMi`�B;M�Mi2X J�BMi2M�Mi- iQmi2b H2b BMbiBimiBQMb 2m`QTû2MM2b QMi HǶQ#HB;�iBQM Hû;�H2 /2 H�
`2bT2+i2`X AH 2M p� /2 KāK2 TQm` H2b úi�ib K2K#`2b HQ`b[mǶBHb �TTHB[m2Mi H� Hû;BbH�iBQM 2m`QTû2MM2X *Ƕ2bi
/QM+ +2 /2`MB2` i`�Biû [mB- �mDQm`/Ƕ?mB- URV `û;Bi H2 7QM+iBQMM2K2Mi /2 HǶlMBQM 2m`QTû2MM2 BMbiBimiBQMM�HBbû2
2i UkV }t2 b2b +QKTûi2M+2bX

d
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RXRXjXk *QKTûi2M+2b

GǶlMBQM 2m`QTû2MM2 BMbiBimiBQMM�HBbû2 b2 /Bzû`2M+B2 +H�B`2K2Mi /2b Q`;�MBb�iBQMb BMi2`M�iBQM�H2b +H�bbB[m2b
T�` bQM KQ/ĕH2 /ǶBMiû;`�iBQM [mB HmB +QM7ĕ`2 mM KQ/2 /2 7QM+iBQMM2K2Mi [mB p� �m@/2H¨ /2 H� +QQTû`�iBQM
i`�/BiBQMM2HH2 2Mi`2 úi�ibX 1M 2z2i- T�` H2 i`�Biû /2 GBb#QMM2 2i +2mt [mB HmB QMi T`û+û/û- H2b úi�ib K2K#`2b
2m`QTû2Mb QMi +QM+û/û mM2 T�`iB2 /2 H2m`b +QKTûi2M+2b �mt BMbiBimiBQMb +QKKmM�mi�B`2b- bmT`�M�iBQM�H2b 2i
`û;BQM�H2bX �BMbB- T�`�HHĕH2K2Mi �mt TQmpQB`b M�iBQM�mt- `û;BQM�mt 2i HQ+�mt- BH 2tBbi2 mM TQmpQB` 2m`QTû2M
7QM/û bm` /2b BMbiBimiBQMb /ûKQ+`�iB[m2b 2ifQm BM/ûT2M/�Mi2bX *2 TQmpQB` b2 `2i`Qmp2 /�Mb H2b +QKTûi2M+2b
2i H2b `2bTQMb�#BHBiûb /2b BMbiBimiBQMb 2m`QTû2MM2b- 2mt@KāK2b `û;B T�` H2b i`�Biûb 2i +QMbiBim�Mi �BMbB H2
7QM/2K2Mi /2 iQmi2b H2b �+iBpBiûb /2 HǶlMBQMX PM /BbiBM;m2 �HQ`b [m�i`2 U9V +QKTûi2M+2b T`BM+BT�H2b /2
HǶlMBQM 2m`QTû2MM2 BMbiBimiBQMM�HBbû2 ,

RX H2b +QKTûi2M+2b 2t+HmbBp2b c
kX H2b +QKTûi2M+2b T�`i�;û2b c
jX H2b +QKTûi2M+2b /Ƕ�TTmB c
9X H2b +QKTûi2M+2b /2 +QQ`/BM�iBQMX

*2b +QKTûi2M+2b bQMi /û}MB2b b2HQM H2 T`BM+BT2 /2 bTû+B�HBiû UQm +QKKmMûK2Mi �TT2Hû /2 +QKTûi2M+2
/Ƕ�ii`B#miBQMV- [mB T`QpB2Mi /2 K�MBĕ`2 ;ûMû`�H2 /B`2+i2K2Mi /m /`QBi /2b Q`;�MBb�iBQMb BMi2`M�iBQM�H2bX *2
/2`MB2` ¨ H� T�`iB+mH�`Biû /2 MǶ�ii`B#m2` /2 +QKTûi2M+2b ¨ HǶlMBQM [m2 T�` H� `�iB}+�iBQM /2 i`�BiûbX �mi`2K2Mi
/Bi- TQm` H2 7QM+iBQMM2K2Mi QTiBK�H 2i H� T`Q;`2bbBQM /m KQ/ĕH2 /ǶBMiû;`�iBQM- H2b úi�ib K2K#`2b +QMb2Mi2Mi
¨ i`�Mb7û`2`- TQm` /2b /QK�BM2b T�`iB+mHB2`b- HǶBMiû;`�HBiû- mM2 T�`iB2 Qm 2M+Q`2 �m+mM2 /2 H2m`b +QKTûi2M+2b
�mt BMbiBimiBQMb 2m`QTû2MM2bX

.�Mb H2 T`2KB2` +�b- H2b +QKTûi2M+2b 2t+HmbBp2b- HǶlMBQM /2pB2Mi K�Bi`2 /2 iQmi �+i2 2i �/QTi2 T�` 2HH2 KāK2
H2b Hû;BbH�iBQMb Qm �+i2b Dm`B/B[m2b +QMi`�B;M�MibX .�Mb +2ii2 bBim�iBQM- �m+mM úi�i K2K#`2 M2 T2mi �;B`
bm` H2b /û+BbBQMb T`Bb2b T�` HǶlMBQM- b�m7 bǶBH 2bi bQHHB+Biû TQm` �TTQ`i2` bQM �TTmB 2i mMB[m2K2Mi bQM �TTmBX
.�Mb H2 b2+QM/ +�b- H2b +QKTûi2M+2b T�`i�;û2b- H2b úi�ib K2K#`2b 2i HǶlMBQM 2m`QTû2MM2 QMi mM TQmpQB`
+QMDQBMi- T�`i�;ûX �mi`2K2Mi /Bi- +2b /2mt 2MiBiûb T2mp2Mi /û+B/2` /ǶBMi2`p2MB` /�Mb H2 T`Q+2bbmb Hû;BbH�iB7 2i
/û+BbBQMM2H /�Mb H� K2bm`2 Qɍ H2b +QMi`�/B+iBQMb ~�;`�Mi2b /�Mb HǶ�+iBQM bQMi ûpBiû2bX G2 T`Q+2bbmb /û+BbBQMM2H
b2 7�Bi T�` H2 T`BM+BT2 /2 bm#bB/B�`Biû [mB T2`K2i �HQ`b /2 /ûi2`KBM2` H2 MBp2�m H2 THmb T2`iBM2Mi /ǶBMi2`p2MiBQM
2Mi`2 +2HmB 2m`QTû2M- M�iBQM�H- `û;BQM�H 2i HQ+�HX SQm` +2 [mB 2bi /2b +QKTûi2M+2b /Ƕ�TTmB- HǶlMBQM 2m`QTû2MM2
MǶ�;Bi [m2 TQm` �TTmv2` HǶ�+iBQM Qm H� K2bm`2 T`Bb2 T�` mM /2b úi�ib K2K#`2bX 6BM�H2K2Mi- H2b +QKTûi2M+2b
/2 +QQ`/BM�iBQMb +QM+2`M2Mi H2b TQHBiB[m2b û+QMQKB[m2b- H2b TQHBiB[m2b /2 HǶ2KTHQB 2i H2b TQHBiB[m2b bQ+B�H2b
/2b ûi�ib K2K#`2bX SQm` +2b /2`MBĕ`2b- H2b úi�ib K2K#`2b +QMb2`p2Mi H2m`b +QKTûi2M+2b 2i H2m` TQmpQB` /2
T`BM+BT2X *2T2M/�Mi- HǶlMBQM 2m`QTû2MM2 2bi 2M +?�`;2 /Ƕ�bbm`2` H� +QQ`/BM�iBQM /2b TQHBiB[m2b /2 +2b úi�ib
K2K#`2b �m MBp2�m 2m`QTû2MX *2+B BKTHB[m2 �HQ`b HǶûH�#Q`�iBQM 2i H� T`Bb2 /2 K2bm`2b /B`2+i`B+2b T�` b2b
BMbiBimiBQMb 2i �TTHB[mû2b ¨ HǶû+?2HH2 M�iBQM�H2X
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*2T2M/�Mi- 2i /�Mb mM2 +2`i�BM2 HBKBi2- H2 7QM+iBQMM2K2Mi /2 HǶlMBQM- �++QKT�;Mû /2 b2b +QKTûi2M+2b- T2mi
āi`2 /û`Q;ûX 1M 2z2i- HǶlMBQM 2m`QTû2MM2 T2mi �pQB` `2+Qm`b ¨ /2mt UkV H2pB2`b TQm` ûH�`;B` b2b +QKTûi2M+2b
, H2b +H�mb2b /Bi2b /2 ǳT�bb2`2HH2Ǵ U�``āi /m jR K�`b RNdRV 2i /2 ǳ~2tB#BHBiûǴ U�`iB+H2 j8k /m h6l1- h`�Biû /2
6QM+iBQMM2K2Mi /2 HǶlMBQM 1m`QTû2MM2VX *2b /2mt +H�mb2b T2`K2ii2Mi- 2Mi`2 �mi`2b- �m *QMb2BH 2m`QTû2M /2
bi�im2` T�` H2 T`BM+BT2 /ǶmM�MBKBiû Qm /2 K�DQ`Biû [m�HB}û2 2i /Ƕ�BMbB T`2M/`2 H2b /BbTQbBiBQMb Mû+2bb�B`2b
TQm` [mǶmM2 �+iBQM /2 HǶlMBQM bQBi `û�HBbû2 /2 K�MBĕ`2 ¨ M2 T�b 2Mi`�p2` H� `û�HBb�iBQM /ǶmM Q#D2+iB7 ;HQ#�H
/2 HǶlMBQM 2m`QTû2MM2X

S�` �BHH2m`b- BH 2bi BKTQ`i�Mi /2 T`û+Bb2` [m2 H2 /QK�BM2 /2 H� TQHBiB[m2 ûi`�M;ĕ`2 2i /2 H� bû+m`Biû +QKKmM2
BM+Hmi H� /û}MBiBQM T`Q;`2bbBp2 /ǶmM2 TQHBiB[m2 /2 /û72Mb2 +QKKmM2X *2T2M/�Mi- +2HH2@+B M2 bǶBMb+`Bi T�b /�Mb
H2 b+?ûK� +H�bbB[m2 /2 `ûT�`iBiBQM /2 +QKTûi2M+2 2M `�BbQM /2 H� b2MbB#BHBiû /2 H� [m2biBQM /2 H� bQmp2`�BM2iû-
�BMbB [m2 T�` bQM +�`�+iĕ`2 BMi2`;Qmp2`M2K2Mi�HX

6BM�H2K2Mi- HǶ2t2`+B+2 /2b +QKTûi2M+2b �++Q`/û2b ¨ HǶlMBQM 2bi bQmKBb- Hû;BiBK2K2Mi- ¨ mM T`Q+2bbmb /û+B@
bBQMM2H TQmp�Mi b2 /BpBb2` 2M /2mt ivT2b Qm /2mt T`BM+BT2b , URV +2HmB /2 H� bm#bB/B�`Biû 2i UkV +2HmB /2
H� T`QTQ`iBQMM�HBiûX *2b /2mt T`BM+BT2b QMi ûiû BMi`Q/mBib ¨ i`�p2`b H2 i`�Biû /2 J��bi`B+?i /2 RNNj ¨ mM
KQK2Mi /2 HǶ?BbiQB`2 Qɍ H2b úi�ib K2K#`2b QMi `2bb2MiB H2 #2bQBM /2 b2 T`Qiû;2` 7�+2 ¨ mM2 lMBQM ;�;M�Mi /2
THmb 2M THmb /2 TQmpQB` 2i +`�B;M�Mi /QM+ mM2 2ti2MbBQM i`QT 2t+2bbBp2 /2 HǶ�+iBQM MQ`K�iBp2 2m`QTû2MM2X
SHmb T`û+BbûK2Mi- H2 T`BM+BT2 /2 bm#bB/B�`Biû +QMbBbi2 ¨ �bbm`2` mM2 T`Bb2 /2 /û+BbBQM H� THmb T`Q+?2 TQbbB@
#H2 /m +BiQv2M 2M pû`B}�Mi [m2 HǶ�+iBQM ¨ 2Mi`2T`2M/`2 �m MBp2�m 2m`QTû2M bQBi DmbiB}û2 T�` `�TTQ`i �mt
TQbbB#BHBiûb [mǶQz`2 HǶû+?2HQM M�iBQM�H- `û;BQM�H Qm HQ+�HX �BMbB- HǶlMBQM /ûp2HQTT2 mM2 MQmp2HH2 /û}MBiBQM
/2b 2bT�+2b `û;BQM�mt /2 TQmpQB`b 2i /Ƕ�+iBQM �m b2BM /m +QMiBM2Mi 2m`QTû2MX *2T2M/�Mi- BH 2tBbi2 mM `2@
p2`b ¨ /Qm#H2 i`�M+?�Mi- TQbBiB7 2i Mû;�iB7- `2H�iB7 ¨ +2 T`BM+BT2X .ǶmM2 7�ÏQM Mû;�iBp2- +2 /2`MB2` /ûKQMi`2
mM2 BMbm{b�M+2 /2 HǶ�+iBQM �m MBp2�m M�iBQM�H 2i ûi�iB[m2X .ǶmM2 7�ÏQM TQbBiBp2- H2 T`BM+BT2 T`QpQ[m2 mM2
�KûHBQ`�iBQM [m�HBi�iBp2 `ûbmHi�Mi2 /2 HǶBMi2`p2MiBQM 2m`QTû2MM2X SQm` �bbm`2` HǶ�TTHB+�iBQM /2 +2 T`BM+BT2 /2
bm#bB/B�`Biû- mM T`QiQ+QH2 /2 +QMi`ƬH2 ¨ /2mt pBi2bb2b � ûiû T`ûpmX G2 T`2KB2`- +QMi`ƬH2 TQHBiB[m2- 2bi 2t2`+û
T�` H2b S�`H2K2Mib M�iBQM�mt /2b úi�ib K2K#`2b T�` H2 Kû+�MBbK2 /Ƕ�H2`i2 T`û+Q+2X *2 Kû+�MBbK2 Q#HB;2
H� *QKKBbbBQM 2m`QTû2MM2 ¨ BM7Q`K2` T`û�H�#H2K2Mi H2b S�`H2K2Mib M�iBQM�mt /ǶmM2 T`QTQbBiBQM Hû;BbH�iBp2
2i +QM7ĕ`2 mM /`QBi /2 +QMi2bi�iBQM /2 #B2M 7QM/û ¨ +2b /2`MB2`b [mB +QMi`�BM/`� H� *QKKBbbBQM ¨ `û2t�KBM2`
b� T`QTQbBiQMX �mbbB- BH BKTQb2 mM +QMi`ƬH2 T�` H2 +QKBiû /2b `û;BQMb- Q`;�M2 +QMbmHi�iB7 +?�`;û /ǶûK2ii`2
mM2 QTBMBQM bm` H2 /ûp2HQTT2K2Mi /ǶmM2 Hû;BbH�iBQM- /ĕb [m2 +2ii2 /2`MBĕ`2 b2 pQBi �ii`B#m2` [m2H[m2 �+iBQM
�v�Mi mM2 `ûT2`+mbbBQM bm` H2 MBp2�m `û;BQM�HX G2 b2+QM/- +QMi`ƬH2 Dm`B/B+iBQMM2H- 2bi �TTHB[mû T�` H2b +Qm`b
/2 DmbiB+2 /2b úi�ib K2K#`2b 2i H2m` i`�MbK2i �BMbB mM /`QBi /2 +QMi2bi�iBQMX
.Ƕ�mi`2 T�`i- H2 T`BM+BT2 /2 T`QTQ`iBQMM�HBiû U�`iB+H2 8 �HBMû� 9 /m hl1- h`�Biû /2 HǶlMBQM 2m`QTû2MM2V
biBTmH2 [m2 HǶlMBQM 2m`QTû2MM2 M2 /QBi T�b �HH2` �m@/2H¨ /2 +2 [mB 2bi Mû+2bb�B`2 TQm` `û�HBb2` H2b Q#D2+iB7b
+QKKmMb ûMQM+ûb T�` H2b i`�BiûbX G2 Kû+�MBbK2 /2 +QMi`ƬH2 /m `2bT2+i /2 +2 /2`MB2` T`BM+BT2 2bi H2 +QMi`ƬH2
Dm`B/B+iBQMM2H 2t2`+û T�` H� *Qm` /2 CmbiB+2 2m`QTû2MM2X

RXRXjXj AMbiBimiBQMb

GǶQ`;�M2 2m`QTû2M 2bi 7QM/û bm` mM +�/`2 BMbiBimiBQMM2H mMB[m2 �m KQM/2X AH /ûKQMi`2 mM2 `ûT�`iBiBQM /2b
TQmpQB`b ¨ H� 7QBb 2Mi`2 T�vb K2K#`2b- K�Bb �mbbB 2Mi`2 H2b /Bzû`2Mi2b BMbiBimiBQMbX 1M 2z2i- /ǶmM2 T�`i-
H2b ;`�M/2b T`BQ`Biûb /2 HǶlMBQM 2m`QTû2MM2 bQMi }tû2b T�` mM Q`;�M2 MQKKû *QMb2BH 2m`QTû2M 2i +QKTQbû

Rk



/2 +?�[m2 /B`B;2�Mi M�iBQM�H /2b T�vb K2K#`2b 2i 2m`QTû2MbX .Ƕ�mi`2 T�`i- H2b +BiQv2Mb bQMi `2T`ûb2Miûb
T�` H2b /ûTmiûb 2m`QTû2Mb ûHmb �m bmz`�;2 mMBp2`b2H /B`2+i 2i +QMbiBim�Mi H2 S�`H2K2Mi 2m`QTû2MX �mbbB- H2b
BMiû`āib /2 HǶlMBQM 2m`QTû2MM2 /�Mb bQM 2Mb2K#H2 bQMi /û72M/mb T�` H� *QKKBbbBQM 2m`QTû2MM2 /QMi H2b
K2K#`2b bQMi /ûbB;Mûb T�` H2b ;Qmp2`M2K2Mib M�iBQM�mtX G2b BMiû`āib /2b úi�ib K2K#`2b bQMi /û72M/mb T�`
H2b ;Qmp2`M2K2Mib M�iBQM�mt �m b2BM /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2X 6BM�H2K2Mi- H2b BMiû`āib û+QMQKB[m2b
2i TQHBiB[m2b /2b `û;BQMb bQMi T`Qiû;ûb T�` HǶQ`;�M2 +QMbmHi�iB7 [m2 7Q`K2 H2 *QKBiû 2m`QTû2M /2b _û;BQMbX
�mi`2K2Mi /Bi- HǶlMBQM 2m`QTû2MM2 2bi /QM+ `û;B2 T�` H2 T`BM+BT2 /2 H� /ûKQ+`�iB2 `2T`ûb2Mi�iBp2, H2b +BiQv2Mb
bQMi /B`2+i2K2Mi `2T`ûb2Miûb �m MBp2�m /2 HǶlMBQM �m S�`H2K2Mi 2m`QTû2M- i�M/Bb [m2 H2b úi�ib K2K#`2b bQMi
`2T`ûb2Miûb �m *QMb2BH 2m`QTû2M 2i �m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 �BMbB [mǶ�m MBp2�m `û;BQM�H 2i HQ+�H �p2+
H2 *QKBiû /2b _û;BQMbX

SHmb T`û+BbûK2Mi- H2b BMbiBimiBQMb 2m`QTû2MM2b ûi�#HBbb2Mi H2b T`BQ`Biûb 2i ûH�#Q`2Mi H� Hû;BbH�iBQM 2m`QTû2MM2
T�` mM2 bûT�`�iBQM /2b TQmpQB`b 2i /2b BMiû`āib bQmi2Mmb T�` H2 7QM+iBQMM2K2Mi /2 +2b 8 /2`MB2`b Q`;�M2bX
�mi`2K2Mi /Bi- ¨ i`�p2`b H2m`b �+iBQMb- H2 *QMb2BH 2m`QTû2M }t2 H2b Q`B2Mi�iBQMb TQHBiB[m2b ;HQ#�H2b- K�Bb
MǶ� �m+mM TQmpQB` /Ƕ�/QTiBQM /2 H� Hû;BbH�iBQM- i�Mi /Bi [m2 H2 S�`H2K2Mi 2m`QTû2M- H2 *QMb2BH /2 HǶlMBQM
2m`QTû2MM2 2i H� *QKKBbBQM 2m`QTû2MM2 BMi2`pB2MM2Mi /B`2+i2K2Mi /�Mb H2 T`Q+2bbmb Hû;BbH�iB7 pB� H� ǳ+Q/û@
+BbBQMǴ- Qm 2M+Q`2 �TT2Hû2 H� ǳT`Q+û/m`2 Hû;BbH�iBp2 Q`/BM�B`2ǴX SHmb T`û+BbûK2Mi- H� *QKBbbBQM 2m`QTû2MM2
T`ûb2Mi2 /2b T`QTQbBiBQMb /2 HQB [mB bQMi /Bb+miû2b TmBb �/QTiû2b Qm `27mbû2b T�` H2 S�`H2K2Mi 2m`QTû2M 2i
H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2X S�`�HHĕH2K2Mi- bB H� T`QTQbBiBQM Hû;BbH�iBp2 �z2+i2 /B`2+i2K2Mi Qm BM/B@
`2+i2K2Mi mM2 Qm THmbB2m`b TQHBiB[m2b `û;BQM�H2b 2ifQm HQ+�H2b- �HQ`b H2 *QKBiû /2b _û;BQMb +QKK2 Q`;�M2
+QMbmHi�iB7 2bi /�Mb HǶQ#HB;�iBQM /2 bQmK2ii`2 mM �pBb bm` +2ii2 /2`MBĕ`2X *2T2M/�Mi- BH M2 TQbbĕ/2 �m+mM
TQmpQB` Qm /`QBi [mB HmB T2`K2i /2 `û7mi2` mM2 T`QTQbBiBQMX lM2 7QBb �/QTiûb- H2b �+i2b Hû;BbH�iB7b bQMi KBb 2M
ƾmp`2 T�` H2b úi�ib K2K#`2b 2i H� *QKKBbbBQM [mB- 2HH2- 2bi +?�`;û2 /2 p2BHH2` ¨ +2 [mǶBHb bQB2Mi +Q``2+i2K2Mi
�TTHB[mûbX
�m KBHB2m /2 +2 +�/`2 BMbiBimiBQMM2H- BH 2bi ûpB/2Mi [mǶmM ;`�M/ MQK#`2 /Ƕ�mi`2b Q`;�M2b b2 `ûpĕH2Mi Mû+2b@
b�B`2b �m /ûp2HQTT2K2Mi +Q``2+i /2 HǶlMBQM- /QMi /2mt DQm2Mi mM `ƬH2 T�`iB+mHBĕ`2K2Mi +`m+B�H , H� *Qm` /2
DmbiB+2 /2 HǶlMBQM 2m`QTû2MM2- `2bTQMb�#H2 /2 p2BHH2` bm` H2 `2bT2+i /2 H� Hû;BbH�iBQM 2m`QTû2MM2- 2i H� *Qm`
/2b *QKTi2b 1m`QTû2MM2- `2bTQMb�#H2b /m +QMi`ƬH2 /m }M�M+2K2Mi /2b �+iBpBiûb /2 HǶlMBQM 2m`QTû2MM2X §
+2b /2`MBĕ`2b pB2MM2Mi bǶ�DQmi2` /Ƕ�mi`2b BMbiBimiBQMb [mB `2KTHBbb2Mi /2b KBbbBQMb bTû+B�HBbû2b bQmi2M�Mi H2
/ûp2HQTT2K2Mi /2b �+iBpBiûb 2m`QTû2MM2b 2M i2`K2 /ǶlMBQM 2i /ǶBMiû;`�iBQMX

1M bQKK2- HǶlMBQM 2m`QTû2MM2 +QMb�+`2 2MpB`QM e W /2 bQM #m/;2i �MMm2H �mt /ûT2Mb2b /2 T2`bQMM2H-
/Ƕ�/KBMBbi`�iBQM 2i /Ƕ2Mi`2iB2M /2 b2b BMbiBimiBQMbX SQm` 2t2KTH2- H� *QKKBbbBQM 1m`QTû2MM2 2KTHQB2 2MpB`QM
jj yyy T2`bQMM2b- H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 2MpB`QM j 8yy T2`bQMM2b- i�M/Bb [mǶ�m S�`H2K2Mi 1m`QTû2M-
d e8y T2`bQMM2b i`�p�BHH2Mi �m b2BM /m b2+`ûi�`B�i ;ûMû`�H 2i /2b ;`QmT2b TQHBiB[m2b �mt[m2Hb pB2MM2Mi bǶ�DQmi2`
¨ +2 MQK#`2 H2b /ûTmiûb 2i H2m`b +QHH�#Q`�i2m`bX

Rj



6B;m`2 j, _ûbmKû /m 7QM+iBQMM2K2Mi /2b 9 TBHB2`b /2b BMbiBimiBQMb 1m`QTû2MM2b

aQm`+2 , *2Mi`2 /2 `2+?2`+?2b 2i /Ƕûim/2b /2 HǶlMBQM 2m`QTû2MM2- 6QM/�iBQM _Q#2`i@a+?mK�M
rrrX`Q#2`i@b+?mK�MX2m- kyRdX
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6BM�H2K2Mi- TQm` /2b #2bQBMb /2 +QKT`û?2MbBQM /m 7QM+iBQMM2K2Mi /2 HǶlMBQM 2m`QTû2MM2 2M HB2M �p2+ H�
i?ûK�iB[m2 /2 MQi`2 `2+?2`+?2- ¨ b�pQB` HǶAMiû;`�iBQM 2M 1m`QT2 2i H2b ;`�TT2b BM/mbi`B2HH2b , mM2 T2`bT2+iBp2
/Ƕû+QMQKB2 ;ûQ;`�T?B[m2 �m b2`pB+2 /2 HǶûim/2 /2b T?ûMQKĕM2b /2 +QMp2`;2M+2 2M û+QMQKB2- b2mH2b e BMbiBim@
iBQMb bQMi T`ûb2Miû2b 2M /ûi�BH /�Mb H2 +Q`Tb /m `�TTQ`i , URV H2 S�`H2K2Mi 2m`QTû2M- UkV H2 *QMb2BH 2m`QTû2M-
UjV H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2- U9V H� *QKBbbBQM 2m`QTû2MM2- U8V H� "�M[m2 *2Mi`�H2 2m`QTû2MM2 2i
UeV H2 *QKBiû /2b _û;BQMbX *2T2M/�Mi- H2b /2b+`BTiBQMb /2b �mi`2b Q`;�M2b BMbiBimiBQMM2Hb 2m`QTû2Mb bQMi
T`ûb2Mi2b 2M �MM2t2 U+7X �MM2t2 R @ .2b+`BTiBQM +QKTHûK2Mi�B`2 /2b BMbiBimiBQMb- b2+iBQM �MM2t2VX

RXRXjXjXR G2 S�`H2K2Mi 2m`QTû2M

a2mH2 BMbiBimiBQM /B`2+i2K2Mi ûHm2 T�` H2b 8yy KBHHBQMb /2 +BiQv2Mb 2m`QTû2Mb �m bmz`�;2 mMBp2`b2H /B`2+i
iQmb H2b 8 �Mb- H2 S�`H2K2Mi 2m`QTû2M 2bi H2 bvK#QH2 2i H2 T`BM+BT�H 7QM/2K2Mi /ûKQ+`�iB[m2 /2 HǶlMBQM
2m`QTû2MM2 BMbiBimiBQMM2HH2X *2+B HmB p�mi bQmp2Mi bQM bm`MQK /2 K�BbQM /m T2mTH2 2m`QTû2MX AH 2bi +QKTQbû
/2 d8R /ûTmiûb UK2K#`2b /m S�`H2K2Mi 1m`QTû2M Qm 1m`Q /ûTmiûbV `2T`ûb2Miûb T`QTQ`iBQMM2HH2K2Mi ¨ H�
i�BHH2 /2 b� TQTmH�iBQM 2M bmBp�Mi H2 T`BM+BT2 /2 T`QTQ`iBQMM�HBiû /û;`2bbBp2 U�m+mM T�vb M2 T2mi �pQB` KQBMb
/2 e Qm THmb /2 Ne /ûTmiûb iQmi 2M M2 /ûT�bb�Mi T�b d8y /ûTmiûb THmb R T`ûbB/2MiVX �m b2BM /2 HǶ?ûKB+v+H2
2m`QTû2M- H2b /ûTmiûb bQMi `2;`QmTûb T�` �{HB�iBQM TQHBiB[m2 2i MQM T�` M�iBQM�HBiûX �m MQK /m T�`H2K2Mi
2i TQm` H2 #B2M /2 H� 7û/û`�iBQM 1m`QTû2MM2- +2b /2`MB2`b 2t2`+2Mi i`QBb TQmpQB`b 7QM/�K2Mi�mt , Hû;BbH�iB7-
#m/;ûi�B`2 2i /2 bm`p2BHH�M+2 U+QMi`ƬH2 TQHBiB[m2 /2b �mi`2b BMbiBimiBQMbVX G2 bBĕ;2 2bi �mDQm`/Ƕ?mB T�`i�;û
2Mi`2 ai`�b#Qm`; U6`�M+2V 2i "`mt2HH2b U"2H;B[m2V- Qɍ b2 iB2MM2Mi H2b bû�M+2b THûMBĕ`2b /2 HǶ�bb2K#HûX G2
b2+`ûi�`B�i ;ûMû`�H- HmB- 2bi BMbi�HHû �m Gmt2K#Qm`;X

G2 7QM+iBQMM2K2Mi /m S�`H2K2Mi- TQm` �TTHB[m2` HǶ2t2`+B+2 /2b i`QBb TQmpQB`b- bǶ�t2 �miQm` /2 /2mt UkV ;`�M/b
T`Q+2bbmb , URV H2b i`�p�mt /2 +QKKBbbBQMb 2i UkV H2b b2bbBQMb THûMBĕ`2bX G2 T`2KB2` T`Q+2bbmb- H2b
i`�p�mt /2 +QKKBbbBQMb- +QMbBbi2 2M H� T`ûT�`�iBQM /2 Hû;BbH�iBQMb b2HQM H2b ;`�M/b �t2b bi`�iû;B[m2b /û#�iimb
�m b2BM /m *QMb2BH 1m`QTû2M 2i [mB b2`QMi 2MbmBi2 bQmKBb2b bQmb 7Q`K2 /2 T`QTQbBiBQMb /2 HQB �m S�`H2K2MiX
*2b T`QTQbBiBQMb /2 HQB bQMi ûH�#Q`û2b T�` H2 S�`H2K2Mi /B`2+i2K2Mi pB� b2b +QKKBbbBQMb T2`K�M2Mi2bX *2
/2`MB2` 2M +QKTi2 THmb /2 pBM;i UkyV- �mt[m2HH2b bQMi �DQmiû2b /2mt UkV bQmb@+QKKBbbBQMb- [mB i`�Bi2Mi +?�+mM2
/ǶmM /QK�BM2 T�`iB+mHB2` T`û+BbX G2 /2mtBĕK2 T`Q+2bbmb- H2b b2bbBQMb THûMBĕ`2b- 2bi H2 KQK2Mi 2i HǶ�+iBpBiû
/2 `ûmMBQM /�Mb HǶ?ûKB+v+H2 HQ`b /m[m2H H2b T`QTQbBiBQMb Hû;BbH�iBp2b 2i H2b �K2M/2K2Mib bQMi /Bb+miûb- pQiûb-
TmBb �/QTiûb Qm MQM- �T`ĕb �pQB` ûiû T`û�H�#H2K2Mi ûim/Bûb T�` +?�+mM /2b 1m`Qb /ûTmiûbX *2b b2bbBQMb
THûMBĕ`2b bQMi T�`i�;û2b 2Mi`2 HǶ?ûKB+v+H2 /2 ai`�b#Qm`; U6`�M+2V 2i +2HmB /2 "`mt2HH2b U"2H;B[m2VX

�m i2`K2 /2 b2b /2mt ;`�M/b �t2b /2 7QM+iBQMM2K2Mi /û+QmH2 HǶ�TTHB+�iBQM Qm HǶ2t2`+B+2 /2b i`QBb TQmpQB`b
Qm `ƬH2 /m T�`H2K2Mi , Hû;BbH�iB7- #m/;ûi�B`2 2i /2 bm`p2BHH�M+2X
�m MBp2�m Hû;BbH�iB7 THmb T`û+BbûK2Mi- H2 `ƬH2 /m T�`H2K2Mi 2bi iQmi /Ƕ�#Q`/ /2 T`QTQb2`- /Ƕûim/B2`- /2
/Bb+mi2`- /2 pQi2` TmBb �BMbB /Ƕ�/QTi2` Qm MQM H2b T`QTQbBiBQMb Hû;BbH�iBp2b 2ifQm �K2M/2K2Mib bQmKBb T�`
b2b +QKKBbbBQMbX GǶ�/QTiBQM /2 +2b T`QTQbBiBQMb Hû;BbH�iBp2b M2 b2 7�Bi T�b /2 K�MBĕ`2 BM/BpB/m2HH2 T�` H2
S�`H2K2Mi- K�Bb /2 7�ÏQM +QMDQBMi2 2i T�`i�;û2 �p2+ H2 *QMb2BH /2 HǶlMBQM 1mQ`Tû2MM2X hQmDQm`b /�Mb bQM
`ƬH2 Hû;BbH�iB7- H2 S�`H2K2Mi � �mbbB H2 /`QBi 2i H2 /2pQB` /2 b2 T`QMQM+2` bm` H2b �++Q`/b BMi2`M�iBQM�mt ¨ HǶûim/2
Qm 2M pB;m2m` U2t2KTH2 , H2b /û#�ib T`ûb2Miûb �m T�`H2K2Mi bm` H� bB;M�im`2 2i H� `�iB}+�iBQM /2 HǶ�1*:
U�++Q`/ ú+QMQKB[m2 2i *QKK2`+B�H :HQ#�HV 2Mi`2 H2 *�M�/� 2i HǶlMBQM 2m`QTû2MM2V- /2 b2 T`QMQM+2` bm`
H2b [m2biBQMb /ǶûH�`;Bbb2K2Mib /2 HǶlMBQM- �BMbB [m2 /Ƕ2t�KBM2` H2 T`Q;`�KK2 /2 i`�p�BH /2 H� *QKKBbbBQM
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1m`QTû2MM2X
�m MBp2�m #m/;ûi�B`2- iQmDQm`b /2 7�ÏQM +QMDQBMi2 �p2+ H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2- +Ƕ2bi H2 S�`H2K2Mi
[mB ûi�#HB 2i +QMbi`mBi H2 #m/;2i /2 HǶlMBQM [mB b2`� 2MbmBi2 �TT`Qmpû Qm MQM T�` HǶ?ûKB+v+H2X �mbbB- BH � TQm`
/`QBi 2i /2pQB` /Ƕ�TT`Qmp2` Qm MQM H2 #m/;2i ¨ HQM; i2`K2 /2 HǶlMBQM /2biBMû ¨ b2`pB` /2 ǳ+�/`2 }M�M+B2`
THm`B�MMm2HǴ 2i [mB b2`i /2 HB;M2 /B`2+i`B+2 /�Mb H� bQmKBbbBQM �BMbB [m2 /�Mb HǶ�TTHB+�iBQM /2b TQHBiB[m2b
û+QMQKB[m2b T�`i�;û2b T�` H2b T�vb K2K#`2bX
6BM�H2K2Mi- �m MBp2�m /2 H� bm`p2BHH�M+2- H2 S�`H2K2Mi DQm2 mM `ƬH2 T`BKQ`/B�H 2i /2 ;`�M/2 �KTH2m`X 1M
i�Mi [m2 b2mH2 BMbiBimiBQM /B`2+i2K2Mi ûHm2 T�` H2 T2mTH2 2m`QTû2M �m bmz`�;2 mMBp2`b2H /B`2+i- +2 /2`MB2`
� TQm` KBbbBQM 2i Q#HB;�iBQM /Ƕ2t2`+2` mM `ƬH2 /2 +QMi`ƬH2m` /ûKQ+`�iB[m2 bm` iQmi2b H2b BMbiBimiBQMb /2
HǶlMBQMX *2 +QMi`ƬH2 /ûKQ+`�iB[m2 bǶ�TTHB[m2 ¨ i`�p2`b /Bzû`2Mib TQmpQB`b bm` /Bzû`2Mib Q`;�M2b /2 +2ii2
lMBQM 2m`QTû2MM2 AMbiBimiBQMM2HH2X .ǶmM2 T�`i- H2 S�`H2K2Mi- 2i HǶ2Mb2K#H2 /2 b2b 1m`Qb /ûTmiûb- bQMi 2M
+?�`;2 /ǶûHB`2 H2 T`ûbB/2Mi /2 H� *QKKBbbBQM 1m`QTû2MM2 2i QMi H2 TQmpQB` /Ƕ�TT`Qmp2` Qm MQM +2ii2 /2`MBĕ`2
2MiBiû 2M i�Mi [m2 +QHHĕ;2- +2 2M pQi�Mi mM2 KQiBQM /2 +2Mbm`2 [mB T2mi Q#HB;2` H� *QKbbBQM ¨ /ûKBbbBQMM2`X
.Ƕ�mi`2 T�`i- iQmDQm`b /�Mb +2 `ƬH2 /2 +QMi`ƬH2m` /ûKQ+`�iB[m2- +2 /2`MB2` ¨ H2 TQmpQB` ǳ/ǶQ+i`Qv2` H� /û+?�`;2Ǵ
/m #m/;2i- bQBi �TT`Qmp2` Qm MQM H2 #m/;2i /2 HǶlMBQM [mB � ûiû /ûT2Mbû- /2 /û#�ii`2 /2 H� TQHBiB[m2 KQMûi�B`2
�/QTiû �p2+ H� "�M[m2 *2Mi`�H2 1m`QTû2MM2 U"*1V- /2 TQb2` /2b [m2biBQMb 2i /2K�M/2` /2b DmbiB}+�iBQMb
¨ H� *QKKBbbBQM 1m`QTû2MM2 2i �m *QMb2BH 1m`QTû2M- /Ƕ2t�KBM2` H2b TûiBiBQMb +BiQv2MM2b 2i /2 H�M+2` /2b
2M[māi2b /ǶQTBMBQMb Tm#HB[m2b- 2i }M�H2K2Mi- /2 `2KTHB` /2b KBbbBQMb /ǶQ#b2`p�iBQM ûH2+iQ`�H2b TQm` �bbm`2`
H2 T`Q+2bbmb /ûKQ+`�iB[m2 /2b T�vb K2K#`2b 2i 2m`QTû2MbX

>BbiQ`B[m2K2Mi- H2 T�`H2K2Mi � KBb [m2H[m2b �MMû2b ¨ �``Bp2` �m b2BM /2b BMbiBimiBQMb 2m`QTû2MM2bX .�Mb
b� p2`bBQM BMBiB�H2- H2 T`QD2i /2 *QKKmM�miû 1m`QTû2MM2 /m *?�`#QM 2i /2 HǶ�+B2` U*1*�V /2 RN8R M2
+QKTQ`i�Bi �m+mM2 �bb2K#Hû2X aB H2b ;Qmp2`M2K2Mib /m "2M2Hmt U�M+B2MM2 "2H;B[m2V QMi BMbBbiû TQm` bQM
BMi`Q/m+iBQM- BH MǶûi�Bi �HQ`b T�b [m2biBQM /2 7�B`2 /2 +2ii2 MQmp2HH2 2MiBiû mM2 BMbiBimiBQM /ûKQ+`�iB[m2X *2
MǶ2bi [m2 T2m �T`ĕb H� +`û�iBQM /2 H� *QKKmM�miû ú+QMQKB[m2 1m`QTû2MM2 U*11V 2i /2 HǶ1m`�iQK- [m2
+2ii2 /2`MBĕ`2 T`2M/ H2 MQK /Ƕ ǳ�bb2K#Hû2 T�`H2K2Mi�B`2 2m`QTû2MM2Ǵ 2M RN83- TmBb +2HmB /2 ǳS�`H2K2Mi
2m`QTû2MǴ 2M RNekX G2b +?�M;2K2Mib /2 MQK /2 HǶBMbiBimiBQM `2~ĕi2Mi HǶûpQHmiBQM /2b /û#�ib bm` bQM KQ/2
/2 /ûbB;M�iBQMX
.2TmBb RN8R- b2b K2K#`2b bQMi /ûbB;Mûb T�` H2b T�`H2K2Mib M�iBQM�mt- K�Bb H2 i`�Biû /2 _QK2 /2 RN8d T`ûpQBi
/ûD¨ /2b ûH2+iBQMb ǳ�m bmz`�;2 mMBp2`b2H /B`2+i- bmBp�Mi mM2 T`Q+û/m`2 mMB7Q`K2 /�Mb iQmb H2b úi�ib K2K#`2bǴ
U�`iB+H2 Rj3VX *2T2M/�Mi- +2 MǶ2bi }M�H2K2Mi [mǶ2M DmBM RNdN [mǶQMi HB2m H2b T`2KBĕ`2b ûH2+iBQMb �m bmz`�;2
mMBp2`b2H /B`2+iX G2 S�`H2K2Mi DQm2 �HQ`b mM `ƬH2 �p�Mi iQmi +QMbmHi�iB7X J�Bb BH 2bi û;�H2K2Mi +QKTûi2Mi
TQm` Hû;B7û`2` �mt +Ƭiûb /m *QMb2BH /2b KBMBbi`2b 2i 2t2`+2 mM +QMi`ƬH2 bm` H� *QKKBbbBQMX .2TmBb- H2b i`�Biûb
bm++2bbB7b QMi �m;K2Miû H2 TQmpQB` /m S�`H2K2Mi 2m`QTû2M- [mB DQm2 /ûbQ`K�Bb H2 `ƬH2 +Biû T`û+û/2KK2Mi- bQBi
/2 +Q@Hû;BbH�i2m` �p2+ H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 iQmi 2M /BbTQb�Mi /ǶBKTQ`i�Mib TQmpQB`b #m/;ûi�B`2b
2i /2 +QMi`ƬH2 TQHBiB[m2X

RXRXjXjXk G2 *QMb2BH 2m`QTû2M

G2 *QMb2BH 2m`QTû2M +`ûû 2M RNd8- BMbiBimiBQMM�HBbû 2M RN3e 2i RNNj- 2bi H2 T`2KB2` Q`;�M2 /2 HǶBMbiBimiBQM
2m`QTû2MM2 MQM ûHm2 T�` H2 T2mTH2 2m`QTû2MX AH � mM2 7QM+iBQM #B2M /û}MB2 2i i`ĕb /Bzû`2Mi2 /2 +2HH2 /2 bQM
?QKQHQ;m2- H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2- KāK2 bB H2m` MQK 2i H2 7�Bi [mǶBHb bQB2Mi `ûmMBi �m b2BM /m
KāK2 ûi�#HBbb2K2Mi ¨ "`mt2HH2b UH2 a2+`ûi�`B�i :ûMû`�H /m *QMb2BHV TQ`i2Mi T�`7QBb ¨ +QM7mbBQMX
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G2 *QMb2BH 2m`QTû2M 2bi HmB �mbbB- iQmi +QKK2 H2 S�`H2K2Mi 2m`QTû2M- mM2 /2b BMbiBimiBQMb T`BM+BT�H2 2i
T`BKQ`/B�H2 /2 HǶlMBQM 2m`QTû2MM2 BMbiBimiBQMM2HH2X 1M 2z2i- BH � TQm` 7QM+iBQM T`BM+BT�H2 /2 }t2` H2b ;`�M/2b
Q`B2Mi�iBQMb TQHBiB[m2b �BMbB [m2 H2b T`BQ`Biûb /Ƕ�+iBQM /2 HǶlMBQM 2m`QTû2MM2X *2T2M/�Mi- BH M2 /BbTQb2
/Ƕ�m+mM TQmpQB` /2 Mû;Q+B�iBQM MB /Ƕ�/QTiBQM /2b Hû;BbH�iBQMb /2 HǶlMBQM 2m`QTû2MM2X GǶB/û2- ¨ i`�p2`b +2ii2
BMbiBimiBQM- 2bi /2 T2`K2ii`2 mM2 �TT`Q+?2 ;HQ#�H2 /2b T`Q#HĕK2b /2 H� +QMbi`m+iBQM 2m`QTû2MM2 2i �bbm`2` H�
+Q?ûbBQM /Ƕ2Mb2K#H2 /2b �+iBpBiûb +QKKmM�mi�B`2bX G2 *QMb2BH 2m`QTû2M BMi2`pB2Mi /QM+ TQm` /û#HQ[m2` mM2
bBim�iBQM /2 +`Bb2- �TTQ`i2` mM2 bQHmiBQM 2M +�b /2 /ûb�++Q`/ 2Mi`2 úi�ib K2K#`2b �BMbB [m2 7�B`2 �p�M+2` H�
+QMbi`m+iBQM 2m`QTû2MM2X AH 2bi /QM+ ¨ HǶQ`B;BM2 /2b `û7Q`K2b /2b i`�Biûb 2i /2b BMbiBimiBQMb- /m }M�M+2K2Mi /m
#m/;2i 2m`QTû2M- /2 HǶûH�`;Bbb2K2Mi /2 HǶmMBQM Qm 2M+Q`2 /2b TQbBiBQMb /2 HǶ1m`QT2 bm` H� b+ĕM2 BMi2`M�iBQM�H2X
lM /2b 2t2KTH2b H2b THmb +QM+`2ib- /2 bQM �+iBQM �m b2BM /ǶmM2 bBim�iBQM /2 +`Bb2- 2bi +2HmB /2 bQM BMi2`p2MiBQM
TQm` H� `û7Q`K2 /2 H� TQHBiB[m2 �;`B+QH2 +QKKmM2X

�BMbB- 2i ¨ HǶBK�;2 /2 b� TQbBiBQM- H2 *QMb2BH 2m`QTû2M `2T`ûb2Mi2 H2 THmb ?�mi MBp2�m /2 +QQTû`�iBQM TQHBiB[m2
2Mi`2 H2b T�vb /2 HǶlMBQM 2m`QTû2MM2 2i b2b /û+BbBQMb QMi mM2 TQ`iû2 /2 T`2KBĕ`2 BMbi�M+2 TmBb[mǶ2HH2 `2T`ûb2Mi2
}M�H2K2Mi H� pQHQMiû ;ûMû`�H2 /2b úi�ib K2K#`2bX .Ƕ�BHH2m`b- 2i Hû;BiBK2K2Mi- BH 2bi �mDQm`/Ƕ?mB +QKTQbû
/2 HǶ2Mb2K#H2 /2b +?27b /Ƕúi�ib Qm /2 ;Qmp2`M2K2Mi /2 +?�[m2 T�vb K2K#`2- /m T`ûbB/2Mi /2 H� *QKKBbBQM
2m`QTû2MM2- /2 H� ?�mi2 `2T`ûb2Mi�Mi2 /2 HǶlMBQM TQm` H2b �z�B`2b ûi`�M;ĕ`2b 2i TQHBiB[m2 /2 bû+m`BiûX �BMbB-
BH T`2M/ H� 7Q`K2 /2 ǳbQKK2iǴ i`BK2bi`B2H U¨ HǶBK�;2 /m :ky Qm /m :3V- bQBi `2T`ûb2Miû �m KBMBKmK [m�i`2
U9V 7QBb T�` �M- TQm` �p�M+2` /�Mb HǶ�;2M/� TQHBiB[m2 2m`QTû2MX *2b `ûmMBQMb- Qm bQKK2ib 2m`QTû2Mb- bQMi
T`ûbB/ûb T�` H2 T`ûbB/2Mi /m *QMb2BH 2m`QTû2M- ûHm T�` H2 *QMb2BH HmB@KāK2 TQm` mM K�M/�i /2 /2mt �Mb 2i
/2KB `2MQmp2H�#H2 mM2 b2mH2 7QBbX hQmi �m HQM; /2 bQM K�M/�i- +2 /2`MB2` 2bi H2 `2T`ûb2Mi�Mi KQM/B�H /2
HǶlMBQM 2m`QTû2MM2 pBb@¨@pBb /m `2bi2 /m KQM/2X

.�Mb HǶ�TTHB+�iBQM /2 b� 7QM+iBQM- 2i /2TmBb H2 i`�Biû /2 GBb#QMM2 2M kyyN- H2 *QMb2BH 1m`QTû2M � H2 TQmpQB`-
2M THmb /2 /û+B/2` /2b Q`B2Mi�iBQMb 2i T`BQ`Biûb TQHBiB[m2b /2 HǶlMBQM 2m`QTû2MM2- /2 /û}MB` H� TQHBiB[m2
ûi`�M;ĕ`2 2i /2 bû+m`Biû +QKKmM2- /2 /ûbB;M2` 2i MQKK2` H2b +�M/B/�ib TQi2MiB2Hb ¨ +2`i�BM2b ?�mi2b 7QM+iBQMb
/2 HǶlMBQM 2m`QTû2MM2 U+QKK2 H2 T`ûbB/2Mi /2 H� "*1 2i /2 H� *QKKBbbBQM 1m`QTû2MM2V- 2i }M�H2K2Mi /2
i`�Bi2` H2b [m2biBQMb +QKTH2t2b Qm b2MbB#H2b [mB M2 T2mp2Mi āi`2 `ûbQHm2b ¨ mM MBp2�m BM7û`B2m` /2 +QQTû`�iBQMb
BMi2`;Qmp2`M2K2Mi�H2bX .Ƕ�BHH2m`b- +2b MQmp2�mt TQmpQB`b `2H2p�Mi /2 H� TQHBiB[m2 BMi2`;Qmp2`M2K2Mi�H2 QMi
/ûD¨ TQ`iû H2m`b 7`mBib- T�` 2t2KTH2 /�Mb HǶ�p�M+û2 /m T`Q+2bbmb /2 T�Bt �m JQv2M@P`B2Mi - /�Mb HǶ�``āi /m
+QM~Bi 2M 2t@uQm;QbH�pB2- Qm 2M+Q`2 2M K�iBĕ`2 /2 DmbiB+2 2i /2 bû+m`Biû TQm` H� Hmii2 +QMi`2 H2 i2``Q`BbK2X
S�` �BHH2m`b- bm` +?�[m2 [m2biBQM �TTQ`iû2- H2 *QMb2BH 2m`QTû2M T2mi 2tB;2` ¨ H� *QKKBbBQM 2m`QTû2MM2
/ǶûH�#Q`2` mM2 T`QTQbBiBQM iQmi +QKK2 bQHHB+Bi2` HǶ�pBb /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2X �BMbB- H2 T`Q+2bbmb
/û+BbBQMM2H H2 THmb bQmp2Mi �TTHB[mû 2bi +2HmB /m +QMb2Mbmb ;ûMû`�HX *2T2M/�Mi- /�Mb +2`i�BMb +�b /2 /ûb�++Q`/-
H2 T`Q+2bbmb /û+BbBQMM2H +?�M;2 TQm` +2HmB /m T`BM+BT2 /2 H� K�DQ`Biû [m�HB}û2X �mi`2K2Mi /Bi- /2TmBb HǶ�+i2
lMB[m2 bB;Mû 2M RN3e- H2 MQK#`2 /2 /QK�BM2b TQHBiB[m2b TQm` H2b[m2Hb H2 +QMb2Mbmb UQm T`BM+BT2 /ǶmM�MBKBiûV
ûi�Bi `2[mBb � `û/mBi TQm` H�Bbbû TH�+2 ¨ /2mt +�b , H� K�DQ`Biû [m�HB}û2 Qm ¨ H� /Qm#H2 K�DQ`Biû [m�HB}û2X SHmb
T`û+BbûK2Mi- 2i `2bT2+iBp2K2Mi- HQ`b[m2 H2 *QMb2BH 2m`QTû2M pQi2 mM2 T`QTQbBiBQM bQmKBb2 T�` H� *QKKBbbBQM
2m`QTû2MM2 Qm T�` H2 ?�mi `2T`ûb2Mi�Mi /2 HǶlMBQM +QM+2`M�Mi H2b �z�B`2b ûi`�M;ĕ`2b 2i H� TQHBiB[m2 /2 bû+m`Biû-
88W /2b T�vb K2K#`2b URe bm` k3V /2 HǶlMBQM 1m`QTû2MM2 2i HǶû[mBp�H2Mi e8W /2 H� TQTmH�iBQM /2 HǶlMBQM
1m`QTû2MM2 /QBp2Mi Mû+2bb�B`2K2Mi āi`2 2M 7�p2m` /2 H� T`QTQbBiBQM TQm` [mǶ2HH2 bQBi �/QTiû2X GQ`b[mǶBH pQi2
mM2 T`QTQbBiBQM MQM bQmKBb2 T�` H� *QKKBbbBQM 2m`QTû2MM2 Qm H2 ?�mi `2T`ûb2Mi�Mi /2 HǶlMBQM- dkW /2b
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T�vb /2 HǶlMBQM 2m`QTû2MM2 2i HǶû[mBp�H2Mi /2 e8W /2 H� TQTmH�iBQM /2 HǶlMBQM 2m`QTû2MM2 /QBp2Mi āi`2 2M
7�p2m` /2 H� T`QTQbBiBQM TQm` [mǶ2HH2 bQBi �/QTiû2X

RXRXjXjXj G2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2

G2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 U�mbbB /ûMQKKû ǳ*QMb2BH /2b KBMBbi`2b /2 HǶlMBQM 2m`QTû2MM2Ǵ Qm
ǳ*QMb2BHǴV- +`ûû 2M RN83 2M i�Mi [m2 Ŀ*QMb2BH /2b *QKKmM�miûb 2m`QTû2MM2bŀ- `2T`ûb2Mi2 H� pQBt /2b ûi�ib
K2K#`2b /2 HǶlMBQM 2m`QTû2MM2- ¨ HǶBMbi�` /m S�`H2K2Mi 2m`QTû2M [mB HmB `2T`ûb2Mi2 H� pQBt /2b T2mTH2bX
*2ii2 /2`MBĕ`2 2MiBiû �TTQ`i2 mM û[mBHB#`2 /�Mb H2b /û+BbBQMb /ûKQ+`�iB[m2b 2M �v�Mi TQm` TQmpQB` 2i /2pQB`
/Ƕ�/QTi2` H� Hû;BbH�iBQM /2 HǶlMBQM 2m`QTû2MM2- +QMDQBMi2K2Mi �p2+ H2 S�`H2K2Mi- 2i }M�H2K2Mi /2 +QQ`/QMM2`
H2b TQHBiB[m2b [mB 2M /û+QmH2MiX .2 +2 7�Bi- BH +QMbiBim2- �p2+ H2 S�`H2K2Mi 2m`QTû2M- H2 T`BM+BT�H Q`;�M2 /2
/û+BbBQM /2 HǶlMBQM 2m`QTû2MM2X *2ii2 BMbiBimiBQM 2m`QTû2MM2 2bi +QKTQbû2 /2 HǶ2Mb2K#H2 /2b KBMBbi`2b /2b
;Qmp2`M2K2Mib M�iBQM�mt /2b úi�ib K2K#`2b [mB b2 `ûmMBbb2Mi T�` i?ĕK2b 2M 7QM+iBQM /2 +2HmB i`�Biû H2 DQm`
/m bQKK2iX S�` 2t2KTH2- HǶ2Mb2K#H2 /2b KBMBbi`2b M�iBQM�mt /2 HǶû+QMQKB2 2i /2b }M�M+2b b2 `ûmMBbb2Mi /�Mb
H2 #mi /2 /Bb+mi2` /2b T`QTQbBiBQMb /2 HQBb bm` H2b �z�B`2b }M�M+Bĕ`2bX �mi`2K2Mi /Bi- +2i Q`;�M2 M2 +QKTi2
/QM+ �m+mM K2K#`2 }t2 2i b2 `ûmMBi 2M Ry 7Q`K�iBQMb /Bzû`2Mi2b- /QMi H� THmb +QMMm2 2bi , H2 *QMb2BH /2b
�z�B`2b û+QMQKB[m2b 2i }M�M+Bĕ`2b UĿ*QMb2BH 1*P6ALŀVX *?�[m2 T�vb 2MpQB2 mM KBMBbi`2 +?�`;û /m /QK�BM2
TQHBiB[m2 +Q``2bTQM/�Mi ¨ H� 7Q`K�iBQMX G� T`ûbB/2M+2 /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 2bi �bbmKû2 ¨ iQm` /2
`ƬH2 T�` mM /2b KBMBbi`2b /2b ;Qmp2`M2K2Mib M�iBQM�mt /2b úi�ib K2K#`2b TQm` H2 i?ĕK2 �#Q`/û- 2i +2 TQm`
mM2 /m`û2 /2 e KQBbX S�` 2t2KTH2- H2b `ûmMBQMb /m *QMb2BH Ŀ1MpB`QMM2K2Miŀ- �mDQm`/Ƕ?mB Q`;�MBbû2b bQmb
H� T`ûbB/2M+2 /2 HǶ1biQMB2- b2`QMi T`ûbB/û2b T�` H2 KBMBbi`2 2biQMB2M /2 HǶ1MpB`QMM2K2MiX AH 2tBbi2 +2T2M/�Mi
mM2 2t+2TiBQM TQm` H2 *QMb2BH /2b �z�B`2b ûi`�M;ĕ`2bX *2 /2`MB2` 2bi /Qiû /ǶmM T`ûbB/2Mi T2`K�M2Mi- H2 ?�mi
`2T`ûb2Mi�Mi /2 HǶlMBQM TQm` H2b �z�B`2b ûi`�M;ĕ`2b 2i H� TQHBiB[m2 /2 bû+m`BiûX 6BM�H2K2Mi- H� +Q?û`2M+2
;HQ#�H2 /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 2bi �bbm`û2 T�` H2 *QMb2BH /2b �z�B`2b ;ûMû`�H2b- +QKTQbû /2b
`2T`ûb2Mi�Mib T2`K�M2Mib /2b úi�ib K2K#`2b �mT`ĕb /2 HǶlMBQM 2m`QTû2MM2 2i [mB QMi- TQm` `�M;- H2 iBi`2
/Ƕ�K#�bb�/2m`X *2 /2`MB2` +QMb2BH bǶ�TTmB2 bm` H2b i`�p�mt /m *QKBiû /2b `2T`ûb2Mi�Mib T2`K�M2Mib TQm`
�bbm`2` mM bmBpB 2i mM2 +Q?û`2M+2 /2 /ûp2HQTT2K2Mi ;HQ#�H /2b �+iBpBiûbX aQM bBĕ;2 2bi �mDQm`/Ƕ?mB bBimû ¨
"`mt2HH2b U"2H;B[m2V- Qɍ b2 iB2MM2Mi H2b bQKK2ib /m *QMb2BHX

1M i2`K2 /Ƕ�+iBQM- H2 *QMb2BH /Bb+mi2 2i �/QTi2 H2b HQBb T�` bQmKBbbBQM �m pQi2X �mbbB- BH +QQ`/QMM2 /2 7�ÏQM
;ûMû`�H2 H2b �+iBpBiûb /2 HǶlMBQM 2m`QTû2MM2X �mi`2K2Mi /Bi- 2M THmb /2 +QQ`/QMM2` H2b TQHBiB[m2b ;ûMû`�H2b- BH
/ûp2HQTT2 H� TQHBiB[m2 ûi`�M;ĕ`2 2i /2 bû+m`Biû +QKKmM2- BH +QM+Hmi H2b �++Q`/b BMi2`M�iBQM�mt- 2i }M�H2K2Mi
BH �/QTi2 H2 #m/;2i /2 HǶlMBQM 2m`QTû2MM2 �p2+ H2 S�`H2K2MiX *Ƕ2bi HǶû[mBHB#`2 2Mi`2 TQmpQB` /m T2mTH2
2m`QTû2M U/ûKQ+`�iB[m2V pB� H2 S�`H2K2Mi 2m`QTû2M 2i TQmpQB` /2b úi�ib TQm` H2 #B2M 2i H� T`Qi2+iBQM /ǶmM2
M�iBQM pB� H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2X G2b +QMb2BHb bQMi iQmi /2 KāK2 #B2M /Bzû`2M+Bûb- ¨ H� 7QBb
T�` H2m`b i?ĕK2b i`�Biûb- K�Bb �mbbB T�` H2m` +QKTQbBiBQM TmBb[m2 HǶlMBQM 2m`QTû2MM2 2bi `�bb2K#Hû2 bQmb
THmbB2m`b bQmb ;`QmT2b , H� wQM2 1m`Q- HǶ2bT�+2 a+?2M;2M- H2 K�`+?û +QKKmM- 2i+X SQm` +2 [mB 2bi /2b T�vb /2
H� xQM2 2m`Q T�` 2t2KTH2- BHb +QQ`/QMM2Mi H2m`b TQHBiB[m2b û+QMQKB[m2b T�` HǶBMi2`Kû/B�B`2 /2 HǶ1m`Q;`QmT2-
[mB b2 +QKTQb2 /2b KBMBbi`2b /2 HǶû+QMQKB2 2i /2b }M�M+2b `2bT2+iB7bX *2 /2`MB2` b2 `ûmMBi iQmDQm`b H� p2BHH2
/m *QMb2BH /2b �z�B`2b û+QMQKB[m2b 2i }M�M+Bĕ`2b /2 HǶlMBQM 2m`QTû2MM2 UK�`+?û +QKKmMVX

1M i2`K2 /2 7QM+iBQMM2K2Mi- H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 /û#�i 2i pQi2 Tm#HB[m2K2MiX G2 T`Q+2bbmb
/û+BbBQMM2H 2bi H2 THmb ;ûMû`�H2K2Mi b2K#H�#H2 ¨ +2HmB /m *QMb2BH 2m`QTû2M- bQBi H� K�DQ`Biû [m�HB}û2X �BMbB-
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TQm` [mǶmM2 /û+BbBQM bQBi /û}MBiBp2K2Mi �++2Tiû2 2i �TTHB[mû2- BH 7�mi [mǶ�m KQBMb 88W /2b úi�ib K2K#`2b
UbQBi Re bm` k3V 2i [mǶ�m KQBMb e8W /2 H� TQTmH�iBQM iQi�H2 `2T`ûb2Mi�iBp2 /2 HǶlMBQM 2m`QTû2MM2 bQBi 2M
7�p2m` /2 H� /û+BbBQMX SQm` [m2 H2 /`QBi /2 pûiQ bQBi �TTHB+�#H2- BH 2bi Mû+2bb�B`2 [mǶ�m KQBMb [m�i`2 T�vb-
`2T`ûb2Mi�Mi �m KQBMb j8W /2 H� TQTmH�iBQM iQi�H2 /2 HǶlMBQM 2m`QTû2MM2- #HQ[m2Mi mM2 /û+BbBQMX S�` �BHH2m`b-
iQmi +QKK2 TQm` H2 *QMb2BH 2m`QTû2M 2i TQm` H� THmT�`i /2b BMbiBimiBQMb 2m`QTû2MM2b- +2`i�BM2b 2t+2TiBQMb
2tBbi2Mi [m�Mi �mt bmD2ib b2MbB#H2b , H� TQHBiB[m2 ûi`�M;ĕ`2- H� }b+�HBiû- 2i H2b [m2biBQMb T`Q+û/m`�H2b 2i �/@
KBMBbi`�iBp2bX _2bT2+iBp2K2Mi- /�Mb H2 /2`MB2` +�b- H� K�DQ`Biû bBKTH2 2bi `2[mBb2 i�M/Bb [m2 /�Mb H2b /2mt
+�b HmB T`û+û/�Mi- H2 pQi2 mM�MBK2 /2b úi�ib K2K#`2b 2bi �TTHB[mûX 1M Qmi`2- 2i ¨ Dmbi2 iBi`2- +2 /2`MB2`
Q`;�M2 2t2`+2 bm` mM TB2/ /Ƕû;�HBiû H� 7QM+iBQM Hû;BbH�iBp2 �p2+ H2 S�`H2K2Mi 2m`QTû2MX SHmb T`û+BbûK2Mi- bmBi2
¨ mM2 T`QTQbBiBQM /2 H� *QKKBbbBQM 2m`QTû2MM2 2i mM2 T`2KBĕ`2 H2+im`2 /m S�`H2K2Mi 2m`QTû2M- mM i2ti2
T2mi āi`2 �/QTiû T�` H2 *QMb2BH bǶBH bmBi H2b ûp2Mim2Hb �K2M/2K2Mib /m S�`H2K2MiX .�Mb H2 +�b +QMi`�B`2- BH
`2T�`i 2M /2mtBĕK2 H2+im`2 �m S�`H2K2Mi TmBb ¨ MQmp2�m �m *QMb2BHX a�m7 2t+2TiBQM T`ûpm2 T�` H2b i`�Biûb-
mM i2ti2 M2 T2mi /QM+ āi`2 �/QTiû 2M +�b /2 /ûb�++Q`/ 2Mi`2 H2 *QMb2BH 2i H2 S�`H2K2Mi 2m`QTû2MX �mbbB- H2
*QMb2BH 2bi û;�H2K2Mi HǶmM2 /2b /2mt #`�M+?2b /2 HǶ�miQ`Biû #m/;ûi�B`2 , ¨ +2 iBi`2- BH �``āi2 2i KQ/B}2 H2
#m/;2i 2m`QTû2M �p2+ H2 S�`H2K2MiX
6BM�H2K2Mi- H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 �bbm`2 û;�H2K2Mi mM2 7QM+iBQM /2 KBb2 2M ƾmp`2 /m /`QBi /2
HǶlMBQM- TQm` T2`K2ii`2 HǶ�TTHB+�iBQM /2b �+i2b Dm`B/B[m2b 2m`QTû2Mb /�Mb H2b úi�ib K2K#`2b 2i /BbTQb2 /2
TQmpQB`b /Ƕ�TT`Q#�iBQM UQ`;�MBb�iBQM /m S�`H2K2Mi- MQKBM�iBQM /m Kû/B�i2m`ĘV- /2 MQKBM�iBQM U`2T`ûb2M@
i�Mi bTû+B�HV 2i /2 `2+QKK�M/�iBQM �mt úi�ib K2K#`2b U2M +�b /2 pBQH�iBQM ;`�p2ĘVX 1M}M- +Ƕ2bi �mbbB HmB
[mB bQmK2i /2b `�TTQ`ib UTQHBiB[m2b û+QMQKB[m2b- TQHBiB[m2b /2 HǶ2KTHQBĘV �m *QMb2BH 2m`QTû2M �}M /ǶQ`B2Mi2`
H2b Q#D2+iB7b 2i /B`2+iBp2b ?�mi2K2Mi bi`�iû;B[m2b /2 HǶlMBQM HQ`b /2b bQKK2ib i`BK2bi`B2Hb /2 +2 /2`MB2`X

RXRXjXjX9 G� *QKKBbBQM 2m`QTû2MM2

G� *QKKBbbBQM 2m`QTû2MM2- +`ûû2 2M RN83- 2bi H2 TQmpQB` 2tû+miB7 /2 HǶlMBQM 2m`QTû2MM2X SQHBiB[m2K2Mi
BM/ûT2M/�Mi2- 2HH2 2bi H2 /2`MB2` bQ+H2 /ûKQ+`�iB[m2 /2 HǶlMBQM 2m`QTû2MM2 BMbiBimiBQMM�HBbû2- 2M T2`K2ii�Mi
H2 `2bT2+i /2 H� bûT�`�iBQM /2b TQmpQB`bX �BMbB- 2HH2 �;Bi +QKK2 HǶmM /2b [m�i`2 TBHB2`b K�D2m`b /2 +2ii2 mMBQM
û+QMQKB[m2 2i KQMûi�B`2 T�`iB2HH2K2Mi TQHBiB[m2X a� KBbbBQM , T`Qiû;2` H2b BMiû`āib /2 HǶlMBQM 2m`QTû2MM2 2i
/2 +2b +BiQv2Mb /�Mb /2b /QK�BM2b [mB M2 bQMi THmb /m `2bbQ`i /2b +QKTûi2M+2b /2b M�iBQMb Qm 2M+Q`2 [mB M2
T2mp2Mi āi`2 `û;Hûb 2i i`�Biûb 2{+�+2K2Mi ¨ HǶû+?2HQM M�iBQM�HX �BMbB- +2i Q`;�M2 BMbiBimiBQMM2H � /QM+ TQm`
Q#D2+iB7 T`BM+BT�H /2 T`QKQmpQB` HǶBMiû`āi ;ûMû`�H /2 HǶlMBQM 2m`QTû2MM2 2M `û/B;2�Mi 2i T`QTQb�Mi /2b i2ti2b
Hû;BbH�iB7b 2M THmb /2 p2BHH2` ¨ H2m` #QMM2 �TTHB+�iBQM mM2 7QBb �/QTiûbX *Ƕ2bi /Ƕ�BHH2m`b H� b2mH2 BMbiBimiBQM
2m`QTû2MM2 [mB � H2 TQmpQB` /2 T`ûb2Mi2` /2b T`QTQbBiBQMb Hû;BbH�iBp2b TQm` �/QTiBQM T�` H2 S�`H2K2Mi 2i H2
*QMb2BH /2 HǶlMBQM 2m`QTû2MM2X 1M Qmi`2- bm`MQKKû T�`7QBb ǳ;�`/B2MM2 /2b i`�Biûb 2m`QTû2MbǴ- +Ƕ2bi �mbbB
2HH2 [mB � H2 /2pQB` /2 bmBp`2 H2b i`�Biûb 2m`QTû2Mb 2i /QM+ /Ƕ2M T`QTQb2` H2m` ûpQHmiBQMX aQM bBĕ;2 2bi bBimû ¨
"`mt2HH2b U"2H;B[m2V- K�Bb HǶBMbiBimiBQM /BbTQb2 û;�H2K2Mi /2 _2T`ûb2Mi�iBQMb /�Mb +?�[m2 úi�i K2K#`2 2i
/2 .ûHû;�iBQMb /�Mb H2b T�vb iB2`b �BMbB [mǶ2M pQB2 /Ƕ�/?ûbBQMX

SHmb T`û+BbûK2Mi- /�Mb H2 +�/`2 /2b ;`�M/2b Q`B2Mi�iBQMb }tû2b T�` H2 *QMb2BH 2m`QTû2M- H� *QKKBbbBQM �
TQm` `ƬH2 H� T`ûT�`�iBQM 2i KBb2 2M Q2mp`2 /2b /û+BbBQMb /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 2i /m S�`H2K2Mi
2m`QTû2MX SQm` +2 7�B`2- 2HH2 �bbmK2 [m�i`2 7QM+iBQMb T`BM+BT�H2b , URV H� 7QM+iBQM Hû;BbH�iBp2- UkV H� 7QM+iBQM
2tû+miBp2- UjV H2 +QMi`ƬH2 /2 HǶ�TTHB+�iBQM /m /`QBi +QKKmM�mi�B`2 2i U9V H� 7QM+iBQM /2 `2T`ûb2Mi�iBQMX *2b
[m�i`2 7QM+iBQMb HmB +QM7ĕ`2Mi H2b +QKTûi2M+2b bmBp�Mi2b ,

ky



Ç T`Qiû;2` H2b BMiû`āib /2 HǶlMBQM 2m`QTû2MM2 2i /2 +2b +BiQv2Mbc
Ç ûi�#HB` H2b /BbTQbBiBQMb i2+?MB[m2b bm` H� #�b2 /2 +QMbmHi�iBQM /Ƕ2tT2`ib 2i /2 +BiQv2Mbc
Ç T`QTQb2`- T�` H2 /`QBi 2t+HmbB7 /ǶBMBiB�iBp2- /2b i2ti2b Hû;BbH�iB7b /�Mb H2 +�/`2 /2b TQHBiB[m2b +QKKmM2bc
Ç T`QTQb2`- T�` H2 /`QBi /ǶBMBiB�iBp2 T�`i�;û U�p2+ H2b úi�ib K2K#`2bV- /2b i2ti2b Hû;BbH�iB7b /�Mb H2 +�/`2

/2 H� SQHBiB[m2 úi`�M;ĕ`2 2i /2 aû+m`Biû *QKKmM2- /2 H� HB#2`iû 2i /2 H� DmbiB+2c
Ç T`QTQb2`- T�` H2 /`QBi /ǶBMBiB�iBp2 T�`i�;û U�p2+ H2b úi�ib K2K#`2b 2i H� "�M[m2 *2Mi`�H2V- /2b i2ti2b

Hû;BbH�iB7b /�Mb H2 +�/`2 /2 HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2c
Ç bQmK2ii`2 H2b T`QTQbBiBQMb Hû;BbH�iBp2b �m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 2i �m S�`H2K2Mi 2m`QTû2Mc
Ç 2tû+mi2` 2i ;û`2` H2b TQHBiB[m2b /2 HǶlMBQM 2m`QTû2MM2c
Ç �HHQm2` H2b }M�M+2K2Mib 2m`QTû2Mb bmBp�Mi mM2 T`QTQbBiBQM #m/;ûi�B`2c
Ç }t2` H2b T`BQ`Biûb #m/;ûi�B`2b 2i ûi�#HBi H2 #m/;2i �MMm2H /2 HǶlMBQM U+QMDQBMi2K2Mi �p2+ H2 S�`H2K2Mi

2i H2 *QMb2BH /2 HǶlMBQMVc
Ç +QMi`ƬH2` HǶmiBHBb�iBQM /2b 7QM/b bQmb H� bm`p2BHH�M+2 /2 H� *Qm` /2b +QKTi2bc
Ç p2BHH2` �m `2bT2+i /m /`QBi 2m`QTû2M 2i ¨ HǶ�TTHB+�iBQM +Q``2+i2 /2 H� Hû;BbH�iBQM �p2+ HǶ�TTmB /2 H� *Qm`

/2 CmbiB+2 2m`QTû2MM2 U*Cl1Vc
Ç `2T`ûb2Mi2` HǶlMBQM 2m`QTû2MM2 bm` H� b+ĕM2 BMi2`M�iBQM�H2 2M bǶ2tT`BK�Mi �m MQK /2 iQmb H2b úi�ib

K2K#`2b �m b2BM /2b /Bzû`2Mi2b Q`;�MBb�iBQMb BMi2`M�iBQM�H2b 2i MQi�KK2Mi bm` H2 +QKK2`+2 2tiû`B2m`
UMû;Q+B�i2m` Q{+B2H /2b �++Q`/b BMi2`M�iBQM�mtV �BMbB [m2 bm` HǶ�B/2 ?mK�MBi�B`2X

SQm` 2t2`+2` b2b 7QM+iBQMb 2i mb2` /2 b2b +QKTûi2M+2b- H� *QKKBbbBQM 1m`QTû2MM2 2bi /BpBbû2 2M /2mt b2`pB+2b
¨ H� K�MBĕ`2 /ǶmM ;Qmp2`M2K2Mi M�iBQM�H +QKTQbû /2 KBMBbi`2b 2i /2 KBMBbiĕ`2b , URV H2 b2`pB+2 TQHBiB[m2 2i
UkV H2 b2`pB+2 �/KBMBbi`�iB7X
GǶQ`;�M2 TQHBiB[m2- H2 +QHHĕ;2 /2b +QKKBbb�B`2b +QKT`2M/- /2TmBb H2 R2` DmBHH2i kyRj 2i HǶ�/?ûbBQM /2 H� *`Q�iB2-
pBM;i@?mBi +QKKBbb�B`2b 2m`QTû2Mb UmM +QKKBbb�B`2 T�` T�vbVX SHmb T`û+BbûK2Mi- +2 +QHHĕ;2 /2b k3 2bi +QK@
TQbû /m T`ûbB/2Mi /2 H� +QKKBbbBQM- [mB /û+B/2 /2 HǶ�ii`B#miBQM /2b `2bTQMb�#BHBiûb- /2b b2Ti oB+2@S`ûbB/2Mib
U/QMi H2 T`2KB2` 2bi H2 ?�mi `2T`ûb2Mi�Mi /2 HǶlMBQM TQm` H2b �z�B`2b ûi`�M;ĕ`2b 2i H� TQHBiB[m2 /2 bû+m`BiûV
2i }M�H2K2Mi /2 pBM;i UkyV +QKKBbb�B`2b +?�`;ûb /2 /Bzû`2Mib TQ`i272mBHH2bX *Ƕ2bi +2 b2`pB+2 [mB /û}MBi H2b
;`�M/2b Q`B2Mi�iBQMb bi`�iû;B[m2b /2 H� *QKKBbbBQM 2i [mB ûH�#Q`2 H2 T`Q;`�KK2 /2 i`�p�BH �MMm2H b2HQM H2b
bi`�iû;B2b �/QTiû2b �m *QMb2BH 2m`QTû2MX hQmi +QKK2 TQm` H2b /ûTmiûb 2m`QTû2Mb- H2 K�M/�i /2b +QKKBb@
b�B`2b 2m`QTû2Mb 2bi /ǶmM2 /m`û2 /2 8 �Mb `2MQmp2H�#H2X
GǶQ`;�M2 �/KBMBbi`�iB7 2bi +QKTQbû /2 /B`2+iBQMb ;ûMû`�H2b- /ǶQ{+2b- /Ƕ�;2M+2b- /2 `2T`ûb2Mi�iBQMb- /2
/ûHû;�iBQMb- 2i+X �TT2Hû THmb 7�KBHBĕ`2K2Mi H2b Ŀ .B`2+iBQMb :ûMû`�H2bŀ U.:V- bQM 7QM+iBQMM2K2Mi 2bi-
iQmi2b T`QTQ`iBQMb ;�`/û2b- +QKT�`�#H2 ¨ /2b KBMBbiĕ`2b M�iBQM�mtX *2b /B`2+iBQMb ;ûMû`�H2b- �m MQK#`2 /2
[m�`�Mi2@i`QBb- +Qmp`2Mi +?�+mM2 mM /QK�BM2 TQHBiB[m2 T�`iB+mHB2`- T�` 2t2KTH2 H2 +QKK2`+2- HǶ2MpB`QMM2K2Mi
Qm #B2M 2M+Q`2 H� `2T`ûb2Mi�iBQM BMi2`M�iBQM�H2X *2 bQMi 2HH2b [mB b2 +?�`;2Mi /2 `û/B;2` 2i T`QTQb2` H2b i2ti2b
Hû;BbH�iB7b- /2 7Qm`MB` /2 HǶ2tT2`iBb2- /2 +QMi`ƬH2` HǶ�TTHB+�iBQM /2b TQHBiB[m2b +QKKmM�mi�B`2b- 2i+X 1HH2b bQMi
/B`B;û2b T�` mM /B`2+i2m` ;ûMû`�H [mB 2bi TH�+û bQmb HǶ�miQ`Biû /ǶmM +QKKBbb�B`2- 2i +2 /2TmBb H� MQmp2HH2
*QKKBbbBQM "�``QbQ AA UkyyN@kyR9VX

G� *QKKBbbBQM 7QM+iBQMM2 b2HQM H2 T`BM+BT2 /2 H� +QHHû;B�HBiûX �mi`2K2Mi /Bi- H2b /û+BbBQMb v bQMi T`Bb2b
+QHH2+iBp2K2Mi T�` H2 +QHHĕ;2 /2b +QKKBbb�B`2b 2i MQM T�` +?�[m2 +QKKBbb�B`2 BM/BpB/m2HH2K2MiX �BMbB- iQmb
H2b +QKKBbb�B`2b Tĕb2Mi /m KāK2 TQB/b /�Mb H2 T`Q+2bbmb /û+BbBQMM2H 2i bQMi iQmb �mi�Mi `2bTQMb�#H2b /2b
/û+BbBQMb �/QTiû2bX G2b pB+2@T`ûbB/2Mib- �p2+ HǶ�B/2 /2 THmbB2m`b +QKKBbb�B`2b- �;Bbb2Mi �m MQK /m T`ûbB/2Mi

kR



2i +QQ`/QMM2Mi H2b i`�p�mt /�Mb H2m`b /QK�BM2b /2 +QKTûi2M+2bX G� ;2biBQM /2b T`BQ`Biûb /2b T`QD2ib 2bi
�/KBMBbi`û2 T�` H2 T`ûbB/2Mi /2 H� *QKKBbbBQM b2HQM H2b Q`B2Mi�iBQMb bi`�iû;B[m2b 2i H2b Q#D2+iB7b +H27b /2
/ûp2HQTT2K2Mi }tû T�` H2 *QMb2BH 2m`QTû2MX 6BM�H2K2Mi- +Ƕ2bi H2 b2`pB+2 �/KBMBbi`�iB7 pB� H2b /B`2+iBQMb
;ûMû`�H2b [mB T`2MM2Mi �HQ`b H2 `2H�BbX G2m`b i�+?2b +QMbBbi2Mi- H2 THmb bQmp2Mi- ¨ T`ûT�`2` /2b T`QD2ib /2
T`QTQbBiBQMb Hû;BbH�iBp2bX *2b T`QTQbBiBQMb bQMi 2MbmBi2 T`ûb2Miû2b �mt +QKKBbb�B`2b- [mB H2b �/QTi2Mi Qm MQM
HQ`b /2 H2m`b `ûmMBQMb ?2#/QK�/�B`2bX lM2 7QBb �/QTiû2b- +2b T`QTQbBiBQMb /2pB2MM2Mi Q{+B2HH2bc 2HH2b bQMi
/QM+ i`�MbKBb2b �m *QMb2BH 2i �m S�`H2K2Mi TQm` HǶûi�T2 bmBp�Mi2 /2 H� T`Q+û/m`2 Hû;BbH�iBp2 /2b BMbiBimiBQMb
2m`QTû2MM2bX

1M K�iBĕ`2 /2 MQKBM�iBQM 2ifQm /2 7Q`K�iBQM /2b K2K#`2b- H2 b2`pB+2 /2 TQHBiB[m2 /2 H� *QKKBbbBQM bmBi mM
T`Q+2bbmb +H�B`2K2Mi /û}MB T�` H2 i`�Biû /2 GBb#QMM2 UkyyNVX G2b +QKKBbb�B`2b bQMi 2M 7�Bi +?QBbBb ǳ2M `�BbQM
/2 H2m` +QKTûi2M+2 ;ûMû`�H2 2i /2 H2m` 2M;�;2K2Mi 2m`QTû2MǴ �BMbB [m2 ǳT�`KB /2b T2`bQMM�HBiûb Qz`�Mi
iQmi2b ;�`�MiB2b /ǶBM/ûT2M/�M+2ǴX *2T2M/�Mi- H2 TQB/b /2b úi�ib bm` H2 +?QBt /2b +�M/B/�ib- H2m` �z2+i�iBQM
¨ /2b TQ`i272mBHH2b +H27b 2i H2m` T`Q;`�KK2- 2bi HQBM /Ƕāi`2 Mû;HB;2�#H2X 1M 2z2i- bB HǶQM bmBi H2 T`Q+2bbmb- H2
T`ûbB/2Mi 2bi /Ƕ�#Q`/ T`QTQbû T�` HǶ2Mb2K#H2 /2b +?27b /Ƕúi�ib 2i /2 ;Qmp2`M2K2Mib 2m`QTû2Mb `ûmMBb �m b2BM
/m *QMb2BH 1m`QTû2M TmBb BH 2bi Q{+B2HH2K2Mi �++2Tiû T�` H2 S�`H2K2Mi 1m`QTû2M 2i HǶ2Mb2K#H2 /2 b2b 1m`Qb
/ûTmiûb pB� HǶûH2+iBQM T�` b+`miBM b2HQM H2 T`BM+BT2 /2 H� K�DQ`Biû �#bQHm2X

ǳ1M i2M�Mi +QKTi2 /2b ûH2+iBQMb �m S�`H2K2Mi 2m`QTû2M- 2i �T`ĕb �pQB` T`Q+û/û �mt +QMbmHi�iBQMb �TT`QT`Bû2b-
H2 *QMb2BH 2m`QTû2M- bi�im�Mi ¨ H� K�DQ`Biû [m�HB}û2- T`QTQb2 �m S�`H2K2Mi 2m`QTû2M mM +�M/B/�i ¨ H� 7QM+iBQM
/2 T`ûbB/2Mi /2 H� *QKKBbbBQMX *2 +�M/B/�i 2bi ûHm T�` H2 S�`H2K2Mi 2m`QTû2M ¨ H� K�DQ`Biû /2b K2K#`2b
[mB H2 +QKTQb2MiXǴ @ U�`iX RdXd hl1- h`�Biû /2 HǶlMBQM 2m`QTû2MM2V

S�` H� bmBi2- H2 T`ûbB/2Mi- mM2 7QBb ûHm- bûH2+iBQMM2 H2b TQi2MiB2Hb pB+2@T`ûbB/2Mib 2i H2b +QKKBbb�B`2b bm` H�
#�b2 /2 `2+QKK�M/�iBQMb /2b úi�ib K2K#`2bX lM2 7QBb bûH2+iBQMMûb- +2b /2`MB2`b bQMi �K2Mûb ¨ b2 T`ûb2Mi2`
/2p�Mi H2 S�`H2K2Mi 2m`QTû2M �p2+ H2m`b T`Q;`�KK2b TQm` H2 UH2bV /QK�BM2UbV TQHBiB[m2 2i /2 +QKTûi2M+2b
TQm` H2[m2H UH2b[m2HbV BHb QMi ûiû MQKBMûbX amBi2 ¨ +2ii2 T`ûb2Mi�iBQM- BHb bQMi bQmKBb- mM2 MQmp2HH2 7QBb- ¨
H� /û+BbBQM /m T2mTH2 2m`QTû2M pB� H� bQmKBbbBQM �m pQi2 /2b 1m`Qb /ûTmiûbX G2 S�`H2K2Mi 2m`QTû2M MǶ�
/QM+ T�b H2 TQmpQB` /2 MQKBM�iBQM /2b +QKKBbb�B`2b- K�Bb /BbTQb2 /ǶmM /`QBi /2 pûiQ bm` HǶBMp2biBim`2 /2 H�
*QKKBbbBQM- 2i T2mi �BMbB 2KTā+?2` H� MQKBM�iBQM /ǶmM +QHHĕ;2 /û}MBX �mbbB- H2 S�`H2K2Mi 2m`QTû2M /BbTQb2
/m TQmpQB` /Bi /2 H� KQiBQM /2 +2Mbm`2X �mi`2K2Mi /Bi- BH T2mi +QMi`�BM/`2 H� *QKKBbbBQM ¨ /ûKBbbBQMM2`
+QHH2+iBp2K2Mi bmBi2 ¨ mM pQi2 /2 H� KQiBQM /2 +2Mbm`2- bB 2i b2mH2K2Mi bB +2 /2`MB2` Q#iB2Mi H� K�DQ`Biû
�m /2mt iB2`b /2b bmz`�;2b 2tT`BKûb 2i /2 H� K�DQ`Biû /2b K2K#`2b [mB H� +QKTQb2MiX § +2 DQm`- THmbB2m`b
KQiBQMb /2 +2Mbm`2 QMi ûiû /ûTQbû2b �m S�`H2K2Mi- K�Bb �m+mM2 MǶ� ûiû �/QTiû2X S�` QTTQbBiBQM- H2 T`ûbB/2Mi
/2 H� *QKKBbbBQM T2mi 2tB;2` H� /ûKBbbBQM /ǶmM K2K#`2 /m +QHHĕ;2 T`Bb BM/BpB/m2HH2K2MiX

6BM�H2K2Mi- /2 T�` bQM 2z2+iB7 UbQBi 2MpB`QM j8 yyy T2`bQMM2bV- H� *QKKBbbBQM 2bi H� THmb ;`�M/2 BMbiBimiBQM
/2 HǶlMBQM 2m`QTû2MM2X 1MpB`QM 3yW /2 bQM T2`bQMM2H 2bi `ûT�`iB 2Mi`2 H2b [m2H[m2b 9j .B`2+iBQMb :ûMû`�H2b
2i b2`pB+2b �/KBMBbi`�iB7b /û+2Mi`�HBbûbX AHb b2 `ûT�`iBbb2Mi 2M /2mt +�iû;Q`B2b , URV H2b �/KBMBbi`�i2m`b [mB
2z2+im2Mi /2b i�+?2b /2 +`û�iBQM- 2i UkV H2b �bbBbi�Mib [mB 2z2+im2Mi /2b i�+?2b /Ƕ2tû+miBQM 2i /2 ;2biBQMX §
+2mt@H¨- /Ƕ�mi`2b T2`bQMM2b bǶ�DQmi2Mi +QKK2 /2b �;2Mib +QMi`�+im2Hb- /2b �;2Mib i2KTQ`�B`2b- /2b 2tT2`ib
M�iBQM�mt /ûi�+?ûb- /2b �;2Mib HQ+�mt 2i /2b bi�;B�B`2bX *QMi`�B`2K2Mi �m +QHHĕ;2 /2b +QKKBbb�B`2b /QMi H�
+QKTQbBiBQM 2bi bQmKBb2 ¨ /2b [mQi�b M�iBQM�mt- H2 T2`bQMM2H /2 H� *QKKBbbBQM MǶ2bi T�b `2+`miû bm` mM2 #�b2
/2 M�iBQM�HBiûX *2T2M/�Mi- +2`i�BM2b `ĕ;H2b 2tBbi2Mi �mt THmb ?�mi2b 7QM+iBQMb U/B`2+i2m` 2i /B`2+i2m` ;ûMû`�HV
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2i �m MBp2�m /2b TQbi2b /�p�Mi�;2 ǳTQHBiB[m2bǴ [m2 ǳ�/KBMBbi`�iB7bǴX SHmb T`û+BbûK2Mi- mM2 `ĕ;H2 T2`K2ii�Mi H2
`2bT2+i /ǶmM û[mBHB#`2 /2 M�iBQM�HBiûb 2bi BMb+`BiX S�` 2t2KTH2- mM /B`2+i2m` ;ûMû`�H 2i +QKKBbb�B`2 i`�p�BHH�Mi
TQm` H2 KāK2 TQ`i272mBHH2 M2 T2mp2Mi āi`2 /2 H� KāK2 M�iBQM�HBiûX

RXRXjXjX8 G� "�M[m2 *2Mi`�H2 2m`QTû2MM2 U"*1V

G� "�M[m2 *2Mi`�H2 2m`QTû2MM2 2bi KBb2 2M TH�+2 2M RNN3 bmBi2 ¨ H� +`û�iBQM /2 H� wQM2 1m`Q 2i /QM+ H� KBb2
2M +B`+mH�iBQM T`Q;`2bbBp2 /2 H� KQMM�B2 mMB[m2X 1HH2 T`2M/ �BMbB H� TH�+2 /2 HǶAMbiBimi KQMûi�B`2 2m`QTû2M
Mû /2 H� `�iB}+�iBQM /m i`�Biû2 bm` HǶlMBQM 2m`QTû2MM2 UJ��bi`B+?i- RNNjVX aQM bBĕ;2 2bi bBimû ¨ 6`�M+7Q`i
U�HH2K�;M2VX

G� "*1 � TQm` T`BM+BT�H2 KBbbBQM- +QKK2 iQmi2 "�M[m2 *2Mi`�H2- /ǶûH�#Q`2` 2i K2ii`2 2M Q2mp`2 H� TQHBiB[m2
KQMûi�B`2 �m b2BM /2 HǶlMBQM ú+QMQKB[m2 2i JQMûi�B`2 2m`QTû2MM2 Ul1JV- �BMbB [m2 /Ƕ�bbm`2` H� #QMM2
;2biBQM /2 HǶ2m`QX aQM Q#D2+iB7 T`BM+BT�H 2bi /QM+ /Ƕ�bbm`2` H� bi�#BHBiû /2b T`Bt �BMbB [m2 bQmi2MB` H� +`QBbb�M+2
û+QMQKB[m2 2i H� +`û�iBQM /Ƕ2KTHQB- H2 iQmi 2M `2bT2+i�Mi H2b +`Biĕ`2b /2 +QMp2`;2M+2b ûi�#HBb T�` H2 h`�Biû
/2 J��bi`B+?i URNNjV 2i H2 S�+i2 /2 +`QBbb�M+2 2i /2 bi�#BHBiû 2m`QTû2M URNNdVXR *QMi`�B`2K2Mi �mt �mi`2b
BMbiBimiBQMb Q{+B2HH2b /2 HǶlMBQM- +2ii2 /2`MBĕ`2 MǶ�;Bi T�b bm` H2b TQHBiB[m2b KQMûi�B`2b /2b k3 T�vb K2K#`2b-
K�Bb b2mH2K2Mi bm` +2HH2b /2b RN T�vb �v�Mi `2DQBMi H� xQM2 2m`QX 1HH2 2bi /Ƕ�BHH2m`b BM/ûT2M/�Mi2 /m +QMi`ƬH2
/2b úi�ib K2K#`2b- K�Bb `2M/ /2b +QKTi2b �m Tm#HB+X

G� "*1 2bi +QKTQbû2 , URV /ǶmM T`ûbB/2Mi 2i /ǶmM pB+2@T`ûbB/2Mi- UkV /2b ;Qmp2`M2m`b /2b #�[m2b +2Mi`�H2b
/2 iQmb H2b úi�ib K2K#`2b /2 HǶlMBQM- 2i }M�H2K2Mi UjV /2 [m�i`2 K2K#`2b /2 bm`p2BHH�M+2 MQKKûb T�` H2b
/B`B;2�Mib /2b T�vb /2 H� xQM2 2m`QX GǶ2Mb2K#H2 /2 b2b K2K#`2b bQMi `ûmMBb bQmb i`QBb BMbi�M+2b /2 i`�p�BH 2i
/2 /û+BbBQM , URV H2 *QMb2BH /2b ;Qmp2`M2m`b- UkV H2 .B`2+iQB`2- 2i UjV H2 *QMb2BH :ûMû`�HX
G2 *QMb2BH /2b ;Qmp2`M2m`b 2bi H� T`BM+BT�H2 BMbi�M+2 /û+BbBQMM2HH2X *QKTQbû /m .B`2+iQB`2 2i /2b ;Qmp2`M2m`b
/2b #�M[m2b +2Mi`�H2b /2b T�vb /2 H� xQM2 2m`Q- BH �M�Hvb2 H2 /ûp2HQTT2K2Mi û+QMQKB[m2 2i KQMûi�B`2 /2 H�
xQM2 2m`Q- /û}MBi H2b TQHBiB[m2b KQMûi�B`2b 2i }t2 H2b i�mt /ǶBMiû`āi /Ƕ2KT`mMi /2b #�M[m2b +QKK2`+B�H2b ¨
H� "*1X
G2 .B`2+iQB`2 HmB �bbm`2 H� ;2biBQM [mQiB/B2MM2 /2 H� "*1 2M K2ii�Mi 2M Q2mp`2 H� TQHBiB[m2 KQMûi�B`2 /û+B/û2
T�` H2 *QMb2BH /2b ;Qmp2`M2m`bX AH 2bi +QKTQbû /m T`ûbB/2Mi 2i /m pB+2@T`ûbB/2Mi- /2b [m�i`2 K2K#`2b MQKKûb
T�` H2 *QMb2BH 1m`QTû2M TQm` mM K�M/�i /2 ?mBi �Mb MQM `2MQmp2H�#H2X
G2 *QMb2BH :ûMû`�H DQm2 H2 `ƬH2 /2 +QQ`/QMM�i2m` 2i /2 +QMb2BHH2` TQm` HǶûH�#Q`�iBQM /2b TQHBiB[m2b KQMûi�B`2b
+QKKmM2b �BMbB [m2 TQm` H2 T`Q+2bbmb /Ƕ�/?ûbBQM /2 MQmp2�mt T�vb /�Mb H� xQM2 2m`QX AH 2bi +QKTQbû- HmB
�mbbB- /m T`ûbB/2Mi 2i /m pB+2@T`ûbB/2Mi �BMbB [m2 /2b ;Qmp2`M2m`b /2b #�M[m2b +2Mi`�H2b /2 iQmb H2b T�vb
/2 HǶlMBQM 2m`QTû2MM2X �BMbB- H2 T`ûbB/2Mi 2i bQM pB+2@T`ûbB/2Mi �TT�`�Bbb2Mi /QM+ +QKK2 H2b `2T`ûb2Mi�Mib
Q{+B2Hb /2 H� "�M[m2 *2Mi`�H2 2i +QQ`/QMM2Mi H2b �+iBpBiûb /2 H� #�M[m2 2M THmb /2 /B`B;2` H2b `ûmMBQMb
2m`QTû2MM2b 2i BMi2`M�iBQM�H2b /2 ?�mi MBp2�mX

6BM�H2K2Mi- /�Mb bQM 2Mb2K#H2- H� "*1 2bi `2bTQMb�#H2 /2 H� }t�iBQM /2b i�mt /ǶBMiû`āi TQm` HǶ2KT`mMi
/2b #�M[m2b +QKK2`+B�H2b /2 H� xQM2 2m`Q TQm` +QMi`ƬH2` HǶBM~�iBQM- /2 H� T`Q/m+iBQM 2i HǶûKBbbBQM /Ƕ2m`Qb
bmTTHûK2Mi�B`2b bm` H2 K�`+?û KQMûi�B`2- /2 H� bm`p2BHH�M+2 /2b BMbiBimiBQMb }M�M+Bĕ`2b 2i /m K�`+?û }M�M+B2`-
/2 ;�`�MiB` H2 #QM 7QM+iBQMM2K2Mi /m bvbiĕK2 /2 T�B2K2Mi �BMbB [m2 /2 H� bi�#BHBiû /2b T`BtX

R�++ĕb �m h`�Biû /2 J��bi`B+?i ?iiTb,ff2m`QT�X2mf2m`QT2�M@mMBQMfbBi2bf2m`QT�2mf7BH2bf/Q+bf#Q/vfi`2�ivnQMn2m`QT2�Mn
mMBQMn7`XT/7 �BMbB [mǶ�m S�+i2 /2 +`QBbb�M+2 2i /2 bi�#BHBiû ?iiTb,ff2+X2m`QT�X2mfBM7QfMQ/2f9k3dfX
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https://europa.eu/european-union/sites/europaeu/files/docs/body/treaty_on_european_union_fr.pdf
https://europa.eu/european-union/sites/europaeu/files/docs/body/treaty_on_european_union_fr.pdf
https://ec.europa.eu/info/node/4287/


amBi2 ¨ H� +`Bb2 }M�M+Bĕ`2 BMi2`M�iBQM�H2 /2 kyy3- 2i �T`ĕb b2b T`Q;`ĕb p2`b H� `ûbQ`TiBQM- mM bvbiĕK2 /2 bû+m`Biû
}M�M+Bĕ`2 � ûiû KBb 2M TH�+2 , HǶlMBQM "�M+�B`2 2m`QTû2MM2X *2 bQmb@Q`;�M2 � TQm` #mi /Ƕ?�`KQMBb2` H2b
`ĕ;H2b /m b2+i2m` }M�M+B2` �m b2BM /2 HǶlMBQM 2m`QTû2MM2 2i /�Mb H� ;2biBQM /2 b2b �+iB7b bm` H2 K�`+?û
BMi2`M�iBQM�HX �BMbB- HǶlMBQM "�M+�B`2 2m`QTû2MM2 `2M7Q`+2 H2 Kû+�MBbK2 /2 bi�#BHBiû }M�M+Bĕ`2 TQm` [m2
H2b #�M[m2b `ûbBbi2Mi �mt +`Bb2bX 6BM�H2K2Mi- H� "*1 2bi /QM+ HǶ�miQ`Biû bmT`āK2 2i +2Mi`�H2 /2 +QMi`ƬH2
T`m/2MiB2H /2b BMbiBimiBQMb }M�M+Bĕ`2b /2 H� xQM2 2m`QX

RXRXjXjXe G2 *QKBiû /2b _û;BQMb U*/_V

G2 *QKBiû 2m`QTû2M /2b _û;BQMb � ûiû BMbBimiû T�` H2 i`�Biû /2 J��bi`B+?i URNNjV 2i � pm b� M�Bbb�M+2
2M RNN9X *Ƕ2bi HǶQ`;�M2 +QMbmHi�iB7 /2 HǶlMBQM 2m`QTû2MM2 TQm` +?�+mM2 /2b `û;BQMb /2 HǶ1m`QT2X 1M 2z2i-
+Ƕ2bi HǶBMbiBimiBQM `2T`ûb2Mi�Mi2 2i TQ`i2@T�`QH2 /2b +QHH2+iBpBiûb HQ+�H2b 2i `û;BQM�H2b /2 HǶlMBQM 2m`QTû2MM2X
AH 2bi +QMbiBimû /2b `2T`ûb2Mi�Mib /Ƕ�miQ`Biûb HQ+�H2b 2i `û;BQM�H2b /2 +2b /2`MBĕ`2b `û;BQMbX
G2 *QKBiû /2b _û;BQMb 2bi /QM+ mM Q`;�M2 +QMbmHi�iB7 [mB Qz`2 �mt `û;BQMb 2i �mt pBHH2b H� TQbbB#BHBiû
/Ƕ2tT`BK2` Q{+B2HH2K2Mi H2m` �pBb bm` H2 T`Q+2bbmb Hû;BbH�iB7 2m`QTû2M /2 K�MBĕ`2 ¨ T`2M/`2 2M +QKTi2 H�
TQbBiBQM 2i H2b #2bQBMb /2b �miQ`Biûb HQ+�H2b 2i `û;BQM�H2bX �mi`2K2Mi /Bi- b�Mb �pQB` /2 TQmpQB` /û+BbBQMM2H
Qm /2 /`QBi /2 pûiQ- H2 */_ T2`K2i mM2 /û+2Mi`�HBb�iBQM /2b �pBb /û+BbBQMM2HH2 2M `2/û}MBbb�Mi HǶmMBiû ;ûQ@
;`�T?B[m2 /2b ûim/2b 2i �pBb +QMbmHi�iB7bX SHmb T`û+BbûK2Mi- TQm` iQmi2 MQmp2HH2 T`QTQbBiBQM ûH�#Q`2` T�`
H� *QKKBbbBQM 2m`QTû2MM2- H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 Qm 2M+Q`2 H2 S�`H2K2Mi 2m`QTû2M 2i iQm+?�Mi
HǶû+?2HQM `û;BQM�H Qm HQ+�H- H2b i`�Biûb 2m`QTû2Mb BKTQb2Mi H� +QMbmHi�iBQM /m */_X G2 THmb bQmp2Mi- BH bǶ�;Bi
/2 Hû;BbH�iBQM +QM+2`M�Mi H2b [m2biBQMb /2 +QQTû`�iBQMb i`�MbM�iBQM�H2b- +Ƕ2bi@¨@/B`2 /2 +QQTû`�iBQM 2Mi`2
/Bzû`2Mi2b `û;BQMb /2 /Bzû`2Mib úi�ib K2K#`2b T�` 2t2KTH2 HǶ�;`B+mHim`2- H� b�Miû- H2b i`�MbTQ`ib- HǶûM2`;B2-
H� T`Qi2+iBQM /2 HǶ2MpB`QMM2K2Mi- H2b TQHBiB[m2b m`#�BM2b- H2b TQHBiB[m2b bQ+B�H2b 2i }M�H2K2Mi H� +Q?ûbBQM
û+QMQKB[m2 2i bQ+B�H2X *2T2M/�Mi- +2 /2`MB2` +QKBiû T2mi �mbbB ûK2ii`2 /2b �pBb /2 b� T`QT`2 BMBiB�iBp2X
.�Mb H2 +�b Qɍ H2 */_ MǶ2bi T�b +QMbmHiû �HQ`b [m2 H2b i`�Biûb 2m`QTû2Mb H2 T`ûpQB2Mi- +2 /2`MB2` � H2 /`QBi 2i
H2 /2pQB` /2 b�BbB` H� *Qm` /2 CmbiB+2 2m`QTû2MM2 /2 K�MBĕ`2 ¨ 7�B`2 p�HQB` b2b /`QBib +QMbmHi�iB7b 2i `2K2ii`2
2M +�mb2 mM2 Hû;BbH�iBQM KBb2 2M TH�+2 T�` QKBbbBQMX

SHmb T`û+BbûK2Mi- H2 */_ ûi�#HBi HmB@KāK2 bQM `ĕ;H2K2Mi BMiû`B2m` 2i /2 7QM+iBQMM2K2MiX �BMbB- �}M /ǶûK2ii`2
mM �pBb +QMbmHi�iB7- BH /ûbB;M2 T�`KB b2b K2K#`2b mM `�TTQ`i2m` [mB +QMbmHi2 H2b T�`iB2b T`2M�Mi2b `2H�iBp2b ¨
HǶ�pBb +QMbmHi�iB7 2i T`ûT�`2 mM �pBb [mB 2bi 2t�KBMû 2i �/QTiû Qm MQM T�` H� +QKKBbbBQM /m */_ 2M +?�`;2
/m /QK�BM2 TQHBiB[m2 +QM+2`MûX AH 2tBbi2 d +QKKBbbBQMb T2`K�M2Mi2b �BMbB [mǶmM2 +QKKBbbBQM i2KTQ`�B`2
+?�`;û2 /Ƕ2t�KBM2` 2i /Ƕ�/QTi2` HǶ�pBb +QMbmHi�iB7 , URV *�6� UH� +QKKBbbBQM TQm` H2b �z�B`2b }M�M+Bĕ`2b
2i �/KBMBbi`�iBp2bV- UkV *Ao1s UH� +QKKBbbBQM /2 +BiQv2MM2iû- ;Qmp2`M�M+2- �z�B`2b BMbiBimiBQMM2HH2b 2i 2t@
iû`B2m`2bV- UjV *Ph1_ UH� +QKKBbbBQM TQm` H2b TQHBiB[m2b /2 +Q?ûbBQM i2``BiQ`B�H2V- U9V 1*Pa UH� +QKKBbbBQM
TQm` H� TQHBiB[m2 û+QMQKB[m2 2i bQ+B�H2- U8V 1.l* H� +QKKBbbBQM TQm` HǶû/m+�iBQM- H� D2mM2bb2- H� +mHim`2
2i H� `2+?2`+?2V- UeV 1Lo1 UH� +QKKBbbBQM TQm` HǶ2MpB`QMM2K2Mi- H2 +?�M;2K2Mi +HBK�iB[m2 2i H2b ûM2`;B2bV-
UdV L�h UH� +QKKBbbBQM TQm` H2b `2bbQm`+2b M�im`2HH2bV- 2i }M�H2K2Mi H� +QKKBbbBQM i2KTQ`�B`2 `2bTQMb�#H2
/2 HǶ�pBb +QMbmHi�iB7 bm` H2 #m/;2i /2 HǶlMBQM 2m`QTû2MM2X *2b +QKKBbbBQMb bTû+B�HBbû2b 2t�KBM2Mi /�Mb H2
/ûi�BH H2b T`QTQbBiBQMb bm` H2b[m2HH2b H2 *QKBiû 2bi +QMbmHiû 2i ûH�#Q`2Mi mM T`QD2i /Ƕ�pBbX *2 T`QD2i /Ƕ�pBb
bQmHB;M2 H2b TQBMib /Ƕ�++Q`/ �p2+ H2b T`QTQbBiBQMb /2 HǶBMbiBimiBQM [mB HǶ� b�BbB 2i T`QTQb2 /2b KQ/B}+�iBQMb
pBb�Mi ¨ �KûHBQ`2` H2 /Q+mK2MiX S�` H� bmBi2- +2 /2`MB2` �pBb 2bi T`ûb2Miû 2M b2bbBQM THûMBĕ`2 ¨ HǶ2Mb2K#H2
/2b K2K#`2b /2 HǶ�bb2K#Hû2 [mB pQi2Mi 2M pm2 /2 H� KQ/B}2` 2i /2 HǶ�/QTi2`X 1M}M- HǶ�pBb +QMbmHi�iB7 2bi
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2MbmBi2 +QKKmMB[mû �mt BMbiBimiBQMb /2 HǶlMBQM 2m`QTû2MM2 +QM+2`Mû2X �BMbB 2i TQm` +2 7�B`2- H2 */_ 2bi
/QM+ +QKTQbû /2 /2mt b2+iBQMb , URV HǶ�bb2K#Hû2 2i UkV H2 "m`2�mX G� T`2KBĕ`2 b2 +QKTQb2 /2 j8y K2K#`2b
Bbbmb /2b k3 T�vb /2 HǶlMBQM 2m`QTû2MM2 2i /ûbB;Mûb T�` H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 TQm` mM K�M/�i
/2 8 �MbX SQm` bBû;2` ¨ HǶ�bb2K#Hû2- H2b K2K#`2b bQMi iQmi /2 KāK2 Q#HB;ûb /2 /ûi2MB` mM K�M/�i ûH2+@
iQ`�H �m b2BM /ǶmM2 +QHH2+iBpBiû `û;BQM�H2 Qm HQ+�H2 Qm /Ƕāi`2 TQHBiB[m2K2Mi `2bTQMb�#H2 /2p�Mi mM2 �bb2K#Hû2
ûHm2 /ûKQ+`�iB[m2K2MiX G� /2mtBĕK2- H2 #m`2�m- 2bi `2bTQMb�#H2 /ǶQ`;�MBb2` H2b i`�p�mt /2b +QKKBbbBQMb
bTû+B�H2b �BMbB [m2 T`ûT�`2` H2b /û+BbBQMb [mB b2`QMi bQmKBb2b ¨ HǶ�bb2K#Hû2 THûMBĕ`2X

6BM�H2K2Mi- H2 *QKBiû /2b _û;BQMb 2M+Qm`�;2 /QM+ H� T�`iB+BT�iBQM ¨ H� pB2 Hû;BbH�iBp2 2m`QTû2MM2 ¨ iQmb H2b
MBp2�mt 2M T2`K2ii�Mi 2i /QMM�Mi mM /`QBi /Ƕ�pBb +QMbmHi�iB7 Q#HB;�iQB`2 �mt �miQ`Biûb `û;BQM�H2b 2i HQ+�H2b
�BMbB [mǶ�mt T�`iB+mHB2`bX .2 +2 7�Bi- T�` HǶBMbiBimiBQM /2 HǶlMBQM 2m`QTû2MM2 2i /QM+ /m i`�Biû /2 J��bi`B+?i-
H2 7QM+iBQMM2K2Mi 2i H2b +QKTûi2M+2b /2 HǶlMBQM 2m`QTû2MM2- xQM2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2- b2
pQB2Mi KQ/B}ûbX AH 2tBbi2 mM T`Q7QM/ +?�M;2K2Mi /ǶmMBiû ;ûQ;`�T?B[m2 2M i2`K2 /Ƕ�+iBQM /2 T�` H2b �pBb
+QMbmHi�iB7b- H2 /`QBi /2 `2p2M/B+�iBQM 2i H� /Bbi`B#miBQM /m #m/;2i 2m`QTû2M /2 7�ÏQM `û;BQM�H 2i BM/mbi`B2HX
lM2 T�`iB2 /m MBp2�m bmT`�M�iBQM�H Qm 2M+Q`2 M�iBQM�H 2bi }M�H2K2Mi i`�Mb7û`û p2`b mM MBp2�m `û;BQM�H 2i
HQ+�H /2 K�MBĕ`2 ¨ T2`K2ii`2 H� K2BHH2m`2 ?�`KQMB2 2i +Q?ûbBQM û+QMQKB[m2- bQ+B�H2 2i 2MpB`QMM2K2Mi�H2X
GǶ1m`QT2 T2`K2i /QM+ H� T`2KBĕ`2 /û+2Mi`�HBb�iBQM /2 TQmpQB` 2i /Ƕ�+iBQM /�Mb mM2 /vM�KB[m2 /ǶBMiû;`�iBQM
û+QMQKB[m2 `û;BQM�H2 5 .Ƕ�BHH2m`b- H2 */_ MǶ�``āi2 T�b /2 T`Q;`2bb2` /2 K�MBĕ`2 ¨ T`2M/`2 /2 THmb 2M THmb
/2 TH�+2 /�Mb H2 T`Q+2bbmb Hû;BbH�iB7 2m`QTû2M /2 K�MBĕ`2 ¨ +`û2` mM p`�B T`Q+2bbmb Hû;BbH�iB7 /ûKQ+`�iB[m2-
`2T`ûb2Mi�iB7 2i +BiQv2MX LQi�KK2Mi- BH � +`ûû THmbB2m`b `ûb2�mt T2`K2ii�Mi ¨ HǶ2Mb2K#H2 /2b `û;BQMb 2i /2b
pBHH2b /Ƕû+?�M;2` H2m`b #QMM2b T`�iB[m2b- /2 i`�p�BHH2` 2Mb2K#H2 2i /2 T�`iB+BT2` ¨ /2b /û#�ib TQm` i`Qmp2` /2b
bvM2`;B2b TQm` H� +`QBbb�M+2 2i HǶ2KTHQB- H� Hmii2 +QMi`2 H2 +?�M;2K2Mi +HBK�iB[m2- 2M THmb /2 H� +QQTû`�iBQM
i`�Mb7`QMi�HBĕ`2 2i /m /ûp2HQTT2K2MiX AH 2M p� /2 KāK2 �p2+ H� KBb2 2M TH�+2 /2 H� *?�`i2 TQm` H� ;Qmp2`M�M+2
¨ KmHiBMBp2�mt 2M 1m`QT2k [mB +QMi`B#m2 ¨ Hû;BiBKBiû 2i H� `2bTQMb�#BHBiû TQHBiB[m2 /2b pBHH2b 2i /2b `û;BQMb
/�Mb H� KBb2 2M Q2mp`2 /2 H� Hû;BbH�iBQM /2 HǶlMBQM 2m`QTû2MM2X SQm` i2`KBM2`- H2 i`�Biû /2 GBb#QMM2 2M kyyN
� �TTQ`iû mM2 T`Q;`2bbBQM K�D2m`2 TQm` H2 */_ [mB /2pB2Mi H2 ;�`�Mi /m `2bT2+i /m T`BM+BT2 /2 bm#bB/B�`BiûX
.Ƕ�T`ĕb +2 /2`MB2`- H2 *QKBiû /2b _û;BQMb � /ûbQ`K�Bb H2 /`QBi 2i H2 /2pQB` /2 /ûTQb2` mM `2+Qm`b TQm`
pBQH�iBQM /m T`BM+BT2 /2 bm#bB/B�`Biû +QMi`2 H2b �+i2b [mB b2`�B2Mi- b2HQM 2mt- +QMi`�B`2b ¨ +2 T`BM+BT2X

RXRX9 G2 #m/;2i 2m`QTû2M

G2 #m/;2i 2m`QTû2M `2T`ûb2Mi2 HǶ�`;2Mi [m2 H2b úi�ib K2K#`2b /2 HǶlMBQM 2m`QTû2MM2 �BMbB [m2 H2 S�`H2K2Mi
2m`QTû2M /û+B/2Mi /2 +QM}2` +?�[m2 �MMû2 ¨ H� *QKKBbbBQM 2m`QTû2MM2X § HǶ�B/2 /2 +2 /2`MB2`- H� *QKKBb@
bBQM T2mi �BMbB K2M2` ¨ #B2M H2b /Bzû`2Mi2b TQHBiB[m2b [mB QMi ûiû /û+B/û2b T�` +QMb2Mbmb T�` H2b /Bzû`2Mib
K2K#`2b- 2i +2 /�Mb H2 #mi /Ƕ�ii2BM/`2 �p2+ bm++ĕb H2b Q#D2+iB7b /2 /ûp2HQTT2K2Mi /û}MBbX .ĕb b2b /û#mib-
h`�Biûb /2 S�`Bb URN8RV 2i h`�Biûb /2 _QK2 URN8dV- HǶlMBQM 2m`QTû2MM2 b2 KmMBi /ǶmM #m/;2i ;HQ#�H TQm`
T2`K2ii`2 H2 /ûp2HQTT2K2Mi /2 b2b �+iBpBiûbX �mi`2K2Mi /Bi- H2 #m/;2i 2m`QTû2M b2`i ¨ }M�M+2` /2b K2bm`2b
�mbbB /Bp2`b2b [m2 +2HH2b pBb�Mi ¨ �KûHBQ`2` H2 MBp2�m /2 pB2 /�Mb H2b `û;BQMb /û7�pQ`Bbû2b- ¨ ;�`�MiB` H� bû+m@
`Biû �HBK2Mi�B`2 2i H� T`Qi2+iBQM /2 HǶ2MpB`QMM2K2Mi Qm 2M+Q`2 ¨ bQmi2MB` H2 +ûHĕ#`2 T`Q;`�KK2 /Ƕû+?�M;2
mMBp2`bBi�B`2 1_�aJla T�` 2t2KTH2X

kH� *?�`i2 TQm` H� ;Qmp2`M�M+2 ¨ KmHiBMBp2�mt 2M 1m`QT2 2bi /BbTQMB#H2 �m HB2M bmBp�Mi ?iiT,ff+Q`X2m`QT�X2mf7`f�+iBpBiB2bf
;Qp2`M�M+2fS�;2bf+?�`i2`@7Q`@KmHiBG2p2H@;Qp2`M�M+2X�bTtX
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GǶûH�#Q`�iBQM /m #m/;2i 2bi 7�Bi2 T�` H� *QKKBbbBQM 2m`QTû2MM2X S�` H� bmBi2- +2 /2`MB2` 2bi bQmKBb ¨ HǶûim/2
2i HǶ�TT`Q#�iBQM +QMDQBMi2 /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 TmBb /m S�`H2K2Mi 2m`QTû2MX .2TmBb RN33- 2i
T`û+BbûK2Mi HǶ�/QTiBQM /m ǳS�[m2i .2HQ`b AǴ- H2 #m/;2i 2m`QTû2M 2bi /û}MB bm` mM2 #�b2 THm`B�MMm2HH2 /2
b2Ti �Mb- �TT2Hû2 ǳT2`bT2+iBp2b }M�M+Bĕ`2bǴ- [mB }t2 H2b TH�7QM/b /2 /ûT2Mb2b �miQ`Bbûb TQm` H� KBb2 2M Q2mp`2
/2b ;`�M/2b TQHBiB[m2b 2m`QTû2MM2bX *2 +�/`2 }M�M+B2` K2i 2M TH�+2 TQm` H� T`2KBĕ`2 7QBb /2b +QM/BiBQMb /2
#m/;2i û[mBHB#`û [mB T2`K2ii2Mi H� +QHH�#Q`�iBQM ûi`QBi2 2i H� +Q?ûbBQM /2 iQmb H2b �+i2m`b 2m`QTû2Mb �miQm`
/2 +2 /2`MB2` 2M bmb /2 K�BMi2MB` H� +`QBbb�M+2 2i H� +`û�iBQM /Ƕ2KTHQB �m b2BM /2 HǶlMBQMX

S�` �BHH2m`b- H2 #m/;2i 2m`QTû2M iB`2 b2b `2p2Mmb ¨ i`�p2`b i`QBb `2bbQm`+2b T`BM+BT�H2b T`QT`2b KBb2Mi ¨
/BbTQbBiBQM T�` H2b úi�ib K2K#`2b , URV H2b +QMi`B#miBQMb /2 b2b T�vb K2K#`2b +�H+mHû2b bm` H� #�b2 /ǶmM
TQm`+2Mi�;2 /m _2p2Mm L�iBQM�H "`mi U_L"V- UkV /2b /`QBib ¨ HǶBKTQ`i�iBQM /2 T`Q/mBib T`Qp2M�Mi /2
HǶ2tiû`B2m` /2 HǶlMBQM pB� H2 i�`B7 2tiû`B2m` +QKKmM }tû T�` HǶlMBQM .Qm�MBĕ`2- 2i }M�H2K2Mi UjV H� h�t2
bm` H� o�H2m` �DQmiû Uho�V 2m`QTû2MM2X *2b `2bbQm`+2b /2 }M�M+2K2Mi `2T`ûb2Mi2Mi `2bT2+iBp2K2Mi e3W
UbQBi H2b 9f8 /m #m/;2iV- Rk-3W 2i Rk-jW- bQBi 2MpB`QM N8W /2 b� iQi�HBiûX SQm` `2bT2+i2` HǶû[mBHB#`2 2i H2b
T`BM+BT2b `û;H2K2Mi�B`2b bi`B+i2b- H2 #m/;2i Q#ûBi ¨ ?mBib U3V ;`�M/ T`BM+BT2b /û}MBb T�` H2 `û;H2K2Mi }M�M+B2`
/2 kyyk 2i bmBi H2b KQ/�#HBiûb /Ƕ2tû+miBQM �/QTiû2b T�` H� *QKKbBQM 1m`QTû2MM2X �mi`2K2Mi /Bi- H2 #m/;2i
2m`QTû2M 2bi `û;B T�` H2b +`Biĕ`2b bmBp�Mib ,

Ç HǶmMB+Biû 2i /2 pû`Biû #m/;ûi�B`2 , mM /Q+mK2Mi mMB[m2- bQmb 7Q`K2 /Ƕûi�ib }M�M+B2`b- `�bb2K#H2
HǶBMiû;`�HBiû /2b /ûT2Mb2b 2i /2b `2+2ii2b c

Ç HǶmMBp2`b�HBiû , `ĕ;H2 /2 MQM@�z2+iBQM 2i /2 MQM@+QMi`�+iBQM c
Ç HǶ�MMm�HBiû , H2 #m/;2i 2bi pQiû TQm` mM �M 2M i2M�Mi +QKTi2 /2b T2`bT2+iBp2b }M�M+Bĕ`2b ûi�#HB2b T�`

H2 +�/`2 THm`B�MMm2H c
Ç HǶû[mBHB#`2 , H2b T`ûpBbBQMb /2b `2+2ii2b 2i /2b /ûT2Mb2b /QBp2Mi āi`2 mM D2m ¨ bQKK2 MmHH2 c
Ç H� bTû+B�HBiû /2b /ûT2Mb2b , H2b /ûT2Mb2b bQMi /2biBMû2b ¨ mM #mi bTû+B}[m2 2i M2 T2mp2Mi āi`2 miBHBbû2b

[mǶ¨ b2b }Mb c
Ç H2 T`BM+BT2 /2 #QMM2 ;2biBQM }M�M+Bĕ`2 , /2b Q#D2+iB7b }M�M+B2`b pû`B}�#H2b /QBp2Mi āi`2 KBb 2M

TH�+2 b2HQM H2b T`BM+BT2b /Ƕ2{+�+Biû- /Ƕû+QMQKB2 2i /Ƕ2{+B2M+2 c
Ç H2 T`BM+BT2 /2 i`�MbT�`2M+2 , HǶûi�#HBbb2K2Mi- HǶ2tû+miBQM 2i H� `2//BiBQM /m #m/;2i /QBp2Mi āi`2

i`�MbT�`2Mib T�` H� Tm#HB+�iBQM /2 +2 /2`MB2` 2i /2 b2b `2+iB}+�iBQMb c
Ç H2 T`BM+BT2 /ǶmMBiû /2 +QKTi2 , H2 #m/;2i bmBi mMB[m2K2Mi HǶmMBiû /2 KQMM�B2 2m`QTû2MM2- HǶ2m`Q

*2`i�BM2b 2t+2TiBQMb 2tBbi2Mi +QKK2 +2HH2b /Bi2b /m ǳ+?ĕ[m2 #`Bi�MMB[m2Ǵ T�` 2t2KTH2X 1M 2z2i- H2b /B7@
7û`2M+2b /2 +QMi`B#miBQM �m #m/;2i 2i /2 ǳ`2iQm`Ǵ 2Mi`2 úi�ib K2K#`2b �v�Mi ûiû Dm;û2b 2t+2bbBp2b T�`
+2`i�BMb T�vb- /2b ǳKû+�MBbK2b /2 +QKT2Mb�iBQMǴ QMi ûiû BMbi�m`ûb- KQ/B}�Mi T�`7QBb /2 K�MBĕ`2 BKTQ`i�Mi2
H� TQM/û`�iBQM /2b +QMi`B#miBQMb M�iBQM�H2b ,

Ç +Q``2+iBQM #`Bi�MMB[m2 , H� /Bzû`2M+2 2Mi`2 +2 [m2 H2 _Qv�mK2@lMB p2`b2 2i `2ÏQBi 2bi +QKT2Mbû2 ¨
ee WX G2 +�H+mH `2TQb2 bm` H2 _L" 2i H� ho� /m T�vb c

Ç p2`b2K2Mi /2 KQMi�Mib 7Q`7�Bi�B`2b �mt S�vb@"�b 2i ¨ H� amĕ/2 c
Ç i�mt /Ƕ�TT2H `û/mBib /2 H� ho� TQm` H2b S�vb@"�b- H� amĕ/2- HǶ�HH2K�;M2 2i HǶ�mi`B+?2X

SQm` i2`KBM2`- TQm` H� /2`MBĕ`2 Tû`BQ/2 THm`B�MMm2HH2 UkyR9@kykyV- H2 #m/;2i 1m`QTû2M � ûiû }tû ¨ Ny3-9
KBHHB�`/b /Ƕ2m`Qb- /QMi `2bT2+iBp2K2Mi R9j-N 2i R8d-N KBHHB�`/b /Ƕ2m`Qb TQm` kyRe 2i kyRdX *2b bQKK2b �TT�@
`�Bbb2Mi ûMQ`K2b- K�Bb M2 `2T`ûb2Mi2Mi }M�H2K2Mi [mǶ2MpB`QM y-38 +2MiBK2 /Ƕ2m`Qb T�` 1m`QTû2Mb T�` DQm`bX

ke



1M i2`K2 /2 `ûT�`iBiBQMb- H2 #m/;2i 2bi H2 THmb ;ûMû`�H2K2Mi /BpBbû 2Mi`2 e ;`�M/b /QK�BM2b , URV +`QBbb�M+2
/m`�#H2 U`2bbQm`+2b M�im`2HH2bV- UkV bû+m`Biû 2i +BiQv2MM2iû- UjV HǶ1m`QT2 /�Mb H2 KQM/2- U9V HǶ�/KBMBbi`�iBQM-
U8V H2b BMbi`mK2Mib bTû+B�mt- 2i- }M�H2K2Mi 2i MQM /2b KQBM/`2b UeV H� +`QBbb�M+2 BMi2HHB;2Mi2 2i BM+HmbBp2
U+Ƕ2bi@¨@/B`2 H� +Q?ûbBQM û+QMQKB[m2- bQ+B�H2 2i i2``BiQ`B�H2 �BMbB [m2 H� +QKTûiBiBpBiû TQm` H� +`QBbb�M+2 2i
HǶ2KTHQBVX
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aQm`+2 , 1m`Qbi�i- AMbiBimi bi�iBbiB[m2 /2 HǶlMBQM 1m`QTû2MM2 UkyRdV

oQmb i`Qmp2`2x B+B H2 #m/;2i 2m`QTû2M /2 +?�[m2 T�vb 2M i2`K2 /2 /ûT2Mb2 2i /2 +QMi`B#miBQM TQm` +?�[m2
�MMû2bj

RXRX8 G2b T`Q+û/m`2b /û+BbBQMM2HH2b

.�Mb H2 +�/`2 /2 HǶlMBQM 2m`QTû2MM2- H2b T`Q+û/m`2b /û+BbBQMM2HH2b T2mp2Mi āi`2 bûT�`û2b 2M i`QBb +�iû;Q`B2b
/BbiBM+i2b T�` HǶ?BbiQB`2 , H2b T`Q+û/m`2b /û+BbBQMM2HH2b bmT`�M�iBQM�H2b- H2b T`Q+û/m`2b /û+BbBQMM2HH2b BMi2`@
;Qmp2`M2K2Mi�H2b- TmBb H� T`Q+û/m`2 #m/;ûi�B`2X

G2b T`Q+û/m`2b /û+BbBQMM2HH2b /2 ivT2 bmT`�M�iBQM�H 7QMi `û7û`2M+2 �mt /û+BbBQMb [mB bQMi T`Bb2b T�` HǶlMBQM
2m`QTû2MM2 +QM+2`M�Mi H2b +QKTûi2M+2b /Bi2b ǳ2t+HmbBp2bǴ 2ifQm H2b +QKTûi2M+2b /Bi2b ǳT�`i�;û2bǴ /2 HǶlMBQM-
bQBi +2HH2b /QMi H2b úi�ib K2K#`2b QMi �++2Tiû /2 i`�Mb7û`2` BMiû;`�H2K2Mi @ Qm MQM @ �m TQmpQB` /2 HǶlMBQM
2m`QTû2MM2X �BMbB- HǶlMBQM 2m`QTû2MM2 BMbiBimiBQMM�HBbû2 T2mi T`2M/`2 /2b /û+BbBQMb +QMi`�B;M�Mi2b /2 ivT2
bmT`�M�iBQM�H /�Mb H2m`b T`Q+û/m`2b Hû;BbH�iBp2b 2i 2tû+miBp2b- /�Mb H2b T`Q+û/m`2b #m/;ûi�B`2b- /�Mb H2b

joQmb i`Qmp2`2x ¨ +2 HB2M r2# H2 #m/;2i 2m`QTû2M /2 +?�[m2 T�vb 2M i2`K2 /2 /ûT2Mb2 2i /2 +QMi`B#miBQM TQm` +?�[m2 �MMû2b-
?iiT,ffrrrX2m`QT�`HX2m`QT�X2mf2ti2`M�Hf?iKHf#m/;2i�i�;H�M+2f/27�mHin7`X?iKH
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T`Q+û/m`2b /2 MQKBM�iBQM 2i /�Mb H2b T`Q+û/m`2b [m�bB +QMbiBimiBQMM2HH2bX
*2b /û+BbBQMb bQMi T`BM+BT�H2K2Mi T`Bb2b b2HQM H� ǳT`Q+û/m`2 Hû;BbH�iBp2 Q`/BM�B`2Ǵ USGP c �`iB+H2 kN9 /m h6l1-
h`�Biû /2 6QM+iBQMM2K2Mi /2 HǶlMBQM 2m`QTû2MM2VX *2ii2 /2`MBĕ`2 T`Q+û/m`2 � ûiû BMi`Q/mBi2 T�` H2 h`�Biû
/2 J��bi`B+?i bQmb H2 i2`K2 /ûbQ`K�Bb +�/m+ /2 ǳ+Q/û+BbBQMǴX "�bû2 bm` HǶû[mBHB#`2 /m i`B�M;H2 BMbiBimiBQMM2H-
H� SGP T`ûpQBi , URV H2 KQMQTQH2 /m /`QBi /ǶBMBiB�iBp2 /2 H� *QKKBbbBQM 2m`QTû2MM2 UkV H2 `2+Qm`b ;ûMû`�H
�m pQi2 ¨ H� K�DQ`Biû [m�HB}û2 �m b2BM /m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 2i UjV H� T�`iB+BT�iBQM /m S�`H2K2Mi
2m`QTû2M /�Mb H� T`Q+û/m`2 Hû;BbH�iBp2- 2M i�Mi [m2 +Q@Hû;BbH�i2m` bQmb H2 T`BM+BT2 /2 H� K�DQ`Biû �#bQHm2 T�`
KQ/2 /2 b+`miBMX �mDQm`/Ƕ?mB- H� SGP 2bi H2 KQ/2 /û+BbBQMM2H H2 THmb +Qm`�Mi TQm` �/QTi2` H� Hû;BbH�iBQM /2
HǶlMBQM 2m`QTû2MM2- /Ƕ�mi�Mi THmb [mǶ�p2+ H2 i`�Biû /2 GBb#QMM2 mM2 [m�`�Mi�BM2 /2 MQmp2�mt /QK�BM2b bQMi
T�bbûb bQmb +2ii2 T`Q+û/m`2 Hû;BbH�iBp2 Q`/BM�B`2X

1M K�iBĕ`2 /2 T`Bb2 /2 /û+BbBQM bm` /2b bmD2ib 2i /2b +QKTûi2M+2b /2 ivT2 BMi2`;Qmp2`M2K2Mi�H- H� T`Q+û/m`2
�TTHB[mû2 2bi Hû;ĕ`2K2Mi /Bzû`2Mi2 /2 +2HH2 [mB T`ûp�mi TQm` H2b /û+BbBQMb /ǶQ`/`2 bmT`�M�iBQM�H- MQi�KK2Mi
2M i2`K2 /2 Hû;BbH�iBQMX *2 ivT2 /2 /û+BbBQM /ǶQ`/`2 BMi2`;Qmp2`M2K2Mi�H iQm+?2 T`BM+BT�H2K2Mi H� TQHBiB[m2
ûi`�M;ĕ`2 2i /2 bû+m`Biû +QKKmM2- �BMbB [m2 THmbB2m`b �mi`2b /QK�BM2b i2Hb [m2 H2b +QQTû`�iBQMb `2M7Q`+û2b-
H2b T`Q+û/m`2b /2 MQKBM�iBQMb- H2b T`Q+û/m`2b /2 KQ/B}+�iBQMb 2i /2 `ûpBbBQMb /2b i`�Biûb- 2i+X �BMbB- H�
+QQTû`�iBQM 2i HǶBKTHB+�iBQM /2b úi�ib K2K#`2b bQMi H2 THmb ;ûMû`�H2K2Mi `2M7Q`+û2b /�Mb +2b /QK�BM2bX
�mi`2K2Mi /Bi- H2 T`Q+2bbmb /û+BbBQMM2H 2bi H2 THmb bQmp2Mi +2HmB /m T`BM+BT2 /2 HǶmM�MBKBiû 2i /2 H� K�DQ`Biû
[m�HB}û2X .�Mb +2`i�BMb +�b T�`iB+mHB2`b- �mi`2K2Mi /Bi- HQ`b[m2 H� /û+BbBQM +QM+2`M2 mM2 T`QTQbBiBQM MB bQmKBb2
T�` H� *QKKBbbBQM 2m`QTû2MM2 MB T�` H2 ?�mi `2T`ûb2Mi�Mi /2 HǶlMBQM- +Ƕ2bi H� /Qm#H2 K�DQ`Biû [m�HB}û2 [mB 2bi
�TTHB[mû2X S�` 2t2KTH2- bmBi2 ¨ H� +`Bb2 û+QMQKB[m2 /2 kyy3 - H2b 2MD2mt /2 H� +`Bb2 /2 H� /2ii2 Tm#HB[m2 QMi
�m;K2Miû H2 `2+Qm`b ¨ +2b Kû+�MBbK2b /2 T`Bb2 /2 /û+BbBQM- MQi�KK2Mi TQm` H� KBb2 2M TH�+2 /ǶmM 2Mb2K#H2
/2 TH�Mb /Ƕ�B/2 TQm` H2b úi�ib K2K#`2b [mB `2M+QMi`2Mi /2b /B{+mHiûb }M�M+Bĕ`2b U2t2KTH2 /2 H� :`ĕ+2VX

6BM�H2K2Mi- /2TmBb H2b i`�Biûb /2 RNdy 2i /2 RNd8- H2 `ƬH2 /m S�`H2K2Mi /�Mb H� T`Q+û/m`2 #m/;ûi�B`2 bǶ2bi
T`Q;`2bbBp2K2Mi `2M7Q`+ûX G2 h`�Biû /2 GBb#QMM2 UkyyNV � TH�+û H2 S�`H2K2Mi 2i H2 *QMb2BH bm` mM TB2/
/Ƕû;�HBiû TQm` HǶ�/QTiBQM /2 H� iQi�HBiû /m #m/;2i /2 HǶlMBQM 2m`QTû2MM2X
�BMbB- H� T`Q+û/m`2 #m/;ûi�B`2 b2 /û`QmH2 2M [m�i`2 U9V ûi�T2b +H27bX G� T`2KBĕ`2- H2 T`QD2i /2 #m/;2i-
+QMbBbi2 TQm` +?�[m2 BMbiBimiBQM /2 HǶlMBQM 2m`QTû2MM2 ¨ /`2bb2` b2b T`ûpBbBQMb /2 #m/;2i- 2i +2 �p�Mi H2
R2` DmBHH2iX S�` H� bmBi2- H� *QKKBbbBQM 2m`QTû2MM2 2i b2b 2tT2`ib bQMi +?�`;ûb /2 bvMi?ûiBb2` H2b T`ûpBbBQMb
/�Mb mM /Q+mK2Mi [mB b2`� T`ûb2Miû THmb i�`/ �m S�`H2K2Mi 2m`QTû2M 2i �m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2
, H2 #m/;2i 2m`QTû2MX aǶ2M bmBi �HQ`b +QKK2 /2mtBĕK2 ûi�T2 , H2 TQbBiBQMM2K2Mi /m *QMb2BH /2 HǶlMBQM
2m`QTû2MM2X *2 /2`MB2` 2bi �BMbB H� T`2KBĕ`2 BMbiBimiBQM [mB �TTQ`i2 mM Dm;2K2Mi bm` H2 T`QD2i /2 #m/;2i
�MMm2HX aǶBH HǶ�/QTi2- 2i +2 �p�Mi H2 R2` Q+iQ#`2- BH /û+B/2 �HQ`b /2 H� KQiBp2` 2i /2 H� i`�MbK2ii`2 �m S�`H2K2Mi
2m`QTû2M pB� mM2 2t�KBM�iBQM 2i mM2 T`ûT�`�iBQM T`û�H�#H2 /2 H� +QKKBbbBQM /2b #m/;2ibX 1M i`QBbBĕK2 HB2m-
2i bmBi2 �m i`�Mb72`i- H2 S�`H2K2Mi 2m`QTû2M /BbTQb2 �HQ`b /2 9k DQm`b TQm` �TT`Qmp2` Qm �K2M/2` H� TQbBiBQM
/m *QMb2BH b2HQM H2 T`BM+BT2 /2 H� K�DQ`Biû �#bQHm2 /2 b2b K2K#`2bX G2 pQi2 b2 7�Bi #B2M 2Mi2M/m HQ`b /ǶmM2
bû�M+2 THûMBĕ`2 /�Mb HǶ?ûKB+v+H2X aǶ2M bmBp2Mi �HQ`b /2mt T`Q+û/m`2b b2`p�Mi /2 [m�i`BĕK2b ûi�T2b +H27b /m
T`Q+2bbmbX .Ƕ�#Q`/ bB H2 S�`H2K2Mi �TT`Qmp2 @ Qm `27mb2 /2 bi�im2` @ 2M i2KTb pQmHm H� TQbBiBQM /m *QMb2BH-
H2 T`QD2i /2 #m/;2i 2bi �HQ`b `ûTmiû �/QTiû 2i b2`� KBb 2M TH�+2 TQm` H� T`Q+?�BM2 �MMû2X aB +2 /2`MB2` H2
`ûpQ[m2 T�` �K2M/2K2Mi- �HQ`b H2 T`QD2i KQ/B}û 2bi `2i`�MbKBb �m *QMb2BH 2i H2 T`ûbB/2Mi /m S�`H2K2Mi
�TT2HH2 �m +QKBiû /2 +QM+BHB�iBQMX *2 /2`MB2` +QKBiû `ûmMBi mM MQK#`2 û;�H /2 T�`H2K2Mi�B`2 2i /2 +QMb2BHH2`
2m`QTû2M [mB /BbTQb2Mi /2 kR DQm`b TQm` �#QmiB` ¨ mM T`QD2i #m/;ûi�B`2 +QKKmMX 6BM�H2K2Mi- bB H2 +QKBiû

k3



/2 +QM+BHB�iBQM T�`pB2Mi ¨ mM �++Q`/- H2 S�`H2K2Mi 2i H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 QMi �HQ`b mM /ûH�B /2
[m�iQ`x2 DQm`b TQm` �TT`Qmp2` H2 T`QD2i +QMDQBMi2K2MiX *Ƕ2bi 2MbmBi2 H2 T`ûbB/2Mi /m S�`H2K2Mi [mB bB;M2 H2
#m/;2i 2i [mB H2 /û+H�`2 Q{+B2HH2K2Mi �/QTiûX aB H� +QM+BHB�iBQM û+?Qm2- H2 T`QD2i 2bi `û7miû 2i mM2 MQmp2HH2
T`QTQbBiBQM /2p`� āi`2 T`ûT�`û2 2i T`ûb2Miû2 T�` H� *QKKBbbBQM 2m`QTû2MM2X

kN
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RXRXe GǶlMBQM 2m`QTû2MM2 ¨ HǶBMi2`M�iBQM�H 2i b2b `2H�iBQMb T`BpBHû;Bû2b

�p2+ mM2 T`ûb2M+2 bm` iQmb H2b +QMiBM2Mib /2 T�` bQM `ûb2�m /2 RjN /ûHû;�iBQMb- [m2 HǶQM T2mi +QKT�`2` ¨ /2b
�K#�bb�/2b 2i [mB H� `2T`ûb2Mi2 �mT`ĕb /2b úi�ib ?Ƭi2b K�Bb �mbbB �mT`ĕb /2b Q`;�MBb�iBQMb BMi2`M�iBQM�H2b
UPLl- PJ*- 6�P- Pa*1V- HǶlMBQM 2m`QTû2MM2 2bi mM2 /2b 7Q`+2b /BTHQK�iB[m2b H2b THmb T`ûb2Mi2b bm` H�
b+ĕM2 BMi2`M�iBQM�H2X *2T2M/�Mi- +2ii2 TmBbb�M+2 2bi HQBM /2 MǶāi`2 [m2 /BTHQK�iB[m2X 1M 2z2i- 2HH2 /ûTHQB2
/�Mb H2b T�vb 2M +QM~Bi Qm 2M T?�b2 /ǶBMbi�#BHBiû Uû+QMQKB[m2- bQ+B�H2- Qm 2MpB`QMM2K2Mi�H2V /2b KBbbBQMb
+BpBH2b- KBHBi�B`2b Qm KBti2b- +QKK2 2M aQK�HB2X 1M 2t2KTH2 T2mi āi`2 +Biû H� KBbbBQM /2 +QMb2BH 2i /Ƕ�bbBbi�M+2
KBHBi�B`2 2M _ûTm#HB[m2 .ûKQ+`�iB[m2 /m *QM;Q- H� KBbbBQM �m J�HB TQm` bQmi2MB` H2b i`QmT2b 7`�MÏ�Bb2b- H�
KBbbBQM KBHBi�B`2 2M *2Mi`2 �7`B[m2 URyyy bQH/�ib 2M kyR9V TQm` �B/2` ¨ `ûi�#HB` H� bû+m`Biû /�Mb H2 T�vb- 2i
}M�H2K2Mi H2b KBbbBQMb /ǶQ#b2`p�iBQMb ûH2+iQ`�H2b /�Mb e T�vb U>QM/m`�b- J�HB- EQbQpQ- LûT�H- :mBMû2 2i
J�/�;�b+�`V 2M kyR9X 1M THmb /ǶQ#b2`p2`- HǶ1m`QT2 T2mi �mbbB �TTQ`i2` �bbBbi�M+2 �mt T�vb TQm` �bbm`2` H2
#QM 7QM+iBQMM2K2Mi /ǶmM2 ûH2+iBQMX *Ƕ2bi H2 KQv2M TQm` HǶlMBQM /Ƕ2tTQ`i2`- i`�Mb7û`2` 2i T�`i�;2` b2b B/û�mt
2M i2`K2 /2 +mHim`2 /ûKQ+`�iB[m2 2i /2 `2bT2+i /2b /`QBib /2 HǶ>QKK2X

S�` �BHH2m`b- HǶlMBQM 2m`QTû2MM2 �bbm`2 b� T`ûb2M+2 /�Mb H2 KQM/2 pB� #B2M /Ƕ�mi`2b +�M�mtX S�` 2t2KTH2-
T�` HǶ�B/2 ?mK�MBi�B`2 2z2+im2` T�` HǶBMi2`Kû/B�B`2 /2 HǶP{+2 1m`QTû2M TQm` HǶ�B/2 >mK�MBi�B`2 Uú*>PVX
*2i Q{+2 �;Bi /�Mb THmb /2 9y T�vb /�Mb H2 KQM/2 pB� /2b T�`i2M�`B�ib �p2+ THmb /2 kyy PL: U/QMi Pt7�K-
�+iBQM +QMi`2 H� 7�BK- J2/2+BM b�Mb 7`QMiBĕ`2- 2i+XV �TTQ`i�Mi HǶ�B/2 Mû+2bb�B`2 /Ƕm`;2M+2 2ifQm /2 HQM;m2
/m`û2X �p2+ R-N KBHHB�`/ /Ƕ2m`Qb /Ƕ�B/2 i`�Mb7û`û2- bQBi 2MpB`QM RyW /2 HǶ�B/2 ?mK�MBi�B`2 KQM/B�H2- HǶlMBQM
2m`QTû2MM2 2bi H2 THmb ;`�M/ #�BHH2m` /2 7QM/b TQm` +2 [mB 2bi /2 HǶ�B/2 /Bbi`B#mû2 ¨ i`�p2`b H� TH�Mĕi2X
.2`MBĕ`2K2Mi- HǶlMBQM � /Ƕ�BHH2m`b KQ#BHBbû mM iQi�H /2 eR8 KBHHBQMb /Ƕ2m`Qb TQm` p2MB` 2M �B/2 �mt pB+iBK2b
/m +QM~Bi 2i `2H�M+2` H� +QMbi`m+iBQM /m T�vb 2M av`B2 bmBi2 ¨ H� ;m2``2X

�mbbB- 2i 2M /2?Q`b /2 b2b �+iBQMb BM/BpB/m2HH2b- HǶlMBQM 2m`QTû2MM2 2bi TQm`pm2 /m bi�imi /2 K2K#`2 Qm
/ǶQ#b2`p�i2m` /�Mb H� K�DQ`Biû /2b BMbiBimiBQMb Qm Q`;�MBbK2b BMi2`M�iBQM�mtX *2ii2 TH�+2 bm` H� b+ĕM2 BMi2`@
M�iBQM�H2 HmB 2bi i`�Mb7û`û2 T�` bQM bi�imi /2 T2`bQMM2 KQ`�H2 bmB ;2M2`Bb /2 /`QBi BMi2`M�iBQM�HX �BMbB- 2HH2 �
H2 iBi`2 /ǶQ#b2`p�i2m` /2 HǶP`;�MBb�iBQM /2b L�iBQMb lMB2b UPLlV- Qɍ 2HH2 2bi /Ƕ�BHH2m`b H2 /QM�i2m` }M�M+B2`
H2 THmb BKTQ`i�Mi TQm` H2 K�BMiB2M /2 H� T�Bt 2i HǶ�KûHBQ`�iBQM /2 H� +QM/BiBQM ?mK�BM2 U`2T`ûb2Mi�Mi ¨ 2HH2
b2mH2 ¨ T2m T`ĕb j3W /m #m/;2i �MMm2H /2 HǶPLlVX S�` �BHH2m`b- HǶlMBQM 2m`QTû2MM2 DQmBi �mbbB /ǶmM TQbBiBQM@
M2K2Mi 7�pQ`Bbû 2i 2Mi`2iB2Mi /2b `2H�iBQMb T`BpBHû;Bû2b �p2+ H2b �mi`2b Q`;�MBb�iBQMb /m +QMiBM2Mi 2m`QTû2Mb-
2M T�`iB+mHB2` HǶ�bbQ+B�iBQM 1m`QTû2MM2 /m GB#`2@ú+?�M;2 U�1G1V- HǶ1bT�+2 ú+QMQKB[m2 1m`QTû2M U111V
2i H2 *QMb2BH /2 HǶ1m`QT2X

GǶlMBQM 2m`QTû2MM2 2bi /QM+ HǶmM /2b Q`;�M2b BMbiBimiBQMM2Hb H2b THmb �p�M+ûb /�Mb H2 KQM/2 2M i2`K2
/ûKQ+`�iB[m2 2i /2 T�Bt �BMbB [m2 HǶQ`;�MBbK2 [mB �TTQ`i2 H2 THmb /Ƕ�B/2 �m bQmiB2M /2 HǶ?mK�MBiûX *2`i2b +2b
/2`MBĕ`2b bQMi #B2M i`QT /Bb+`ĕi2b- K�Bb 2HH2b /ûKQMi`2Mi Mû�MKQBMb b� TQbBiBQM /Ƕ�+i2m` K�D2m` /2 H� b+ĕM2
BMi2`M�iBQM�H2 2i bQM TQmpQB` /2 ;`�M/2 BM~m2M+2 bm` H2 /ûp2HQTT2K2Mi BMi2`M�iBQM�HX S�` 2t2KTH2- /�Mb H2b
Mû;Q+B�iBQMb +HBK�iB[m2b BMi2`M�iBQM�H2b Qm /�Mb H� Hû;BbH�iBQM bQ+B�H2 2i /2 b�Miû- HǶlMBQM 2m`QTû2MM2 M2 +2bb2
/Ƕāi`2 HǶQ`;�M2 BMbiBimiBQMM2H [mB /QMM2 HǶ2t2KTH2 2M BKTQb�Mi MQi�KK2Mi /2b K2bm`2b i`ĕb +QMi`�B;M�Mi2b
¨ b2b úi�ib K2K#`2b U2t2KTH2, H2 T�[m2i +HBK�i@ûM2`;B2- �mi`2K2Mi /Bi H� `ĕ;H2 /2b kyW /2 /BKBMmiBQM /ǶB+B
kyky TQm` iQmb H2b ûi�ib K2K#`2bVX
.ǶmM TQBMi /2 pm2 û+QMQKB[m2- HǶlMBQM 2m`QTû2MM2 TQbbĕ/2 �mbbB mM TQmpQB` /ǶBM~m2M+2 K�D2m`X �p2+ bQM
K�`+?û mMB[m2 UT`BM+BT2 /2b 9 HB#`2b +B`+mH�iBQMb , T2`bQMM2b- K�`+?�M/Bb2b- b2`pB+2b 2i +�TBi�mtV- HǶlMBQM
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2m`QTû2MM2 2bi HǶû+QMQKB2 KQM/B�H2 H� THmb 7Q`i2X 1M 2z2i- +Ƕ2bi H2 THmb ;`�M/ K�`+?û �p2+ THmb /2 8yy KBHHBQMb
/2 +QMbQKK�i2m`bX *Ƕ2bi �mbbB H� T`2KBĕ`2 TmBbb�M+2 +QKK2`+B�H2- +QKTi�Mi T`ĕb /2 R8W /2b 2tTQ`i�iBQMb
/2 #B2Mb 2i /2 K�`+?�M/Bb2b �BMbB [m2 T`ĕb /2 k8W /2b 2tTQ`i�iBQMb /2 b2`pB+2b- 2i +2 /2p�Mi H� *?BM2 2i H2b
úi�ib@lMBbX 1M kyRk /Ƕ�BHH2m`b- HǶlMBQM 2m`QTû2MM2 ûi�Bi H2 T`2KB2` T�`i2M�B`2 +QKK2`+B�H /2b û+QMQKB2b
ûK2`;û2b UAM/2- H� *?BM2- H2 "`ûbBHVX *2T2M/�Mi- K�H;`û b� TQbBiBQM /Ƕû+QMQKB2 KQM/B�H2 H2�/2`- HǶlMBQM
`2+mH2 2M +2 [mB ¨ i`�Bi ¨ b� 7Q`+2 +QKK2`+B�H2X 1M 2z2i- b� T�`i KQM/B�H2 /Ƕ2tTQ`i�iBQMb /2 b2`pB+2b 2i /2
#B2Mb 2bi 2M /BKBMmiBQMX hQmi +QKK2 �mt úi�ib@lMBb- 2Mi`2 kyy9 2i kyRk- H� T�`i /Ƕ2tTQ`i�iBQM /2 b2`pB+2b 2i
/2 #B2M /2 HǶlMBQM 2m`QTû2MM2 2bi T�bbû2- `2bT2+iBp2K2Mi- /2 R3W 2i k3W ¨ R8W 2i k8WX *2i �z�B#HBbb2K2Mi
/2 H� #�H�M+2 +QKK2`+B�H2- 2i /QM+ û+QMQKB[m2- 2bi /ȿ T`BM+BT�H2K2Mi ¨ j 7�+i2m`b , URV H� +`Bb2 /2 kyy3- UkV
H� #�Bbb2 /2 +QKTûiBiBpBiû /2b 2Mi`2T`Bb2b 2m`QTû2MM2b- 2i UjV H� T`Q;`2bbBQM /2b û+QMQKB2b ûK2`;2Mi2b [mB
T`2MM2Mi /2 THmb 2M THmb /2 T�`ib bm` H2 K�`+?ûX

6BM�H2K2Mi- H2 THmb ;`�M/ bvK#QH2 2i `2T`ûb2Mi�Mi /2 HǶ1m`QT2 2i /2 bQM lMBQM bm` H� b+ĕM2 BMi2`M�iBQM�H2
2bi #2H 2i #B2M b� KQMM�B2 , HǶ1m`QX 1M 2z2i- /2TmBb b� +`û�iBQM 2i b� KBb2 2M +B`+mH�iBQM U/2 RNNN ¨ kyykV-
HǶ1m`Q bǶ2bi BKTQbû /�Mb HǶû+QMQKB2 KQM/B�H2X �mDQm`/Ƕ?mB- +2 bQMi RdW /2b i`�Mb�+iBQMb [mB bǶ2z2+im2Mi 2M
2m`QX �mbbB- 2HH2 2bi H� T`2KBĕ`2 KQMM�B2 }/m+B�B`2 KQM/B�H2 ¨ āi`2 û+?�M;û2 2i `2T`ûb2Mi2 �BMbB �mDQm`/Ƕ?mB
T`ĕb /2 k8W /2b `ûb2`p2b KQM/B�H2b /2 +?�M;2bX

1M bQKK2- �mDQm`/Ƕ?mB HǶlMBQM 2m`QTû2MM2 `2T`ûb2Mi2 jW /2b bmT2`}+B2b /2 i2``2b ûK2`;û2b- dW /2 H�
TQTmH�iBQM KQM/B�H2- K�Bb T`ĕb /2 kyW /m SA" 2M SS� KQM/B�H US`Q/mBi AMiû`B2m` "`mi 2M S�`Biû /2 SQmpQB`
/Ƕ�+?�iV �p2+- /2 THmb- mM /2b MBp2�mt /2 pB2 /2b THmb ûH2pûb ¨ i`�p2`b H� TH�Mĕi2 Uk9 8yy 2m`Qb /2 SA" 2M
SS� T�` ?�#Bi�ib +QMi`2 3 Nyy 2m`Qb TQm` H� KQv2MM2 KQM/B�H2VX *2T2M/�Mi- K�H;`û iQmi2b H2b �p�M+û2b
2i H2b TH�+2b /2 T`2KB2` `�M; �mt[m2HH2b 2HH2 b2 TQbBiBQMM2 U/`QBib BM/BpB/m2Hb 2i �mt HB#2`iûb 7QM/�K2Mi�H2b-
Kû+�MBbK2b /2 T`Qi2+iBQM /2 H� T2`bQMM2b- 2i+XV H2b +`BiB[m2b /2 HǶlMBQM 2m`QTû2MM2 2i HǶ2m`Qb+2TiB+BbK2
`ûbQMM2Mi /2 THmb 2M THmb 7Q`i 2M bQM b2BMX SQm`i�Mi- +2ii2 lMBQM 2bi H2 T`QD2i TQHBiB+Q@û+QMQKB[m2 H2 THmb
�p�M+û �m KQM/2 2M i2`K2 /Ƕû+QMQKB2- /2 T�`Biû 2i /2 #B2M@āi`2 bQ+B�H �BMbB [mǶ2M i2`K2 /2 `2bT2+i û+QHQ;B[m2
/2 HǶ2MpB`QMM2K2MiX
�BMbB- HǶlMBQM 2m`QTû2MM2 2t2`+2 mM i`ĕb 7Q`i �ii`�Bi +?2x HǶ2Mb2K#H2 /2b T�vb /m KQM/2 [mB MǶ2M 7QMi
T�b T�`iB2 2i 2M T�`iB+mHB2` +?2x b2b pQBbBMb H2b THmb T`Q+?2bX SQm` +QMiBMm2` b� T`Q;`2bbBQM BMi2`M�iBQM�H2
p2`b H� T�Bt 2i H� +`QBbb�M+2 /m #QM?2m` +QHH2+iB7- HǶlMBQM 2m`QTû2MM2- 2M THmb /2 b2b �B/2b BMi2`M�iBQM�H2b-
/ûp2HQTT2 2i /ûTHQB2 /2b TQHBiB[m2b /2 pQBbBM�;2b T�`iB+mHBĕ`2b b2HQM H� +QM};m`�iBQM `û;BQM�H2X S�` 2t2KTH2-
T2mp2Mi āi`2 +Biûb H� TQHBiB[m2 2m`QTû2MM2 /2 pQBbBM�;2- HǶmMBQM TQm` H� Kû/Bi2``�Mû2- H� bvM2`;B2 /2 H�
K2` MQB`2 2i H2 T�`i2M�`B�i Q`B2Mi�HX *2b /Bzû`2Mi2b TQHBiB[m2b QMi TQm` #mi /2 `2M7Q`+2` T`Q;`2bbBp2K2Mi
H� +QQTû`�iBQM 2i H2b HB2Mb 2Mi`2 HǶlMBQM 2i H2b úi�ib /m `2bi2 /m KQM/2- [mǶBHb bQB2Mi +�M/B/�ib Qm MQM ¨
HǶ2Mi`û2 /�Mb HǶlMBQMX *2H� +QMbBbi2 T`BM+BT�H2K2Mi T�` H2b ûi�T2b /2 T`Q;`2bbBQM /2 HǶBMiû;`�iBQM û+QMQKB[m2
UHB#û`�HBb�iBQM /2b û+?�M;2bV- K�Bb �mbbB T�` H� T`Qi2+iBQM /2 HǶ2MpB`QMM2K2Mi- H� `ûbQHmiBQM /2b +QM~Bib- H�
i`�MbT�`2M+2 TQHBiB[m2- H2 `2bT2+i /2b /`QBib /2 HǶ?QKK2 2i }M�H2K2Mi mM �TTmB2 }M�M+B2` MQM Mû;HB;2�#H2
T`Qp2M�Mi /2 HǶlMBQM 2m`QTû2MM2X
SQm` }MB`- HǶlMBQM 2m`QTû2MM2 �/QTi2 /QM+ /2mt TQbBiBQMb #B2M T`û+Bb2b bm` H� b+ĕM2 BMi2`M�iBQM�H2 , URV +2HH2
/2 HǶ�B/2 2i /m bQmiB2M �m /ûp2HQTT2K2Mi û+QMQKB[m2- bQ+B�H- 2MpB`QMM2K2Mi�H 2i /2 H� T�Bt- 2i UkV +2HH2 /2
HǶ�ii`�BiX *2 bQMi +2b /2`MBĕ`2b [mB HmB p�H2Mi �mDQm`/Ƕ?mB b� `2MQKKû2 2i bQM TQmpQB` /ǶBM~m2M+2 bm` H� b+ĕM2
BMi2`M�iBQM�H2X
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RXk G� +QMbi`m+iBQM 2m`QTû2MM2 , H2b ûi�T2b /ǶBMiû;`�iBQM p2`b H� M�Bbb�M+2 /2
HǶû+QMQKB2 2m`QTû2MM2

"B2M [m2 b2b 7QM/2K2Mib 2i b2b T`2KBĕ`2b /ûK�`+?2b �B2Mi pm H2 DQm` T�` H2 KQmp2K2Mi /2b 7û/û`�HBbi2b
2m`QTû2Mb /m ss2 bBĕ+H2- HǶBMbTB`�iBQM 2m`QTû2MM2 THQM;2 b2b `�+BM2b /�Mb HǶ�MiB[mBiû ;`û+Q@`QK�BM2 2i �
MQm``B b� +`û�iBQM �m +Qm`b /2 MQK#`2mt �TT2Hb /2 HǶ?BbiQB`2- Qɍ H� 6`�M+2 � /Ƕ�BHH2m`b DQmû HǶmM /2b THmb
;`�M/b `ƬH2b 2M b2 T`ûb2Mi�Mi H2 THmb bQmp2Mi ¨ HǶ�p�Mi ;�`/2X .2 amHHv U}M /m so2 bBĕ+H2- KQ`i /2 >2M`B
AoV- [mB 2tTQb2 H2 T`QD2i /ǶmM ;Qmp2`M2K2Mi +QKKmM TQm` R8 T�vb /Ƕ1m`QT2- ¨ oB+iQ` >m;Q UR39NV [mB
�TT2HH2 �mt Ŀ úi�ib@lMBb /Ƕ1m`QT2 ŀ T2M/�Mi H2 *QM;`ĕb /2b �KBb /2 H� S�Bt- 2M T�bb�Mi T�` CQ?�MM2b
�Hi?mbBmb UReRjV- H2 T`2KB2` /û72Mb2m` /m 7û/û`�HBbK2- T�` HǶ�##û a�BMi@SB2``2- [mB `û/B;2 mM T`QD2i /2biBMû
¨ `2M/`2 H� T�Bt T2`Tûim2HH2 2M 1m`QT2- Qm 2M+Q`2 T�` a�BMi@aBKQM [mB T`QTQb2 HǶûi�#HBbb2K2Mi /ǶBMbiBimiBQMb
2m`QTû2MM2b `2;`QmTû2b �miQm` /ǶmM �t2 T`BpBHû;Bû 6`�M+Q@�M;H�Bb- H2b BMi2MiBQMb /2 #�iB` mM T`QD2i +QKKmM
¨ HǶû+?2HH2 /m +QMiBM2Mi 2m`QTû2M QMi ûiû MQK#`2mb2bX *2T2M/�Mi- +2b BMi2MiBQMb bQMi- iQmDQm`b Qm T`2b[m2-
`2biû2b /2 HǶQ`/`2 /2 HǶmiQTB2 2i MǶQMi 2m [m2 i`ĕb T2m /Ƕû+?Q Dmb[mǶ¨ H� bQ`iB2 /2 H� a2+QM/2 :m2``2 KQM/B�H2
2i H2 KQmp2K2Mi 7û/û`�HBbi2b /2 C2�M JQM2i- qBMbiQM *?m`+?BHH 2i _Q#2`i a+?mK�M- �mDQm`/Ƕ?mB #�TiBbûb
+QKK2 H2b Tĕ`2b 7QM/�i2m`b /2 HǶ1m`QT2X

RXkXR RNjy@RN99, H2b T`2KB2`b 2bb�Bb /ǶmM2 1m`QT2 mMB}û2

§ H� }M /2 H� S`2KBĕ`2 :m2``2 KQM/B�H2- 2i 7�+2 ¨ bQM #BH�M ?mK�BM 2i û+QMQKB[m2 +�i�bi`QT?B[m2- mM2
T`2KBĕ`2 p`�B2 i2Mi�iBp2 /ǶmMB}+�iBQM /m +QMiBM2Mi 2m`QTû2M 2bi Mû2X *Ƕ2bi �`BbiB/2 "`B�M/ 2M RNk9- KBMBbi`2
/2b �z�B`2b ûi`�M;ĕ`2b 7`�MÏ�Bb 2M 7QM+iBQM- [mB �TT2HH2 ¨ mM2 1m`QT2 mMB}û2 TQm` ûpBi2` H2 `2iQm` /ǶmM2
MQmp2HH2 +�i�bi`QT?2 ¨ HǶBK�;2 /2 +2ii2 ;m2``2 ûTQmp�Mi�#H2X *Ƕ2bi �BMbB [m2 H� iQmi2 T`2KBĕ`2 mMBQM /m
+QMiBM2Mi � pm H2 DQm` , H� iQmi2 D2mM2 a.L UaQ+Bûiû .2b L�iBQMbVX *2ii2 /2`MBĕ`2 bQmHĕp2 iQmi /2 KāK2
+2`i�BM2b BMi2``Q;�iBQMb 2M i2`K2 /2 `ûmbbBi2 TmBb[mǶ2HH2 �- /2 7�Bi 2i /ĕb H2 /ûT�`i- û+�`iû H2b �HH2K�M/b /m
T`Q+2bbmb /m +QM+2`i /2b M�iBQMb Dmb[mǶ2M RNke 2i H� bB;M�im`2 /m h`�Biû /2 GQ+�`MQ 2Mi`2 �`BbiB/2 "`B�M/
2i bQM ?QKQHQ;m2 �HH2K�M/ :mbi�p ai`2b2K�MMX

1M RNkN- H2b /2mt H2�/2`b /2 +2ii2 MQmp2HH2 1m`QT2 p2mH2Mi �HH2` THmb HQBM 2i Qmp`B` /2b pQB2b MQmp2HH2b TQm` H2
`�TT`Q+?2K2Mi /2b T2mTH2bX *Ƕ2bi �BMbB [mǶBHb T`QTQb2Mi- ¨ H� i`B#mM2 /2 H� a.L- H� +QMbi`m+iBQM /ǶmM2 lMBQM
6û/û`�H2 1m`QTû2MM2 [mB b2`� �++m2BHHB2 7�pQ`�#H2K2Mi T�` iQmb H2b K2K#`2bX *2T2M/�Mi- �p2+ HǶ�``Bpû2 /2 H�
T`2KBĕ`2 ;`�M/2 +`Bb2 û+QMQKB[m2 /2 RNkN 2i /m2 ¨ HǶBMi`�MbB;2�M+2 [m2 `2T`ûb2Mi�Bi HǶ2t+HmbBQM /2b �HH2K�M/b
�m +QM+2`i /2b M�iBQMb- +2 KûKQ`�M/mK b2`� i2Mm 2M û+?2+ 2i #�H�vû T�` H2 KQmp2K2Mi ;`�M/Bbb�Mi /Ƕ>BiH2`
2i /QM+ T�` H� a2+QM/2 :m2``2 KQM/B�H2X

J�H;`û HǶ2z`Qv�#H2 +QmT /Ƕû+H�i T`QpQ[mû T�` H� a2+QM/2 :m2``2 KQM/B�H2 2i H2 M�iBQM�HBbK2 [mB /û+?B`2
HǶ1m`QT2 iQmi 2MiBĕ`2- THmbB2m`b T2`bQMM2b- H2 THmb bQmp2Mi /2b ǳ/B`B;2�Mib pBbBQMM�B`2bǴ Qm 2M+Q`2 /2b BMi2H@
H2+im2Hb- +QMiBMm2Mi ¨ BK�;BM2` T2M/�Mi +2b �MMû2b /2 ;m2``2 H� +`û�iBQM /ǶmM2 1m`QT2 mMB2 TQm` H� T�Bt 2i
H2 #QM?2m` +QHH2+iB7X SQm` 2M +Bi2` [m2H[m2b@mMb , GQmBb2 q2Bbb- D2mM2 7ûKBMBbi2 BMi2HH2+im2HH2 2i `ûbBbi�Mi2-
7QM/2 2M RNR3 H� `2pm2 TQHBiB[m2 7`�MÏ�Bb2 2i BMi2`M�iBQM�H2 ǳGǶ1m`QT2 LQmp2HH2Ǵ c 2M RN9y- qBMbiQM *?m`+?BHH
T`QTQb2 HǶlMBQM 6`�M+Q@"`Bi�MMB[m2 c 2M RN9R HǶBi�HB2M �HiB2`Q aTBM2HHHB +QM/�KMû 2i /ûTQ`iû bm` HǶŗH2 /2 o2M@
iQi2M2 T�` H� /B+i�im`2 /2 JmbbQHBMB `û/B;2 �HQ`b mM K�MB72bi2 TQm` HǶ1m`QT2 mMB2 c 2M RN9k 2i RN9e- qBMbiQM
*?m`+?BHH mM2 MQmp2HH2 7QBb �p2+ H2 KûKQ`�M/mK bm` H2b ǳúi�ib@lMBb /Ƕ1m`QT2ǴX
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RXkXk RN98@RN8e, H2b Q`B;BM2b /2 HǶ1m`QT2 BMbiBimiBQMM2HH2

.2TmBb H2 bvK#QHB[m2 *QM;`ĕb /2 G� >�B2 U�TT2Hû �mbbB Ŀ *QM;`ĕb /2 HǶ1m`QT2 ŀV- H2 8 K�B RN93- H� +QM@
bi`m+iBQM 2m`QTû2MM2 2bi 2M K�`+?2 2i TQm`bmBi mM #mi +QKKmM T`BM+BT�H- [mB b2 `2i`Qmp2 /�Mb b2b T`BM+BT2b
2i Q#D2+iB7b 2M+Q`2 �mDQm`/Ƕ?mB , �bbm`2` HǶmMB}+�iBQM 2i H� T�Bt bm` H2 +QMiBM2Mi 2m`QTû2M bmBi2 �m K�bb�+`2
?mK�BM 2i �m +�Hp�B`2 2M;2M/`ûb T�` H2b /2mt T`2KBĕ`2b ;m2``2b KQM/B�H2bX

.Ƕ�#Q`/ T`QKm T�` /2 MQK#`2mt /B`B;2�Mib TQHBiB[m2b 2i T2`bQMM�HBiûb BMi2HH2+im2HH2b- H2 /ûK�``�;2 /2 +2ii2
+QMbi`m+iBQM MǶ�m`�Bi Tm pQB` H2 DQm` b�Mb HǶ�TTmB +QMbû[m2Mi /2b úi�ib@lMBb 2Mp2`b H� 7Q`K�iBQM /ǶmM2
Q`;�MBb�iBQM TQm` H� *QQTû`�iBQM ú+QMQKB[m2 1m`QTû2MM2 /�Mb H2 +QMi2ti2 /2 `2+QMbi`m+iBQM /Ƕ�T`ĕb@;m2``2
�++QKT�;Mû T�` H2 TH�M J�`b?�HH ,

ǳAi Bb �H`2�/v 2pB/2Mi i?�i- #27Q`2 i?2 lMBi2/ ai�i2b :Qp2`MK2Mi +�M T`Q+22/ Km+? 7m`i?2` BM Bib 2zQ`ib iQ
�HH2pB�i2 i?2 bBim�iBQM �M/ ?2HT bi�`i i?2 1m`QT2�M rQ`H/ QM Bib r�v iQ `2+Qp2`v- i?2`2 Kmbi #2 bQK2 �;`22K2Mi
�KQM; i?2 +QmMi`B2b Q7 1m`QT2 �b iQ i?2 `2[mB`2K2Mib Q7 i?2 bBim�iBQM �M/ i?2 T�`i i?Qb2 +QmMi`B2b i?2Kb2Hp2b
rBHH i�F2 BM Q`/2` iQ ;Bp2 T`QT2` 2z2+i iQ r?�i2p2` �+iBQM KB;?i #2 mM/2`i�F2M #v i?Bb :Qp2`MK2MiX Ai rQmH/
#2 M2Bi?2` }iiBM; MQ` 2{+�+BQmb 7Q` i?Bb :Qp2`MK2Mi iQ mM/2`i�F2 iQ /`�r mT mMBH�i2`�HHv � T`Q;`�K /2bB;M2/
iQ TH�+2 1m`QT2 QM Bib 722i 2+QMQKB+�HHvX h?Bb Bb i?2 #mbBM2bb Q7 i?2 1m`QT2�MbX h?2 BMBiB�iBp2- A i?BMF- Kmbi
+QK2 7`QK 1m`QT2X h?2 `QH2 Q7 i?Bb +QmMi`v b?QmH/ +QMbBbi Q7 7`B2M/Hv �B/ BM i?2 /`�7iBM; Q7 � 1m`QT2�M
T`Q;`�K �M/ Q7 H�i2` bmTTQ`i Q7 bm+? � T`Q;`�K bQ 7�` �b Bi K�v #2 T`�+iB+�H 7Q` mb iQ /Q bQX h?2 T`Q;`�K
b?QmH/ #2 � DQBMi QM2- �;`22/ iQ #v � MmK#2`- B7 MQi �HH 1m`QT2�M M�iBQMbXǴ @ :2Q`;2b J�b?�HH- b2+`2i�B`2 /2
úi�ib@lMBb- Re �p`BH RN93X

�BMbB- }M RN93- mM2 `ûmMBQM /m *QM;`ĕb 2m`QTû2M ¨ G� >�v2- �mt S�vb@"�b- bQmb HǶû;B/2 /m +QKBiû BMi2`M�@
iBQM�H /2 +QQ`/BM�iBQM /2b KQmp2K2Mib TQm` HǶmMB}+�iBQM /2 HǶ1m`QT2 � HB2m bQmb H� T`ûbB/2M+2 /2 qBMbiQM
*?m`+?BHH 2i T2`K2i �BMbB 2M RN9N H� +`û�iBQM /m *QMb2BH /2 HǶ1m`QT2 +?�`;û /2 T`ûT�`2` HǶBMiû;`�iBQM TQHBiB[m2
2i û+QMQKB[m2 /2b /Bzû`2Mib T�vbX aǶ2M bmBp`� �mbbB H� bB;M�im`2 /2 H� +QMp2MiBQM /2b /`QBib /2 HǶ?QKK2X

�BMbB- T�` H� KBb2 2M TH�+2 /m *QMb2BH /2 HǶ1m`QT2- H� T`2KBĕ`2 mMBQM 2Mi`2 H2b T�vb 2m`QTû2Mb T2mi �pQB`
HB2m 2M RN8RX *Ƕ2bi H� bB;M�im`2 /m h`�Biû /2 S�`Bb H2 R8 �p`BH RN8R- BMbm|û T�` mM /Bb+Qm`b /m S`2KB2`
KBMBbi`2 7`�MÏ�Bb C2�M JQM2i 2i /2 bQM KBMBbi`2 /2b �z�B`2b ûi`�M;ĕ`2b _Q#2`i a+?mK�M- [mB /QMM2 HB2m ¨
H� +`û�iBQM /2 H� *QKKmM�miû 1m`QTû2MM2 /m *?�`#QM 2i /2 HǶ�+B2` U*1*�VX GǶmMB}+�iBQM /m +QMiBM2Mi
2m`QTû2M 2bi K�`+?2 �miQm` /ǶmM Kû+�MBbK2 BMbiBimiBQMM2H `�TT`Q+?�Mi H2b /Bzû`2Mi2b û+QMQKB2bX *Ƕ2bi H2
T`2KB2` KQmp2K2Mi BMBiBû 2Mi`2 bBt T�vb /Ƕ1m`QT2 7QM/�i2m`b , HǶ�HH2K�;M2- H� "2H;B[m2- H� 6`�M+2- HǶAi�HB2-
H2 Gmt2K#Qm`; 2i H2b S�vb@"�bX *2ii2 T`2KBĕ`2 ûi�T2 /ǶBMiû;`�iBQM T`QTQb2 /2 TH�+2` H2b T`Q/m+iBQMb /Ƕ�+B2`
2i /2 +?�`#QM- ¨ HǶûTQ[m2 H2b `2bbQm`+2b H2b THmb BKTQ`i�Mi2b TQm` H2b �+iBpBiûb BM/mbi`B2HH2b 2i H� T`Q/m+iBQM
/2 p�H2m`- bQmb H2 +QMi`ƬH2 /ǶmM2 ?�mi2 �miQ`Biû +QKKmM2 [mB TQm``�Bi bǶûi2M/`2 ¨ /Ƕ�mi`2b T�vbX �BMbB-
MQmb �bbBbiQMb ¨ H� M�Bbb�M+2 /ǶmM T`2KB2` K�`+?û +QKKmM bTû+B}[m2 /2 HǶ�+B2` 2i /m +?�`#QM ;û`û T�`
/2b +QKTûi2M+2b bmT`�M�iBQM�H2bX *2 7QM+iBQMM2K2Mi 2bi 2M `mTim`2 iQi�H2 �p2+ H� ;2biBQM /2b `2H�iBQMb
BMi2`M�iBQM�H2b /2 HǶûTQ[m2X *2 T`2KB2` �++Q`/- bB;Mû H2 R8 �p`BH RN8R 2i 2Mi`û 2M pB;m2m` H2 Rj DmBHH2i RN8k-
2bi mM2 ûpQHmiBQM +QMbB/û`�#H2 /2 H� TQHBiB[m2 pB� mM Kû+�MBbK2 /ǶBMiû;`�iBQM 2i +`û�Mi �BMbB H� T`2KBĕ`2
Q`;�MBb�iBQM bmT`�M�iBQM�H2 �m KQM/2X *2ii2 /2`MBĕ`2 7�Bi 2Mi`2` H2b bBt úi�ib 2m`QTû2Mb bQmb H2 T`Q+2bbmb
/û+BbBQMM2H /m .`QBi *QKKmM /2b *QKKmM�miûb 1m`QTû2MM2b bi`m+im`û /2 7�ÏQM BMbiBimiBQMM2HH2X �mi`2K2Mi
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/Bi- H� ;2biBQM /2 H� *1*� 2bi /QM+ �`iB+mHû2 �miQm` /2 [m�i`2 Q`;�M2b BMbiBimiBQMM2Hb , URV H� >�mi2 �miQ`Biû
+QKTQbû2 /2 T2`bQMM2b BM/ûT2M/�Mi2b /2b ;Qmp2`M2K2Mib- UkV H2 *QMb2BH /2b JBMBbi`2b +QKTQbû /2 T2`bQMM2b
TQHBiB[m2b /2b ;Qmp2`M2K2Mib 2m`QTû2Mb- UjV HǶ�bb2K#Hû2 +QKTQbû2 /2 /ûHû;mûb 2MpQvûb T�` H2b T�`H2K2Mib
/2b bBt úi�ib K2K#`2b 2i }M�H2K2Mi U9V /ǶmM2 *Qm` /2 CmbiB+2X

�m +Qm`b /2 +2ii2 ûTQ[m2- H2b +QKKmM�miûb 2m`QTû2MM2b QMi +?2`+?û ¨ `2M7Q`+2` +2ii2 mMBQM 2M T`QTQb�Mi
H� +`û�iBQM /ǶmM2 *QKKmM�miû /2 .û72Mb2 2m`QTû2MM2 HQ`b[m2 H2 `û�`K2K2Mi �HH2K�M/ /Ƕ�T`ĕb@;m2``2 � ûiû
2MpBb�;ûX *2ii2 T`QTQbBiBQM � ûiû i2Mm2 2M û+?2+ 2M RN89- 2i T�`iB+mHBĕ`2K2Mi T�` H2 bQm?�Bi /2 H� 6`�M+2 2i /m
:ûMû`�H /2 :�mHH2- [mB � iQmDQm`b `27mbû /2 T�`i�;2` bQM b�pQB` KBHBi�B`2 7`�MÏ�Bb- bQmb@2Mi2M/m HǶ�`K2K2Mi
Mm+Hû�B`2- �p2+ HǶ�HH2K�;M2 @ M2 HǶQm#HBQMb T�b- T�` /2mt 7QBb 2Mp�?Bbb2m` /2 H� 6`�M+2 2M KQBMb /2 k8 �Mb
UH� :`�M/2 :m2``2 RNR9@RNR3 2i H� a2+QM/2 :m2``2 KQM/B�H2 RNjN@RN98VX 6BM�H2K2Mi- +Ƕ2bi bmBi2 ¨ mM2
`ûmMBQM 2t+HmbBp2 /2b bBt ûi�ib K2K#`2b ¨ J2bbBM2 2M Ai�HB2 [m2 H� T`Q;`2bbBQM 2i H� /vM�KB[m2 /ǶBMiû;`�iBQM
û+QMQKB[m2 pQMi +QMiBMm2`X G2b bBt /B`B;2�Mib bǶ2M;�;2Mi ¨ T�`p2MB` ¨ mM2 BMiû;`�iBQM û+QMQKB[m2 /2 H2m`
T�vb �m@/2H¨ /m +?�`#QM 2i /2 HǶ�+B2`X �T`ĕb /2 HQM;m2b Mû;Q+B�iBQMb ¨ T`QTQb /m T`QD2i aT��F- `ûmMBbb�Mi
H2b bBt úi�ib K2K#`2b TQm` H� +`û�iBQM /2 H� T`2KBĕ`2 pû`Bi�#H2 BMiû;`�iBQM û+QMQKB[m2- +Ƕ2bi }M�H2K2Mi ¨
_QK2- H2 k8 K�`b RN8d- [m2 H2 i`�Biû BMbiBim�Mi H� *11 U*QKKmM�miû ú+QMQKB[m2 1m`QTû2MM2V �BMbB [m2
HǶ1m`�iQK U*QKKmM�miû 1m`QTû2MM2 /2 HǶúM2`;B2 �iQKB[m2V b2`� bB;MûX *Ƕ2bi H2 H�M+2K2Mi /m T`2KB2`
K�`+?û +QKKmM 2i H2 pû`Bi�#H2 /ûK�``�;2 /2 H� +QMbi`m+iBQM 2m`QTû2MM2X �BMbB- T�` +2i �++Q`/- H2b bBt
úi�ib QMi +QMb2MiB ¨ HǶ�#�Bbb2K2Mi /2 iQmi2b #�``Bĕ`2b i�`B7�B`2b �m +QKK2`+2 TQm` H� HB#`2 +B`+mH�iBQM /2b
#B2Mb 2i /2b K�`+?�M/Bb2b �m b2BM /2 H2m` +QKKmM�miûX G� bB;M�im`2 /2 +2 i`�Biû bQMM2 }M�H2K2Mi H�
T`2KBĕ`2 pû`Bi�#H2 +QQTû`�iBQM û+QMQKB[m2 /2 MBp2�m bmT`�M�iBQM�HX G2 R2` D�MpB2` RN83- H2 h`�Biû /2 _QK2
2Mi`2 pB;m2m`X �m@/2H¨ /2 HǶQmp2`im`2 2i /2 H� HB#û`�HBb�iBQM /m +QKK2`+2 2Mi`2 H2b bBt ûi�ib K2K#`2b- H�
`�iB}+�iBQM /m i`�Biû H�M+2 Q{+B2HH2K2Mi HǶ1m`QT2 BMbiBimiBQMM2HH2X 1M 2z2i- bmBi2 ¨ H� bB;M�im`2- HǶ1m`QT2
+`ûû2 b2b T`2KBĕ`2b BMbiBimiBQMb +QKKmM2b- ¨ b�pQB` HǶ�bb2K#Hû T�`H2K2Mi�B`2 2i H� *Qm` /2 DmbiB+2X S�` H�
bmBi2 pB2M/`� H2 *QKBiû û+QMQKB[m2 2i bQ+B�H 2m`QTû2M U*1a1V 2M RN83 �BMbB [m2 H� "�M[m2 2m`QTû2MM2
/ǶBMp2biBbb2K2Mi U"1AV 2i b2b T`2KB2`b T`āib 2M RN8NX GǶBMiû;`�iBQM 2m`QTû2MM2 2bi 2M K�`+?2 , ǳG2 k8 K�`b
RN8d b2`� mM2 /2b THmb ;`�M/2b /�i2b /2 H� +QMbi`m+iBQM /2 HǶ1m`QT2X .�Mb mM BMbi�Mi- T�` MQb bB;M�im`2b- H2
K�`+?û +QKKmM 2i HǶ1m`�iQK pQMi M�Bi`2X �BMbB- HǶQ2mp`2 /QMi MQmb 7`�M+?BbbQMb �mDQm`/Ƕ?mB H� /2mtBĕK2
ûi�T2 �T`ĕb +2HH2 /2 H� *QKKmM�miû 1m`QTû2MM2 /m *?�`#QM 2i /2 HǶ�+B2`- MǶ�m`� TQBMi TQm` 2z2i H� +`û�iBQM-
+QKK2 +2`i�BMb MQmb H2 `2T`Q+?2Mi- H� +QMbi`m+iBQM /ǶmM2 T2iBi2 1m`QT2 BbQHû2 K�B b2`� HǶû#�m+?2 /2 H� ;`�M/2
1m`QT2 [m2 +QMbiBim2 MQi`2 Q#D2+iB7 }M�HX LQmb b�pQMb iQmb /Ƕ�BHH2m`b [mǶ2M �;Bbb�Mi +QKK2 MQmb H2 7�BbQMb
�mDQm`/Ƕ?mB- MQmb i`�p�BHHQMb b�Mb /Qmi2 TQm` H2b BMiû`āib K�iû`B2Hb /2 HǶP++B/2Mi K�Bb �mbbB TQm` H� T�Bt /m
KQM/2XǴ U*?`BbiB�M SBMQi- �M+B2M KBMBbi`2 7`�MÏ�Bb /2b �z�B`2b ûi`�M;ĕ`2b- H2 k8 K�`b RN8d ¨ _QK2VX

RXkXj RN8d@RNdj, /2 HǶ1m`QT2 /2b e ¨ HǶ1m`QT2 /2b N

G2b �MMû2b RNey bQMi mM2 Tû`BQ/2 K�`[mû2 T�` H� 7Q`i2 T`QbTû`Biû 2i +`QBbb�M+2 û+QMQKB[m2 bQmi2Mm2 T�`
HǶ�#�M/QM /2b /`QBib /2 /Qm�M2 /�Mb H2b û+?�M;2b +QKK2`+B�mt 2Mi`2 H2b K2K#`2bX .2 +2 7�Bi- �T`ĕb �pQB`
BMbiBimû H2 T`2KB2` T�b /2 H� pû`Bi�#H2 BMiû;`�iBQM û+QMQKB[m2 2i /2 HǶ1m`QT2 BMbiBimiBQMM2HH2- H2 /ûp2HQTT2K2Mi
/2 HǶû+QMQKB2 2m`QTû2MM2 bǶ2bi +QM+2Mi`û 2M /2mt i2KTb ¨ H� 7QBb bm` H� T`Q;`2bbBQM /2b �++Q`/b 2i /2b
+QM/BiBQMb û+QMQKB[m2b /2b K2K#`2b 2i ¨ H� 7QBb bm` HǶûH�`;Bbb2K2Mi /2 H� +QKKmM�miûX 1M 2z2i- b�Mb
HǶ�/?ûbBQM /2 MQmp2�mt K2K#`2b- HǶBMiû;`�iBQM 2m`QTû2MM2 TQm` H� T`ûb2`p�iBQM /2 H� T�Bt bm` H2 +QMiBM2Mi
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2m`QTû2M 2i H� +QMp2`;2M+2 p2`b H2 #QM?2m` +QHH2+iB7 MǶ� T�b /2 b2MbX .Ƕ�BHH2m`b- �m pm /2 +2ii2 ;`�M/2 �p�M+û2
2i /2b T`Q}ib [m2 HǶBMiû;`�iBQM T2`K2i- THmbB2m`b ûi�ib /Ƕ1m`QT2 7QMi T�`i /2 H2m` bQm?�Bi ¨ 2Mi`2` /�Mb H�
*11- ¨ HǶBK�;2 /2 H� :`ĕ+2 2i H� hm`[mB2 [mB /2K�M/2 mM �++Q`/ /Ƕ�bbQ+B�iBQM `2bT2+iBp2K2Mi H2 3 DmBM 2i H2
jR DmBHH2i RN8NX

1M RNek- H� *11 H�M+2 b� TQHBiB[m2 �;`B+QH2 +QKKmM2 [mB /QMM2 �mt úi�ib K2K#`2b H2 +QMi`ƬH2 +QMDQBMi /2
H� T`Q/m+iBQM �HBK2Mi�B`2X �mi`2K2Mi /Bi- +QKTi2 i2Mm /2 HǶ2t+û/2Mi /2 T`Q/m+iBQM /2 /2M`û2b �HBK2Mi�B`2b
bm` H2 bQH 2m`QTû2M- H2b T�vb K2K#`2b /û+B/2Mi H2 jy DmBHH2i RNek /2 bB;M2` H2 S�* UH2 T�+i2 /2 SQHBiB[m2
�;`B+QH2 *QKKmM2VX *2 /2`MB2` 2bi bB;Mû /2 K�MBĕ`2 ¨ ûpBi2` H2b 2t+û/2Mib �;`B+QH2b 2M i`�Mb7û`�Mi H2
TQmpQB` /2 ;2biBQM �;`B+QH2 /2 +?�[m2 úi�i �m TQmpQB` bmT`�M�iBQM�HX *2 i`�Mb72`i BMbi�m`2 �BMbB mM2 +QM/mBi2
TQHBiB[m2 2i #m/;ûi�B`2 +QKKmM2 2i T2`K2i /2 +QM+2Mi`2` H2b 2zQ`ib /m b2+i2m` �;`B+QH2 p2`b H� `û/m+iBQM
/2b 2t+û/2Mib 2i HǶ�KûHBQ`�iBQM /2 H� [m�HBiû /2b /2M`û2bX *2 /2`MB2` T�+i2 bB;M2 mM ;`�M/ T�b TQm` H2
/ûp2HQTT2K2Mi 2i HǶBMiû;`�iBQM 2m`QTû2MM2 TmBb[mǶBH K2i 2M ûpB/2M+2- TQm` H2 #B2M@āi`2 +QKKmM- H2 i`�Mb72`i
/2b TQHBiB[m2b M�iBQM�H2b p2`b H2 bmT`�M�iBQM�H- H� /û}MBiBQM /ǶmM #m/;2i /2 bQHB/�`Biû TQm` û`�/B[mû H� 7�BK-
2i mM2 T`û7û`2M+2 �{`K2` /2 H� +QMbQKK�iBQM HQ+�H2X *2T2M/�Mi- +2ii2 ûTQ[m2 �bbQ+Bû2 ¨ H� KBb2 2M TH�+2
/m S�* K�`[m2`� �mbbB mM2 7Q`i2 Tû`BQ/2 /2 +`Bb2 TQHBiB[m2 �m b2BM /2b BMbiBimiBQMb 2i /2 H� /vM�KB[m2
/ǶBMiû;`�iBQM 2m`QTû2MM2X �p2+ H� /vM�KB[m2 /2 T`Q;`2bbBQM /2 H� +QMbi`m+iBQM 2m`QTû2MM2 2i H2 i`�Mb72`i
/2b T`2KBĕ`2b TQHBiB[m2b û+QMQKB[m2b M�iBQM�H2b p2`b H2 MBp2�m bmT`�M�iBQM�H- /2mt TQBMib /2 pm2 bǶQTTQb2Mi
2M 1m`QT2X .ǶmM2 T�`i- H2 TQBMi /2 pm2 �HH2K�M/ [mB bQm?�Bi2 7�B`2 /2 HǶ1m`QT2 mM2 1m`QT2 7û/û`�H2 Qɍ
iQmb H2b ûi�ib bmBp2Mi H� KāK2 TQHBiB[m2- /Ƕ�mi`2 T�`i- H2 TQBMi /2 pm2 7`�MÏ�Bb @ 2i THmb T`û+BbûK2Mi /m
:ûMû`�H .2 :�mHH2 @ [mB bQm?�Bi2 mM2 1m`QT2 /2b T�`iB2b /2 K�MBĕ`2 +QMb2`p2` mM2 +2`i�BM2 bQmp2`�BM2iûX
�BMbB- 2M RNe8- bmBi2 ¨ H� bBM;�im`2 /2 HǶ�++Q`/ /2 H� S�*- H2 T`Q;`�KK2 /2 }M�M+2K2Mi 2bi T`QTQbû T�` H2
T`ûbB/2Mi /2 H� *QKBbbBQM �+im2HH2- q�Hi2` >�HHbi2BM- 2i H� T`Q;`2bbBQM p2`b H� `�iB}+�iBQM /m T�bb�;2 ¨ HǶlMBQM
.Qm�MBĕ`2 7QM+iBQMM2HH2 /QBi b2 TQm`bmBp`2 �m /û#mi /2 HǶ�MMû2 RNeeX *2T2M/�Mi- TQm` H2 :ûMû`�H2 /2 :�mHH2-
H2b T`QTQbBiBQMb �p�M+û2b T�` H2 T�+i2 /2 H� S�* 7QMi T`2mp2 /ǶmM i`QT ;`�M/ i`�Mb72`i /2 bQmp2`�BM2iû ¨
HǶ1m`QT2 , ǳ1bi@+2 [m2 H2 T2mTH2 6`�MÏ�Bb- H2 T2mTH2 �HH2K�M/- H2 T2mTH2 Ai�HB2M- H2 T2mTH2 >QHH�M/�Bb- H2 T2mTH2
"2H;2- H2 T2mTH2 Gmt2K#Qm`;2QBb- bQMi T`āib ¨ b2 bQmK2ii`2 ¨ /2b HQBb [m2 pQi2`�B2Mi /2b /ûTmiûb ûi`�M;2`b
/ĕb HQ`b [m2 +2b HQBb B`�B2Mi ¨ HǶ2M+QMi`2 /2 H2m` pQHQMiû T`Q7QM/2XǴ U:ûMû`�H .2 :�mH2- RNekVX *2 [mǶBH
bQm?�Bi�Bi +Ƕ2bi mM2 1m`QT2 /2b T�`iB2b- �TT2Hû2 �mbbB 1m`QT2 BMi2`;Qmp2`M2K2Mi�H2- Qɍ H2 /B�HQ;m2 2Mi`2
H2b úi�ib �+i2`�Bi +QKK2 T`Q+2bbmb /û+BbBQMM2HX *2+B T2mi b2 +QKT`2M/`2 HQ`b[m2 HǶQM b�Bi [m2 H2 b2+i2m`
�;`B+QH2 2bi H2 T`2KB2` b2+i2m` /2 T`Q/m+iBQM 2M 6`�M+2 ¨ HǶûTQ[m2X �BMbB- TQm` KQMi`2` bQM /ûb�++Q`/ 2i
H2 `27mb /2 iQmi2 Mû;Q+B�iBQM- H� 6`�M+2 �/QTi2`� H� TQHBiB[m2 /2 H� +?�Bb2 pB/2 , 2HH2 MǶ�bbBbi2`� ¨ �m+mM
+QMb2BH 2m`QTû2M /2 "`mt2HH2b T2M/�Mi THmb /2 e KQBbX GǶ1m`QT2 /ǶBMiû;`�iBQM bm#Bi �HQ`b mM2 +`Bb2 TQHBiB[m2
K�D2m`2X >2m`2mb2K2Mi- bǶ2M pB2M/`� 2MbmBi2 H2 +ûHĕ#`2 +QKT`QKBb /2 Gmt2K#Qm`; [mB T2`K2ii`� /2 i`Qmp2`
mM �++Q`/ i�M;B#H2 TQm` H� KBb2 2M TH�+2 /m #m/;2i /2 H� S�*X 1M 2z2i- b2HQM HǶB/û2 T`2KBĕ`2 /2 C2�M
JQM2i- HǶ1m`QT2 MǶ2bi TQbbB#H2 [m2 bB 2HH2 b2 +QMbi`mBi �m@/2H¨ /2b úi�ib L�iBQMbX SHmb T`û+BbûK2Mi- 2i b2HQM
HǶ�mi2m`- bB HǶQM 7�Bi mM2 1m`QT2 BMi2`;Qmp2`M2K2Mi�H2 +2H� M2 7QM+iBQMM2`� T�b +�` H� /Bb+mbbBQM 2Mi`2 H2b
úi�ib M2 72`� [m2 ?2m`i2` H2b BMiû`āib /2 +2b /2`MB2`b 2Mi`2 2mtX .2 +2ii2 K�MBĕ`2- H2 b2mH KQv2M TQm` [m2
H� +QMbi`m+iBQM 2m`QTû2MM2 7QM+iBQMM2 2bi /2 +`û2` /2b Kû+�MBbK2b /ǶBMiû;`�iBQM +QKK2 H2 bQMi H2 K�`+?û
+QKKmM Qm HǶlMBQM .QmMBĕ`2X GǶ1m`QT2 pBi �HQ`b- 2M D�MpB2` RNee- H� T`2KBĕ`2 p`�B2 +QM+2bbBQM /2 TQmpQB`
/m MBp2�m M�iBQM�H p2`b H2 MBp2�m bmT`�M�iBQM�H 2m`QTû2M- 2i +2 /�Mb H2 #mi /2 7�pQ`Bb2` H� b�iBb7�+iBQM /2b
#2bQBMb �HBK2Mi�B`2b TQm` iQmb 2i `2M7Q`+2` H� +QQTû`�iBQM û+QMQKB[m2 /2b úi�ib K2K#`2bX �mbbB- +Ƕ2bi H�
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/û}MBiBQM /2 MQmp2�mt 2bT�+2b `û;BQM�mt 2i û+QMQKB[m2b �mt[m2Hb bQMi �bbQ+Bûb #m/;2i- TQmpQB` /û+BbBQMM2H
2i �+iBQMbX S�` H� bmBi2- H� /vM�KB[m2 /2 /ûp2HQTT2K2Mi +QMiBMm2 2i- /2 MQmp2�m H2 R2` DmBHH2i RNe3- H2b T�vb
7QM/�i2m`b `�iB}2Mi H2 T`QD2i /2 HǶlMBQM /Qm�MBĕ`2 T`QMQM+û2 2M RN8NX �BMbB- BHb bmTT`BK2Mi Q{+B2HH2K2Mi
iQmb H2b /`QBib /2 /Qm�M2 bm` H2b #B2Mb 2i H2b K�`+?�M/Bb2b [mǶBHb BKTQ`i2Mi 2Mi`2 2mt 2i BMbi�m`2Mi mM i�`B7
2tiû`B2m` +QKKmM �}M /2 HBKBi2` H2b /ûiQm`M2K2Mib /2 i`�}+X �BMbB- TQm` H� T`2KBĕ`2 7QBb- H2 HB#`2@û+?�M;2
T�`@/2H¨ H2b 7`QMiBĕ`2b 2bi `2M/m TQbbB#H2X *Ƕ2bi H� M�Bbb�M+2 /m THmb ;`�M/ #HQ+ +QKK2`+B�H �m KQM/2 [mB
T`2M/ `�TB/2K2Mi H2 `�M; /2 T`2KB2` K�`+?û bm` H� TH�Mĕi2X

*2T2M/�Mi- K�H;`û H2b `2#QM/Bbb2K2Mib MQM �ii2M/mb 2i H2b /B{+mHiûb /2 T`Q;`2bbBQM T`QpQ[mû2 T�` H� +`Bb2 /2
H� +?�Bb2 pB/2- HǶ1m`QT2 BMbiBimiBQMM2HH2 M2 p2mi T�b bǶ�``āi2` H¨X 1M 2z2i- �mt pm2b /2b #B2Mb 7�Bib û+QMQKB[m2b
[m2 H� bmT`�M�iBQM /ûp2HQTT2 bm` H2 +QMiBM2Mi pB� H2 i`�Mb72`i /2 bQKK2b +QMbB/û`�#H2b �m KQv2M
/2 TQHBiB[m2b `û;BQM�H2b TQm` +`û2` /2b 2KTHQBb 2i /2b BM7`�bi`m+im`2b- H� *11 T`ûpQBi /ĕb RNdy
H� +`û�iBQM /ǶmM2 KQMM�B2 mMB[m2X 1M 7�Bi- ¨ H� bmBi2 /2 HǶ2zQM/`2K2Mi /m bvbiĕK2 /2 "`2iQM- [mB bQMM2 H�
}M /m bvbiĕK2 /2b i�mt /2 +?�M;2b }t2b p2`b mM bvbiĕK2 /2 i�mt /2 +?�M;2b ~Qii�Mi- H2b úi�ib K2K#`2b
/û+B/2Mi /2 /ûp2HQTT2` mM bvbiĕK2 /2 HBKBi�iBQM /2b K�`;2b /2 ~m+im�iBQM /2 H2m` KQMM�B2 �}M /Ƕ�;`�M/B`
H� bi�#BHBiû KQMûi�B`2 /2 HǶlMBQM 2i �BMbB bi�#BHBb2` H2b T`Bt 2i HǶ2KTHQBX *2 bvbiĕK2 T2`K2i T�` H� KāK2
Q++�bBQM /2 T`ûT�`2` H� +`û�iBQM /2 H� KQMM�B2 mMB[m2X .2 +2 7�Bi- H2 k9 �p`BH RNdk- H2b ûi�ib 2m`QTû2Mb 7QMi H2
T`2KB2` T�b p2`b H� KQMM�B2 mMB[m2 2M BMbi�m`�Mi mM Kû+�MBbK2 /2b i�mt /2 +?�M;2b , H2 a2`T2Mi JQMûi�B`2
1m`QTû2M UaJ1VX �mi`2K2Mi /Bi- H2b úi�ib K2K#`2b /2 HǶlMBQM /Qm�MBĕ`2 2m`QTû2MM2 bǶ2M;�;2Mi ¨ HBKBi2`
URV ¨ k-k8W H� K�`;2 /2 ~m+im�iBQM /2b +Qm`b /2 +?�M;2 2Mi`2 H2m`b KQMM�B2b 2i H2 /QHH�` �Kû`B+�BM 2i UkV ¨
RW H� K�`;2 /2 ~m+im�iBQM 2Mi`2 H2 +?�M;2 /2 H2m`b KQMM�B2b `2bT2+iBp2bX

amBi2 ¨ +2 T`2KB2` i2KTb 7Q`i /2 H� T`Q;`2bbBQM /ǶBMiû;`�iBQM 2M i2`K2 /Ƕ�++Q`/ û+QMQKB[m2 2i /2 Hû;BbH�iBQM-
HǶ1m`QT2 bǶ�ii�`/2 2MbmBi2 bm` +2 [mB 2bi /2 HǶ2tT�MbBQM /2 H� +QKKmM�miû- b�Mb [mQB b� KBbbBQM T`BM+BT�H2
/2 `ûmMB}+�iBQM /m +QMiBM2Mi M2 T2mi 7QM+iBQMM2`X �mi`2K2Mi /Bi- �mt pm2b /2b #B2Mb 7�Bib /2b �++Q`/b
/2 HB#`2@û+?�M;2 i2Hb [m2 HǶ�1G1 2i H� *11- HǶ1m`QT2 /2b e /2pB2Mi HǶ1m`QT2 /2b NX �BMbB- H2 .�M2K�`F-
HǶA`H�M/2 2i H2 _Qv�mK2@lMB 2Mi`2Mi /�Mb HǶlMBQM /Qm�MBĕ`2 2m`QTû2MM2- 2i +2H� T2`K2i /Ƕ2Mi`2pQB` mM2
MQmp2HH2 /vM�KB[m2 /2 T`Q;`2bbBQM /2 HǶBMiû;`�iBQM 2m`QTû2MM2X

RXkX9 RNd9@RNNk, H2b +`Bb2b 2i H� MQmp2HH2 /vM�KB[m2 2m`QTû2MM2 p2`b H2 K�`+?û mMB[m2

6�+2 �m +?Q+ Tûi`QHB2` /2 RNdj +`ûû �m i`�p2`b /m +QM~Bi Bb`�ûHQ@T�H2biBMB2M- HǶ1m`QT2 2i H2 KQM/2 2MiB2`
pQMi pBp`2 mM2 +`Bb2 [mB K2ii`� }M �m aJ1X GǶû+`QmH2K2Mi /m aJ1 2bi �HQ`b ¨ HǶQ`B;BM2 /2 H� MQmp2HH2
/vM�KB[m2 2m`QTû2MM2X 1M 2z2i- 7�+2 ¨ HǶû+?2+ /m a2`T2Mi JQMûi�B`2 1m`QTû2M 2i +QKK2 +2H� �p�Bi ûiû
2MpBb�;û 2M RNdy- H2 S`ûbB2Mi 6`�MÏ�Bb /2 HǶûTQ[m2 Uo�Hû`v :Bb+�`/ /Ƕ1bi�BM;V 2i bQM ?QKQHQ;m2 �HH2K�M/
U>2HKmi a+?KB/iV T`QTQb2Mi /2 `2H�M+2` HǶBMiû;`�iBQM 2m`QTû2MM2 p2`b HǶBMbi�m`�iBQM /ǶmM2 lMBQM JQKûi�B`2
ú+QKB[m2- H2 d �p`BH RNd3 �m *QMb2BH 1m`QTû2M i2Mm ¨ *QT2M?�;m2X *2ii2 T`QTQbBiBQM T`QK2i HǶBMbi�m`�iBQM
/m aJ1 AA- û[mBp�H2Mi ¨ mM aJ1 `2M7Q`+û T�` mM2 KQMM�B2 mMB[m2 , H2 avbiĕK2 JQMûi�B`2 1m`QTû2MX 1Mi`û
2M pB;m2m` 2M RNdN- +2 aJ1 AA BKTQb2 2Mi`2 �mi`2b mM2 K�`;2 /2 ~m+im�iBQM /2b KQMM�B2b 2m`QTû2MM2b
¨ k-k8W U2t+2TiBQM 7�Bi2 TQm` HǶ�M;H2i2``2 2i HǶAi�HB2 �p2+ mM2 K�`;2 /2 eWV- H2 }M�M+2K2Mi 7�+BHBiû- 2i H�
+`û�iBQM /2 H� T`2KBĕ`2 KQMM�B2 mMB[m2 pB`im2HH2 TQm` H2b úi�ib K2K#`2b 2m`QTû2Mb , HǶ1*l U1m`QT2�M
*m``2M+v lMBiVX *2ii2 /2`MBĕ`2 � TQm` #mi /2 T`ûT�`2` H2b T�vb ¨ H� KBb2 2M +B`+mH�iBQM /ǶmM2 KQMM�B2
mMB[m2 `û2HH2 2M RNN8X 1M Qmi`2- HǶ1*l M2 pBb2 T�b b2mH2K2Mi ¨ āi`2 mM2 mMBiû /2 +QKTi2- K�Bb �mbbB ¨

jd



āi`2 mM KQv2M /2 `ĕ;H2K2Mi 2Mi`2 H2b #�M[m2b +2Mi`�H2b /2 H� *QKKmM�miû 2m`QTû2MM2 2i H2b 2Mi`2T`Bb2bX
�mbbB- /m`�Mi +2ii2 KāK2 �MMû2- H� `2H�M+2 /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM 2m`QTû2MM2 7�Bi /m S�`H2K2Mi
2m`QTû2M H� T`2KBĕ`2 BMbiBimiBQM /2 /ûKQ+`�iB2 `2T`ûb2Mi�iBp2 2M HmB �ii`B#m�Mi HǶûH2+iBQM �m bmz`�;2 mMBp2`b2H
/B`2+i +QKK2 T`Q+û/m`2 /2 MQKBM�iBQMX *2ii2 T`2KBĕ`2 ûH2+iBQM b2`� �BMbB ûi�#HB2 2M RNdN 2i MQKK2`� ¨
b� T`ûbB/2M+2 aBKQM2 q2BHX .2 KāK2- H� MQmp2HH2 1m`QT2 7�Bi M�ŗi`2 H2 *QMb2BH 1m`QTû2M U`2;`QmT2K2Mi
/2b +?27b /Ƕûi�ib 2m`QTû2Mb TQm` ûi�#HB` H� pBbBQM bi`�iû;B[m2 2i H� HB;M2 /2 /ûp2HQTT2K2Mi /2 HǶ1m`QT2V [mB
`2KTH�+2 H2 aQKK2i 1m`QTû2M , ǳG2 aQKK2i 1m`QTû2M 2bi KQ`i- pBp2 H2 *QMb2BH 1m`QTû2M 5 GǶ1m`QT2 2bi
mM Q`;�MBbK2 pBp�Mi- 2i +Ƕ2bi mM Q`;�MBbK2 pBp�Mi [mB b2 /ûp2HQTT2 /�Mb /2b +B`+QMbi�M+2b 2i /�Mb mM KQM/2
[mB bQMi T�`iB+mHBĕ`2K2Mi /B{+BH2bX .QM+ HǶ1m`QT2- +Ƕ2bi ¨ HǶ?2m`2 �+im2HH2- mM2 +`û�iBQM [mB bmTTQb2 ¨ iQmi
BMbi�Mi /2 H� pQHQMiû 2i /2 H� T�iB2M+2XǴ Uo�Hû`v :Bb+�`/ /Ƕ1bi�BM;- RNd9VX hQmDQm`b /�Mb H� KāK2 Tû`BQ/2-
H� +QQTû`�iBQM /2b úi�ib K2K#`2b b2 `2M7Q`+2 mM2 MQmp2HH2 7QBb �p2+ H� +`û�iBQM /2 *QQTû`�iBQMb 2m`QTû2MM2b
2M K�iBĕ`2 �û`�mMQiB[m2 2i bT�iB�H2X *2ii2 MQmp2HH2 +QQTû`�iBQM � T2`KBb MQi�KK2Mi H2 /û+QHH�;2 /2 H� 7mbû2
�`B�M2 2i 2bi /2 bQm`+2 bȿ`2 mM /2b TBHB2`b K�`[m�Mib /2 H� /QKBM�iBQM �û`QM�miB[m2 KQM/B�H2 2m`QTû2MM2
/Ƕ�mDQm`/Ƕ?mBX

G� MQmp2HH2 /vM�KB[m2 2m`QTû2MM2 b2 TQm`bmBi T�` mM2 HQM;m2 Tû`BQ/2 /Ƕ2tT�MbBQMX 1M 2z2i- /Ƕ�#Q`/ 2M
RN3R- HǶ1m`QT2 /2b N T�bb2 ¨ HǶ1m`QT2 /2b Ry �p2+ HǶBMiû;`�iBQM /2 H� :`ĕ+2 /2p2Mm2 �/KBbbB#H2 bmBi2 �m
`2Mp2`b2K2Mi /2 bQM `û;BK2 KBHBi�B`2 2i H2 `ûi�#HBbb2K2Mi /2 H� /ûKQ+`�iB2 2M RNd9X .2 KāK2- 2M RN3e-
HǶ1m`QT2 /2b Ry T�bb2 ¨ HǶ1m`QT2 /2b Rk �p2+ HǶBMiû;`�iBQM /2 HǶ1bT�;M2 2i /m SQ`im;�H- /2p2Mmb iQmb /2mt
�/KBbbB#H2b TQm` H2b KāK2b `�BbQMb [m2 H� :`ĕ+2X

*2T2M/�Mi- K�H;`û H� #QMM2 /vM�KB[m2 /ǶBMiû;`�iBQM /2b /2`MBĕ`2b �MMû2b �p2+ HǶ2Mi`û2 2M pB;m2m` /2 HǶlMBQM
/Qm�MBĕ`2- H� T`Q;`2bbBQM p2`b mM2 lMBQM JQMûi�B`2 ú+QMQKB[m2 TmHbû2 T�` H2 aJ1 AA �++QKT�;Mû /2 HǶ1*l-
�BMbB [m2 HǶ2tT�MbBQM ;`�M/Bbb�Mi2 /2 H� *11- H2b Q#bi�+H2b ¨ H� HB#2`iû /2b û+?�M;2b /�Mb H� *QKKmM�miû
�BMbB [m2 H2b +`Bb2b TQHBiB[m2b 2i û+QMQKB[m2b bm#bBbi2Mi 2M+Q`2X LQi�KK2Mi- /2TmBb H2 /û#mi /2b �MMû2b
RN3y- H2 /B�HQ;m2 TQHBiB[m2 2m`QTû2M 2bi T�`�Hvbû /ȿ ¨ H� /2K�M/2 /m ;Qmp2`M2K2Mi �M;H�Bb /2 T�v2` KQBMb
/2 bm#p2MiBQMb ¨ HǶ1m`QT2X ǳ*2 [m2 D2 p2mt- KQMbB2m` S�HK2`- +Ƕ2bi iQmi bBKTH2 , D2 p2mt [mǶQM K2 `2M/`2
KQM �`;2Mi UA r�Mi Kv KQM2v #�+FVXǴ UJ�`;�`2i h?�i+?2`- RNdNVX 1M 7�Bi- H2 _Qv�mK2@lMB `2p2M/B[m2
T�v2` i`QT /2 bm#p2MiBQMb TQm` H� S�* 7�+2 �mt bm#p2MiBQMb iQi�H2b [mB HmB bQMi `2p2`bû2b 2M `2iQm`X 1M
Qȿi`2- /2TmBb H2 /û#mi /2 H� /û+�/2- H2b û+QMQKB2b 2m`QTû2MM2b 7QM+iBQMM2Mi �m `�H2MiB �p2+ T2m /2 +`QBbb�M+2
2i T2m /ǶBMp2biBbb2K2MiX *Ƕ2bi HǶ�+iBQM /2 C�+[m2b .2HQ`b U�M+B2M KBMBbi`2 /2 HǶú+QMQKB2 2i /2b 6BM�M+2b
7`�MÏ�Bb2b �BMbB [m2 MQmp2�m T`ûbB/2Mi /2 H� *QKKBbbBQM 1m`QTû2MM2 /ĕb RN38V [mB b2`� H2 KQi2m` /2 `2H�M+2
/2 H� +QMbi`m+iBQM 2m`QTû2MM2 7�+2 ¨ +2ii2 T�`�HvbB2 �`/m2X SQm` +2 7�B`2- BH T`QTQb2 i`QBb 7Q`K2b /2 `2H�M+2 ,
URV mM2 /û72Mb2 +QKKmM2- UkV mM2 KQMM�B2 +QKKmM2- UjV mM2 `û7Q`K2 /2b BMbiBimiBQMb [mB T2`K2i /2 /û+B/2`
KB2mt 2i /Ƕ�;B` THmb pBi2X *2T2M/�Mi- �m+mM2 /2 +2b T`QTQbBiBQMb M2 7�Bi HǶmM�MBKBiû �m b2BM /m *QMb2BH
2m`QTû2MX *Ƕ2bi /QM+ HǶQTiBQM /2 H� +`û�iBQM /ǶmM :`�M/ J�`+?û lMB[m2 [mB � ûiû +?QBbB �m +QMb2Mbmb
TQm` H� `2H�M+2X S�` +QMbû[m2Mi- HǶ�++Q`/ /2 a+?2M;2M 2bi bB;Mû 2M RN38 2i T2`K2i H� HB#`2 +B`+mH�iBQM /2b
T2`bQMM2b �m b2BM /2 H� *QKKmM�miû 2m`QTû2MM2 2M bmTT`BK�Mi H2 +QMi`ƬH2 �mt 7`QMiBĕ`2b ¨ HǶBMiû`B2m` /2
H� *QKKmM�miû U`2+QKK�M/�iBQM biBTmHû2 /�Mb H2 HBp`2 #H�M+ /2 C�+[m2b .2HQ`bVX aǶ2M 2bi bmBpB �HQ`b H�
bB;M�im`2 /2 HǶ�+i2 lMB[m2 2m`QTû2M 2M RN3eX *2i �+i2 � TQm` #mi H� `�iB}+�iBQM /2 HǶ2M;�;2K2Mi /2 +`û�iBQM
/m ;`�M/ K�`+?û mMB[m2 UmMBQM û+QMQKB[m2 2i KQMûi�B`2V 2M ûHBKBM�Mi- 2M KQBMb /2 e �Mb- HǶ2Mb2K#H2 /2b
Q#bi�+H2b �m +QKK2`+2 �BMbB [mǶ2M T2`K2ii�Mi mM T2m THmb i�`/ H� KBb2 2M +B`+mH�iBQM /2 H� KQMM�B2 mMB[m2
/�Mb +2 [m2 HǶQM �TT2HH2`� HǶ1bT�+2 û+QMQKB[m2 2m`QTû2MX
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RXkX8 RNNj@kyy9 , G� M�Bbb�M+2 /2 HǶ2m`Q 2i /2 HǶû+QMQKB2 2m`QTû2MM2- H� `Qmi2 p2`b HǶmMBQM
TQHBiB[m2

1M RNNk- HǶ�#QmiBbb2K2Mi /2 HǶ�+i2 lMB[m2 1m`QTû2M � HB2m 2i b2 +QM+`ûiBb2 T�` HǶûH�#Q`�iBQM /ǶmM MQmp2�m
i`�Biû 2m`QTû2M T2`K2ii�Mi /2 KmHiBTH2b �p�M+û2b i�Mi TQHBiB[m2b [mǶû+QMQKB[m2b TQm` HǶ1m`QT2 , H2 h`�Biû
/2 J��bi`B+?i bB;Mû 2M 7ûp`B2` RNNk 2i 2Mi`û 2M pB;m2m` 2M RNNjX *2 /2`MB2` T2`K2i H� `û7Q`K2 /m T`Q+2bbmb
/û+BbBQMM2H [mB �++`Qŗi H� TH�+2 /m pQi2 ¨ H� K�DQ`Biû [m�HB}û2 �m bB2M /m *QMb2BH 2m`QTû2M 2i `2M7Q`+2
H2 TQmpQB` /m S�`H2K2Mi 2m`QTû2MX S�` �BHH2m`b- +2 i`�Biû Q#HB;2 H2b úi�ib K2K#`2b ¨ +QQTû`2` 2M i2`K2 /2
TQHBiB[m2 ûi`�M;ĕ`2 2i /2 /û72Mb2 T�` HǶ2Mi`2KBb2 /m a2`pB+2 1m`QTû2M /2 HǶ�+iBQM 1tiû`B2m` Ua�1V- ¨ +QQTû`2`
THmb ûi`QBi2K2Mi /�Mb H2b /QK�BM2b /2 H� DmbiB+2 2i /2b �z�B`2b BMiû`B2m`2b- ¨ bǶ2M;�;2` /�Mb H� `2+?2`+?2 2i
H2 /ûp2HQTT2K2Mi /ǶmM2 mMBQM TQHBiB[m2- �BMbB [mǶ¨ K2ii`2 2M +B`+mH�iBQM mM2 KQMM�B2 mMB[m2 +QKKmM2
TQm` H2 /ûp2HQTT2K2Mi mM2 û+QMQKB2 mMB[m2 +QKKmM2 2i �HH�Mi �m@/2H¨ /m K�`+?û mMB[m2 /ûD¨ 2M TH�+2X
G� +QKKmM�miû û+QMQKB[m2 2m`QTû2MM2 /2pB2Mi /QM+ HǶlMBQM û+QMQKB[m2 2i KQMûi�`B2 2m`QTû2MM2- bQBi
HǶlMBQM 2m`QTû2MM2X *2ii2 lMBQM T2`K2i H� HB#`2 +B`+mH�iBQM /2b K�`+?�M/Bb2b- /2b b2`pB+2b- /2b T2`bQMM2b
2i /m +�TBi�H �BMbB [m2 HǶmiBHBb�iBQM /2 H� KQMM�B2 mMB[m2 +QKKmM2X *Ƕ2bi H2 KQK2Mi 7Q`i /2 H� +QMbi`m+iBQM
2m`QTû2MM2 T�` H� /vM�KB[m2 /ǶBMiû;`�iBQMX GǶ1m`QT2 �bbBbi2 �BMbB ¨ H� i`�Mb7Q`K�iBQM /2 b2b BMbi�M+2b
2m`QTû2MM2b i2?+MB+Q û+QMQKB[m2b p2`b mM pû`Bi�#H2 +�/`2 TQHBiB[m2 [mB b2 bBim2 2Mi`2 H� 6û/û`�iBQM 2i H�
*QM7û/û`�iBQMX *Ƕ2bi mM b�mi K�D2m` TQm` HǶBMiû;`�iBQM 2m`QTû2MM2X

SHmb T`û+BbûK2Mi- H2 h`�Biû /2 J��bi`B+?i T`ûpQBi HǶBMbi�m`�iBQM /ǶmM2 KQMM�B2 mMB[m2 2m`QTû2MM2 +QKK2
HǶ�p�Bi 2MpBb�;û o�H`v :Bb;�`/ /Ƕ1bi�BM; �p2+ H2 aJ1 AA /2 RNd3X *2 i`�Biû Q`;�MBb2 /QM+ H� KBb2 2M Q2mp`2 /2b
Kû+�MBbK2b /ǶBMiû;`�iBQM p2`b H� KQMM�B2 mMB[m2 ¨ i`�p2`b H2 `�TTQ`i .2HQ`b /2 RN3NX § i`�p2`b bQM `�TTQ`i
2i 2M i�Mi [m2 T`ûbB/2Mi /2 H� *QKKBbbBQM 1m`QTû2MM2 /2 HǶûTQ[m2- C�+[m2b .2HQ`b �TT�`�ŗi +QKK2 H2 +?27
/ǶQ`+?2bi`2 /2 +2ii2 /vM�KB[m2 /ǶBMiû;`�iBQM 2i /û}MB H2b bi�/2b /2 /ûp2HQTT2K2Mi ¨ bmBp`2 TQm` �#QmiB` ¨ H�
`ûmbbBi2 /2 HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2 Ul1JVX G� T`2KBĕ`2 ûi�T2 +QMbBbi�Bi ¨ +QM+Hm`2 2M RNNy bm` H�
HB#`2 +B`+mH�iBQM /m +�TBi�HX *2ii2 ûi�T2 � ûiû `2KTHB2 2M i2KTb 2i 2M ?2m`2- b�Mb i`QT /2 T`Q#HĕK2b- T�` H�
bB;M�im`2 /2 HǶ�++Q`/ TQm` HǶ1bT�+2 a+?2M;2MX *2i �++Q`/ T`2M/`� pû`Bi�#H2K2Mi 2z2i 2M RNN8X G� b2+QM/2
ûi�T2 +QMbBbi�Bi ¨ K2ii`2 2M TH�+2 2M RNN9 H� +`û�iBQM /2b BMbiBimiBQMb KQMûi�B`2 2m`QTû2MM2 /2 K�MBĕ`2 ¨
T2`K2ii`2 H� +QMp2`;2M+2 /2b TQHBiB[m2b û+QMQKB[m2b 2i KQMûi�B`2b /2b /Bzû`2Mib úi�ib K2K#`2bX �mi`2K2Mi
/Bi- +2H� +QMbBbi�Bi ¨ /û}MB` mM T`Q+2bbmb 7QM+iBQMM2H [mB T2`K2i URV /2 +QQ`/QMM2` H2b TQHBiB[m2b KQMûi�B`2b
2i �bbm`2` H� bi�#BHBiû /2b T`Bt- UkV /2 T2`K2ii`2 H� +QMp2`;2M+2 /2b T�vb- UjV /2 T`ûT�`2` HǶûi�#HBbb2K2Mi /m
7QM+iBQMM2K2Mi /m bvbiĕK2 #�M+�B`2 2m`QTû2M [mB 2M+�/`2`� H2b �+iBpBiûb /2 H� "�M[m2 *2Mi`�H2 2m`QTû2MM2-
2i }M�H2K2Mi U9V /2 T`ûT�`2` mM2 i`QBbBĕK2 ûi�T2 TQm` HǶBMi`Q/m+iBQM /2 H� MQmp2HH2 KQMM�B2X *2ii2 i`QBbBĕK2
2i /2`MBĕ`2 ûi�T2 +QMbBbi2 ¨ K2ii`2 2M +B`+mH�iBQM H� KQMM�B2 mMB[m2 ¨ i`�p2`b H2b /Bzû`2Mib úi�ib K2K#`2b
bmBi2 ¨ H� +QMp2`;2M+2 /2b T�vb K2K#`2b p2`b H� bi�#BHBiû �BMbB [m2 Q{+B�HBbû HǶ2Mi`û2 2M 7QM+iBQM /2 H� "�M[m2
*2Mi`�H2 2m`QTû2MM2X �BMbB- 2i bm` H� #�b2 /m HBp`2 #H�M+ /2 H� *QKKBbbBQM bm` H� +`QBbb�M+2- H� +QKTûiBiBpBiû
2i HǶ2KTHQB- BH 2bi /QM+ /û+B/û /2 +QMpQ[m2` mM2 �bb2K#Hû2@+QM7û`2M+2 2M pm2 /2 H� bB;M�im`2 /ǶmM T�+i2 /2
bi�#BHBiû 2i /2 +`QBbb�M+2 TQm` H2b T�vb /Ƕ1m`QT2X *2 T�+i2 TQm` H� bi�#BHBiû 2i H� +`QBbb�M+2 2m`QTû2MM2 2bi
bB;Mû 2M RNNd ¨ �Kbi2`/�KX § J�/`B/ 2M RNN8- H2 MQK ǳ1m`QǴ2bi +?QBbB TQm` H� KQMM�B2 mMB[m2 2m`QTû2MM2
2i H� /�i2 Q{+B2HH2 /2 KBb2 2M +B`+mH�iBQM 2bi �TT`Qmpû2 , H2 R2` D�MpB2` RNNNX *Ƕ2bi H� M�Bbb�M+2 /2 HǶ1m`Q 2i
H2 b2+QM/ ;`�M/ T�b /�Mb HǶ?BbiQB`2 2i H� +QMbi`m+iBQM 2m`QTû2MM2X
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GǶ1m`Q- H� KQMM�B2 mMB[m2- 2bi mM BMbi`mK2Mi û+QMQKB[m2 i`ĕb BKTQ`i�Mi TQm` b2 T`Qiû;2` /2b `Bb[m2b
/2 +?�M;2- bmTT`BK2` H2b 7`�Bb HBûb �mt i`�Mb�+iBQMb �BMbB [m2 TQm` ;�`�MiB` /2b i�mt /ǶBMiû`āi �bb2x #�b
T2`K2ii�Mi H� +`QBbb�M+2X J�Bb bm`iQmi- HǶ1m`Q 2bi mM bvK#QH2 TQHBiB[m2 i`ĕb TmBbb�Mi TmBb[mǶ2M bǶ�ii�[m�Mi
�m TQHBiB[m2 KQMûi�B`2- +Ƕ2bi H� T`2KBĕ`2 7QBb [m2 HǶ1m`QT2 �ii2BMi mM /2b MQv�mt /m`b /2 H� bQmp2`�BM2iû
TQm` HǶ�KûHBQ`�iBQM /m #B2M@āi`2 +QKKmM pB� H� /BKBMmiBQM /2b `Bb[m2b 7�+2 �mt /Bzû`2Mib +?Q+b û+QMQKB[m2b
[mB T2mp2Mi bm`p2MB`X

S�` �BHH2m`b- +QKK2 ¨ bQM ?�#Bim/2- 2M T�`�HHĕH2 /2 H� T`Q;`2bbBQM /2 HǶBMiû;`�iBQM- mM2 2ti2MbBQM /2b T�vb
K2K#`2b ¨ HB2m 2M RNN8X GǶ�mi`B+?2- H� 6BMH�M/2 2i H� amĕ/2 �/?ĕ`2Mi ¨ HǶlMBQM 2m`QTû2MM2 2i b2 DQB;M2Mi
T�` +QMbû[m2Mi �m h`�Biû /2 J��bi`B+?iX GǶ1m`QT2 /2b Rk /2pB2Mi �HQ`b HǶ1m`QT2 /2b R8 T�vb 2i +Qmp`2 ¨
T�`iB` /2 +2ii2 /�i2 H� [m�bB@iQi�HBiû /2 HǶ1m`QT2 Q++B/2Mi�H2X

1M RNN8- HǶûi�T2 k /2 H� KBb2 2M TH�+2 /2 HǶlMBQM KQMûi�B`2 û+QMQKB[m2 +QKK2M+2 2i +QMbBbi2 T`BM+BT�H2K2Mi
¨ 7�B`2 +QMp2`;2` H2b úi�ib K2K#`2b p2`b /2b +`Biĕ`2b T�`iB+mHB2`b BMbi�m`ûb T�` H2 h`�Biû /2 J��bi`B+?i HBKBi�Mi
�m K�tBKmK HǶBMbi�#BHBiû û+QMQKB[m2 2i /QM+ H2b T?ûMQKĕM2b /2 +`Bb2 7�+2 �mt /Bzû`2Mib +?Q+b û+QMQKB[m2b
U2M/Q;ĕM2 Qm MQMVX *2b +`Biĕ`2b #B2M +QMMmb 2i /ûi2`KBM�Mib /2 HǶ2Mi`û2 /2b T�vb /�Mb HǶlMBQM 2m`QTû2MM2
bQMi H2b BM/B+�i2m`b K�+`Qû+QMQKB[m2b bmBp�Mib , URV TQm` HǶ�MMû2 T`û+û/2Mi2- H2 i�mt /ǶBM~�iBQM KQv2M
M2 /QBi T�b /ûT�bb2` /2 THmb /2 R-8W +2HmB /2b i`QBb K2BHH2m`b úi�ib- UkV TQm` H2b /2mt �MMû2b T`û+û/2Mi2b-
�m+mM `û�HB;M2K2Mi /2b i�mt /2 +?�M;2- UjV H2 /û}+Bi #m/;ûi�B`2 /m ;Qmp2`M2K2Mi /QBi āi`2 BM7û`B2m` ¨ jW
/m SA"- U9V H� /2ii2 Tm#HB[m2 M2 T2mi 2t+û/2` eyW /m SA"- 2i }M�H2K2Mi U8V TQm` HǶ�MMû2 T`û+û/2Mi2- H2
i�mt KQv2M /ǶBMiû`āi ¨ HQM; i2`K2 M2 /QBi T�b /ûT�bb2` /2 THmb /2 kW +2HmB /2b i`QBb K2BHH2m`b ûi�ib U2M
i2`K2 /ǶBM~�iBQMVX SHmb T`û+BbûK2Mi- H2b /2mt T`2KB2`b T2`K2ii2Mi /Ƕ�bbm`2` H� bi�#BHBiû 2i H� +`û/B#BHBiû /2b
TQHBiB[m2b KQMûi�B`2bX G2b /2mt bmBp�Mib T2`K2ii2Mi H� bi�#BHBiû }b+�H2 2i HBKBi2Mi H2 `Bb[m2 /2 +`Bb2 ûi�iB[m2
M�iBQM�H2X G2 i`QBbBĕK2 T2`K2i H� bi�#BHBiû /2b TQHBiB[m2b bi`m+im`2HH2b 2M �bbm`�Mi mM2 +2`i�BM2 bi�#BHBiû /2b
BMp2biBbb2K2MibX AH 2bi ¨ MQi2` [m2 +2b +`Biĕ`2b bQMi ûi�#HBb /�Mb H2 i`�Biû +QKK2 /2b +QM/BiBQMb ¨ `2bT2+i2`
/2 7�ÏQM +QMbi�Mi2 ¨ HǶ�p2MB` /2 K�MBĕ`2 ¨ +QMb2`p2` H� bi�#BHBiû /2b T`BtX a2mH H2 +BM[mBĕK2 +QM+2`M�Mi H�
bi�#BHBiû /2b i�mt /2 +?�M;2 b2`� ûHBKBMû Hû;BiBK2K2Mi bmBi2 ¨ H� KBb2 2M +B`+mH�iBQM /2 HǶ1m`QX
1M RNN3- H� Tû`BQ/2 /Ƕûp�Hm�iBQM /2b T�vb TQm` H� +QMp2`;2M+2 /û#mi2X § T`2KBĕ`2 pm2- b2mH2K2Mi i`QBb
T�vb `2bT2+i2Mi 2MiBĕ`2K2Mi H2b +`Biĕ`2b /2 +QMp2`;2M+2 , H2 Gmt2K#Qm`;- H� 6`�M+2 2i H� 6BMH�M/2X a2mH2@
K2Mi- T2`bm�/û [m2 HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2 M2 TQm``�B2Mi bm`pBp`2 �p2+ i`QBb T�vb b�Mb +�mbû
HǶ2zQM/`2K2Mi 2i HǶ�pQ`i2K2Mi /m bvbiĕK2 2m`QTû2M BMiû;`û- H2 j 2i 9 K�B RNN3- H� *QKKBbbBQM 1m`QTû2MM2
/û+B/2 /Ƕ�miQ`Bbû HǶ2Mi`û2 /2b T�vb [mB `2bT2+i2Mi 2M i2M/�M+2 H2b +`Biĕ`2b /2 +QMp2`;2M+2bX �BMbB- HǶ�HH2K�;M2
`ûmMB}û2- H2 SQ`im;�H- HǶAi�HB2- H� "2H;B[m2- H2b S�vb@"�b- HǶA`2H�M/- HǶ1bT�;M2- HǶ�mi`B+?2- H2 _Qv�mK2@lMB- H�
amĕ/2 2i H2 .�M2K�`F bQMi �miQ`Bbûb ¨ 2Mi`2` /�Mb HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2 2m`QTû2MM2 2i /2 +2
7�Bi � �/QTiû HǶ1m`Q +QKK2 KQMM�B2X G� :`ĕ+2 2bi /QM+ H2 b2mH T�vb /2 HǶ1m`QT2 /2b R8 [mB MǶQ#iB2Mi T�b
bQM /`QBi /Ƕ�++ĕb ¨ H� xQM2 2m`QX *2T2M/�Mi- H2 _Qv�mK2@lMB- H� amĕ/2 2i H2 .�M2K�`F /û+B/2Mi /Ƕ�TTHB[m2`
H2m` +H�mb2 /2 bQ`iB2 2i `2bi2Mi ¨ HǶû+�`i /2 HǶl1J bQBi H� xQM2 2m`QX 1M RNNN- 2i bmBi2 ¨ H� }t�iBQM /2b
i�mt /2 +QMp2`bBQM /2b KQMM�B2b M�iBQM�H2b 2i 2 HǶ2m`Q U+7X };m`2 +B@�T`ĕbV- +Ƕ2bi /QM+ Hû;BiBK2K2Mi 2i /�Mb
mM2 7�+BHBiû ûiQMM�Mi2 [m2 TQm` H� T`2KBĕ`2 7QBb /�Mb HǶ?BbiQB`2 /m KQM/2 Rk ûi�ib b2 K2ii2Mi 2Mb2K#H2 2i
+`û2Mi H2m` KQMM�B2 +QKKmM2X *2ii2 /2`MBĕ`2 b2`� Q{+B2HH2K2Mi KBb2 2M +B`+mH�iBQM H2 R2` D�MpB2` kyyk ¨
KBMmBiX a2mH T`Q#HĕK2- H2b úi�ib /2 HǶlMBQM M2 b2 bQMi T�b T`ûT�`ûb 2i MǶQMi T�b iB`û /2 +QMbû[m2M+2b /2 +2ii2
�/QTiBQM /2 KQMM�B2 +QKKmM2X �mi`2K2Mi /Bi- BHb M2 b2 bQMi T�b BMi2``Q;ûb bm` HǶBKTHB+�iBQM [m2 HǶ1m`Q
�m`� bm` H2 #m/;2i 2m`QTû2M- H� ;Qmp2`M�M+2 /2 HǶlMBQM 2m`QTû2MM2- bm` H2b TQHBiB[m2b û+QMQKB[m2b /m MBp2�m
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bmT`�M�iBQM�H 2i +2HH2b `2biû2b �m MBp2�m M�iBQM�H- �BMbB [m2 bm` H� `2T`ûb2Mi�iBQM /2 HǶlMBQM 2m`QTû2MM2 ¨
HǶ2tiû`B2m` /2 b2b 7`QMiBĕ`2bX AH v � /QM+ ¨ T�`iB` /2 +2 KQK2Mi- H2 /û#mi /ǶmM ǳ/`�K2Ǵ /2 HǶ1m`QX 1M 2z2i-
H2b ;Qmp2`M�Mib MQM T�b pQmHmb `2+QMM�Bi`2 [m2 +?QBbB` HǶl1J- /QM+ +?QBbB` H� KQMM�B2 mMB[m2 UHǶ1m`QV `2p2@
M�Bi ¨ mM 7�B`2 mM +?QBt TQHBiB[m2 K�D2m`X *2+B 2MHBb2`� /�Mb mM2 T�`�HvbB2 [m�bB iQi�H2 H� T`Q;`2bbBQM /2 H�
/vM�KB[m2 /ǶBMiû;`�iBQM 2m`QTû2MM2 2i H2b Q#D2+iB7b /2 /ûp2HQTT2K2Mi /2 HǶmMBQM TQHBiB[m2X

J�H;`û H2 /`�K2 TQHBiB[m2 [m2 7�Bi M�Bi`2 HǶ1m`Q- H2 +QMiBM2Mi �p�M+2 2M+Q`2 2i iQmDQm`b p2`b H� T�Bt 2M b2
`ûmMB}�MiX 1M kyy9- HǶ1m`QT2 /2b R8 T�bb2 ¨ HǶ1m`QT2 /2b k8 2M Q{+B�HBb�Mi HǶ2Mi`û2 /2 ?mBi T�vb /Ƕ1m`QT2 *2M@
i`�H2 2i P`B2Mi�H2 , *?vT`2- HǶ1biQMB2- H� >QM;`B2- H� G2iiQMB2- H� GBim�MB2- J�Hi2- H� SQHQ;M2- H� _ûTm#HB[m2
i+?ĕ[m2- H� aHQpûMB2 2i H� aHQp�[mB2X S�`KB 2mt- b2mH [m2H[m2b mM 2Mi`2Mi /�Mb H� xQM2 2m`QX *2ii2 MQmp2HH2
2tT�MbBQM K2i 2M}M mM i2`K2 ¨ H� /BpBbBQM /2 HǶ1m`QT2 /2bbBMû2 T�` H2b Ŀ;`�M/2b TmBbb�M+2bŀ ey �Mb THmb
iƬi- HQ`b /2 H� +QM7û`2M+2 /2 u�Hi�- 2M *`BKû2X

RXkXe kyy8 @ kyRd U�mDQm`/Ƕ?mBV , H2 /`�K2 /2 HǶ2m`Q- H� +`Bb2 }M�M+Bĕ`2 2i H� `2H�M+2 /2 H�
+QMbi`m+iBQM 2m`QTû2MM2

1M kyy8- H2 /`�K2 TQHBiB[m2 [m2 `2T`ûb2Mi2 HǶ1m`Q `2i2MiBi 2M 1m`QT2X SHmb T`û+BbûK2Mi- HǶ1m`QT2 /2b k8
ûi�#HBi mM i`�Biû �v�Mi TQm` #mi /Ƕûi�#HB` mM2 *QMbiBimiBQM 2m`QTû2MM2 �}M /2 `�iBQM�HBb2` H2b T`Q+2bbmb
/ûKQ+`�iB[m2b /2 T`Bb2 /2 /û+BbBQMb 2i /2 ;2biBQM /�Mb HǶlMBQM 2m`QTû2MM2 7�+2 ¨ H� MQmp2HH2 2tT�MbBQMX
�mbbB- +2 /2`MB2` � mM /Qm#H2 Q#D2+iB7 T`û+Bb- +QMb2`p2` mM2 HB;M2 [mB T2`K2i /ǶûpBi2` [m2 HǶ1m`QT2 M2 bQBi
[mǶmM bmT2` K�`+?û mMB[m2X § +QMi`�`BQ- +2 i`�Biû � TQm` Q#D2+iB7 /2 7�B`2 /2 HǶlMBQ 2m`QTû2MM2 mM2 pû`Bi�#H2
+QKKmM�miû bQHB/�B`2 2i +BiQv2MM2 /2 bQ`i2 ¨ 7�B`2 `2T�`iB` H� /vM�KB[m2 /ǶBMiû;`�iBQM 2i /QMM2` mM H2pB2`
i�M;B#H2 TQm` H� T`Q;`2bbBQM p2`b HǶlMBQM TQHBiB[m2X �}M /2 p�HB/2` +2ii2 T`QTQbBiBQM- H� /û+BbBQM 2bi bQmKBb2
�m T2mTH2 7`�MÏ�Bb T�` `û7û`2M/mKX *2b /2`MB2`b `2D2ii2Mi H2 T`QD2i ¨ 88WX GǶlMBQM 2m`QTû2MM2 bǶBMi2``Q;2
�HQ`b bm` +2ii2 ûi`�M;2 6`�M+2 [mB pB2Mi #HQ[m2` H2 T`Q+2bbmb 2i H� /vM�KB[m2 /2 +QMbi`m+iBQM 2m`QTû2MM2
�T`ĕb ey �Mb �m +Qm`b /2b[m2Hb 2HH2 � ûiû H2 TQ`i2m` K�D2m` /m T`QD2iX AH b2K#H2`�Bi [m2 /2TmBb HǶBMi`Q/m+iBQM
/2 HǶ1m`Q- H2b +BiQv2Mb 2m`QTû2Mb �B2Mi T2`/m H2 b2Mb /m T`QD2i T�`+2 [m2 +2H� p� i`QT pBi2- K�Bb �mbbB T�`+2
[mǶBHb M2 +QKT`2MM2Mi MB bQM 7QM+iBQMM2K2Mi MB b� TQ`iû2X AHb +QKT`2MM2Mi HǶBKTQ`i�M+2 /m T`QD2i TQm` H�
T�Bt 2i H� bi�#BHBiû /m +QMiBM2Mi 2m`QTû2M- K�Bb BHb bQMi BM[mB2ib /m TQmpQB` 2i /2b +QKTûi2M+2b /2 HǶ1m`QT2
2i /2 "`mt2HH2bX GǶ1m`QT2 pBi /QM+ mM i`�mK�iBbK2 +`ûû T�` HǶBM+QKT`û?2MbBQM 2i H� T2`i2 /2 +QM}�M+2 /2b
+BiQv2Mb [mB M2 +QMM�Bbb2Mi T�b �bb2x H2b Q#D2+iB7b- H� KBbbBQM +QKKmM2 �BMbB [m2 H2b +QKTûi2M+2b /2 HǶ1m`QT2X
1M 2z2i- BH 2bi BKTQ`i�Mi /2 `�TT2H2` [m2 iQmi2b H2b /û+BbBQMb bi`�iû;B[m2b 2i /2 /ûp2HQTT2K2Mi 2m`QTû2MM2b
bQMi T`Bb2b T�` mM +QMb2BH /2b KMBMbi`2b 2m`QTû2Mb ¨ HǶmM�MBKBiû Qm ¨ H� K�DQ`Biû [m�HB}û2- K�Bb �mbbB bm`iQmi
[mǶmM ;`�M/ MQK#`2 /2 +QKTûi2M+2b `2bi2 2M+Q`2 �m MBp2�m M�iBQM�H , H� TQHBiB[m2 /2 HǶ2KTHQB- /�Mb mM2
+2`i�BM2 K2bm`2 H� TQHBiB[m2 û+QMQKB[m2- 2i /�Mb mM2 iQi�H2 K2bm`2 H2b TQHBiB[m2b /2 T`Qi2+iBQM bQ+B�H2 2i
2MpB`QMM2K2Mi�H2X �BMbB- 2i T�` H� bmBi2- +2 bQMi H2b Lû2`H�M/�Bb [mB pB2MM2Mi 2Mi2``2` H2 T`QD2i 2M pQi�Mi
û;�H2K2Mi MQM ¨ H� bB;M�im`2 /m i`�Biû BMbi�m`�Mi mM2 *QMbiBimiBQM 2m`QTû2MM2X

SQm` �mi�Mi- H� T`Q;`2bbBQM ;ûQ;`�T?B[m2 /2 HǶlMBQM 2m`QTû2MM2 +QMiBMm2X G2 T`2KB2` D�MpB2` kyyd- HǶ1m`QT2
/2b k8 T�bb2 ¨ HǶ1m`QT2 /2b kd �p2+ HǶ�/?ûbBQM ¨ HǶlMBQM /2 H� "mH;�`B2 �BMbB [m2 /2 H� _QmK�MB2X �mbbB- H�
*`Q�iB2- H� J�+û/QBM2 2i H� hm`[mB2 /2pB2MM2Mi /2b +�M/B/�ib ¨ mM2 7mim`2 BMiû;`�iBQMX 1M Qmi`2- }M kyyd-
HǶ2bT�+2 a+?2M;2M bǶûH�`;Bi 2M BM+Hm�Mi /ûbQ`K�Bb 2M bQM b2BM HǶ1biQMB2- H� _ûTm#HB[m2 h2+?ĕ[m2- H� GBim�MB2-
H� >QM;`B2- H� G2iiQMB2- J�Hi2- H� SQHQ;M2- H� aHQp�[mB2 2i H� aHQpûMB2X
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S`QTmHbûb mM2 MQmp2HH2 7QBb T�` HǶ2tT�MbBQM- }M kyyd- H2b kd T�vb K2K#`2b /2 HǶlMBQM 2m`QTû2MM2 bB;M2Mi mM
MQmp2�m i`�Biû [mB KQ/B}2 H2b T`û+û/2Mib , H2 h`�Biû /2 GBb#QMM2X *2 /2`MB2` `2T`2M/ H2b T`BM+BT2b +H27b /m
i`�Biû /2 kyy8 TQm` mM2 *QMbiBimiBQM 2m`QTû2MM2 2i pBb2 �BMbB ¨ `2M/`2 HǶlMBQM 2m`QTû2MM2 THmb /ûKQ+`�iB[m2-
2{+�+2 2i i`�MbT�`2Mi2X .2 +2ii2 K�MBĕ`2- H2b úi�ib K2K#`2b 2bTĕ`2Mi TQmpQB` /QMM2` H2 KQv2M ¨ HǶ1m`QT2
/2 `2H2p2` H2b /û}b KQM/B�mt �mt[m2Hb 2HH2 7�Bi 7�+2- i2Hb [m2 H2 +?�M;2K2Mi +HBK�iB[m2- H� bû+m`Biû 2i H2
/ûp2HQTT2K2Mi /m`�#H2- 2i +2 T�` H2 #B�Bb /ǶmM �TT`Q7QM/Bbb2K2Mi /2 b� 7Q`K2 TQHBiB[m2X _�iB}û T�` iQmb
H2b úi�ib K2K#`2b- BH 2Mi`2 2M pB;m2m` 2M kyyN 2i K�`[m2`�- Dmb[mǶ¨ �mDQm`/Ƕ?mB- H� /2`MBĕ`2 T`Q;`2bbBQM
pQHQMi�B`2 /2b úi�ib K2K#`2b p2`b mM2 THmb ;`�M/2 BMiû;`�iBQM 2m`QTû2MM2X

6BM�H2K2Mi- 2M kyy3 bǶ�#�i bm` H2 KQM/2 2MiB2` H� +`Bb2 }M�M+Bĕ`2X *2ii2 /2`MBĕ`2 iQm+?2`� /m`2K2Mi HǶ1m`QT2
2M ;ûMû`�HX �BMbB- +2ii2 /2`MBĕ`2 TQmbb2`� H2b T�vb /Ƕ1m`QT2 ¨ 7�B`2 mM MQmp2�m T�b /ǶBMiû;`�iBQM- KāK2
KBMBK2X 1M 2z2i- TQm` /2b #2bQBMb /2 bi�#BHBiû �BMbB [m2 TQm` H� T`Qi2+iBQM bQ+B�H2 2i +BiQv2MM2- HǶlMBQM
2m`QTû2MM2 +`û2 HǶlMBQM #�M+�B`2X *2ii2 /2`MBĕ`2 lMBQM bQMM2 mM2 MQmp2HH2 pQBt /2 +QQTû`�iBQM- +2ii2 7QBb
TQm` H� bm`p2BHH�M+2 /2b #�M[m2b �}M [mǶ2HH2b �/QTi2Mi /2b �+iBQMb THmb bȿ`2b 2i [mǶ2HH2b bQB2Mi /m +QmT THmb
}�#H2bX

SQm` i2`KBM2`- H2b /2`MBĕ`2b ûi�T2b ?BbiQ`B[m2b /2 H� +QMbi`m+iBQM 2m`QTû2MM2b Dmb[mǶ¨ �mDQm`/Ƕ?mB bQMi
K�`[mû2b T�` mM i`ĕb #2�m bvK#QH2 , H2 S`Bt LQ#2H /2 H� S�Bt TQm` HǶlMBQM 2m`QTû2MM2 2M kyRkX S�` �BHH2m`b-
2M kyRj- H� *`Q�iB2 `2DQBM/`� Q{+B2HH2K2Mi HǶlMBQM 2m`QTû2MM2 2M i�Mi [m2 28e K2K#`2X *2T2M/�Mi- bmBi2
¨ HǶ�MM2tBQM /2 H� *`BKû2 T�` H� _mbbB2 2i ¨ H� KQMiû2 /2b +QM~Bib �m JQv2M@P`B2Mi 2i /�Mb /Bp2`b T�vb 2i
`û;BQMb /m KQM/2- /2 MQK#`2mb2b T2`bQMM2b bQMi TQmbbû2b 2i +QMi`�BMi2b ¨ HǶBKKB;`�iBQM 2i pB2MM2Mi /QM+
+?2`+?2` `27m;2 2M 1m`QT2X 6�+2 ¨ +2b 2MD2mt TQHBiB[m2b 2i �mt T`Q#HĕK2b û+QMQKB[m2b [m2 bQmHĕp2 2M+Q`2
H� +`Bb2 }M�M+Bĕ`2 /2 kyy3- HǶlMBQM 2m`QTû2MM2 2i b� /vM�KB[m2 /ǶBMiû;`�iBQM b2 i`Qmp2Mi mM2 MQmp2HH2 7QBb
+QM7`QMiû2b ¨ /2 ;`�M/2b /B{+mHiûb 2i 7QMi 7�+2 ¨ /2b KQmp2K2Mib /2 /BpBbBQMX SHmb 7Q`i2 [m2 +2HH2 /2 H� +?�Bb2
pB/2 /2 RNey Qm /2 H� T�`�HvbB2 /2b �MMû2b RN3y- +2ii2 pû`Bi�#H2 +`Bb2 /2 H� +QMbi`m+iBQM 2m`QTû2MM2 2Mi`�BM2
�BMbB mM2 pû`Bi�#H2 bûT�`�iBQM bmBi2 ¨ H� `ûTQMb2 TQbBiBp2 /m T2mTH2 �M;H�Bb �m `272`2M/mK /m kj DmBM kyRe
2i �v�Mi TQm` [m2biBQM , ǳaQm?�Bi2x@pQmb bQ`iB` /2 HǶ1m`QT2 \ǴX *2 +QMbi�i /QMM2 �BMbB HB2m ¨ HǶQ{+B�HBb�iBQM
/m "`2tBi H2 kN K�`b kyRd- 2i [mB M2 T`2M/`� pû`Bi�#H2K2Mi 2z2i [m2 /2mt �Mb THmb i�`/X
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RXj GǶ1m`QT2 2M [m2H[m2b +?Bz`2b
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RXjXyXj ú+QMQKB2

RXjXyXjXR *QKK2`+2

GǶl1 M2 +QKTi2 [m2 e-N W /2 H� TQTmH�iBQM KQM/B�H2- K�Bb b2b û+?�M;2b +QKK2`+B�mt �p2+ H2 `2bi2 /m KQM/2
`2T`ûb2Mi2Mi 2MpB`QM ky W /m pQHmK2 iQi�H /2b BKTQ`i�iBQMb 2i 2tTQ`i�iBQMb KQM/B�H2bX

1MpB`QM ek W /m pQHmK2 iQi�H /2b û+?�M;2b /2b T�vb /2 HǶl1 bQMi `û�HBbûb �p2+ /Ƕ�mi`2b T�vb /2 HǶl1X

GǶl1 2bi HǶmM /2b i`QBb THmb ;`�M/b �+i2m`b /m +QKK2`+2 BMi2`M�iBQM�H- �mt +Ƭiûb /2b úi�ib@lMBb 2i /2 H�
*?BM2X 1M kyR9- H2b 2tTQ`i�iBQMb /2 #B2Mb /2 HǶl1 `2T`ûb2Mi�B2Mi R8 W /2b 2tTQ`i�iBQMb KQM/B�H2bX SQm`
H� T`2KBĕ`2 7QBb /�Mb HǶ?BbiQB`2 /2 HǶl1- 2HH2b QMi ûiû /ûT�bbû2b T�` +2HH2b /2 H� *?BM2 UR8-8 WV- K�Bb 2HH2b
T`û+ĕ/2Mi iQmDQm`b +2HH2b /2b úi�ib@lMBb URk-k WV- [mB �bbm`�B2Mi mM2 THmb ;`�M/2 T�`i /2b BKTQ`i�iBQMb
KQM/B�H2b UR8-N WV [m2 HǶl1 UR9-3 WV 2i [m2 H� *?BM2 URk-N WVX
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RXjXyXjXj _2+?2`+?2 2i .ûp2HQTT2K2Mi 2i AMMQp�iBQMb
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RXjXyXjX9 AM7`�bi`m+im`2b- úM2`;B2b 2i 1MpB`QMM2K2Mi
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k _2pm2 /2 HBiiû`�im`2

kXR G� HQ;B[m2 /ǶBMiû;`�iBQM U2M û+QMQKB2V

kXRXR .û}MBiBQM 2i Q#D2+iB7b /2 HǶBMiû;`�iBQM U2M û+QMQKB2V

a2HQM H2b /û}MBiBQMb ;ûMû`�H2b- HǶBMiû;`�iBQM �TT�`�ŗi +QKK2 mM +QM+2Ti THm`B/BK2MbBQMM2H- ¨ b�pQB`
û+QMQKB[m2- TQHBiB[m2- bQ+B�H- bQ+Bûi�H- +mHim`2H- KBHBi�B`2 2i DǶ2M T�bb2X a2HQM H2 /B+iBQMM�B`2 G�`Qmbb2-
BMiû;`2` +Ƕ2bi �bb2K#H2` Qm `�bb2K#H2` /2b T�`iB2b /BbiBM+i2b TQm` 7Q`K2` mM iQmi- Qm 2M+Q`2- �DQmi2` mM2
MQmp2HH2 T�`iB2 ¨ mM 2Mb2K#H2 TQm` 7Q`K2` mM iQmi THmb +QKTH2i 2i /QM+ �m;K2Mi2` b� +Q?ûbBQMX �BMbB-
HǶBMiû;`�iBQM T2mi b2 /û}MB` +QKK2 HǶ2Mb2K#H2 /2b T?ûMQKĕM2b Qm T`Q+2bbmb T�` H2b[m2Hb b2 +QMbiBim2 HǶmMBiû
/m iQmi ¨ T�`iB` /2 H� bQKK2 /2 THmbB2m`b T�`iB2b- 2i +`û�Mi �BMbB mM2 BMi2`/ûT2M/�M+2 ûi`QBi2 /2b T�`iB2b
�bb2K#Hû2b U�X *mpBHB2`- �X G�H�M/2VX *2 T?ûMQKĕM2 2bi /QM+ mM T`Q+2bbmb [mB +QMbBbi2 ¨ �++`QBi`2 H�
bQHB/�`Biû- H� +Q?ûbBQM 2i HǶBMi2`/ûT2M/�M+2 2Mi`2 /Bp2`b ûHûK2Mib T`û2tBbi�Mib 2i #B2M /BbiBM+ib ¨ HǶQ`B;BM2-
�v�Mi �BMbB TQm` Q#D2+iB7 /2 H2b ǳmMB}2` /2 K�MBĕ`2 ¨ bmTT`BK2` Qm ûpBi2` H2b +QM~Bib �BMbB [m2 T2`K2ii`2 H2
/ûp2HQTT2K2Mi bQHB/�B`2XǴ UJ�m`B+2 .mp2`;2`VX

*Ƕ2bi bm` +2 T`BM+BT2 [m2 H� +QMbi`m+iBQM- Qm /2p`�Bb@D2 /B`2 HǶBMiû;`�iBQM- 2m`QTû2MM2 ¨ /û#mi2` , mMB}2`
H2 +QMiBM2Mi 2m`QTû2M TQm` K2ii`2 }M �m +QM~Bi BMi2`KBM�#H2 [mB v `ĕ;M2 /2TmBb /2b +2Mi�BM2b /Ƕ�MMû2bX
S2`K2ii`2- }M�H2K2Mi- H2 `2iQm` /2 H� T�Bt �m i`�p2`b /ǶmM /ûp2HQTT2K2Mi bQHB/�B`2X *2 T`QD2i 2bi /QM+ �p�Mi
iQmi mM T`QD2i TQHBiB[m2- +QKK2 iQmb H2b �mi`2b /Ƕ�BHH2m`bX *2+B 2bi �bb2x ûpB/2Mi �m `2;�`/ /2 HǶ2Mb2K#H2
/2b BMiû;`�iBQMb �v�Mi 2tBbiû2b- +QKK2 HǶ2tT`BK2 6`�MÏQBb S2``Qmt , ǳH2 +QM+2Ti /ǶBMiû;`�iBQM `2MpQB2 iQm` ¨
iQm` ¨ H� `û�HBb�iBQM /ǶmM T`QD2i TQHBiB[m2- �mt ûi�T2b /m T`Q+2bbmb /ǶBMiû;`�iBQM 2i �m T`Q+2bbmb HmB@KāK2 c
HǶBMiû;`�iBQM b2 +QM7QM/ T�`7QBb �p2+ H2 #mi /m T`QD2i- HǶQ#D2+iB7 mHiBK2- H2 `ûbmHi�i /m T`Q+2bbmbX .�Mb +2 b2Mb-
BMiû;`2` +Ƕ2bi �m;K2Mi2` H� +Q?ûbBQM /ǶmM iQmi 2tBbi�MiǴX

6BM�H2K2Mi- HǶBMiû;`�iBQM /�Mb bQM T`Q+2bbmb 7�Bi �TT2H ¨ /Bzû`2Mib 7�+i2m`bX AH bǶ�;Bi 2M 7�Bi /2b +QM/B@
iBQMb T?vbB[m2b- Qm �mbbB �TT2Hû2b p�`B�#H2b- HBû2b /B`2+i2K2Mi �m T`Q+2bbmb /ǶBMiû;`�iBQM 2i �m `ûbmHi�i [mǶBH
T`ûb2Mi2`�- bQBi H� 7Q`K2 /ǶBMiû;`�iBQMX *2b /2`MBĕ`2b p�`B�#H2b T2mp2Mi āi`2 /BbiBM;mû2b +QKK2 bmBi ,

Ç ;ûQ;`�T?B[m2, T`QtBKBiû- /BK2MbBQM c
Ç TQHBiB[m2 , ?QKQ;ûMûBiû B/ûQHQ;B[m2- +QKT�iB#BHBiû /2b B/û�mt- bQHB/�`Biû /2b TQmpQB`b /2b ûi�ib- bBKBH@

Bim/2b /2b BMbiBimiBQMb- 2i+Xc
Ç bQ+BQ+mHim`2HH2 , +Q?ûbBQM- +QKTHûK2Mi�`Biû /2b ûHBi2b- 2tTû`B2M+2b ?BbiQ`B[m2b +QKKmM2b- 2i+Xc
Ç û+QMQKB[m2 , /Qi�iBQM /2b `2bbQm`+2b M�im`2HH2b- /Qi�iBQM /2b `ûb2�mt /2 +QKKmMB+�iBQM- HB#û`�HBb�@

iBQM /2b û+?�M;2b +QKK2`+B�mt- HB#û`�HBb�iBQM /2b KQmp2K2Mib /2b 7�+i2m`b /2 T`Q/m+iBQM- ?�`KQMBb�@
iBQM /2b TQHBiB[m2b û+QMQKB[m2b- 2i+Xc

�v�Mi TQm` +Q2m` /Ƕûim/2 HǶlMBQM 2m`QTû2MM2- HǶBMiû;`�iBQM û+QMQKB[m2 b2`� +2HH2 ûim/Bû2X .Ƕ�BHH2m`b- +2 bQMi
H2b û+QMQKBbi2b- /�Mb H2 /QK�BM2 /2 HǶû+QMQKB2 BM/mbi`B2HH2- [mB QMi TQm` H� T`2KBĕ`2 7QBb miBHBbû H2 +QM+2Ti
/ǶBMiû;`�iBQM- 2i +2 TQm` /ûbB;M2` H2b QTû`�iBQMb /2 +QK#BM�BbQM- /2 7mbBQM /Ƕ2Mi`2T`Bb2bX aǶBH 2M 2bi �BMbB-
+Ƕ2bi T�`+2 [m2 HǶBMiû;`�iBQM- 2M i�Mi [m2 TQHBiB[m2 û+QMQKB[m2- 2bi mM T?ûMQKĕM2 `2H�iBp2K2Mi `û+2MiX *2
i2`K2 � `2KTH�+û mM2 7�KBHH2 /2 KQib i2Hb [m2 `�TT`Q+?2K2Mi T�` H� +QQTû`�iBQM 2i H� bQHB/�`Biû- 7û/û`�iBQM-
7mbBQM- mMB}+�iBQMX
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�BMbB- 2i }M�H2K2Mi- HǶBMiû;`�iBQM û+QMQKB[m2 2bi mM T`Q+2bbmb 2i mM ûi�i UmM2 bBim�iBQMVX _2bT2+iBp2K2Mi-
2M i�Mi [m2 T`Q+2bbmb- 2HH2 b2 Ŀ `û7ĕ`2 ¨ HǶBMi`Q/m+iBQM /2b K2bm`2b [mB i2M/2Mi ¨ HǶûHBKBM�iBQM /2 iQmi2
/Bb+`BKBM�iBQM 2Mi`2 H2b mMBiûb û+QMQKB[m2b �TT�`i2M�Mi �mt /Bzû`2Mib úi�ib M�iBQM�mt ŀ- i�M/Bb [mǶ2M i�Mi
[m2 bBim�iBQM- ǳ2HH2 bB;MB}2 HǶ�#b2M+2 /2 /Bb+`BKBM�iBQM 2Mi`2 H2b û+QMQKB2b M�iBQM�H2bǴ U"X "�H�bb�- RNeRVX
�mi`2K2Mi /Bi- HǶBMiû;`�iBQM û+QMQKB[m2 2bi- /ǶmM2 T�`i- HǶûHBKBM�iBQM T`Q;`2bbBp2 /ǶQ#bi�+H2b �mt û+?�M;2b
2Mi`2 2MiBiûb ;ûQ;`�T?B[m2b UQm T�vbV- 2i /Ƕ�mi`2 T�`i- H� +QM7`QMi�iBQM- H� +QQ`/BM�iBQM 2ifQm HǶ?�`KQMBb�iBQM
2Mi`2 H2b TQHBiB[m2b `2bT2+iBp2b /2 +2b /2`MBĕ`2b- H2 iQmi /�Mb H2 #mi /2 +`û2` /2b bi`m+im`2b THmb 7�pQ`�#H2b
¨ HǶmMB}+�iBQM /2b 2MiBiûb T�` H2 #B�Bb- H2 H2pB2`- /2 HǶû+QMQKB2 BMi2`M�iBQM�H2X SHmb T`û+BbûK2Mi- K�H;`û H2b
/Bzû`2Mib bi�/2b /2 /ûp2HQTT2K2Mi [mǶ2HH2 T2mi �pQB`- HǶBMiû;`�iBQM b2 +�`�+iû`Bb2 H2 THmb bQmp2Mi T�` , URV H�
HB#2`iû iQi�H2 /2 H� +B`+mH�iBQM /2b K�`+?�M/Bb2b 2Mi`2 H2b 2MiBiûb BMiû;`û2b 2i +QM+2`Mû2b UkV mM2 /BpBbBQM /m
i`�p�BH 2Mi`2 H2b 2MiBiûb K2K#`2b bvMQMvK2b /2 bTû+B�HBb�iBQM /�Mb mM T`Q+2bbmb /2 T`Q/m+iBQM +QMbiBim�Mi H�
#�b2 /2b û+?�M;2b +QKK2`+B�mt- 2i- }M�H2K2Mi UjV mM2 /Bb+`BKBM�iBQM +2`i�BM2 /2b 2MiBiûb MQM K2K#`2 bQmb H�
7Q`K2 T�` 2t2KTH2 /2 /`QBib /2 /Qm�M2 +QKKmMb- /Ƕû+?�M;2b /2 K�iBĕ`2b T`2KBĕ`2b bi`�iû;B[m2b ¨ T`Bt `û/mBi
UBM7û`B2m`b ¨ +2HmB /m K�`+?ûV- Qm 2M+Q`2 /2 H� KBb2 2M TH�+2 /2 MQ`K2b `2bi`B+iBp2b ¨ HǶ2Mi`û2 /2 T`Q/mBib
2tiû`B2m`b ¨ +2ii2 2bT�+2 BMiû;`û û+QMQKB[m2K2MiX 6BM�H2K2Mi- H2 T`Q+2bbmb /ǶBMiû;`�iBQM û+QMQKB[m2 Qm
`û;BQM�H2 b2 #�b2 /QM+ bm` HǶûim/2 /2b û+?�M;2b +QKK2`+B�mt 2i i`Qmp2 b2b 7QM/2K2Mib /�Mb H� i?ûQ`B2
i`�/BiBQMM2HH2 /m *QKK2`+2 AMi2`M�iBQM�H UoBM2`- RN8yV U"v2- RNe8V- iQmi 2M `2MpQv�Mi iQm` ¨ iQm`- 2i /2
7�ÏQM T`2b[m2 �miQK�iB[m2- ¨ H� `û�HBb�iBQM /ǶmM T`QD2i TQHBiB[m2 �bbm`�Mi H� T�Bt 2i H2 T`Q;`ĕb +QKKmM U6X
S2``Qmt- RNeNVX

kXRXk G2b 7Q`K2b /ǶBMiû;`�iBQM 2M û+QMQKB2

.2 T�` H2b /Bzû`2Mi2b p�`B�#H2b Qm +QM/BiBQMb T?vbB[m2b BM?û`2Mi2b �m T`Q+2bbmb /ǶBMiû;`�iBQM- HǶBMiû;`�iBQM
û+QMQKB[m2 T2mi /QM+ `2pāiB` /Bzû`2Mi2b 7Q`K2b- Qm THmb T`û+BbûK2Mi /Bzû`2Mib MBp2�mt ;ûQ;`�T?B[m2b ,
BMi2`M�iBQM�H- M�iBQM�H- `û;BQM�HX

*?`QMQHQ;B[m2K2Mi- H� T`2KBĕ`2 7Q`K2 /ǶBMiû;`�iBQM ¨ �pQB` pm H2 DQm` 2bi +2HH2 /2 7Q`K2 M�iBQM�H2X *Ƕ2bi +2HH2
[mB b2 +QM+`ûiBb2 T�` H� +`û�iBQM /Ƕûi�ib M�iBQMb 2M iBbb�Mi H2b HB2Mb /ǶBMi2`/ûT2M/�M+2 2Mi`2 H2b /Bzû`2Mi2b
+QKTQb�Mi2b û+QMQKB[m2b /m bvbiĕK2 ;HQ#�H /ǶmM T�vb- bQBi H2b +QKTQb�Mi2b 7QM+iBQMM2HH2b 2i bi`m+im`2HH2b
2M `ûTQMb2 �mt +QKTQb�Mi2b +QMDQM+im`2HH2bX US2``Qmt RNeNVX G� b2+QM/2- BMi2`M�iBQM�H2- 2bi H2 T`Q+2bbmb
T�` H2[m2H H2b �+i2m`b TQHBiB[m2b /2 /Bzû`2Mi2b +QKKmM�miûb M�iBQM�H2b bQMi /ûi2`KBMûb ¨ `ûQ`B2Mi2` H2m`b
�HHû;2�M+2b- H2m`b �bTB`�iBQMb �BMbB [m2 H2m`b �+iBpBiûb TQHBiB[m2b p2`b mM MQmp2�m +2Mi`2 /QMi H2b BMbiBimiBQMb
/2 ;û`�M+2 TQbbĕ/2Mi mM2 �miQMQKB2 /2 ;2biBQM bm` H2b K2K#`2bX UǳJ2KQB`2 PMHBM2 @ �M�Hvb2 /2 GǶQTiBK�HBiû
/2 G� wJ�P UwQM2 JQMûi�B`2 /2 GǶ�7`B[m2 /2 GǶPm2bi V .�Mb lM *QMi2ti2 /ǶBMiû;`�iBQM @ G2b7`�M a�K
q�MBHQ �:"�>PlL:"�Ǵ kyRdVX :ûMû`�H2K2Mi- +2b BMbiBimiBQMb /ǶBMiû;`�iBQM bQMi /Qiû2b /2 TQmpQB` TQm`
/2b /QK�BM2b T`û+BbX GǶP`;�MBb�iBQM JQM/B�H2 /m *QKK2`+2 UPJ*V 2M 2bi mM #QM 2t2KTH2X 6BM�H2K2Mi-
H� /2`MBĕ`2 7Q`K2 2bi `û;BQM�H2X *Ƕ2bi- 2Mi`2 �mi`2b- +2HH2 [mB 2bi H� THmb `ûT�M/m2 �mDQm`/Ƕ?mBX *2ii2 7Q`K2
/ǶBMiû;`�iBQM T2`K2i �mt úi�ib L�iBQMb /2 +`û2` /2b ;`�M/b 2bT�+2b û+QMQKB[m2b pB� HǶûH�`;Bbb2K2Mi /2b
K�`+?ûbX *2ii2 /2`MBĕ`2 T2`K2ib �mt K2K#`2b BMiû;`ûb /2 T`Q}i2` /ǶmM +2`i�BM MQK#`2 /2 #ûMû}+2b +QKK2
H� /Bp2`bB}+�iBQM /2b `2bbQm`+2b 2i /2b K�`+?�M/Bb2b- H2 bQmiB2M �m /ûp2HQTT2K2Mi T�` H� +QMi`B#miBQM /2
HǶ2Mb2K#H2 /2b K2K#`2b- H2 T`Q;`ĕb i2+?MQHQ;B[m2 2i bQ+B�H- 2i+X am` H2 TH�M Tm`2K2Mi i2+?MB[m2- +2ii2
BMiû;`�iBQM b2 +QM+`ûiBb2 T�` H� +`û�iBQM /ǶmM2 MQmp2HH2 2MiBiû ¨ T�`iB` /2b mMBiûb û+QMQKB[m2b M�iBQM�H2b
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2tBbi�Mi2bX *Ƕ2bi /QM+ mM2 bm#biBimiBQM /2 HǶûi�i M�iBQM 2M i�Mi [m2 +�/`2 /2 bTû+B�HBb�iBQM 7QM/û bm` H�
bmTT`2bbBQM /2b 2Mi`�p2b �mt û+?�M;2b 2i bm` HǶ?�`KQMBb�iBQM /2b TQHBiB[m2b- /m KQBMb +2HH2b /2 H� bT?ĕ`2
û+QMQKB[m2X U"�H�bb� kyRjc "�H�bb� RNe9c "�H�bb� RNedVX G2 THmb #2H 2t2KTH2 /2 +2 ivT2 /ǶBMiû;`�iBQM 2bi
+2HmB /2 MQi`2 +�/`2 /Ƕûim/2 HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2 2m`QTû2MM2X

kXRXj GǶBMiû;`�iBQM `û;BQM�H2

kXRXjXR G2b bi�/2b 2i KQ/�HBiûb /2 HǶBMiû;`�iBQM `û;BQM�H2 û+QMQKB[m2

SHmb +QM+`ĕi2K2Mi 2i i2+?MB[m2K2Mi- HǶBMiû;`�iBQM `û;BQM�H2 û+QMQKB[m2 b2 /û}MBi +QKK2 HǶ2Mb2K#H2 /2b
Kû+�MBbK2b UQm T`Q+û/ûbV û+QMQKB[m2b 2ifQm /2 TQHBiB[m2b û+QMQKB[m2b KBb 2M TH�+2 2M +QKKmM T�` /2mt
Qm THmbB2m`b M�iBQMb- +`û�Mi �BMbB mM 2bT�+2 û+QMQKB[m2 +QKKmMX *2mt@+B QMi TQm` T`2KB2` #mi /Ƕ�++`Qŗi`2 2i
7�+BHBi2`- /QM+ HB#û`�HBb2`- H2b û+?�M;2b 2Mi`2 H2b M�iBQMb K2K#`2b �}M /2 T2`K2ii`2 H� +`QBbb�M+2 /2b û+QMQKB2b
`2bT2+iBp2bX aQM /ûp2HQTT2K2Mi- b2HQM "X "�H�bb�- b2 +�`�+iû`Bb2 b2HQM bBt UeV bi�/2b /2 /ûp2HQTT2K2Mi +�`�+@
iû`Bbûb T�` H2m` /2;`û /ǶBMi2MbBiû U+`QBbb�Mi2V 2M i2`K2b /ǶBMiû;`�iBQM 2i /QM+ /ǶBMbiBimiBQMb bmT`�M�iBQM�H2bX
*2b bBt bi�/2b b2 /û}MBbb2Mi +QKK2 bmBi ,

RX H� xQM2 /Ƕû+?�M;2 T`û7û`2MiB2HH2 , 2bi mM 2bT�+2 `û;BQM�H- +QKTQbû /2 /2mt Qm THmbB2m`b T�vb- [mB
Hĕp2 H2b Q#bi�+H2b �m +QKK2`+2 BMi2``û;BQM�H TQm` +2`i�BMb T`Q/mBibX *Ƕ2bi /QM+ mM2 xQM2 /2 T`û7û`2M+2b
/Qm�MBĕ`2b +QMbiBim�Mi H2 T`2KB2` MBp2�m /ǶBMiû;`�iBQM /2b K�`+?ûbX .�Mb mM2 xQM2 /2 T`û7û`2MiB2HH2b-
H2b /`QBib /2 /Qm�M2 M2 bQMi /QM+ T�b bmTT`BKûb- K�Bb b2mH2K2Mi `2pmb ¨ H� #�Bbb2X
>BbiQ`B[m2K2Mi- H� xQM2 /2 T`û7û`2M+2b /Qm�MBĕ`2b i`Qmp2 bQM Q`B;BM2 /�Mb H2b `2H�iBQMb +QKK2`+B�H2b
T�`iB+mHBĕ`2b 2Mi`2 T�vb Kûi`QTQH2b 2i H2m`b +QHQMB2bX �+im2HH2K2Mi- 2HH2 2bi miBHBbû2 +QKK2 7Q`KmH2
/Ƕ�bbQ+B�iBQM 2Mi`2 T�vb /ûp2HQTTûb BMiû;`ûb U�M+B2MM2b Jûi`QTQH2bV /�Mb mM 2Mb2K#H2 +QKKmM�mi�B`2
2i /2b T�vb bQmb@/ûp2HQTTûb U�M+B2MM2b +QHQMB2bVX
.2mt #QMb 2t2KTH2b `2bi2Mi /2mt �++Q`/b T�bbûbX G2 T`2KB2`- H� +`û�iBQM /2 H� *11 U*QKKmM�miû
ú+QMQKQKB[m2 1m`QTû2MM2V /m i`�Biû /2 _QK2 2M RN8d 2i- H2 b2+QM/ 2M+Q`2 �+iB7 �mDQm`/Ƕ?mB- H�
*QMp2MiBQM /Ƕ�bbQ+B�iBQM 2Mi`2 HǶlMBQM 2m`QTû2MM2 2i /2b T�vb �7`B[m2 *�`�ś#2 S�+B}[m2X

kX H� xQM2 /2 HB#`2@û+?�M;2 UQm wG1V , 2bi mM2 xQM2 `û;BQM�H2 Qɍ H2b /`QBib /2 /Qm�M2 2i H2b `2bi`B+iBQMb
[m�MiBi�iBp2b �mt û+?�M;2b bQMi �#QHBb 2Mi`2 H2b T�vb /2 H� xQM2 2i Qɍ H2b TQHBiB[m2b 2tiû`B2m`2b /2
+?�[m2 K2K#`2 pBb@¨@pBb /2b MQM K2K#`2b `2bi2Mi HB#`2bX
*2T2M/�Mi- +2ii2 bBim�iBQM T2mi 7�B`2 M�ŗi`2 [m2H[m2b /B{+mHiûb +QKTi2 i2Mm /2 HǶBM2tBbi2M+2 /ǶmM i�`B7
/Qm�MB2` 2tiû`B2m` +QKKmMX �mi`2K2Mi /Bi- mM T�vb s T2mi BKTQ`i2` 2M 7`�M+?Bb2 /2 /Qm�M2 UQm ¨
/2b /`QBib i`ĕb 7�B#H2bV mM T`Q/mBi /QMMû ¨ T�`iB` /ǶmM T�vb iB2`b w- 2i HǶû+QmH2` HB#`2K2Mi bm` H2 K�`+?û
/m T�vb u �p2+ H2[m2H BH 2bi BMiû;`û /�Mb mM2 xQM2 /2 HB#`2@û+?�M;2X .�Mb +2b +QM/BiBQMb- H2 T�vb u
T2mi �HQ`b b2 i`Qmp2` ;`�p2K2Mi Hûbû T�`+2 [mǶBH bm#Bi mM +2`i�BM MQK#`2 /2 K�M[m2b ¨ ;�;M2`X *Ƕ2bi
H2 T`BM+BT2 /m /ûiQm`M2K2Mi /2 i`�}+ 2tTQbû T�` CX oBM2`X
lM #QM 2t2KTH2 2M+Q`2 2tBbi�Mi �mDQm`/Ƕ?mB 2bi +2HmB /2 HǶ�bbQ+B�iBQM G�iBMQ@�Kû`B+�BM2 /2
GB#`2@ú+?�M;2X

jX HǶmMBQM /Qm�MBĕ`2 , 2bi 2M 7�Bi2 mM2 xQM2 /2 HB#`2 û+?�M;2 �++QKT�;Mû2 /ǶmM i�`B7 2tiû`B2m` +QK@
KmM- bQBi mM2 mMBQM i�`B7�B`2X *2H� bB;MB}2 [m2 H2b Hû;BbH�iBQMb M�iBQM�H2b 2M K�iBĕ`2 /2 /Qm�M2 bQMi
?�`KQMBbû2b 2Mi`2 H2b T�vb K2K#`2b /2 HǶmMBQMX �mi`2K2Mi /Bi- +Ƕ2bi mM bi�/2 ¨ HǶBMiû`B2m` /m[m2H
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QM `2i`Qmp2 H2 /ûb�`K2K2Mi /Qm�MB2` /2 H� xQM2 /2 HB#`2@û+?�M;2 �p2+ mM2 K2bm`2 bmTTHûK2Mi�B`2 ,
H2 +QKK2`+2 �p2+ H2b T�vb iB2`b 2bi /Q`ûM�p�Mi `û;B T�` mM i�`B7 2tiû`B2m` +QKKmM 2i mMB[m2 bB #B2M
[m2 H2 T�vb K2K#`2 /ǶmM2 mMBQM /Qm�MBĕ`2 `2MQM+2 T`�iB[m2K2Mi ¨ iQmi2 bQmp2`�BM2iû 2M K�iBĕ`2 /2
TQHBiB[m2 /Qm�MBĕ`2X a2mH2K2Mi- BH b2 i`Qmp2 [m2 H2b /`QBib /2 /Qm�M2 M2 +QMbiBim2Mi T�b H2 b2mH Q#bi�+H2
�m /ûp2HQTT2K2Mi /2b û+?�M;2b +QKK2`+B�mtX .2b 2Mi`�p2b ¨ H� HB#`2 +B`+mH�iBQM /2b K�`+?�M/Bb2b
T2mp2Mi bm#bBbi2` KāK2 �T`ĕb mM /ûb�`K2K2Mi /Qm�MB2`X *Ƕ2bi H� `�BbQM [mB +QM/mBi ¨ H� KBb2 2M TH�+2
/m J�`+?û *QKKmMX

9X H2 K�`+?û +QKKmM , 2bi mM2 mMBQM /Qm�MBĕ`2 Qɍ- 2M Qmi`2 /2 H� HB#`2 +B`+mH�iBQM /2b K�`+?�M/Bb2b
�++QKT�;Mû2 /ǶmM i�`B7 2tiû`B2m` +QKKmM- H� HB#`2 +B`+mH�iBQM /2 HǶ2Mb2K#H2 /2b 7�+i2m`b /2 T`Q/m+@
iBQMb- bQBi /2b T2`bQMM2b 2i /2b +�TBi�mt- 2bi �miQ`Bbû2X *2ii2 BMiû;`�iBQM `2TQb2 /QM+ bm` /2mt TBHB2`b
7QM/�K2Mi�mt , URV H� HB#`2 +B`+mH�iBQM /2b K�`+?�M/Bb2b 2i UkV H� HB#`2 +B`+mH�iBQM /2b 7�+i2m`b /2
T`Q/m+iBQMX
GQ`b[m2 H2 K�`+?û +QKKmM 2bi `û�HBbû 2Mi`2 /2b T�vb /ûp2HQTTûb 2i /2b T�vb bQmb@/ûp2HQTTûb- BH 2tBbi2
mM `Bb[m2 BKTQ`i�Mi /2 T2`im`#�iBQM /m K�`+?ûX 1M 2z2i- bBKTH2K2Mi T�` H� KBb2 2M TH�+2 /2 +QM@
/BiBQMb T�`iB+mHBĕ`2K2Mi 7�pQ`�#H2b [mǶmM T�vb s T2mi T`QTQbû T�` b� TQHBiB[m2 û+QMQKB[m2 2i bQ+B�H2
7�+2 ¨ +2HH2b /ǶmM T�vb u- H2 T�vb s T2mi /2p2MB` mM TƬH2 K�D2m` /Ƕ�ii`�+iBQM 2i H2b 7�+i2m`b /2 T`Q/m+@
iBQM �m`QMi i2M/�M+2 ¨ b2 /ûTH�+2` p2`b +2 /2`MB2`X *Ƕ2bi TQm` ûpBi2` /2 i2HH2b /BbiQ`bBQMb û+QMQKB[m2b
bmb+2TiB#H2b /2 T2`im`#2` H� +QM+m``2M+2- 2i /QM+ H2 K�`+?û- [m2 /2b 2zQ`ib /Ƕ?�`KQMBb�iBQM /2b TQHB@
iB[m2b û+QMQKB[m2b 2i bQ+B�H2b /QK2biB[m2b /2b T�vb K2K#`2b bǶBKTQb2Mi- bm`iQmi /�Mb H2b /QK�BM2b
}b+�H 2i KQMûi�B`2X S�` �BHH2m`b- BH 2bi TQbbB#H2 /2 /ûT�bb2` HǶ?�`KQMBb�iBQM T�` HǶ�/QTiBQM /2 TQHBiB[m2b
+QKKmM2b TQm` /2b /QK�BM2b T`û+BbX J�Bb +2 T`BM+BT2 T`ûbmTTQb2 mM �#�M/QM /Ƕ2 H�ǶmM2 T�`iB2 /2 H�
bQmp2`�BM2iû /2b úi�ib K2K#`2b p2`b HǶúi�i bmT`�M�iBQM�HX
G2 KQ/ĕH2 H2 THmb +QMMm /2 J�`+?û +QKKmM 2bi- ¨ HǶ?2m`2 �+im2HH2- HǶlMBQM 2m`QTû2MM2 2i H� +QMbiBimiBQM
/2 HǶ2bT�+2 a+?2M;2M 2M RN38X

8X HǶmMBQM û+QMQKB[m2 U2i KQMûi�B`2V , b2 /û}MBi +QKK2 mM K�`+?û +QKKmM [mB- /2 bm`+`Qŗi- `û�HBb2
mM2 ?�`KQMBb�iBQM /2b TQHBiB[m2b û+QMQKB[m2b M�iBQM�H2b p2`b H2 mM MBp2�m bmT`�M�iBQM�H /2 HǶmMBQM-
[mǶ2HH2b bQB2Mi �mbbB #B2M +QMDQM+im`2HH2b [m2 b2+iQ`B2HH2b UûM2`;B2- KQMM�B2- �;`B+mHim`2- BM/mbi`B2- bQ@
+B�H2- 2i+XV 2M bmb /ǶBMiû;`û mM bvbiĕK2 KQMûi�B`2 +QKKmMX �mi`2K2Mi /Bi- +Ƕ2bi mM2 mMBQM ¨ HǶBMiû`B2m`
/2 H�[m2HH2 mM2 BMbiBimiBQM `2bTQMb�#H2 /2 H� KBb2 2M TH�+2 2i /2 H� KBb2 2M �TTHB+�iBQM /2b Hû;BbH�iBQMb
û+QMQKB[m2b TQm` HǶ2Mb2K#H2 /2b T�vb K2K#`2b /2 HǶmMBQMX lM2 mMBQM û+QMQKB[m2 2i KQMûi�B`2 2bi
mM2 mMBQM û+QMQKB[m2 ¨ HǶBMiû`B2m` /2 H�[m2HH2- 2M THmb /2 +2`i�BM2b TQHBiB[m2b +QKKmM2b- BH 2tBbi2 mM2
KQMM�B2 +QKKmM2X �mi`2K2Mi /Bi- +Ƕ2bi H� KBb2 2M TH�+2 /ǶmM2 MQmp2HH2 BMbiBimiBQM mMB[m2 �TT2Hû2
#�M[m2 +2Mi`�H2 U7û/û`�H2V [mB T2`K2i �BMbB HǶ?�`KQMBb�iBQM /2b TQHBiB[m2b KQMûi�B`2b 2Mi`2 iQmb H2b
T�vb K2K#`2b 2i- /�Mb +2`i�BM +�b- /2 H� KBb2 2M +B`+mH�iBQM /ǶmM2 KQMM�B2 +QKKmM2 Qm mM2 KQMM�B2
mMB[m2X 1HH2 �TT�`�ŗi +QKK2 mM T`û�H�#H2 ¨ HǶmMBQM û+QMQKB[m2X
*2 bi�/2 +QMbiBim2 HǶûi�T2 bmT`āK2 /2 HǶBMiû;`�iBQM /2b K�`+?ûbX
G2 KQ/ĕH2 H2 THmb `2T`ûb2Mi�iB7 /2 +2 ivT2 /ǶmMBQM 2bi +2HmB /2 HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2 2M
1m`QT2 , HǶlMBQM 2m`QTû2MM2 Ul1VX

eX HǶBMiû;`�iBQM û+QMQKB[m2 iQi�H2 UQm mMBQM TQHBiB[m2V , 2bi HǶûi�T2 }M�H2- Qm HǶ�TQ;û2 /2
HǶBMiû;`�iBQM `û;BQM�H2 û+QMQKB[m2X *2ii2 /2`MBĕ`2 7Q`K2 +QMbBbi2 2M HǶmMB}+�iBQM /2b TQHBiB[m2b
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+QMDQM+im`2HH2b- b2+iQ`B2HH2b- bi`m+im`2HH2b 2i 7QM+iBQMM2HH2b bQmb HǶû;B/2 /ǶmM2 �miQ`Biû bmT`�M�iBQM�H2X
GǶ2Mb2K#H2 /2b T�vb K2K#`2b i`�Mb7ĕ`2 /QM+ HǶ2Mb2K#H2 /2 H2m`b TQmpQB`b TQHBiB[m2b /m MBp2�m M�iBQM�H
�m MBp2�m bmT`�M�iBQM�H- i`ĕb bBKBH�B`2 /�Mb mM +QMi2ti2 ;ûMû`�H �m 7QM+iBQMM2K2Mi /2b ûi�ib 7û/û`�mt
+QKK2 H2b úi�ib@lMBb /Ƕ�Kû`B[m2 Qm #B2M 2M+Q`2 H2 *�M�/�X

kXRXjXk GǶBMiû;`�iBQM `û;BQM�H2 û+QMQKB[m2 2M i?ûQ`B2

�BMbB 2tTHB[mû2b- H2b i?ûQ`B2b /2 HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 i`Qmp2Mi /QM+ H2m`b 7QM/2K2Mib /�Mb
H� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H +H�bbB[m2 2i MûQ+H�bbB[m2X *2 /2`MB2` +Qm`�Mi i?ûQ`B[m2-
bQmp2Mi +�`�+iû`Bbû /2 ǳbi�iB[m2 +QM+m``2MiB2HH2Ǵ U"v2- RNe8V- `2TQb2 T`BM+BT�H2K2Mi bm` HǶûim/2 bi�iB[m2 /2 H�
+QM+m``2M+2 2Mi`2 ûi�ib M�iBQMb 2i bǶ�`iB+mH2 �miQm` /m +QM+2Ti /2 HǶ�p�Mi�;2 +QKT�`�iB7 �TTQ`iû T�` _B+�`/Q
2i 2M`B+?B T�` >2+Fb?2`- P?HBM- TmBb a�Km2HbQMX *2b i?ûQ`B2b 7QMi �HHmbBQM �m +QM+2Ti /2 HB#`2@û+?�M;2 UG@1VX
*Ƕ2bi /QM+ H2 T�bb�;2 /ǶmM2 bBim�iBQM /Ƕ�mi�`+B2- /�Mb H�[m2HH2 +?�[m2 T�vb i`Qmp2 mM û[mBHB#`2 2Mi`2 HǶQz`2
2i H� /2K�M/2 BMi2`M2 UM�iBQM�HV- �m HB#`2@û+?�M;2- /�Mb H�[m2HH2 +?�[m2 T�vb i`Qmp2 mM û[mBHB#`2 2Mi`2 HǶQz`2
2i H� /2K�M/2 ;HQ#�H2 UBMi2`M�iBQM�H- bQBi BMi2`M2 THmb 2ti2`M2VX

am` H2 TH�M û+QMQKB[m2- HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 +QMbiBim2 /2 MQb DQm`b- mM2 bi`�iû;B2 /2 /ûp2HQTT2@
K2Mi TQm` H2b úi�ib /�Mb H� K2bm`2 Qɍ BH bǶ�;Bi /2 K2ii`2 2M +QKKmM- /2b KQv2Mb Qm /2b `2bbQm`+2b `�`2b
2M pm2 /ǶmM2 ;2biBQM `�iBQMM2HH2 TQm` H2b úi�ib K2K#`2bX GǶBMiû;`�iBQM û+QMQKB[m2 T2`K2i /Ƕ�++`QBi`2
H� +�T�+Biû T`Q/m+i`B+2 /2b BM/mbi`B2b /2 H� *QKKmM�miû 2i 7�pQ`Bb2` HǶ�m;K2Mi�iBQM /2 H� T`Q/m+iBQM M�@
iBQM�H2- HǶ�++`QBbb2K2Mi /2 H� K�BM@/ǶQ2mp`2 2i T�` +QMbû[m2Mi /2b ;�BMb 2M #B2M@āi`2 �bbQ+BûbX h`QBb ;`�M/b
+Qm`�Mib i?ûQ`B[m2b û+QMQKB[m2b K2ii2Mi 2M �p�Mi /2b i?ûQ`B2b bm` H2b ;�BMb 2i T2`i2b 2M #B2M@āi`2 �bbQ+Bûb
¨ HǶBMiû;`�iBQM `û;BQM�H2 2M `2H�iBQM �p2+ H2 +QKK2`+2 BMi2`M�iBQM�H, URV H� i?ûQ`B2 /2 HǶlMBQM /Qm�MBĕ`2-
UkV H� i?ûQ`B2 /2b xQM2b KQMûi�B`2b QTiBK�H2b U2M/Q;ĕM2b Qm MQMV- UjV H� +QMp2`;2M+2 2M û+QMQKB2 �bbQ+Bû2
�mt i?ûQ`B2b /2 +`QBbb�M+2 2i /2 /ûp2HQTT2K2MiX G2 T`2KB2`- bQBi H� i?ûQ`B2 /2 HǶlMBQM /Qm�MBĕ`2- �TTQ`iû2
T�` CX oBM2` 2M RN8y /�Mb bQM Qmp`�;2 h?2 *mbiQK lMBQM Abbm2- +QMbBbi2 2M mM2 2tTHB+�iBQM /2b 2z2ib /2
HǶBMiû;`�iBQM 2M i2`K2b /ǶmMBQM /Qm�MBĕ`2X �mi`2K2Mi- +Ƕ2bi HǶûim/2 /2 HǶBKT�+i /2 HǶûHBKBM�iBQM /2b #�``Bĕ`2b
�m +QKK2`+2 BMi2`M2 /ǶmM2 xQM2 2i /2 HǶû;�HBb�iBQM /2b BKTQ`i�iBQMb T`Qp2M�Mi /2b T�vb 2tiû`B2m` 2i MQM
K2K#`2 /2 +2ii2 mMBQM bm` H2 +QKK2`+2 BMi2`M�iBQM�HX �BMbB 2tTHB+Biû- +Ƕ2bi /QM+- b2HQM H� i?ûQ`B2 i`�/BiBQM@
M2HH2- HǶûim/2 /2b ;�BMb Qm /2b T2`i2b 2M #B2M@āi`2 T`Q/mBi T�` H2b û+?�M;2b +QKK2`+B�mt 2Mi`2 /Bzû`2Mi2b
`û;BQMbX G2 b2+QM/ +Qm`�Mi- H� i?ûQ`B2 /2b xQM2b KQMûi�B`2b QTiBK�H2b U2M/Q;ĕM2b Qm MQMV- bǶBMiû`2bb2 ¨ bTû@
+B}2` H2b +QM/BiBQMb bQmb H2b[m2HH2b HǶBMiû;`�iBQM `û;BQM�H2 2M i2`K2 KQMûi�B`2 2bi û+QMQKB[m2K2Mi 2{+B2Mi2
Qm MQMX 1HH2 M2 +QM+2`M2 /QM+ T�b mMB[m2K2Mi HǶûim/2 /2b 2z2ib /2 HǶBMiû;`�iBQM 2M i2`K2b /2 7mbBQMb /2
K�`+?ûb- bQBi H2b û+?�M;2b +QKK2`+B�mt UK�`+?�M/Bb2b 2i #B2MbV- K�Bb �m +QMi`�B`2 b2 +QM+2Mi`2 bm` H� +QK@
T`û?2MbBQM /2b +QM/BiBQMb bQmb H2b[m2HH2b BH /2pB2Mi û+QMQKB[m2K2Mi 2{+B2Mi UbQBi �++`QBbb2K2Mi /m #B2M@āi`2
T�` H� +`QBbb�M+2 /m SA" 2i /2 HǶ2KTHQBV /2 +`û2` mM2 mMBQM KQMûi�B`2X *2 /2`MB2` +Qm`�Mi `�TT`Q+?2 �BMbB
H2 +QM+2Ti /ǶBMiû;`�iBQM ¨ H� MQiBQM û+QMQKB[m2 /2 +`QBbb�M+2 2i /QM+ �KĕM2 ¨ �TT`û+B2` H2b T?ûMQKĕM2b /2
bTû+B�HBb�iBQM Qm /2 +QMp2`;2M+2 2M bBim�iBQM /ǶBMiû;`�iBQMX *Ƕ2bi H2 +Qm`�Mi i?ûQ`B[m2 /2 H� +QMp2`;2M+2 2M
û+QMQKB2X *2 /2`MB2` T`ûb2Mi2 2i bTû+B}2 H2b +QM/BiBQMb bQmb H2b[m2HH2b HǶBMiû;`�iBQM `û;BQM�H2 /QBi b2 /ûp2HQT@
T2` /2 K�MBĕ`2 ¨ T2`K2ii`2 mM2 +`QBbb�M+2 b2K#H�#H2 /2b ûi�ib K2K#`2b 2i �BMbB b2 `�TT`Q+?2` 2M i2`K2b /2
/ûp2HQTT2K2Mi 2i /2 MBp2�m /2 pB2X

ej



6BM�H2K2Mi- +2 bQMi +2b +Qm`�Mib i?ûQ`B[m2b [mB b2`QMi ûim/Bûb 2i /ûp2HQTTûb /�Mb H� bmBi2 /2 H� `2pm2 /2
H� HBiiû`�im`2 /2 K�MBĕ`2 ¨ TQmpQB` 2tTHB+Bi2` H� `2H�iBQM +QM+2Tim2HH2 2Mi`2- /ǶmM2 T�`i- HǶBMiû;`�iBQM 2i H�
bTû+B�HBb�iBQM- 2i /Ƕ�mi`2 T�`i- HǶBMiû;`�iBQM 2i H� +QMp2`;2M+2X

kXk *QKK2`+2 AMi2`M�iBQM�H 2i AMiû;`�iBQM _û;BQM�H2 , H� `2H�iBQM +QM+2Tim2HH2

G2 +QKK2`+2 BMi2`M�iBQM�H- /û}MB +QKK2 HǶûim/2 /2b û+?�M;2b /2 T`Q/mBib 2i /2 7�+i2m`b 2Mi`2 2MiBiûb 2ifQm
`û;BQMb ;ûQ;`�T?B[m2b /Bzû`2Mi2b- +QMbiBim2 mM /2b i?ĕK2b /2 b+B2M+2b û+QMQKB[m2b /2b THmb �M+B2M 2i /2b
THmb /ûp2HQTTûX G2b i?ûQ`B2b HBû2b ¨ +2 i?ĕK2 /2 `2+?2`+?2 QMi TQm` Q#D2+iB7b /Ƕûim/B2` H2b ;�BMb 2i H2b BMiû`āib
TQm` mM2 2MiBiû /Ƕû+?�M;2` ¨ HǶBMi2`M�iBQM�H- 2i- }M�H2K2Mi- [m2Hb BKT�+ib mM i2H T`Q+2bbmb T2mi@BH T`QpQ[m2`
bm` H� bi`m+im`2 û+QMQKB[m2 /2 +2b 2MiBiûb HQ`b[mǶBH 2bi H�M+ûX *2 i?ĕK2 /2b b+B2M+2b û+QMQKB[m2b 2bi H2
HB2M /2 `mTim`2 �p2+ HǶB/ûQHQ;B2 T`Qi2+iBQMMBbi2X G2b i?ûQ`B2b �miQm` /2 +2 i?ĕK2 QMi #2�m+QmT ûpQHmû �m }H
/2b �MMû2bX .2 H� i?ûQ`B2 i`�/BiBQMM2HH2 +H�bbB[m2 2i MûQ+H�bbB[m2 #�bû2 bm` H� /Bzû`2M+2 BMi2`M�iBQM�H2 /2b
+Qȿib /m i`�p�BH- Dmb[mǶ¨ H� MQmp2HH2 i?ûQ`B2 `2TQb�Mi bm` H� TH�+2 /2b 2Mi`2T`Bb2b 2i BM/mbi`B2b /�Mb HǶû+?�M;2
BMi2`M�iBQM�H U�mDQm`/Ƕ?mB miBHBbû2 T�` H� K�DQ`Biû /2b T�vb /ûp2HQTTûb TQm` HǶûi�#HBbb2K2Mi /2b TQHBiB[m2b
BM/mbi`B2HH2b 2i +QKK2`+B�H2bV- 2M T�bb�Mi #B2M bȿ` T�` H2b i?ûQ`B2b #�bû2b bm` H2b /Bzû`2M+2b BMi2`M�iBQM�H2b
2M i2`K2b /2 i2+?MQHQ;B2- +2 i?ĕK2 /2 `2+?2`+?2 û+QMQKB[m2 2bi BMiBK2K2Mi HBû �mt i?ûQ`B2b /2 HǶBMiû;`�iBQM
2i ¨ b� /vM�KB[m2 /2 /ûp2HQTT2K2MiX

kXkXR G� T2`bT2+iBp2 i`�/BiBQMM2HH2 +H�bbB[m2 2i MûQ@+H�bbB[m2 /m +QKK2`+2 BMi2`M�iBQM�H

.2 �/�K aKBi?- Dmb[mǶ¨ >2+Fb+?2`@P?HBM@a�Km2HbQM U>PaV- 2M T�bb�Mi T�` _B+�`/Q- H� i?ûQ`B2 7QM/�K2Mi�H2-
Qm �mbbB �TT2Hû2 i`�/BiBQMM2HH2- /m +QKK2`+2 BMi2`M�iBQM�H T2`K2i /2 +QKT`2M/`2 HǶBMiû`āi 2i HǶBKT�+i /2
H� HB#û`�HBb�iBQM /2b û+?�M;2b 2i /QM+ /2 HǶBMiû;`�iBQM `û;BQM�H2 bm` H2b û+QMQKB2bX *Ƕ2bi HǶûi�#HBbb2K2Mi /2b
#�b2b /2 HǶ�M�Hvb2 HB#û`�H2 /2 HǶû+?�M;2 BMi2`M�iBQM�H U}M soAAA2 2i /û#mi sAs2VX

aQM ûim/2 2i H2b +QMi`B#miBQMb i?ûQ`B[m2b K�D2m`2b [mB v bQMi HBû2b QMi /û#miû �p2+ �/�K aKBi?X a2HQM HmB-
H2 /ûp2HQTT2K2Mi /2 HǶû+?�M;2 BMi2`M�iBQM�H- /QM+ /m HB#`2@û+?�M;2 2i /2 HǶBMiû;`�iBQM `û;BQM�H2 /2 K�`+?û-
T`QpB2Mi /2 HǶBMiû`āi 2i /2b ;�BMb [mǶmM2 2MiBiû ;ûQ;`�T?B[m2 i`Qmp2 /�Mb HǶû+?�M;2 /2 #B2M �p2+ mM T�`i2@
M�B`2X hQmDQm`b /Ƕ�T`ĕb HmB- +2i BMiû`āi �m`�Bi /QM+ TQm` Q`B;BM2 HǶ2tBbi2M+2 /2 /Bzû`2M+2b �#bQHm2b 2M i2`K2b
/2 T`Q/m+iBpBiû 2Mi`2 H2b /Bzû`2Mib �+i2m`b û+QMQKB[m2b 2i +QKK2`+B�mt ¨ HǶû+?2HH2 BMi2`M�iBQM�H2- bQBi 2M
T�`7�Bi �++Q`/ �p2+ H� i?ûQ`B2 bm` H� /BpBbBQM /m i`�p�BH 2Mi`2 i`�p�BHH2m`b BM/ûT2M/�Mib 2i /QM+ /2 H� /B7@
7û`2M+2 BMi2`M�iBQM�H2 2M i2`K2b /2 +Qȿi /m i`�p�BHX �mi`2K2Mi /Bi- �/�K aKBi? ûi�#HBi [mǶmM T�vb /BbTQb2
/ǶmM �p�Mi�;2 �#bQHm /2 T`Q/m+iBQM Qm /2 T`Q/m+iBpBiû bm` bQM T�`i2M�B`2 TQm` mM #B2M bTû+B}[m2 /ĕb HQ`b
[mǶBH 2bi +�T�#H2 /2 T`Q/mB`2 +2 KāK2 #B2M �p2+ KQBMb /2 i`�p�BHH2m`b [m2 +2 /2`MB2` T�`i2M�B`2X UaKBi?
�M/ *Qm`+2HH2@a2M2mBH R333VX *2ii2 /û}MBiBQM bmTTQb2 H� +QMbB/û`�iBQM /2b i`QBb ?vTQi?ĕb2b 7QM/�K2Mi�H2b
bmBp�Mi2b ,

URV HǶ2tBbi2M+2 /2 H� HB#`2 +B`+mH�iBQM /2b K�`+?�M/Bb2b 2Mi`2 H2b T�`i2M�B`2b 2i HǶBKKQ#BHBiû /2b 7�+i2m`b /2
T`Q/m+iBQM �m MBp2�m M�iBQM�H U+�TBi�H ?mK�BM- i2+?MQHQ;B[m2- 2i+XV

UkV H� i?ûQ`B2 /2 p�H2m` i`�p�BH [mB }t2 /2b T`Bt `2H�iB7b 2i T`QTQ`iBQMM2Hb ¨ H� [m�MiBiû /2 i`�p�BH +QMi2Mm
/�Mb +?�[m2 K�`+?�M/Bb2
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UjV HǶ2tBbi2M+2 /2 `2M/2K2Mib +QMbi�Mib [mB /ûi2`KBM2Mi HǶû;�HBiû T�`7�Bi2 2Mi`2 7�+i2m` /2 T`Q/m+iBQM 2i
T`Q/m+iBpBiû UbB k 7QBb THmb /2 `2bbQm`+2b bQMi KQ#BHBbû2b TQm` H� T`Q/m+iBQM /ǶmM #B2M �HQ`b BH b2`�
T`Q/mBi /ǶQ{+2 k 7QBb THmbVX

�BMbB- �/�K aKBi? /ûKQMi`2 [m2- /ĕb HQ`b [mǶmM T�vb /BbTQb2 /ǶmM �p�Mi�;2 �#bQHm /2 T`Q/m+iBpBiû- BH
� BMiû`āi ¨ b2 bTû+B�HBb2` /�Mb H� T`Q/m+iBQM /�Mb H�[m2HH2 BH 2bi- /2 7�ÏQM �#bQHm2- H2 K2BHH2m` 2i �BMbB /2
+QKK2`+2` ¨ HǶBMi2`M�iBQM�H2 �}M /2 T`Q}i2` /2 ;�BMb ¨ HǶû+?�M;2X S�` b� i?ûQ`B2- �X aKBi? /û}MBi HǶû+?�M;2
BMi2`M�iBQM�H +QKK2 mM D2m ¨ bQKK2 TQbBiBp2 TQm` HǶ2Mb2K#H2 /2b �+i2m`b /2 HǶû+?�M;2X �mi`2K2Mi /Bi-
HǶQmp2`im`2 +QKK2`+B�H2 2bi /QM+ mM D2m Qɍ H2b ;�BMb /2b mMb M2 b2 7QMi T�b �mt /ûT2Mb /2b �mi`2b 2i- /�Mb
+2b +QM/BiBQMb- H2 T`Qi2+iBQMMBbK2 MǶ� THmb HB2m /Ƕāi`2X UaKBi? �M/ *Qm`+2HH2@a2M2mBH R333VX *Ƕ2bi H� T`BM+BT�H2
+QMi`BiBQM- 2i H2 T`2KB2` `2MQmp2�m- /2 H� i?ûQ`B2 K2`+�MiBHBbi2 /m +QKK2`+2 BMi2`M�iBQM�H- [mB � T2`KBb /2
H�M+2` H2 +Qm`�Mi /2b i?ûQ`B2b i`�/BiBQMM2HH2b +H�bbB[m2b 2i MûQ@+H�bbB[m2b /2 +2 i?ĕK2 /2b b+B2M+2b û+QMQKB[m2bX
*2T2M/�Mi- H2 KQ/ĕH2 T`QTQbû T�` �X aKBi? /ûKQMi`2 +2`i�BM2b HBKBi2bX 1M 2z2i- TQm` THmbB2m`b `�BbQMb +2
KQ/ĕH2 T`ûb2Mi2 mM +�`�+iĕ`2 i`ĕb `2bi`B+iB7 2i THmiƬi QTiBKBbi2 7�+2 ¨ H� `û�HBiû 2KTB`B[m2X .ǶmM2 T�`i- URV
BH M2 T2`K2i MB HǶûim/2 MB HǶ2tTHB+�iBQM /2b /ûi2`KBM�Mib /2 H� `ûT�`iBiBQM /2b ;�BMb 2Mi`2 T�`i2M�B`2b 2i
/QM+ �m+mM2 `�BbQM 2tTHB+Bi2 /2 HǶ2tBbi2M+2 /ǶmM2 TQbBiBQM /QKBM�Mi2 2i /2 b2b 2z2ib /ǶmM T�vb bm` mM �mi`2X
.Ƕ�mi`2 T�`i- UkV BH T`ûbmTTQb2 [m2 H� bTû+B�HBb�iBQM 2i HǶmiBHBb�iBQM /m +QKK2`+2 BMi2`M�iBQM�H bQMi TQbbB#H2b-
2ifQm miBH2b- mMB[m2K2Mi T�` HǶ2tBbi2M+2 /Ƕ�p�Mi�;2b �#bQHmb /2 T`Q/m+iBpBiû 2Mi`2 /2mt K�`+?ûb /BbiBM+ibX
am#bBbi2 �BMbB mM2 [m2biBQM BKTQ`i�Mi2 , [m2 b2 T�bb2@i@BH HQ`b[mǶmM T�vb T`Q/m+i2m` 2bi K2BHH2m` UQm THmb
K�mp�BbV /�Mb iQmb H2b +QKT�`iBK2Mib /m D2m /2 HǶû+?�M;2 [m2 bQM T�`i2M�B`2 \ *Ƕ2bi T`û+BbûK2Mi H2b HBKBi2b
[m2 pB2Mi bQmH2p2` _B+�`/Q 2i b� i?ûQ`B2 bm` H2b �p�Mi�;2b +QKT�`�iB7bX

_B+�`/Q 2bi H2 7QM/�i2m` /2 H� i?ûQ`B2 /2 HǶû+?�M;2 BMi2`M�iBQM�H #�bû bm` H2b /Bzû`2M+2b `2H�iBp2b /2 T`Q/m+@
iBpBiûX 1M T�`i�Mi /2b i`QBb ?vTQi?ĕb2b 7QM/�K2Mi�H2b /m KQ/ĕH2 /Ƕ�/�K aKBi? +Biû2b- BH /û}MBi HǶ�p�Mi�;2
+QKT�`�iB7 +QKK2 HǶ2tBbi2M+2 /ǶmM2 /Bzû`2M+2 /2 T`Q/m+iBpBiû `2H�iBp2 2Mi`2 H2b /Bzû`2Mib �+i2m`b /2 HǶû+?�M;2
TQm` mM T`Q/mBi /ûi2`KBMû- 2i T2`K2ii�Mi /ûbQ`K�Bb ¨ iQmb H2b T�vb /2 TQmpQB` T�`iB+BT2` �m +QKK2`+2 BMi2`@
M�iBQM�HX *QKK2 H2 KQMi`2 H2 +ûHĕ#`2 2t2KTH2 /2 _B+�`/Q K2ii�Mi 2M 2t2`;m2 H2 _Qv�mK2@lMB 2i H2 SQ`im;�H
TQm` +2 [mB 2bi /2b BM/mbi`B2b /m pBM 2i /m /`�T- 2i +QKTi2 i2Mm /m +�H+mH /2b `�TTQ`ib /2 T`Q/m+iBpBiû 2Mi`2
H2b /Bzû`2Mib T`Q/mBib TQmp�Mi āi`2 û+?�M;û- ǳ/2mt T�vb #ûMû}+B�Mi /ǶmM �p�Mi�;2 +QKT�`�iB7 /Bzû`2Mi QMi
BMiû`āi ¨ b2 bTû+B�HBb2` 2i ¨ û+?�M;2` H2b T`Q/mBib TQm` H2b[m2Hb H2m` T`Q/m+iBpBiû 2bi `2H�iBp2K2Mi H� K2BHH2m`2
+QMi`2 /2b T`Q/mBib TQm` H2b[m2Hb BHb bQMi `2H�iBp2K2Mi KQBMb T2`7Q`K�MibǴX U_B+�`/Q R3RdVX �mi`2K2Mi /Bi-
+?�[m2 T�vb � /QM+ BMiû`āi ¨ b2 bTû+B�HBb2` /�Mb H� T`Q/m+iBQM TQm` H�[m2HH2 BH 2bi H2 KQBMb K�mp�Bb UQm #B2M
Qɍ BH 2bi H2 THmb T`Q/m+iB7V T�` `�TTQ`i �mt �mi`2b T�vb 7�Bb�Mi T�`iB2 /2 HǶû+?�M;2 BMi2`M�iBQM�H UB+B iQmb-
b2HQM H� i?ûQ`B2 BMi2`M�iBQM�H2VX G2b ;�BMb /2 HǶû+?�M;2 i`Qmp2Mi /QM+ H2m`b Q`B;BM2b /�Mb H2b /Bzû`2M+2b `2H�@
iBp2b BMBiB�H2b [mB b2 i`�/mBb2Mi T�` /2b T`Bt `2H�iB7b M�iBQM�mt /Bzû`2Mib- `2TQb�Mi �BMbB bm` mM2 KQ/B}+�iBQM
M�im`2HH2 /2 HǶ�+iBpBiû T`Q/m+iBp2 2i bm` mM2 `û�HHQ+�iBQM /2b `2bbQm`+2bX *2H� bQmb@2Mi2M/�Mi mM �#�M/QM /2
+2`i�BM2b �+iBpBiûb `2H�iBp2K2Mi KQBMb T`Q/m+iBp2b- T�` `�TTQ`i �m T�`i2M�B`2 /2 HǶû+?�M;2- �m T`Q}i /Ƕ�mi`2b
�+iBpBiûb `2H�iBp2K2Mi THmb T`Q/m+iBp2bX *2b KQ/B}+�iBQMb bi`m+im`2HH2b /2 T`Q/m+iBQM +QM/mBb2Mi 2M bQKK2
¨ mM2 bTû+B�HBb�iBQM `û;BQM�H2 UQm M�iBQM�H2 /�Mb HǶ2t2KTH2 /2 _B+�`/QVX G� [m�HBiû mMBp2`b2HH2 /2 HǶBMiû`āi ¨
HǶû+?�M;2 T`QpB2Mi /QM+- b2HQM _B+�`/Q- /m 7�Bi [m2 iQmi T�vb T2mi āi`2 +QKTûiBiB7 �mt v2mt /ǶmM �mi`2- 2i
+2 KāK2 bǶBH 2bi KQBMb T`Q/m+iB7 /�Mb iQmb H2b b2+i2m`b /2 T`Q/m+iBQM- TmBb[m2 H� MQiBQM /2 +QKTûiBiBpBiû B+B
M2 +QMbBbi2 THmb ¨ �ii2BM/`2 mM MBp2�m /2 T`Q/m+iBpBiû �#bQHmK2Mi bmTû`B2m` ¨ +2HmB /2b �mi`2bX .Ƕ�BHH2m`b-
+2ii2 T`QTQbBiBQM b2`� +QM}`Kû2 T�` E`m;K�M 2i H2b MQmp2HH2b i?ûQ`B2b /m +QKK2`+2 BMi2`M�iBQM�H, H� HB#2`iû
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/2b û+?�M;2b MǶ2bi T`Q}i�#H2 [m2 bB- 2i b2mH2K2Mi bB- H2 T�vb 2bi ¨ H� K2bm`2 /2 H� +QM+m``2M+2 BMi2`M�@
iBQM�H2X U"�H/rBM �M/ E`m;K�M RN3ec >2HTK�M �M/ E`m;K�M RN38c E`m;K�M RNdNVX *Ƕ2bi H� T`ûKBbb2
[mǶmM2 T`Q/m+iBpBiû 7�B#H2 /QBi āi`2 �Dmbiû2 Qm +QKT2Mbû2 T�` /2b b�H�B`2b THmb 7�B#H2b U2tT`BKûb 2M KQMM�B2
BMi2`M�iBQM�H2V T2`K2ii�Mi �BMbB /2 +QKT2Mb2` H2 K�M[m2 /2 +QKTûiBiBpBiûX *2b �p�M+û2b i?ûQ`B[m2b b2`QMi
pm2b THmb 2M /ûi�BH /�Mb H� b2+iBQM bmBp�Mi2X

JāK2 bB _B+�`/Q T2`K2i /2 /ûT�bb2` HǶ�M�Hvb2 bKBi?B2MM2- H� i?ûQ`B2 /2 HǶ�p�Mi�;2 +QKT�`�iB7 `2bi2 `2bi`B+iBp2
/2 T�` H2b T`ûKBbb2b bm` H2b[m2HH2b 2HH2 b2 7QM/2X hQmi +QKK2 aKBi?- HǶ�M�Hvb2 `B+�`/B2MM2 ,

URV M2 +QMbB/ĕ`2 T�b H� `û�HBb�iBQM /Ƕû+QMQKB2 /Ƕû+?2HH2b T�` HǶ�;`�M/Bbb2K2Mi /m K�`+?û 2i H� bTû+B�HBb�iBQM-
UkV `2TQb2 bm` mM2 +QMbB/û`�iBQM bi�iB[m2 /2b �p�Mi�;2b �m TQBMi /2 /ûT�`i 2i M2 bǶBMiû`2bb2 T�b ¨ H2m`b

ûpQHmiBQMb �p2+ HǶQmp2`im`2 �m +QKK2`+2-
UjV #�b2 bQM �M�Hvb2 bm` /2b û+?�M;2b mMB[m2K2Mi BMi2`@#`�M+?2
U9V M2 iB2Mi �#bQHmK2Mi T�b +QKTi2 /2 H� /Qi�iBQM 7�+iQ`B2HH2- 2i �BMbB MǶv i`�Mb7ĕ`2 �m+mM2 `2bTQMb�#BHBiû

2tTHB+�iBp2X

.2 +2 7�Bi- HǶ�HHQ+�iBQM /2b `2bbQm`+2b 2i /2b +�TBi�mt b2`� H2 TQBMi /û+BbB7 /2 /ûp2HQTT2K2Mi /2 H� i?ûQ`B2
MûQ@+H�bbB[m2 TQm`bmBpB T�` >2+Fb+?2` URNRNV- P?HBM URNjjV �BMbB [m2 aiQHT2` 2i a�Km2HbQM URN9RVX

*QMi`�B`2K2Mi �mt ?vTQi?ĕb2b `2bi`B+iBp2b /2 _B+�`/Q [mB M2 +QMbB/ĕ`2 [mǶmM b2mH 7�+i2m` /2 T`Q/m+iBQM
2i �bbBKBH2 iQmi �p�Mi�;2 +QKT�`�iB7 ¨ mM2 /Bzû`2M+2 /2 T`Q/m+iBpBiû `2H�iBp2 �m i`�p�BH- H2 KQ/ĕH2
>2+Fb?2`@P?HBM@a�Km2HbQM U>PaV T�`i /m T`BM+BT2 [m2 H� bTû+B�HBb�iBQM T2mi T`Qp2MB` /2 /Bzû`2M+2b /�Mb
H� /Qi�iBQM 2M 7�+i2m`b /2 T`Q/m+iBQM , ǳmM2 /Bzû`2M+2 /2 `�`2iû `2H�iBp2 /2b 7�+i2m`b /2 T`Q/m+iBQM 2Mi`2
/2mt T�vb 2bi /QM+ mM2 +QM/BiBQM Mû+2bb�B`2 TQm` [mǶBH v �Bi /Bzû`2M+2 /2 +Qȿib +QKT�`ûb- 2i T�` +QMbû[m2Mi
+QKK2`+2 BMi2`M�iBQM�HǴX UP?HBM RNk3c a�Km2HbQM RNe9VX *Ƕ2bi H� ǳi?ûQ`B2 /2b T`QTQ`iBQMb /2 7�+i2m`bǴX
�mi`2K2Mi /Bi- bm` H� KāK2 #�b2 /Ƕ?vTQi?ĕb2b 7QM/�K2Mi�H2b [m2 _B+�`/Q KBb ¨ T�`i [m2 H2b 7�+i2m`b /2
T`Q/m+iBQM U+�TBi�H 2i i`�p�BHV bQMi BKKQ#BH2b ¨ HǶBMi2`M�iBQM�H- K�Bb KQ#BH2b ¨ HǶû+?2HH2 M�iBQM�H2- H� i?ûQ`B2
/û}MBi /QM+ HǶBMiû`āi /ǶmM T�vb ¨ û+?�M;2` b2HQM H2b /Bzû`2M+2b 2tBbi�Mi2b /�Mb H2b /Qi�iBQMb `2H�iBp2b /2
7�+i2m`bX �BMbB- +?�[m2 T�vb � BMiû`āi URV ¨ b2 bTû+B�HBb2` /�Mb H2b T`Q/m+iBQMb [mB miBHBb2Mi BMi2MbûK2Mi
H2 7�+i2m` T`ûb2Mi 2M �#QM/�M+2 2i /QM+ T2m +?2` U¨ HǶBMp2`b2- û+QMQKBb2` H2b 7�+i2m`b /2 T`Q/m+iBQM `�`2b
2i +?2`b ¨ BKTQ`i2`V- �BMbB [mǶ¨ UkV BKTQ`i2` H2b T`Q/mBib /QMi H� T`Q/m+iBQM miBHBb2 BMi2MbûK2Mi H2 7�+i2m`
/2 T`Q/m+iBQM `�`2 2i /QM+ /BbT2M/B2mtX GǶB/û2 2bi /QM+ [m2 H2 +QKK2`+2 BMi2`M�iBQM�H i`Qmp2 bQM Q`B;BM2
/�Mb H2b /Bzû`2M+2b /2 `2bbQm`+2b 2Mi`2 T�vb- +QKK2 HǶ2tTHB[m2`QMi THmb i�`/ E`m;K�M 2i P#bi72H/ �p2+ H2m`
2t2KTH2 /2b 2tTQ`i�iBQMb /2 #QBb /m *�M�/� p2`b H2b la�X UE`m;K�M �M/ P#bi72H/ RN33VX

.2 H¨ `ûbmHi2 /2b 2z2ib bm` H� `ûT�`iBiBQMX a2HQM aiQHT2` 2i a�Km2HbQM- HǶ�++`QBbb2K2Mi /m T`Bt `2H�iB7 /m
#B2M TQm` H2[m2H H2 T�vb TQbbĕ/2 mM �p�Mi�;2 +QKT�`�iB7 �m;K2Mi2 H� `ûKmMû`�iBQM /m 7�+i2m` /2 T`Q/m+iBQM
[mB 2bi miBHBbû BMi2MbBp2K2Mi 2i BMp2`b2K2Mi �#�Bbb2 H� `ûKmMû`�iBQM /m 7�+i2m` /2 T`Q/m+iBQM [mB 2bi miBHBbû
T2m BMi2MbBp2K2MiX �BMbB bǶQTĕ`2 H� +QMp2`;2M+2 /�Mb H2b T`Bt `2H�iB7b [mB +QM/mBi ¨ H� +QMp2`;2M+2 /�Mb
H2b `ûKmMû`�iBQMb /2b 7�+i2m`b /2 T`Q/m+iBQMX *Ƕ2bi H2 i?ûQ`ĕK2 /2 aiQHT2`@a�Km2HbQM , ǳmM2 ?�mbb2 /m
T`Bt /ǶmM T`Q/mBi � TQm` 2z2i /Ƕ�m;K2Mi2` H� `ûKmMû`�iBQM `û2HH2 /m 7�+i2m` T`Q/m+iB7 /QMi HǶ2KTHQB 2bi H2
THmb BMi2MbB7 /�Mb +2ii2 T`Q/m+iBQMǴX *Ƕ2bi �mbbB H� i?ûQ`B2 /2 HǶû+?�M;2 BMi2`M�iBQM�H- 2i /QM+ �mDQm`/Ƕ?mB
/2 HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2- ¨ bQM �#QmiBbb2K2Mi , HǶmMB}+�iBQM /2b T`Bt /2b 7�+i2m`b /2
T`Q/m+iBQM 2Mi`2 T�vbX G2 KQ/ĕH2 i?ûQ`B[m2 >Pa 2bi /QM+ #B2M �/�Tiû ¨ HǶ�M�Hvb2 /2 H� /BpBbBQM /m
i`�p�BH 2Mi`2 T�vb /mb ¨ /2b /Bzû`2M+2b /2 MBp2�mt /2 +�TBi�H- ¨ /2b /Bzû`2M+2b /2 +QMi2Mm +�TBi�HBbiB[m2

ee



2i pB2Mi /QM+ T�`7�Bi2K2Mi +QKTHûiû HǶ�TT`Q+?2 _B+�`/B2MM2 2i aKBi?B2MM2X AH bQmHB;M2 2i K2i 2M ûpB/2M+2
HǶ2z2i /m +QKK2`+2 BMi2`M�iBQM�H bm` H2b `2p2Mmb 2i T`BM+BT�H2K2Mi H2m` `ûT�`iBiBQM BMi2`M2 , bB mM T�vb
2tTQ`i2 /2b T`Q/mBib 2M miBHBb�Mi /m i`�p�BH [m�HB}û 2i BKTQ`i2 /2b T`Q/mBib miBHBb�Mi /m i`�p�BH MQM [m�HB}û-
HǶû+?�M;2 BMi2`M�iBQM�H bǶQTĕ`2 �m T`Q}i /2b T`2KB2`bX *2H� /ûKQMi`2 �HQ`b [m2 H2 +QKK2`+2 BMi2`M�iBQM�H-
T�` HǶ2z2i M�im`2H /2 bTû+B�HBb�iBQM- /QBi +QM/mB`2 ¨ HǶû;�HBb�iBQM MQM b2mH2K2Mi `2H�iBp2- K�Bb �mbbB �#bQHm2
/2b T`Bt /2b 7�+i2m`b /2 T`Q/m+iBQMb 2Mi`2 H2b /2mt T�vb Ui?ûQ`ĕK2 /Ƕ>2+Fb+?2`@P?HBM@a�Km2HbQMV- bvMQMvK2
/2 +QMp2`;2M+2 `û2HH2 /2b û+QMQKB2bX UP?HBM RNk3c a�Km2HbQM RNe9VX

*2T2M/�Mi- H� i?ûQ`B2 >Pa T`ûb2Mi2 mM2 MQM@�/û[m�iBQM /2 H� `û�HBiû 2KTB`B[m2 UT�`�/Qt2 /2 G2QMiB27VX
UG2QMiB27 RN88c GûQMiB27 RN8RVX 1M 2z2i- H2b ûim/2b 2i pû`B}+�iBQMb 2KTB`B[m2b i2M/2Mi ¨ BM}`K2` HǶB/û2 [m2
H� /BpBbBQM BMi2`M�iBQM�H2 /m i`�p�BH bǶ2tTHB[m2 T�` /2b /Bzû`2M+2b `2H�iBp2b ¨ H� /Qi�iBQM /2 7�+i2m`bX a2HQM
E`m;K�M 2i P#bi72H/- BH 7�mi `2p2MB` ¨ HǶB/û2 _B+�`/B2MM2 /ǶmM2 /BpBbBQM BMi2`M�iBQM�H2 /m i`�p�BH �TTHB[mû2
T�` H2b /Bzû`2M+2b /2 T`Q/m+iBpBiûX SQm`[mQB \ § +�mb2 /2 H� bi`m+im`2 /2b û+?�M;2b [mB 2bi H�`;2K2Mi
+QKK�M/û2 T�` /2b /Bzû`2M+2b BMi2`M�iBQM�H2b /2 i2+?MQHQ;B2 THmiƬi [m2 T�`i /2b /Bzû`2M+2b /2 `2bbQm`+2bX
UE`m;K�M �M/ P#bi72H/ RN33VX *Ƕ2bi +2 [mB 2tTHB[m2`�Bi TQm`[mQB H2b úi�ib@lMBb T`Q/mBb2Mi /2b �pBQMb 2i
/2b Q`/BM�i2m`b- THmiƬi [m2 /2b pāi2K2Mib- /m 7�Bi /2 H2m` THmb ;`�M/2 2{+�+Biû /�Mb +2 ivT2 /2 T`Q/m+iBQMX
*Ƕ2bi HǶ2tTHB+�iBQM /ûp2HQTTû2 T�` q�bbBHv G2QMiB2z ¨ i`�p2`b bQM T�`�/Qt2 HBû ¨ HǶ2t2KTH2 iB`û /2 H� `û�HBiû
2KTB`B[m2 /2b úi�ib@lMBbX G2QMiB27- 2M 2bb�v�Mi /2 pû`B}2` 2KTB`B[m2K2Mi H� i?ûQ`B2 >Pa- /ûMQi2 ¨ i`�p2`b
bQM ûim/2 û+QMQKûi`B[m2 mM2 +QMi`�/B+iBQM /�Mb H� bBim�iBQM /2b úi�ib@lMBbX SHmb T�`iB+mHBĕ`2K2Mi- +Ƕ2bi H2
T�vb [mB /BbTQb2 /m `�TTQ`i H2 THmb ûH2pû /2 7QM/b }M�M+B2`b T�` i`�p�BHH2m` 2i TQm`i�Mi b2b 2tTQ`i�iBQMb b2
+QM+2Mi`2Mi �miQm` /2b T`Q/mBib [mB /2K�M/2Mi THmb /2 K�BM@/ǶQ2mp`2 [m2 H2b T`Q/mBib [mǶBH BKTQ`i2X
*2 TQBMi 2bi /Ƕ�mi�Mi THmb p`�B [mǶBH pB2Mi /2 bm`+`Qŗi �TTQ`i2` mM2 HBKBi2 �m +QM+2Ti /ǶmMB}+�iBQM- Qm 2M+Q`2
/Ƕû;�HBb�iBQM- /2b T`Bt /2b 7�+i2m`b /2 T`Q/m+iBQMb 2Mi`2 T�vb +QKK2 T`û/B+iBQM /2 H� +QMp2`;2M+2 `û2HH2 /2b
`2p2MmbX 1M 2z2i- H� +QMp2`;2M+2 M2 bǶ2bi D�K�Bb p`�BK2Mi `û�HBbû2 bBKTH2K2Mi T�`+2 [m2 H2 +QM+2Ti /2 #�b2
bmTTQb2 H2 T�`i�;2 /ǶmM2 i2+?MQHQ;B2 +QKKmM2 +2 [mB M2 +Q``2bTQM/ 2M �m+mM +�b ¨ H� `û�HBiûX �mbbB- QM
`2i`Qmp2 +QKK2 +?2x _B+�`/Q HǶ?vTQi?ĕb2 `2bi`B+iBp2 /2b `2M/2K2Mib +QMbi�Mib [mB ûHBKBM2 iQmi2 TQbbB#BHBiû 2i
QTTQ`imMBiû /Ƕû+QMQKB2b /Ƕû+?2HH2bX PM b2 `2i`Qmp2 /QM+ /�Mb mM2 �M�Hvb2 bi�iB[m2- T2m `2T`ûb2Mi�iBp2 /2 H�
`û�HBiû 2M i2`K2b /Ƕ�p�Mi�;2X �mi`2K2Mi /Bi- +2ii2 �M�Hvb2 M2 iB2Mi T�b +QKTi2 /2 H� /vM�KB[m2 /2 +`û�iBQM
/2b �p�Mi�;2bX .m +QmT- H2 KQ/ĕH2 /û#Qm+?2 bm` H� bTû+B�HBb�iBQM BMi2`@#`�M+?2b U+?�[m2 T�vb b2 bTû+B�HBb2
/�Mb H2b b2+i2m`b Qɍ BH 2bi `2H�iBp2K2Mi 2{+�+2 2ifQm [mB miBHBb2 BMi2MbBp2K2Mi b2b `2bbQm`+2b �#QM/�Mi2bV +2
[mB M2 T2`K2i T�b /Ƕ2tTHB[m2` H� T`ûb2M+2 /Ƕû+?�M;2b BMi`�@#`�M+?2b 2Mi`2 T�vb b2K#H�#H2bX UE`m;K�M RN3Rc
GûQMiB27 RN8RVX

6BM�H2K2Mi- H2b /Bzû`2Mib KQ/ĕH2b /2 aKBi?- _B+�`/Q Qm 2M+Q`2 >Pa- /ûi2`KBM�Mib /2 H� i?ûQ`B2 MûQ@+H�bbB[m2
/m +QKK2`+2 BMi2`M�iBQM�H- b2 bQMi /QM+ BMiû`2bbûb �mt û+?�M;2b /�Mb mM +QMi2ti2 /2 HB#`2 û+?�M;2 BMi2`M�@
iBQM�HBbûX G2b +QM+HmbBQMb iB`û2b /2 +2b KQ/ĕH2b bQMi [m2 HǶQmp2`im`2 BMi2`M�iBQM�H2 �mt û+?�M;2b- /m 7�Bi /2
H� T`ûb2M+2 /Ƕ�p�Mi�;2b +QKT�`�iB7b UbQBi `2H�iB7 2M i2`K2b /2 T`Q/m+iBpBiû 2ifQm /2 /Qi�iBQMb 2M 7�+i2m`bV-
T`Q+m`2 mM BMiû`āi M�im`2H /2 bTû+B�HBb�iBQM /2b û+QMQKB2b M�iBQM�H2bX a2HQM H� i?ûQ`B2- b2mH2 H� bTû+B�HBb�iBQM
T2`K2i /2 iB`2` /2b ;�BMb /2 HǶû+?�M;2 BMi2`M�iBQM�H 2i /QM+ T`Q+m`2 mM BMiû`āi +2`i�BM ¨ HǶQmp2`im`2 �mt
û+?�M;2b /2b û+QMQKB2bX �BMbB- H� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H b2 `ûbmK2 T�` H� bTû+B�H@
Bb�iBQM /2b M�iBQMb bm` H� #�b2 /Ƕ�p�Mi�;2 +QKT�`�iB7X *2T2M/�Mi- +2`i�BM2b HBKBi2b `2bi2Mi iQmi /2 KāK2
2M bmbT2MbX S�`iB+mHBĕ`2K2Mi- [m2 /2pB2MM2Mi +2b i?ûQ`B2b 2i H2m` +QM+HmbBQM /�Mb mM +QMi2ti2 �TTHB+�iB7
/ǶBMiû;`�iBQM û+QMQKB[m2 +QKK2 +2HmB /2 HǶmMBQM /Qm�MBĕ`2 Qm 2M+Q`2 THmb TQmbbû2 /2 HǶmMBQM KQMûi�B`2 \
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kXkXk G� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H /�Mb mM +QMi2ti2 /ǶBMiû;`�iBQM , H2
+�b T�`iB+mHB2` /2 HǶmMBQM /Qm�MBĕ`2

GǶû+QMQKB2 BMi2`M�iBQM�H2 bǶ2bi 2bb2MiB2HH2K2Mi BMiû`2bbû2 �m HB#`2 û+?�M;2 KQM/B�H- pB� H� i?ûQ`B2 i`�/B@
iBQMM2HH2 2i 7QM/�K2Mi�H2 /m +QKK2`+2 BMi2`M�iBQM�H- �p2+ mM K2bb�;2 `ûTQMb2 /QKBM�Mi , HǶû+?�M;2 BM@
i2`M�iBQM�H T`Q+m`2 mM BMiû`āi ¨ H� bTû+B�HBb�iBQM BMi2`M�iBQM�H2 /2b û+QMQKB2b bm` H� #�b2
/Ƕ�p�Mi�;2b +QKT�`�iB7b 2i- /�Mb +2 +QMi2ti2- 2bi ;ûMû`�i2m` /2 ;�BMb TQm` HǶ2Mb2K#H2 /2b
�+i2m`b UT�vb Qm û+QMQKB2b M�iBQM�H2b T�`iB+BT�Mib ¨ HǶû+?�M;2VX J�Bb [m2 /2pB2Mi +2ii2 `ûTQMb2-
HQ`b[m2 H2 `�BbQMM2K2Mi 2bi �TTHB[mû ¨ mM2 `û;BQM BMiû;`û2 û+QMQKB[m2K2Mi i2HH2 [mǶmM2 xQM2 `û;BQM�H2 /2
HB#`2@û+?�M;2- mM2 mMBQM /Qm�MBĕ`2- mM K�`+?û +QKKmM- Qm 2M+Q`2 mM2 mMBQM û+QMQKB[m2 \ 1i }M�H2K2Mi-
[m2HH2 2bi H� Hû;BiBKBiû /2 HǶBMiû;`�iBQM `û;BQM�H2 \ *Ƕ2bi H� [m2biBQM bm` H�[m2HH2 +2ii2 T�`iB2 bǶ�ii�`/2X 1HH2
T2`K2i /2 K2ii`2 2M ûpB/2M+2 H� `2H�iBQM +QM+2Tim2HH2 /m +QKK2`+2 BMi2`M�iBQM�H 2i /2 HǶBMiû;`�iBQM `û;BQM�H2X

G2b T`2KBĕ`2b +QMi`B#miBQMb BKTQ`i�Mi2b ¨ H� i?ûQ`B2 /2 HǶBMiû;`�iBQM û+QMQKB[m2 �bbQ+Bû2 �mt i?ûQ`B2b /m
+QKK2`+2 BMi2`M�iBQM�H b2 bQMi T�`iB+mHBĕ`2K2Mi BMiû`2bbû2b �m +�b /2 HǶmMBQM /Qm�MBĕ`2X *Ƕ2bi HǶûim/2 /2 CX
oBM2` URN8yV- bmBpB T�` +2HH2 /2 CX1X J2�/2 URN88V- _X :X GBTb2v URNdyV- JX "v2 URNe8V- 2i "�H�bb� URN3dV 2M
�mi`2- [mB bǶBMb+`Bi /�Mb H2 +Qm`�Mi MûQ@+H�bbB[m2 /2 HǶû+QMQKB2 BMi2`M�iBQM�H2X *2 +Qm`�Mi TQ`i2 mM BMiû`āi
T�`iB+mHB2` ¨ HǶBKT�+i /2 HǶmMBQM /Qm�MBĕ`2 bm` H� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H- /QM+ /2
H2m` KBb2 2M `2H�iBQM +QM+2Tim2HH2X �mi`2K2Mi /Bi- +2 +Qm`�Mi /2 T2Mbû2 ûim/B2 2M T`Q7QM/2m` URV HǶBKT�+i
/2b /`QBib /2 /Qm�M2 bm` H2b ~mt +QKK2`+B�mt 2Mi`2 T�vb /�Mb mM2 `û;BQM BMiû;`û2 û+QMQKB[m2K2Mi i2HH2
[m2 HǶ2bi HǶmMBQM /Qm�MBĕ`2- UkV HǶBKT�+i /ǶmM2 mMBQM /Qm�MBĕ`2 bm` H2b `2H�iBQMb 2i H2b ~mt /Ƕû+?�M;2b 2Mi`2
H2b T�vb iB2`b- 2i }M�H2K2Mi UjV ¨ HǶQTTQbBiBQM- [mB 2M `ûbmHi2- 2Mi`2 H2b 2z2ib /2 ǳ+`û�iBQM /2 i`�}+Ǵ T�` H2
HB#`2@û+?�M;2 KQM/B�H 2i +2mt /2 ǳ/ûiQm`M2K2Mib /2 i`�}+Ǵ +`ûûb T�` H� xQM2 `û;BQM�H2 2M 2HH2@KāK2X

�p�Mi +2b T`2KBĕ`2b +QMi`B#miBQMb 7QM/�K2Mi�H2b /2 RN8y- HǶ�M�Hvb2 +H�bbB[m2 2i i`�/BiBQMM2HH2 /m +QKK2`+2
BMi2`M�iBQM�H /�Mb mM +QMi2ti2 /ǶBMiû;`�iBQM U+�b /ǶmMBQM /Qm�MBĕ`2V /QKBM�Bi iQmi 2M `2bi�Mi i`ĕb HBKBiû2X
1M 2z2i- +2 +Qm`�Mi +H�bbB[m2 +QMbB/û`�Bi HǶBMiû;`�iBQM `û;BQM�H2 U+�b /2 HǶmMBQM /Qm�MBĕ`2V +QKK2 mM2 bBKTH2
KQ/�HBiû /2 H� +QM/BiBQM /2 HB#`2@û+?�M;2X �mi`2K2Mi /Bi- TQm` +2 +Qm`�Mi- HǶBMiû;`�iBQM /Qm�MBĕ`2 b2 `û7ĕ`2
¨ mM2 bBim�iBQM ¨ HǶBMiû`B2m` /2 H�[m2HH2 URV H� `2Mi�#BHBiû 2i H� T`Q/m+iBpBiû /2b 7�+i2m`b /2 T`Q/m+iBQM- UkV
HǶûi�i /2 +QMM�Bbb�M+2 Qm H2 T`Q;`ĕb i2+?MQHQ;B[m2- UjV H2b T`û7û`2M+2b /2b +QMbQKK�i2m`b- 2i U9V H2b 7Q`K2b
/ǶQ`;�MBb�iBQM û+QMQKB[m2- bQMi +QMbB/û`û2b +QKK2 /2b +QMbi�Mi2bX �BMbB /ûp2HQTTû2- H� i?ûQ`B2 +H�bbB[m2
M2 bǶ2bi /QM+ �ii�`/û2 [m2 bm` H2b �p�Mi�;2b TQmp�Mi āi`2 HBûb ¨ HǶBMiû;`�iBQM b�Mb b2 bQm+B2` /2b 2ti2`M�HBiûb
Mû;�iBp2b [mB TQmp�Bi 2M /û+QmH2`- T�` 2t2KTH2 2M i2`K2 URV /ǶBMû;�HBiû /m /ûp2HQTT2K2Mi 2Mi`2 H2b M�iBQMb-
UkV mM2 K�mp�Bb2 `ûT�`iBiBQM /2b #ûMû}+2b- UjV /2 H� TQH�`Bb�iBQM 2i /m /ûbû[mBHB#`2 /2 H� xQM2- 2i U9V /2b
/Bzû`2M+2b bi`m+im`2HH2b M�Bbb�Mi2b /�Mb H2b T�vb UbQmb@2KTHQB- 2i+XVX *Ƕ2bi H2 TQBMi /2 pm2 /m +QKK2`+2
BMi2`M�iBQM�HX SQm`i�Mi- HǶ�M�Hvb2 T`2M/ iQmi2 mM2 �mi`2 /vM�KB[m2 2i iQmi mM �mi`2 b2Mb 2M b2 +QM+2Mi`�Mi
bm` /2b T`Q#HûK�iB[m2b THmb H�`;2b [m2 H2b û+?�M;2b Tm`bX S�` 2t2KTH2- 2M �bbQ+B�Mi H2b T?ûMQKĕM2b /2
T`Q/m+iBQM 2i /2 +QMbQKK�iBQM- HǶ�M�Hvb2 T`2M/ iQmi2 mM2 �mi`2 /BK2MbBQM 2tTHB+�iBp2 /2 HǶ2MpB`QMM2K2Mi
û+QMQKB[m2X *Ƕ2bi H2b /Bzû`2Mib �TTQ`ib /ûp2HQTTûb T�` H2b �mi2m`b +Biûb +B@?�miX �BMbB- b2HQM H2b �mi2m`b
+H�bbB[m2b /m +QKK2`+2 BMi2`M�iBQM�H- HǶBMiû;`�iBQM 2bi bQm?�Bi�#H2 T�`+2[mǶ2HH2 +QMbBimi mM2 T`Q;`2bbBQM
p2`b H� bBim�iBQM /2 HB#`2@û+?�M;2 Tm`2 2M T2`K2ii�Mi URV HǶ�m;K2Mi�iBQM /2 H� i�BHH2 /2b K�`+?ûb- UkV mM
�++`QBbb2K2Mi /2b ~mt +QKK2`+B�mt- UjV mM2 K2BHH2m`2 /BpBbBQM /m i`�p�BH 2i mM2 bTû+B�HBb�iBQM BMi2`M�iBQM�H2-
U9V mM2 THmb ;`�M/2 HB#2`iû /2 +B`+mH�iBQM /2b 7�+i2m`b /2 T`Q/m+iBQM- U8V mM2 +QKTûiBiBpBiû THmb TQmbbû2- 2i
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/QM+ UeV mM �++`QBbb2K2Mi /m #B2M@āi`2 KQM/B�HX GǶBMiû;`�iBQM `û;BQM�H2 M2 `2bi2 /QM+ [mǶmM2 +QM/BiBQM
�K2M�Mi �m HB#`2@û+?�M;2X U�`K�;�M- MX/XV

G� HB;M2 /QKBM�Mi2 /2 H� T`2KBĕ`2 `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQM 2i +QKK2`+2 BMi2`M�iBQM�H /2 RN8y
2bi Mû2 /2 HǶ�TTQ`i i?ûQ`B[m2 /ûp2HQTTû T�` CX oBM2`X AH �TTQ`i2 mM MQmp2�m `2;�`/ THmb ;ûMû`�H T�` bQM
�M�Hvb2 BMiû;`�Mi- /�Mb H� i?ûQ`B2 /2 HǶmMBQM /Qm�MBĕ`2 +H�bbB[m2- �mbbB #B2M H2b 2z2ib BMi2`M2b [m2 H2b 2z2ib
2ti2`M2bX SQm` b2 7�B`2- +2 /2`MB2` TQb2 mM +�/`2 /Ƕ�M�Hvb2 #�bû bm` /2b ?vTQi?ĕb2b bi`B+i2b 2i ¨ /Qm#H2
+�`�+iĕ`2 , H� i?ûQ`B2 bi�iB[m2 2i +QM+m``2MiB2HH2X U6�m;ĕ`2 RNNNVX *2H� `2pB2Mi ¨ 2tTQb2` H2b ?vTQi?ĕb2b
bmBp�Mi2b , URV H2b �;2Mib bQMi MQK#`2mt 2i b�Mb BM~m2M+2 bm` H2 K�`+?û- UkV BH MǶ2tBbi2 T�b /Ƕ2z2ib /Ƕû+?2HH2
[m2 +2 bQBi BMi2`M2 Qm 2ti2`M2 UQM T�`H2 B+B /2 `2M/2K2Mib +`QBbb�Mib 2i +Qȿib /û+`QBbb�MibV- UjV HǶBM7Q`K�iBQM
2bi T�`7�Bi2 /QM+ HǶ�++ĕb ¨ H� i2+?MQHQ;B2 2bi HB#`2 ¨ HǶBMiû`B2m` /2b 7`QMiBĕ`2b 2i T�`7�Bi2K2Mi BKKQ#BH2b ¨
HǶBMi2`M�iBQM�H- U9V HǶûi�i MǶBMi2`pB2Mi T�b- bB +2 MǶ2bi �mt 7`QMiBĕ`2b 2i 2t+HmbBp2K2Mi �mt 7`QMiBĕ`2b bQmb
7Q`K2 /2 i�`B7b /Qm�MB2`b- 2i }M�H2K2Mi U8V HǶ�M�Hvb2 2bi bi�iB[m2 U[m�MiBiû /2 7�+i2m`b /2 T`Q/m+iBQM iQmi
+QKK2 H� i2+?MQHQ;B2 bQMi +QMbB/û`ûb +QKK2 +QMbi�MiVX
JāK2 bB +2ii2 /2`MBĕ`2 `2bi2 BMQTû`�Mi2 TQm` H� +QMbB/û`�iBQM /2b BMû;�HBiûb /2 /ûp2HQTT2K2Mi 2Mi`2 T�vb- 2HH2
`2bi2 Mû�MKQBMb BM/BbT2Mb�#H2 bm` H2 TH�M Kûi?Q/QHQ;B[m2 TQm` HǶ�M�Hvb2 /2b T`Q#HûK�iB[m2b /ǶBMiû;`�iBQM
`û;BQM�H2 û+QMQKB[m2X SHmb T`û+BbûK2Mi- /Ƕ�T`ĕb oBM2`- H� HB#û`�HBb�iBQM /2b û+?�M;2b T�` HǶû+`QmH2K2Mi
/2b /`QBib i�`B7�B`2b �mt 7`QMiBĕ`2b- bQBi HǶûHBKBM�iBQM /2b /`QBib /2 /Qm�M2- b2 +�`�+iû`Bb2 T�` /2b 2z2ib /2
+`û�iBQM /2 i`�}+ 2i ûp2Mim2HH2K2Mi /2b 2z2ib /2 /ûiQm`M2K2Mi /2 i`�}+X �mi`2K2Mi /Bi- bB HǶBMiû;`�iBQM
/Qm�MBĕ`2 2Mi`�BM2 H� bmTT`2bbBQM /2b #�``Bĕ`2b i�`B7�B`2b ¨ HǶû+?�M;2 ¨ HǶBMiû`B2m` /2 H� xQM2 /ǶBMiû;`�iBQM-
2HH2 BKTHB[m2 û;�H2K2Mi mM2 /Bb+`BKBM�iBQM ¨ HǶû;�`/ /m `2bi2 /m KQM/2X GǶ2t2KTH2 /2 CX oBM2` 2M 2bi H�
T�`7�Bi2 BHHmbi`�iBQM 2M bǶ�ii�`/�Mi /ǶmM TQBMi /2 pm2 /Ƕ�M�Hvb2 /2b 2z2ib /2 T`Q/m+iBQMX SHmb T`û+BbûK2Mi-
+QMbB/û`�Mi i`QBb T�vb A- B 2i C- BH T2Mb2 [m2 bB /2mt T�vb /2 +2b i`QBb /2`MB2`b /û+B/2Mi /2 bmTT`BK2` H2m`b
#�``Bĕ`2b i�`B7�B`2b 2i /Ƕ�/QTi2` mM i�`B7 2tiû`B2m` +QKKmM U+�b /2 HǶmMBQM /Qm�MBĕ`2V T2M/�Mi [mǶmM �mi`2
ûi�#HBi mM /`QBi /2 /Qm�M2- �HQ`b ,

Ç bB H2 T�vb [mB ûi�#HBi H2 i�`B7 T`Q/mBi ¨ mM +Qȿi /ǶQTTQ`imMBiû BM7û`B2m` ¨ bQM UQm b2bV T�`i2M�B`2UbV- BH
b2`� �HQ`b 2tTQ`i�i2m` /2 +2 #B2M 2i BH MǶ�m`� �m+mM �p�Mi�;2 +QKT�`�iB7 ¨ BKTQ`i2` +2 /2`MB2` T`Q/mBiX
.�Mb +2 +�b@H¨- H2 i�`B7 /Qm�MB2` M2 DQm2 �m+mM `ƬH2 /2 T`Qi2+iBQM 2i BH 2bi `û2HH2K2Mi BMmiBH2X

Ç bB H� bQKK2 /m T`Bt ûi�#HB +?2x H2 T�`i2M�B`2 2i /m /`QBi /2 /Qm�M2 2bi bmTû`B2m`2 �m T`Bt /m T�vb- H2
T�vb +QMbB/û`û MǶ� �m+mM �p�Mi�;2 ¨ BKTQ`i2` +2 #B2M 2i- /�Mb +2 +�b- H2 i�`B7 2bi T`Q?B#BiB7X

Ç bB H� bQKK2 /m /`QBi 2i /m T`Bt ûi�#HB +?2x HǶ�mi`2 T�vb K2K#`2 /2 H� xQM2 2bi BM7û`B2m`2 �m T`Bt /m
T�vb- �HQ`b H2 T�vb 2bi BKTQ`i�i2m` /2 +2 T`Q/mBiX

S�` H� /ûKQMbi`�iBQM /2 b� T2Mbû2 ¨ i`�p2`b mM 2t2KTH2- CX oBM2` /û}MBi �HQ`b bQM �TTQ`i i?ûQ`B[m2, H2b 2z2ib
/2 +`û�iBQM /2 i`�}+ 2i H2b 2z2ib /2 /ûiQm`M2K2Mi /2 i`�}+X a2HQM HmB- H� KBb2 2M TH�+2 /ǶmM2 mMBQM /Qm�MBĕ`2
2bi bvMQMvK2 /2 ;�BM 2i +2 /2`MB2` `2T`ûb2Mi2 H� /Bzû`2M+2 2Mi`2 ~mt /2 +QKK2`+2 +`ûû 2i ~mt /2 +QKK2`+2
/ûiQm`MûX UoBM2` RN8yVX GǶ2z2i /2 +`û�iBQM /2 i`�}+- Qm ~mt /2 +QKK2`+2 +`ûû- b2 `û7ĕ`2 ¨ HǶ�m;K2Mi�iBQM
/2 H� /2MbBiû /2b i`�}+b 2Mi`2 H2b K2K#`2b /�Mb H� xQM2 `û;BQM�H2 BMiû;`û2 T`Qp2M�Mi /2 HǶ�#�Bbb2K2Mi /2b
i�`B7b /Qm�MB2`b ¨ HǶBMi2`M2 /2 H� xQM2X § HǶBMp2`b2- H2b 2z2ib /2 /ûiQm`M2K2Mi /2 i`�}+ +Q``2bTQM/2Mi ¨ mM2
`û/m+iBQM /m ~mt /2 +QKK2`+2 �p2+ H2b T�vb iB2`b- bQBi H2 `2bi2 /m KQM/2X SQm` `2T`2M/`2 bQM 2t2KTH2- BH
+QMbB/ĕ`2 /Ƕ�#Q`/ i`QBb T�vb A- B 2i C Qɍ A 2i B bQMi BMiû;`ûb /�Mb mM2 mMBQM /Qm�MBĕ`2 2i C `2T`ûb2Mi2 mM
T�vb /m `2bi2 /m KQM/2X AH TQb2 2MbmBi2 �m T`û�H�#H2 H2b ?vTQi?ĕb2b bmBp�Mi2b , URV H2b i`QBb T�vb +QMbB/û`ûb
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T`Q/mBb2Mi H2 KāK2 #B2M- UkV H2b +Qȿib /ǶQTTQ`imMBiû /2 +2 #B2M /�Mb +?�[m2 T�vb bQMi /Bzû`2Mib- UjV H2 i2KTb
2i HǶ2bT�+2 MǶBMi2`pB2MM2Mi T�b- U9V H� /2K�M/2 � mM2 ûH�biB+Biû MmHH2 2i HǶQz`2 mM2 ûH�biB+Biû BM}MB2 T�` `�TTQ`i
�m T`Bt- U8V H� p�`B�iBQM /2b i�`B7b /Qm�MB2`b 2Mi`�BM2 �miQK�iB[m2K2Mi mM2 p�`B�iBQM /2 H� +QMbQKK�iBQM
bQmb 7Q`K2 /2 #�Bbb2 Qm /2 ?�mbb2 /2 T`Bt- UeV H2b 2z2ib /2 `2/Bbi`B#miBQMb bQMi MmHH2b- UdV H2b 7�+i2m`b /2
T`Q/m+iBQM bQMi BKKQ#BH2b- U3V BH v � mM2 T�`7�Bi2 KQ#BHBiû /2b T`Q/mBib- UNV BH bǶ�;Bi /2 H� +QM+m``2M+2 Tm`2
2i T�`7�Bi2- URyV QM T2mi 7�B`2 �#bi`�+iBQM /Ƕû+QMQKB2b /Ƕû+?2HH2- URRV H� bi`m+im`2 /2 H� +QMbQKK�iBQM 2bi
+QMbi�Mi2- 2i URkV H2b /û+BbBQMb TQHBiB[m2b M2 KQ/B}2Mi T�b H2 +QKTQ`i2K2Mi `�iBQMM2H /2b T`Q/m+i2m`b 2i
/2b +QMbQKK�i2m`bX U�`K�;�M- MX/Xc oBM2` RN8yVX �BMbB KBb 2M �TTHB+�iBQM- bB H� KBb2 2M TH�+2 /ǶmM2 mMBQM
/Qm�MBĕ`2 2Mi`�BM2 H� bmTT`2bbBQM /2b #�``Bĕ`2b i�`B7�B`2b ¨ HǶBMiû`B2m` /2 H� xQM2 BMiû;`û2- 2HH2 BKTHB[m2 /QM+
û;�H2K2Mi mM2 /Bb+`BKBM�iBQM ¨ HǶû;�`/ /m `2bi2 /m KQM/2X �BMbB- +2i 2z2i /Bb+`BKBM�iQB`2 /û7�pQ`Bb2 H2b T�vb
[mB M2 7QMi T�b T�`iB2 /2 H� xQM2 +QMbB/û`û2- iQmi 2M 7�pQ`Bb�Mi H2b T�vb T�`i2M�B`2bX amTT`BK2` H2b #�``Bĕ`2b
i�`B7�B`2b 2Mi`2 H2b T�vb K2K#`2b /2 H� xQM2 `û;BQM�H2 BMiû;`û2 UB+B HǶmMBQM /Qm�MBĕ`2V `2pB2Mi /QM+ ¨ +`û2` mM
+Qm`�Mi bmTTHûK2Mi�B`2 /Ƕû+?�M;2 +QKK2`+B�H 2Mi`2 H2b K2K#`2b /2 HǶmMBQM UH2b T�vb A 2i B /�Mb HǶ2t2KTH2V
�m /ûi`BK2Mi /2b T�vb MQM K2K#`2b- H2 `2bi2 /m KQM/2 UH2 T�vb C /�Mb HǶ2t2KTH2VX 1M 2z2i- BH �TT�`�Bi THmb
�p�Mi�;2mt TQm` H2b K2K#`2b /Ƕû+?�M;2` 2Mi`2 2mt THmiƬi [mǶ�p2+ H2b T�vb iB2`b /m `2bi2 /m KQM/2X UoBM2`
RN8yVX �BMbB- 2i +QKK2 HǶ2tTHB[m2 AX �`K�;�M �BMbB [m2 �X JX 1H@�;`�� U1H@�;`�� RN33V- CX oBM2` iB`2 /2
bQM 2t2KTH2 H2b +QM+HmbBQMb bmBp�Mi2b,

URV GǶ�p�Mi�;2 /2 HǶBMiû;`�iBQM TQm` mM T�vb /QMMû /ûT2M/ ,

U�V /2b û+�`ib /2 +Qȿib /ǶQTTQ`imMBiûc
U#V /m MBp2�m BMBiB�H /2b /`QBib /2 /Qm�M2c
U+V /m +?QBt /2 T�`i2M�B`2c

UkV QM T2mi /ûi2`KBM2` H2 MBp2�m /m /`QBi i�`B7�B`2 2tiû`B2m` +QKKmM ¨ T�`iB` /m[m2H BH b2 T`Q/mB`�- bQBi
mM 2z2i /2 /ûiQm`M2K2Mi- bQBi mM 2z2i /2 +`û�iBQMc

UjV G2 ;�BM /2 HǶû+?�M;2 `ûbmHi�Mi /2 HǶBMiû;`�iBQM /ûT2M/ /m +QKK2`+2 +`ûû 2i /m KQM/2 /m +QKK2`+2
/ûiQm`Mû,

U�V bB Xcreation > Xdetrounement ⇒ BH 2tBbi2 mM ;�BM TQbBiB7c
U#V bB Xcreation = Xdetrounement ⇒ BH MǶ2tBbi2 MB /2 ;�BM MB /2 T2`i2c
U+V bB Xcreation < Xdetrounement ⇒ BH 2tBbi2 mM2 T2`i2 Mû;�iBp2X

*Ƕ2bi +2 [mǶ2tTHB[m2 �mbbB "X "�H�bb�, ǳH� +`û�iBQM /2 i`�}+ �++`QBi H2 #B2M@āi`2 i�Mi [m2 H2b Qz`2b /QK2biB[m2b
bQMi `2KTH�+û2b T�` /2b BKTQ`i�iBQMb /ǶmM T�`i2M�B`2 /QMi H2b +Qȿib bQMi THmb 7�B#H2b 2i [mB ûi�B2Mi �mT�`�p�Mi
2t+Hm2b /m K�`+?û T�` H2b /`QBib /2 /Qm�M2XǴ U"�H�bb� kyRjc "�H�bb� �M/ _2H�iBQMb RNedVX

1M bQKK2- b2HQM CX oBM2`- QM b2 i`Qmp2 /QM+ 2M 7�+2 /2 /2mt QTiB[m2b /Bzû`2Mi2b- K�Bb +QKTHûK2Mi�B`2b- TQm`
Dm;2` /2 HǶmMBQM /Qm�MBĕ`2X �mi`2K2Mi /Bi- H2b T?ûMQKĕM2b /ǶBMiû;`�iBQM �bbQ+Bûb �m +QKK2`+2 BMi2`M�iBQM�H-
bQBi H2 HB#`2@û+?�M;2- T`ûb2Mi2Mi /2mt MBp2�mt /Ƕ�M�Hvb2b,

URV mM MBp2�m `û;BQM�H +Ƕ2bi ¨ /B`2 bǶBMiû`2bb2` ¨ HǶBKT�+i /2 HǶBMiû;`�iBQM `û;BQM�H2 bm` H2b T�vb K2K#`2b
[mB HmB 2bi TQbBiB7X

UkV mM MBp2�m KQM/B�H- +Ƕ2bi ¨ /B`2 bǶBMiû`2bb2` �m #B2M@āi`2 +QHH2+iB7 KQM/B�H [mB HmB 2bi BKT�+iû /û7�pQ`@
�#H2K2Mi �mt pm2b /2b 2z2ib /2 /ûiQm`M2K2Mi /2 i`�}+X

dy



G2b +QM+HmbBQMb /2 +2ii2 �TT`Q+?2 i?ûQ`B[m2 /�Mb mM i2H +QMi2ti2 +QMp2`;2Mi p2`b HǶQTiBK�H TQm` +2 [mB 2bi /2b
û+?�M;2b BMi2`M2b ¨ H� xQM2 `û;BQM�H2 /Ƕû+?�M;2 2M 7�pQ`Bb�Mi H2 i`�}+ BMi2`M2 /2 K�`+?�M/Bb2- i�M/Bb [mǶ2HH2
�TT�`�Bi Mû7�bi2 TQm` H2b û+?�M;2b 2ti2`M2b ¨ H� xQM2 `û;BQM�H2 /Ƕû+?�M;2 TmBb[mǶ2HH2 +`û2 mM2 /Bb+`BK�iBQM
TQm` +2`i�BMb T�vb iB2`b /2 HǶmMBQM T�` HǶ�TTHB+�iBQM /m #B�Bb /ǶmM i�`B7 2tiû`B2m` +QKKmMX �BMbB- +Ƕ2bi mM
QTiBKmK /2 b2+QM/ `�M;X U6�m;ĕ`2 RNNNc oBM2` RN8yVX

*2T2M/�Mi- KāK2 bB H2b +QM+HmbBQMb bǶ�pĕ`2Mi `û�HBbi2b- HǶûim/2 /2 CX oBM2` T`ûb2Mi2 +2`i�BM2b HBKBi2b bvM@
QMvK2b /2 7`�;BHBiû 2M i2`K2b /Ƕ�M�Hvb2 2i /2 +QM+HmbBQMbX § i`�p2`b H2 ;`�M/ MQK#`2 /Ƕ?vTQi?ĕb2b `2bi`B+@
iBp2b T`û�H�#H2b ¨ b� /ûKQMbi`�iBQM- CX oBM2` b2 T`ûQ++mT2 mMB[m2K2Mi /2 H� K�tBKBb�iBQM /2 H� 7QM+iBQM /2
T`Q/m+iBQM b�Mb +QMbB/û`2` H2b T`û7û`2M+2b 2i H2 #B2M@āi`2 /2b +QMbQKK�i2m`b- `2T`ûb2Miû T�` mM2 7QM+iBQM
+QMbi�Mi2X aQM �M�Hvb2 `2pB2Mi /QM+ ¨ �TT`û+B2` HǶBMiû;`�iBQM `û;BQM�H2 bQmb 7Q`K2 /ǶmMBQM /Qm�MBĕ`2 /m b2mH
TQBMi /2 pm2 /2 HǶ�HHQ+�iBQM /2b `2bbQm`+2bX �BMbB- H2b ?vTQi?ĕb2b /2 CX oBM2` bQMi i`QT bBKTHB}+�i`B+2b 2i-
THmbB2m`b �mi2m`b b2 bQMi T2M+?ûb bm` bQM �M�Hvb2 TQm` i2Mi2` /Ƕv `2Kû/B2`X CX J2�/2- _X:X GBTb2v- 2i JX "v2
2M bQMi H2b T`BM+BT�mt +QMi`B#mi2m`bX 1M 2z2i- 2M 7�Bb�Mi BMi2`p2MB` /2b 7QM+iBQMb /2 +Qȿib MQM HBMû�B`2b 2i
MQM ?QKQ;ĕM2b /�Mb H� /ûKQMbi`�iBQM /2 CX oBM2`- H2b +QM+HmbBQMb +QM+2`M�Mi H2b 2z2ib /2 /ûiQm`M2K2Mi /2
i`�}+ b2 i`Qmp2Mi iQi�H2K2Mi KQ/B}û2bX �mi`2K2Mi /Bi- HǶmMBQM /Qm�MBĕ`2 /QM+ HǶBMiû;`�iBQM `û;BQM�H2 MǶ2bi
T�b Mû+2bb�B`2K2Mi `2bTQMb�#H2 /2 H� #�Bbb2 /2 HǶ�p�Mi�;2 +QHH2+iB7- 2i /QM+ /m #B2M@āi`2 +QHH2+iB7- KāK2 bQmb
/2b 2z2ib /2 /ûiQm`M2K2Mi /2 i`�}+bX

SHmb T`û+BbûK2Mi- CX J2�/2 `�BbQMM2 mMB[m2K2Mi bm` H2b 2z2ib /2 +QMbQKK�iBQM TQm` /2mt #B2Mb- HǶmM /QK2b@
iB[m2 2i HǶ�mi`2 BKTQ`iûX AH +QMbB/ĕ`2 �HQ`b [m2 H2 `ûbmHi�i /2 HǶmMBQM /Qm�MBĕ`2 /ûT2M/ /2 HǶBKTQ`i�iBQM bmT@
THûK2Mi�B`2 2i /2b T2`i2b /m2b ¨ H� /û}MBiBQM /2b BKTQ`i�iBQMbX AH +QMbB/ĕ`2 [m2 +?�[m2 7QBb [mǶBMi2`pB2Mi mM2
/BKBMmiBQM /m i�`B7- BH v � `û�Dmbi2K2Mi /2 H� /ûT2Mb2 /m +QMbQKK�i2m`X �mi`2K2Mi /Bi- HǶmMBQM /Qm�MBĕ`2-
bQmb H2 `�BbQMM2K2Mi /2b 2z2ib /2 +QMbQKK�iBQM- /ûT2M/`� /m MBp2�m /2b i�`B7b , URV THmb H2 i�`B7 �p�Mi
HǶmMBQM 2bi ûH2pû- THmb HǶmMBQM � /2b +?�M+2b /Ƕāi`2 #ûMû}[m2b 2i UkV THmb H� /Bzû`2M+2 /2 +Qȿib 2Mi`2 H2 T�vb
K2K#`2- A Qm B- 2i H2 T�vb MQM K2K#`2- C UQm `2bi2 /m KQM/2V- bQMi 7�B#H2b THmb H2b ;�BMb /2 HǶmMBQM bQMi
BKTQ`i�MibX UJ2�/2 RN88VX

S�` �BHH2m`b- _X:X GBbT2v KQMi`2 [m2 H2 KQ/ĕH2 2i H2b +QM+HmbBQMb /ûp2HQTTûb T�` CX J2�/2 b2K#H2Mi 2M+Q`2
āi`2 i`QT HQBM /2 H� `û�HBiûX GǶmMBQM /Qm�MBĕ`2 KBb2 2M TH�+2 2Mi`2 T�vb T`Q/mBb�Mi /2b #B2Mb +QKTHûK2Mi�B`2b
bB;MB}2 p`�Bb2K#H�#H2K2Mi H� bm#biBimiBQM /ǶmM T`Q/m+i2m` T�` mM �mi`2 +?2x +?�+mM /2b T�`i2M�B`2b TQm`
+?�+mM /2b T`Q/mBib +QKTHûK2Mi�B`2bX aB HǶQM p2mi āi`2 `û�HBbi2- BH 7�mi Mû+2bb�B`2K2Mi 2MpBb�;2` HǶû+?�M;2
TQm` THmb /ǶmM T`Q/mBiX 1M 2z2i- _X:X GBTb2v KQMi`2 [m2 H2 KQ/ĕH2 b2K#H2 āi`2 p�H�#H2 bB QM H2 HBKBi2 ¨
/2mt T`Q/mBib 2i [m2 /�Mb +2 +�b HǶQTiBKmK 2bi /ûi2`KBMû T�` Hû;BbH�iBQM /2 HǶû+?�M;2 BMi2`M�iBQM�H 2i /2b
T`Bt BMiû`B2m`bX *2T2M/�Mi- bB HǶQM b2 `�TT`Q+?2 /2 HǶ2MpB`QMM2K2Mi û+QMQKB[m2 `û2H- bQBi H� T`ûb2M+2 /ǶmM2
BM}MBiû /2 #B2Mb- �HQ`b H� /ûKQMbi`�iBQM bǶ�pĕ`2 BKTmBbb�Mi2X AH b2`�Bi �HQ`b BKTQbbB#H2 /2 /ûi2`KBM2` /2
K�MBĕ`2 T`û+Bb2 H� xQM2 /2 HǶQTiBKmK /2 b2+QM/ `�M;X �BMbB- H2 i?ûQ`B+B2M 7�Bi `2bbQ`iB` i`QBb +�b /BbiBM+ib ,
URV /�Mb H2 +�b /m HB#`2@û+?�M;2- HǶQTiBKmK b2`� �ii2BMi TmBb[m2 H2b `�TTQ`ib /2b T`Bt BMiû`B2m`b 2i /2b T`Bt
BMi2`M�iBQM�mt bQMi B/2MiB[m2b TQm` iQmb H2b T`Q/mBibc UkV /�Mb H2 +�b /ǶmM2 T`Qi2+iBQM ;ûMû`�HBbû2 mMB7Q`K2-
mM2 b2mH2 /2b +QM/BiBQMb /ǶQTiBK�HBiû 2bi `û�HBbû2c UjV /�Mb H2 +�b /2 HǶmMBQM /Qm�MBĕ`2- mM2 b2mH2 +QM/BiBQM
/ǶQTiBK�HBiû û+QMQKB[m2 2bi `û�HBbû2X UGBTb2v RNeyVX JX "v2 iB`2 /2mt +QM+HmbBQMb /2b �TTQ`ib /2 _X:X GBTb2v
, URV H2 pQHmK2 /m +QKK2`+2 BMi2`M�iBQM�H /ǶmM T�vb ûi�Mi /QMMû mM2 mMBQM /Qm�MBĕ`2 HmB 2bi /Ƕ�mi�Mi THmb
�p�Mi�;2mb2 [m2 b� T`QTQ`iBQM /2 +QKK2`+2 �p2+ bQM T�`i2M�B`2 /2 HǶmMBQM 2bi 7Q`i2 2i [m2 b� T`QTQ`iBQM
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/2 +QKK2`+2 �p2+ H2 _2bi2 /m JQM/2 2bi 7�B#H2 c 2i UkV mM2 mMBQM /Qm�MBĕ`2 � /Ƕ�mi�Mi THmb /2 +?�M+2b
/Ƕ�m;K2Mi2` H2 #B2M@āi`2 +QHH2+iB7 [m2 H2 pQHmK2 /2 bQM +QKK2`+2 BMi2`M�iBQM�H 2bi 7�B#H2X SHmb 7�B#H2- 2M
2z2i- 2bi +2 pQHmK2- THmb 7�B#H2 2bi H2 `�TTQ`i 2Mi`2 BKTQ`i�iBQM 2i +QMbQKK�iBQM /QK2biB[m2X U"vû RNe8c
6�m;ĕ`2 RNNNc >X RNdNVX *2b /2mt +QM+HmbBQMb bQMi ûpB/2Mi2b HQ`b[mǶQM T`2M/ 2M +QMbB/û`�iBQM HǶBKTQ`i�M+2
/2 +?�[m2 ;`QmT2 /2 T`Q/mBib 2i HQ`b[mǶQM b�Bi [m2 H2 `ûbmHi�i /2 HǶlMBQM /ûT2M/ /2 HǶBKTQ`i�M+2 /2 +?�+mM
/2 +2b i`QBb +?�M;2K2Mib +QMbB/û`ûbX
SHmb `û+2KK2Mi- JX "v2 � `2T`Bb H� i?ûQ`B2 i`�/BiBQMM2HH2 /2 HǶmMBQM /Qm�MBĕ`2 2i BMbBbi2 /2 MQmp2�m bm` H2
+�`�+iĕ`2 /ǶQTiBKmK /2 b2+QM/ `�M;X 1M 2z2i- BH 2biBK2 [mǶBH MǶ2bi T�b TQbbB#H2 /Ƕ�``Bp2` ¨ mM `ûbmHi�i TQbBiB7
2M `2+?2`+?�Mi H2b +QM/BiBQMb /2 K�tBKBb�iBQM /m #B2M@āi`2 +QHH2+iB7X �mi`2K2Mi /Bi- BH 7�mi BMûpBi�#H2K2Mi
T`Q+û/2` T�` H� `2+?2`+?2 2i H� +QM7`QMi�iBQM /2b �KûHBQ`�iBQMb 2i /2b /ûiû`BQ`�iBQMbX SHmb T`û+BbûK2Mi- TQm`
JX "v2 BH 7�mi +?2`+?2` mM +`Biĕ`2 /ǶQTiBKmK [m�MiB}ûX *2 /2`MB2` 2bi �ii2BMi �m MBp2�m /m K�`+?û TQm`
+?�[m2 T�`iB+BT�Mi HQ`b[m2 iQmi2b H2b mMBiûb K�`;BM�H2b bQMi û;�H2b ¨ iQmb H2b +Qȿib /ǶQTTQ`imMBiûb K�`;BM�mt
bQBi URV HǶB/2MiBiû /2b `�TTQ`ib 2Mi`2 H2b T`Bt 2i UkV H2b `�TTQ`ib /2b +Qȿib mMBi�B`2b /2 /Bzû`2Mib T`Q/mBib bQMi
H2b KāK2b /�Mb H2b /Bzû`2Mib T�vbX U�`K�;�M- MX/Xc 1H@�;`�� RN33VX

6BM�H2K2Mi- b2HQM H� HBiiû`�im`2 `2H�iBp2 ¨ HǶmMBQM /Qm�MBĕ`2- BH 2tBbi2 #2H 2i #B2M mM2 `2H�iBQM +QM+2Tim2HH2
7Q`i2 2Mi`2 /vM�KB[m2 /ǶBMiû;`�iBQM `û;BQM�H2 2i +QKK2`+2 BMi2`M�iBQM�HX *2ii2 `2H�iBQM pB2Mi `2K2ii`2 2M
+�mb2 H� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H [mB +QMbB/ĕ`2 HǶBMiû;`�iBQM `û;BQM�H2 +QKK2 mM2
KQ/�HBiû /2 H� +QM/BiBQM /2 HB#`2@û+?�M;2 2i [mB 7QM/2 �BMbB bQM BMiû`āi bm` H� bTû+B�HBb�iBQM T`Qp2M�Mi /2b
�p�Mi�;2b +QKT�`�iB7bX G2 #mi /2 HǶmMBQM /Qm�MBĕ`2 2bi #2H 2i #B2M /Ƕ�++`QBi`2 H2 #B2M@āi`2 +QHH2+iB7- K�Bb
H2b Dm;2K2Mib [m2 HǶQM TQ`i2 bm` +2ii2 /2`MBĕ`2 /ûT2M/2Mi /2 HǶQTiB[m2 Qm /m MBp2�m ;ûQ;`�T?B[m2 /Ƕ�M�Hvb2
+?QBbB2X 1M 2z2i- BH bǶ�;Bi /2 b�pQB` bB HǶQM b2 TH�+2 /m TQBMi /2 pm2 /ǶmM T�vb- /2 H� xQM2 BMiû;`û2 Qm 2M+Q`2 /m
KQM/2X .�Mb +?�[m2 +�b- BH 7�m/`� T`û+Bb2` [m2H 2bi HǶ�p�Mi�;2 TQi2MiB2H `2+?2`+?ûX 1M 2z2i- BH 2bi i`ĕb /B{+BH2-
bBMQM BKTQbbB#H2- /2 TQ`i2` mM Dm;2K2Mi ;HQ#�H bm` HǶmMBQM /Qm�MBĕ`2 2i /QM+ bm` HǶBMiû;`�iBQM `û;BQM�H2X aB
HǶQM +QMbB/ĕ`2 H2 HB#`2@û+?�M;2 +QKK2 QTiBKmK- HǶmMBQM /Qm�MBĕ`2 �TT�`�Bi +QKK2 mM QTiBKmK /2 b2+QM/
`�M;X .Ƕ�mi`2 T�`i- HǶmM2 /2b +QM/BiBQMb /2 `û�HBb�iBQM /2 HǶmMBQM /Qm�MBĕ`2 2bi H� bBKBHBim/2 /2b û+QMQKB2b
/2b T�vb K2K#`2bX UJ2�/2 RN88VX 1M 2z2i- HǶmMBQM /Qm�MBĕ`2 � THmb /2 +?�M+2 /Ƕ�#QmiB` ¨ bQM Q#D2+iB7 bB H2b
û+QMQKB2b /2b T�vb +QM+2`Mûb bQMi b2K#H�#H2b- +QMp2`;2Mi2bX GQ`b[m2 H2b û+QMQKB2b bQMi +QKTHûK2Mi�B`2b
Qm /Bbb2K#H�#H2b- /Bp2`;2Mi2b- BH MǶ2bi T�b bȿ` [mǶmM +Qm`�Mi +QKK2`+B�H �//BiBQMM2H b2 +`û2 2M /2?Q`b /2
+2mt `2H�iB7b �m +QKK2`+2 BMi`�@#`�M+?2bX 1M 2z2i- H2b �M�Hvb2b }M2b /2b û+?�M;2b BMi2`M�iBQM�mt 2Mi`2
H2b T�vb /ûp2HQTTûb U/QM+ b2K#H�#H2bV QMi KQMi`û /m`�Mi H2b i`2Mi2 /2`MBĕ`2b �MMû2b H� T`ûb2M+2 /ǶmM2
/vM�KB[m2 2ti`āK2K2Mi 7Q`i2 2M i2`K2b /Ƕû+?�M;2b +`QBbûb- /Bib BMi`�@#`�M+?2bX GǶmM /2b 2t2KTH2b H2b THmb
~�;`�Mib 2bi +2HmB /2 HǶBM/mbi`B2 �miQKQ#BH2 2M 1m`QT2 T�` 2t2KTH2X �BMbB- HǶ�M�Hvb2 /2 HǶmMBQM /Qm�MBĕ`2
b2HQM H2b i?ûQ`B2b i`�/BiBQMM2HH2b /m +QKK2`+2 BMi2`M�iBQM�H �KĕM2 ¨ mM2 MQmp2HH2 BMi2`T`ûi�iBQM /2 HǶû+?�M;2
BMi2`M�iBQM�H bm` H� #�b2 /ǶmM2 `2H�iBQM +QM+2Tim2HH2 BM/ûMB�#H2 �p2+ H� /vM�KB[m2 /ǶBMiû;`�iBQM `û;BQM�H2X
GǶ�M�Hvb2 i`�/BiBQMM2HH2 b2 +QM+2Mi`2 bm` H� M�iBQM /2 bTû+B�HBb�iBQM bm` H� #�b2 /Ƕ�p�Mi�;2 +QKT�`�iB7 2i
KQMi`2 /2b 7�B#H2bb2b /�Mb bQM �TTHB+�iBQM ¨ HǶmMBQM /Qm�MBĕ`2 2i T�`iB+mHBĕ`2K2Mi /�Mb HǶ2t2KTH2 /m +�b
2m`QTû2MX �mi`2K2Mi /Bi- +2ii2 /2`MBĕ`2- b2 #�b�Mi bm` HǶ�p�Mi�;2 +QKT�`�iB7 Qz`2 mM2 Hû;BiBKBiû ¨ HǶû+?�M;2
+QKK2`+B�H 2i /QM+ ¨ H� bTû+B�HBb�iBQM 2Mi`2 T�vb b2 bTû+B�HBb�Mi /�Mb /2b �+iBpBiûb /Bzû`2Mi2b- b2 `2i`Qmp2
7Q`i2K2Mi /û+�Hû2 2i #Qmb+mHû2 T�` H� `û�HBiû /2 HǶBMiû;`�iBQM û+QMQKB[m2 2m`QTû2MM2 [mB /�Mb bQM �TTHB+�iBQM
M�im`2HH2 `ûmMB2 /2b T�vb T`Q+?2b 2i bBKBH�B`2b [mB biBKmH2Mi /2b û+?�M;2b +`QBbûb bm` /2b #B2Mb bBKBH�B`2b UH2b
û+?�M;2b BMi`�@#`�M+?2bVX lM2 HBKBi2 Qm [m2biBQM 7QM/�K2Mi�H2 2bi /QM+ bQmH2pû2 , +QKK2Mi 2tTHB[m2` +2b
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û+?�M;2b ǳBMi`�@#`�M+?2bǴ 2Mi`2 T�vb b2K#H�#H2b bB HǶ2bb2M+2 KāK2 /m +QKK2`+2 BMi2`M�iBQM�H- b2HQM H2b
i?ûQ`B2b 7QM/�K2Mi�H2b 2i /QM+ HǶ�M�Hvb2 /2 H� bi�iB[m2 +QM+m``2MiB2HH2- b2 #�b2 bm` mM2 /vM�KB[m2 M�im`2HH2
/2 bTû+B�HBb�iBQM /û}MB2 T�` H2b �p�Mi�;2b +QKT�`�iB7b \

kXkXj G� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H , mM TBHB2` i?ûQ`B[m2 /2 HǶBMiû;`�iBQM
`û;BQM�H2

SQm`[mQB H2b T�vb +QKK2`+2Mi@BHb \ *QKK2Mi 7QM+iBQMM2Mi H2 +QKK2`+2 BMi2`M�iBQM�H 2i H2 HB#`2@û+?�M;2 \
§ +2b [m2biBQMb +QKTQ`i2K2Mi�H2b 2i û+QMQKB[m2b 7QM/�K2Mi�H2b- HǶ�TTQ`i /2b û+QMQKBbi2b 2bi HQM;i2KTb
`2biû mM�MBK2 , H2b T�vb i`Qmp2Mi mM BMiû`āi ¨ û+?�M;2` T�`+2 [mǶBHb bQMi /Bzû`2MibX *Ƕ2bi H� MQiBQM /m
T`BM+BT2 /2 bTû+B�HBb�iBQM bm` H� #�b2 /Ƕ�p�Mi�;2 +QKT�`�iB7- `ûbmHi�i T`ûb2Miû T�` H� i?ûQ`B2 i`�/BiBQMM2HH2
/m +QKK2`+2 BMi2`M�iBQM�HX �mi`2K2Mi /Bi- H2b T�vb ;�;M2Mi ¨ HǶû+?�M;2- +�` 2M b2 bTû+B�HBb�Mi- /2 T�` H�
/BpBbBQM BMi2`M�iBQM�H2 /m i`�p�BH U�X aKBi?V- BHb �``Bp2Mi ¨ HǶmiBHBb�iBQM QTiBK�H2 /2b `2bbQm`+2b 2Mi`�BM�Mi
M�im`2HH2K2Mi mM2 /BKBMmiBQM /2b T`Bt 2i /QM+ mM2 �KûHBQ`�iBQM /m #B2M@āi`2 +?2x H2 +QMbQKK�i2m`X U_B+�`/Q
R3Rdc aKBi? �M/ *Qm`+2HH2@a2M2mBH R333VX �BMbB- 2M bBim�iBQM /2 HB#`2@û+?�M;2- +?�[m2 T�vb � /QM+ i2M/�M+2 ¨
b2 bTû+B�HBb2` /�Mb H� T`Q/m+iBQM TQm` H�[m2HH2 H2b +Qȿib /ǶQTTQ`imMBiûb bQMi H2b THmb 7�B#H2b `2H�iBp2K2Mi �mt
�mi`2b 2i /QM+ 2tTQ`i2` +2b #B2Mb 2i BKTQ`i2` H2b �mi`2bX �BMbB- /�Mb +2b +QM/BiBQMb- HǶQmp2`im`2 /2b û+?�M;2b
/QBi T`QpQ[m2` /2 7Q`i2b KQ/B}+�iBQMb M�im`2HH2b /2b û+QMQKB2b T�` /2 TmBbb�Mib KQmp2K2Mib KB;`�iQB`2b
BM/mbi`B2HbX *2 T`BM+BT2 � ûiû /û+HBMû 2i �KûHBQ`û T�` HǶ�TTQ`i /2 T`û+BbBQM bm` H2 +�`�+iĕ`2 /2 HǶ�p�Mi�;2
+QKT�`�iB7- �p2+ T�` 2t2KTH2 H� /û+HBM�BbQM H� THmb `û+2Mi2 2i `ûTmiû T`ûb2Miû T�` >2+Fb+?2`@P?HBM@a�Km2HbQM
[mB ûi�#HBbb2 HǶ�p�Mi�;2 +QKT�`�iB7 bm` H� /Qi�iBQM 7�+iQ`B2HH2X UP?HBM RNk3VX

*2T2M/�Mi- +2b KQ/ĕH2b T2BM2Mi ¨ /û+`B`2 H� `û�HBiû 2KTB`B[m2 /2 H� KQM/B�HBb�iBQM 2i 2M T�`iB+mHB2` 2M `2H�iBQM
�p2+ HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 /2b `û;BQMb /m KQM/2X 1M 2z2i- +QKK2 H2 /ûKQMi`2 HǶ�TTHB+�iBQM
/2 H� i?ûQ`B2 bm` HǶmMBQM /Qm�MBĕ`2 2i �BMbB H� MQiBQM /Ƕ2z2ib /2 +`û�iBQM 2i /2 /ûiQm`M2K2Mi /2 i`�}+- mM2
i`ĕb ;`�M/2 T�`iB2 /2b û+?�M;2b BMi2`M�iBQM�mt M�im`2Hb M2 b2K#H2Mi T�b `ûTQM/2 �m T`BM+BT2 /2 HǶ�p�Mi�;2
+QKT�`�iB7 TmBb[m2 +2b /2`MB2`b û+?�M;2b T`2MM2Mi TH�+2 2Mi`2 /2b T�vb i`ĕb T`Q+?2b- /ǶmM TQBMi /2 pm2
û+QMQKB[m2- 2i /2 bm`+`Qŗi TQm` HǶ2tTQ`i�iBQM 2ifQm HǶBKTQ`i�iBQM /2 #B2Mb bBKBH�B`2bX .Ƕ�BHH2m`b 2M kyRe- H2
+QKK2`+2 BMi`�@#`�M+?2 `2T`ûb2Mi2 2MpB`QM e9W /m +QKK2`+2 /2b ûi�ib /2 HǶlMBQM 2m`QTû2MM2 UBKTQ`i�iBQM
2i 2tTQ`i�iBQM +QM7QM/m2V 2i H2 TQB/b /m +QKK2`+2 BMi`�@#`�M+?2 MǶ� +2bbû /2 +`QBi`2 /2TmBb H2b �MMû2b RNey
/ûT�bb�Mi KāK2 �mDQm`/Ƕ?mB H2 b2mBH /2b jyW /m +QKK2`+2 KQM/B�HX �BMbB- H� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2
BMi2`M�iBQM�H �p�M+û2 2i i?ûQ`Bbû2 T�` S�mH E`m;K�M- 2M K�DQ`Biû 2i [mB HmB � p�Hm H2 T`Bt LQ#2H /Ƕû+QMQKB2
2M kyy3- 2bi T�`iB2 /2 +2ii2 ûpB/2M+2 2KTB`B[m2 TQm` ûH�#Q`2` /2b 2tTHB+�iBQMb +`û/B#H2b ¨ HǶ2tBbi2M+2 /m
+QKK2`+2 BMi`�@#`�M+?2X .2 H¨ 2bi Mû2 /QM+ mM2 MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H `2MQMÏ�Mi ¨ H�
MQiBQM mMB[m2 /2 bTû+B�HBb�iBQM BMi2`M�iBQM�H2 U/QM+ ¨ HǶû+?2HH2 M�iBQM�H2V bm` H� #�b2 /Ƕ�p�Mi�;2b +QKT�`�iB7bX

kXkXjXR GǶû+QMQKB2 BM/mbi`B2HH2- MQmp2HH2 �TT`Q+?2 /2 H� i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H

G2b 7QM/2K2Mib /2 H� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H b2 TQbBiBQMM2Mi �m MBp2�m /2 HǶû+QMQKB2
BM/mbi`B2HH2 2i QMi ûiû �KQ`+ûb �p2+ H2b `û~2tBQMb /2 SX E`m;K�MX *2ii2 MQmp2HH2 �TT`Q+?2 i?ûQ`B[m2 #�b2
b2b 7QM/2K2Mib bm` H2 [m2biBQMM2K2Mi /2b `�BbQMb TQmp�Mi 2tTHB[m2` H� T`ûb2M+2 K�DQ`Bi�B`2 /m +QKK2`+2
BMi`�@#`�M+?2 /�Mb H2b +QM/BiBQMb /2 HǶQmp2`im`2 �m +QKK2`+2 BMi2`M�iBQM�HX a2b `û~2tBQMb b2 +QM+2Mi`2Mi
�miQm` /2 /2mt ;`�M/b �bT2+ib [mB pB2MM2Mi `2K2ii`2 2M +�mb2 ¨ H� 7QBb H2b ?vTQi?ĕb2b i`QT `2bi`B+iBp2b /2
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H� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H �BMbB [m2 H2b +QM+HmbBQMb [mB /ûi2`KBM2Mi HǶBMiû`āi /2 H�
bTû+B�HBb�iBQM /2b û+QMQKB2b bm` H� #�b2 /Ƕ�p�Mi�;2b +QKT�`�iB7bX SHmb T`û+BbûK2Mi- +2b /2mt i?ĕK2b- �``Bpûb
HǶmM ¨ H� bmBi2 /2 HǶ�mi`2 T�` H2 bBKTH2 T`Q+2bbmb i?ûQ`B[m2- K2ii2Mi 2M �p�Mi H� 7`�;BHBiû /2 HǶ�M�Hvb2 /2 bi�iB[m2
+QM+m``2MiB2HH2 ûMQM+û2 T�` H� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�HX *2b /2mt �bT2+ib bQMi
`2bT2+iBp2K2Mi URV H2 T?ûMQKĕM2 /2 ǳ/mKTBM; `û+BT`Q[m2Ǵ 2tTHB[m�Mi H� +`û�iBQM /m +QKK2`+2 BMi`�@#`�M+?2
2i UkV H2 `ƬH2 2i H� TH�+2 /2 H� +QM+m``2M+2 BKT�`7�Bi2 2i /2b `2M/2K2Mib +`QBbb�Mib �m b2BM /m +QKK2`+2
BMi2`M�iBQM�HX X

G2 T`2KB2` �bT2+i- H2 ǳ/mKTBM; `û+BT`Q[m2Ǵ - 2bi �TT�`m �p2+ H� MQiBQM Qm#HBû2 /2 H� i?ûQ`B2 i`�/BiBQMM2HH2
/m +QKK2`+2 BMi2`M�iBQM�H , H� +QKTûiBiBpBiûX 1M 2z2i- H2 T`BM+BT2 /2 HǶû+?�M;2 BMi2`M�iBQM�H #�bû bm` H2b
�p�Mi�;2b +QKT�`�iB7b ¨ +QKTHĕi2K2Mi pB/2` /2 b2Mb H2 +QM+2Ti /2 +QKTûiBiBpBiû T�` H2 T`BM+BT2 KāK2 [mB
+QMbBbi2 ¨ 7�B`2 /m +QKK2`+2 BMi2`M�iBQM�H- /2 HǶQmp2`im`2 +QKK2`+B�H2 2i /QM+ /m HB#`2@û+?�M;2- mM D2m ¨
bQKK2 TQbBiBp2X .�Mb H2 +�b Qɍ H2 +QKK2`+2 BMi2`M�iBQM�H 7QM/2 bQM BMiû`āi bm` H� #�b2 /ǶmM2 bTû+B�HBb�iBQM
/ȿ ¨ HǶ2tBbi2M+2 /Ƕ�p�Mi�;2b +QKT�`�iB7b- +?�[m2 M�iBQM ¨ BMiû`āi ¨ b2 bTû+B�HBb2` /�Mb H� T`Q/m+iBQM /2
+2`i�BMb #B2MbX �BMbB- +2b /2`MB2`b T�`iB+BT2Mi /QM+ bBKmHi�MûK2Mi ¨ HǶQz`2 2i H� /2K�M/2 iQi�H2 KQM/B�H2X
�BMbB �TTHB[mû- +2 T`BM+BT2 pB2Mi /ûi`mB`2 iQmi2 MQiBQM /2 +QM+m``2M+2 2Mi`2 +?�+mM /Ƕ2mt- +2 [mB 2bi HQBM
/2 H� `û�HBiû 2KTB`B[m2X .2 +2 TQBMi /2 pm2- bQKK2 iQmi2 HQ;B[m2 TmBb[mǶ�T`ĕb iQmi +2 M2 bQMi T�b H2b T�vb-
K�Bb #B2M H2b 2Mi`2T`Bb2b [mB +QKK2`+2Mi 2Mi`2 2HH2b- mM2 �M�Hvb2 bQmb mM2 T2`bT2+iBp2 BM/mbi`B2HH2 UKûbQ 2i
KB+`Q@û+QMQKB[m2V +QKK2 2tTHB+�iBQM /m +QKK2`+2 BMi2`M�iBQM�H 2i /2 HǶBMiû;`�iBQM `û;BQM�H2 2bi /ûp2HQTTû2
T�` SX E`m;K�M 2i � ûiû `B+?2 /Ƕ2Mb2B;M2K2MiX

6�+2 ¨ H� +QMbi�i�iBQM 2KTB`B[m2- SX E`m;K�M 2i CX "`�M/2` QMi /ûp2HQTTû mM KQ/ĕH2 i`ĕb bBKTH2 #�bû
bm` mM K�`+?û 2M bBim�iBQM /ǶQHB;QTQH2X SQm`[mQB \ aBKTH2K2Mi T�`+2 [m2 +Ƕ2bi H� K�MBĕ`2 H� THmb bBKTH2
/Ƕ2M`�v2` iQmi2 bQm`+2 /Ƕ�p�Mi�;2b +QKT�`�iB7b /2 HǶ�M�Hvb2 2M b2 +QM+2Mi`�Mi bm` H2b BKT2`72+iBQMb /2 K�`+?ûb
+QKK2 TQBMi /Ƕ�M+`�;2 /2 H� M�Bbb�M+2 /m +QKK2`+2 BMi`�@#`�M+?2X SQm` H� /ûKQMbi`�iBQM- SX E`m;K�M
+QMbB/ĕ`2 /2mt T�vb 72`Kûb �m +QKK2`+2 BMi2`M�iBQM�H 2i T�`7�Bi2K2Mi bBKBH�B`2 /QM+ �v�Mi /2b /Qi�iBQMb 2M
`2bbQm`+2b BMBiB�H2b B/2MiB[m2b 2i mM MBp2�m i2+?MB[m2 UQm i2+?MQHQ;B[m2V +QKT�`�#H2 7�Bb�Mi �BMbB /BbT�`�Bi`2
BMiû;`�H2K2Mi H� bQm`+2 /Ƕ�p�Mi�;2 +QKT�`�iB7X G� KQ/ûHBb�iBQM i?ûQ`B[m2 K2i 2M b+ĕM2 H2 +�b Qɍ H2b /2mt
T�vb- +QMbiBimûb +?�+mM /ǶmM K�`+?û 2M bBim�iBQM /2 KQMQTQH2- bǶQmp`2 �m +QKK2`+2 BMi2`M�iBQM�HX �BMbB-
BH �TT�`�Bi mM T?ûMQKĕM2 /2 ǳ/mKTBM; `û+BT`Q[m2ǴX *2 /2`MB2` T?ûMQKĕM2 +QMbBbi2 2M H� +QMi2bi�iBQM /2
H� TQbBiBQM KQMQTQHBbiB[m2 /2 +?�[m2 K�`+?ûX �mi`2K2Mi /Bi- /�Mb H2 +�b Qɍ- 2M �mi�`+B2- H� T`Q/m+iBQM
/2 +?�[m2 T�vb 2bi �bbm`û2 /2 7�ÏQM KQMQTQHBbiB[m2 T�` mM2 b2mH2 2i mMB[m2 2Mi`2T`Bb2- 2i �p2+ H� T`ûb2M+2
/2 +Qȿi /2 i`�MbTQ`i UTQmp�Mi 7�B`2 `û7û`2M+2 ¨ H� TQHHmiBQM- +Qȿi /2 `2bi`m+im`�iBQM- /ûT2Mb2b Tm#HB+Bi�B`2b-
7`�Bb �bbQ+Bûb ¨ H� KBb2 �mt MQ`K2b /2b T`Q/mBib- 2i+XV- HQ`b[m2 H2b T�vb bǶQmp`2Mi �m +QKK2`+2 BMi2`M�iBQM�H-
H2b 2Mi`2T`Bb2b �mi`27QBb 2M bBim�iBQM /2 KQMQTQH2 pQMi b2 `2i`Qmp2` 2M +QM+m``2M+2 bm` H2b /2mt K�`+?ûb UH2b
/2mt T�vbVX .2 +2 7�Bi- +2b /2mt /2`MBĕ`2b pQMi b2 `2i`Qmp2` ¨ T`�iB[m2` +?�+mM2 mM2 7Q`K2 /2 /mKTBM; /�Mb
H2 #mi /2 +QM[mû`B` /2b T�`ib /2 K�`+?ûbX U"`�M/2` �M/ E`m;K�M RN3jc E`m;K�M RNdNVX �BMbB- SX E`m;K�M
2i CX "`�M/2` /ûKQMi`2Mi �bb2x bBKTH2K2Mi [mǶmM +QKK2`+2 BMi2`M�iBQM�H 2Mi`2 T�vb T2mi M�Bi`2 �m@/2H¨ /2
H� MQiBQM KāK2 /2 bTû+B�HBb�iBQM #�bû2 bm` H2b �p�Mi�;2b +QKT�`�iB7b 2i Qz`2 mM2 2tTHB+�iBQM bQKK2 iQmi2
HQ;B[m2 /2 H� +`û�iBQM /2 i`�}+ BMi`�@#`�M+?2 /�Mb mM +QMi2ti2 /Ƕû+?�M;2 BMi2`M�iBQM�HX

.2 +2 T?ûMQKĕM2 /2 ǳ/mKTBM; `û+BT`Q[m2Ǵ- [mB +QM/BiBQMM2 /2 7�ÏQM BM+2`i�BM2 H2b ;�BMb 2i H2b T2`i2b /2
HǶQmp2`im`2 /m +QKK2`+2 BMi2`M�iBQM�H- 2bi Mû H2 T`BM+BT2 /2 TQHBiB[m2b +QKK2`+B�H2b bi`�iû;B[m2b [mB +QMbBbi2
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2M HǶ�miQ`Bb�iBQM /ǶmM ;Qmp2`M2K2Mi ¨ BMi2`p2MB` /�Mb H� Hû;BbH�iBQM +QKK2`+B�H2 /2 bQM T�vb 2i /QM+ /�Mb
H2b û+?�M;2b �}M /Ƕ�B/2` b2b 2Mi`2T`Bb2b ¨ +�Tim`2` H2 K�tBKmK /2 T�`ib /2 K�`+?ûX 1M 2z2i- /ǶmM2 T�`i- BH
T2`K2i /2 bmTT`BK2` H2b `2Mi2b /2 KQMQTQH2b 2i /2 `û/mB`2 H2 T`Bt �m T`Q}i /2b +QMbQKK�i2m`b- 2i /Ƕ�mi`2 T�`i
/Ƕ�TTQ`i2` mM2 T2`i2 bĕ+?2 TmBb[mǶBH bǶ�;Bi /Ƕû+?�M;2b /2 #B2Mb T�`7�Bi2K2Mi bBKBH�B`2b �mt[m2Hb bǶ�DQmi2Mi
/2b +Qȿib /2 i`�MbTQ`ib BMmiBH2bX .2 +2 7�Bi- H2 ǳ/mKTBM; `û+BT`Q[m2Ǵ 2bi H2 T`BM+BT�H �`;mK2Mi �p�M+û TQm`
H� KBb2 2M TH�+2 /2 TQHBiB[m2b +QKK2`+B�H2b bi`�iû;B[m2b T2`K2ii�Mi /2 #QmH2p2`b2` iQi�H2K2Mi H2b bi`�iû;B2b
+QM+m``2MiB2HH2b /2b 2Mi`2T`Bb2bX *2T2M/�Mi- H2 KQ/ĕH2 /2 /mKTHBM; `û+BT`Q[m2 �m;K2Miû T�` H� KBb2 2M TH�+2
/2 TQHBiB[m2b +QKK2`+B�H2b bi`�iû;B[m2b pB2Mi `2K2ii`2 2M +�mb2 HǶ2z2i M�im`2H /m +QKK2`+2 BMi2`M�iBQM�H
2i /QBi āi`2 2t�KBMû �p2+ T`m/2M+2b TmBb[mǶ2HH2b T2mp2Mi p2MB` p2``QmBHH2` H2 b+?ûK� /2 bTû+B�HBb�iBQM T�`
HǶ�++mKmH�iBQM /2 ;�BMb iB`ûb /2 HǶû+?�M;2 BMi2`M�iBQM�HX �mi`2K2Mi /Bi- +2 KQ/ĕH2 /Ƕ�TTHB+�iBQM /2 TQHBiB[m2b
+QKK2`+B�H2b bi`�iû;B[m2b 2bi /2 7�ÏQM ;ûMû`�H2 2M û[mBHB#`2 T�`iB2H 2i /QM+ M2 T2`K2i T�b- H2 THmb bQmp2Mi- /2
+QMbB/û`2` TQm` HǶ�M�Hvb2 H2b +QMbû[m2M+2b [mǶ2HH2b �m`QMi bm` H2b �mi`2b b2+i2m`b /2 HǶû+QMQKB2 2i H2b `û�+iBQMb
[mǶ2HH2b T2mp2Mi 2Mi`�BM2` bm` H2b �mi`2b T�vbX 1M 2z2i- +QKK2 H2 KQMi`2Mi /Bzû`2Mib 2t2KTH2b /2 H� `û�HBiû
2KTB`B[m2- HǶ�TTHB+�iBQM /2 TQHBiB[m2b +QKK2`+B�H2b bi`�iû;B[m2b 2{+�+2 MǶ2bi T�b bB bBKTH2 2i 2bi KāK2
[m�bBK2Mi BM2tBbi�Mi2X U"�H/rBM �M/ E`m;K�M RN3eVX *Ƕ2bi HǶ�M�Hvb2 /m +�b ivTB[m2 /m C�TQM- /ûp2HQTTû
T�` _X "�H/rBM 2i SX E`m;K�M- [mB 2M T`Qiû;2�Mi bQM K�`+?û /2b +QKTQb�Mib /2 KûKQB`2 BM7Q`K�iB[m2
¨ 7�+BHBi2` HǶ2bbQ` /2 +2ii2 BM/mbi`B2 �m b2BM /m T�vb 2i 2M i2`K2b /2 +QKTûiBiBpBiû BMi2`M�iBQM�H2- K�Bb T�b
bm{b�KK2Mi TQm` +QKT2Mb2` H2b +Qȿib �bbQ+Bûb ¨ H� KBb2 2M TH�+2 /2 +2ii2 TQHBiB[m2 +QKK2`+B�H2 bi`�iû;B[m2
TQm` H2b b2+i2m`b 2M �p�HX 1M RNN9- SX Em`;K�M `2MQmp2HH2`� HǶ�M�Hvb2 �p2+ �X aKBi? 2i BHb �#QmiB`QMi bm`
H2b KāK2b +QM+HmbBQMb TQm` /Bp2`b b2+i2m`b 2i /Bp2`b T�vbX UE`m;K�M �M/ aKBi? RNN9VX

�BMbB- SX E`m;K�M `2pB2Mi +�mb2 b� i?ûQ`B2 bm` H2 /ûp2HQTT2K2Mi /2 TQHBiB[m2b +QKK2`+B�H2b bi`�iû;B[m2b
+QKK2 KQv2M 2{+�+2 /2 +QMi`ƬH2` HǶ2z2i /2 ǳ/mKTHBM; `û+BT`Q[m2Ǵ 2i /Ƕ2tTHB[m2` H� `û�HBiû 2KTB`B[m2 /2
HǶQmp2`im`2 �m +QKK2`+2 BMi2`M�iBQM�HX AH `2T`2M/- /�Mb mM2 bmBi2 /2 i`QBb �`iB+H2b [mB 72`QMi b� `2MQKKû2
/�Mb H2b �MMû2b 3y- bQM KQ/ĕH2 /m ǳ/mKTBM; `û+BT`Q[m2Ǵ 2M HǶ�m;K2Mi�Mi /ǶmM2 ?vTQi?ĕb2 T`BKQ`/B�H2 TQm`
H2 /ûp2HQTT2K2Mi /2 H� MQmp2HH2 i?ûQ`B2 ;ûMû`�H2 /m +QKK2`+2 BMi2`M�iBQM�H, HǶ2tBbi2M+2 /2 `2M/2K2Mib +`QBb@
b�Mib 2i /2 H� +QM/BiBQM /2 K�`+?û 2M +QM+m``2M+2 BKT�`7�Bi2X 1M 2z2i- T�` HǶBMbi�m`�iBQM /2 b2b ?vTQi?ĕb2b-
SX E`m;K�M �m`� mM /Qm#H2 BKT�+iX S`2KBĕ`2K2Mi- BH `2K2i 2M +�mb2 /2b ?vTQi?ĕb2b 7QM/�K2Mi�H2 /2
H� i?ûQ`B2 i`�/BiBQMM2HH2 /m +QKK2`+2 BMi2`M�iBQM�H UHǶ2tBbi2M+2 /2 `2M/2K2Mib +QMbi�Mib 2i H� +QM+2TiBQM
bi�iB[m2 /2b �p�Mi�;2bVX .2mtBĕK2Mi- BH +QM/mB`� mM2 �M�Hvb2 T2`K2ii�Mi /ǶQ#i2MB` mM2 i?ûQ`B2 ;HQ#�H2 /2
HǶ2tBbi2M+2 /2 +QKK2`+2 BMi`�@#`�M+?2 2Mi`2 T�vb bBKBH�B`2b iQmi 2M `2bi�Mi +QKT�iB#H2 �p2+ H2b i?ûQ`B2b i`�@
/BiBQMM2HH2b /m +QKK2`+2 BMi2`M�iBQM�H /û}MBbb�Mi H� bTû+B�HBb�iBQM bm` H� #�b2 /Ƕ�p�Mi�;2 +QKT�`�iB7 TQm`
+2 [mB 2bi /2b û+?�M;2b BMi2`@#`�M+?2X 1M 2z2i- H2b KQ/ĕH2b /2 ǳ/mKTBM; `û+BT`Q[m2Ǵ- /QM+ /2b K�`+?ûb 2M
bBim�iBQM QHB;QTQHBbiB[m2 QMi mM �TTQ`i i?ûQ`B[m2 BM/ûMB�#H2- K�Bb bQMi ¨ HǶûpB/2M+2 i`QT `2bi`B+iB7b TmBb[mǶBHb
M2 T2`K2ii2Mi T�b /Ƕûim/B2` H2 +�b [m2 /2 +2`i�BMb b2+i2m`b bTû+B}[m2b 2i /QM+ mM2 ûim/2 ;HQ#�H2X
G2b KQ/ĕH2b /ûp2HQTTûb T�` SX E`m;K�M K2ii2Mi 2M �p�Mi H2 `ƬH2 /2b û+QMQKB2b /Ƕû+?2HH2 2i /QM+ /2 H�
+QM/BiBQM /2 K�`+?û /Bi2 /2 ǳ+QM+m``2M+2 BKT�`7�Bi2Ǵ /�Mb H� /ûi2`KBM�iBQM /2b `�BbQMb /2 bTû+B�HBb�iBQM
BM/mbi`B2HH2b 2i /m +QKK2`+2 BMi2`M�iBQM�HX G2b û+QMQKB2b /Ƕû+?2HH2b T2mp2Mi �;B` /2 /2mt K�MBĕ`2b +QKK2
H2 /û}MBi �H7`2/ J�b?�HH �mt �H2MiQm`b /2b �MMû2b RNyy , H2b `2M/2K2Mib /Ƕû+?2HH2b 2ti2`M2b 2i BMi2`M2bX G2b
`2M/2K2Mib 2ti2`M2b i`�/mBb2Mi H2 7�Bi [m2 H� i�BHH2 /ǶmM b2+i2m` /ûi2`KBM2 H2 +Qȿi K�`;BM�H /2 T`Q/m+iBQM /2b
2Mi`2T`Bb2b i�M/Bb [m2 H2b `2M/2K2Mib BMi2`M2b i`�/mBb2Mi H2 7�Bi [m2 H� [m�MiBiû /2 T`Q/m+iBQM /2 HǶ2Mi`2T`Bb2
/ûi2`KBM2 bQM +Qȿi K�`;BM�H /2 T`Q/m+iBQMX .�Mb H2 T`2KB2` +�b- +2H� M2 TQb2 �m+mM2 +QMi`�/B+iBQM �p2+ H2
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+�/`2 /2 +QM+m``2M+2 T�`7�Bi2 TmBb[m2 /ǶmM2 T�`i H2b ;`�M/b T�vb Qm #B2M +2mt [mB QMi +QKK2M+û H� T`Q/m+@
iBQM �p�Mi H2b �mi`2b #ûMû}+B2Mi /ǶmM �p�Mi�;2 +QKTûiBiB7 [mB H2b +QM/mBi ¨ b2 bTû+B�HBb2` /�Mb H2b b2+i2m`b
¨ `2M/2K2Mib +`QBbb�MibX .Ƕ�mi`2 T�`i +2H� T2`K2i /Ƕ2tTHB[m2` HQ;B[m2K2Mi H� KBb2 2M TH�+2 /2 TQHBiB[m2b
+QKK2`+B�H2b bi`�iû;B[m2 TQm` H� T`Qi2+iBQM /2b BM/mbi`B2b M�Bbb�Mi2bX 1M bQKK2- H2b `2M/2K2Mib /Ƕû+?2HH2
2ti2`M2b `2pB2MM2Mi ¨ 2M/Q;ûMûśb2` H� bTû+B�HBb�iBQM bm` H� #�b2 /Ƕ�p�Mi�;2 +QKT�`�iB7X SQm` +2 [mB 2bi /2b
`2M/2K2Mib /Ƕû+?2HH2 BMi2`M2- BH 2M p� iQmi �mi`2K2MiX 1M 2z2i +2b /2`MB2`b pB2MM2Mi #QmH2p2`b2` H2 +�/`2 /2
H� +QM+m``2M+2 T�`7�Bi2 p2`b mM +�`/2 /2 +QM+m``2M+2 BKT�`7�Bi2 Qm KQMQTQHBbiB[m2X *Ƕ2bi +2 [m2 /ûKQMi`2 SX
E`m;K�M 2M bǶ�TTmv�Mi bm` H2 +�/`2 i?ûQ`B[m2 /2 /Bzû`2M+B�iBQM /2 T`Q/mBi 2i /2 T`û7û`2M+2 /2b +QMbQKK�@
i2m`b T`QTQbûb T�` .BtBi 2i aiB;HBix 2M RNddX �mi`2K2Mi /Bi- HǶ?vTQi?ĕb2 2bi H� bmBp�Mi2 , H2b +QMbQKK�i2m`b
p�HQ`Bb2Mi T�`2BHH2K2Mi H� +QMbQKK�iBQM /2 +?�[m2 p�`Bûiû /2 T`Q/mBib bBKBH�B`2- K�Bb 7QMi T`2mp2 /ǶmM #2bQBM
/2 /Bp2`bB}+�iBQM K�tBK�H2 /û}MB +QKK2 mM ǳ�KQm` TQm` H� p�`BûiûǴX U.BtBi �M/ aiB;HBix RNddVX .2 T�`
+2i ǳ�KQm` TQm` H� p�`BûiûǴ- H2b +QMbQKK�i2m`b b2 `2i`Qmp2Mi �HQ`b ¨ +QMbQKK2` HǶBMiû;`�HBiû /2 H� p�`Bûiû
/2 T`Q/mBib [mB H2m` bQMi Qz2`ib 2i +2+B 2tTHB[m2 /2 7�ÏQM iQmi2 HQ;B[m2 H2b 2z2ib /2 +`QBbb�M+2 /m +QKK2`+2
BMi`�@#`�M+?2 /ûp2HQTT2` T�` HǶQmp2`im`2 �m +QKK2`+2 BMi2`M�iBQM�H iQmi 2M `2bT2+i�Mi H2b T`BM+BT2b /B+iûb
T�` H� i?ûQ`B2 i`�/BiBQMM2HH2X U>2HTK�M �M/ E`m;K�M RN38VX �BMbB- 1X >2HTK�M 2i SX E`m;K�M /ûKQMi`2Mi
�bb2x �BbûK2Mi- 2i +QM7Q`KûK2Mi �mt Q#b2`p�iBQMb /2 H� `û�HBiû 2KTB`B[m2- [mǶBH +Q2tBbi2Mi THmbB2m`b bi`m+im`2b
/2 K�`+?ûb 2i [m2 +?�+mM2 /Ƕ2HH2b bǶ2tTHB[m2 /Bzû`2KK2Mi, URV H2b û+?�M;2b BMi2`@#`�M+?2 /2 #B2Mb T`Q/mBib
2M +QM+m``2M+2 T�`7�Bi2 b2 72`QMi bQmb H2 T`BM+BT2 /2 H� bTû+B�HBb�iBQM bm` H� #�b2 /Ƕ�p�Mi�;2 +QKT�`�iB7-
+QKK2 HǶ2tT`BK2 H� i?ûQ`B2 i`�/BiBQMM2HH2- 2i UkV H2 +QKK2`+2 /2 #B2M /Bzû`2M+Bûb b2`� /2 ivT2 BMi`�@#`�M+?2-
+QKK2 HǶ2tTHB+Bi2 T�`7�Bi2K2Mi H2 KQ/ĕH2 /ûp2HQTTû bm` HǶ?vTQi?ĕb2 /2 HǶǳ�KQm` TQm` H� p�`BûiûǴ /2 .BtBi
2i aiB;HBixX U>2HTK�M �M/ E`m;K�M RN38VX *2ii2 i?ûQ`B2 pB2Mi +QM}`K2` /2b BMimBiBQMb /ûD¨ T`ûb2Mi2b /�Mb
H2b �TTQ`ib /2 P?HBM 2i /2 "�H�bb�X U"�H�bb� RNedc P?HBM RNk3VX .Ƕ�BHH2m`b- SX E`m;K�M /ûKQMi`2 �mbbB [m2
H2b 2z2ib `2/Bbi`B#miB7b /2 HǶQmp2`im`2 �m +QKK2`+2 BMi2`M�iBQM�H /�Mb mM +�/`2 /2 K�`+?ûb KmHiB bi`m+im`2b
i2H [m2 T`ûb2Miû- H2b Kû+�MBbK2b b2 `�TT`Q+?2Mi i`ĕb b2K#H�#H2K2Mi /2 +2mt T`QTQbûb T�` H2 KQ/ĕH2 >Pa ,
H2 HB#`2@û+?�M;2 #ûMû}+B2 �m 7�+i2m` `2H�iBp2K2Mi �#QM/�Mi [mB T`Q}i2 TH2BM2K2Mi /2 HǶ2ti2MbBQM /m K�`+?û
i�M/Bb [m2 H2 7�+i2m` `2H�iBp2K2Mi `�`2 pQBi b� `ûKmMû`�iBQM /BKBMmû2 �p2+ HǶQmp2`im`2 �m +QKK2`+2 /ȿ ¨
HǶ2z2i bmTû`B2m` /2 HǶBMi2MbB}+�iBQM /2 H� +QM+m``2M+2 ûi`�M;ĕ`2 7�+2 ¨ HǶ�m;K2Mi�iBQM /2 H� /2K�M/2X UP?HBM
RNk3VX
6BM�H2K2Mi- +2b /2`MB2`b KQ/ĕH2b KQMQTQHBbiB[m2b QMi mM2 /Qm#H2 BM~m2M+2X �m@/2H¨ /2 T`QTQb2` mM2 2t@
THB+�iBQM +`û/B#H2 ¨ H� +`û�iBQM /2 i`�}+ BMi`�@#`�M+?2 iQmi 2M ;�`/�Mi TH�mbB#H2 H� i?ûQ`B2 i`�/BiBQMM2HH2 /2
HǶQmp2`im`2 �m +QKK2`+2 BMi2`M�iBQM�H- BHb K2ii2Mi 2M �p�Mi 2i +QM}`K2Mi HǶBMimBiBQM /2 `2H�iBQM T`ûb2Miû2
T�` "X P?HBM +QM+2`M�Mi H� i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H 2i HǶ2bT�+2X 1M 2z2i- /Ƕ�T`ĕb "X P?HBM- H�
i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H M2 T2mi āi`2 +QKT`Bb2 iQi�H2K2Mi bB 2HH2 MǶ2bi T�b KBb2 2M `2H�iBQM �p2+ H�
i?ûQ`B2 ;ûMû`�H2 /2 H� HQ+�HBb�iBQMX UP?HBM RNk3VX .2 H¨ /û+QmH2Mi /2mt `2H�iBQMb i?ûQ`B[m2b [mB +�`�+iû`Bb2Mi
THmb T�`iB+mHBĕ`2K2Mi H2 HB2M 2Mi`2 2bT�+2 2i +QKK2`+2 c URV H� 7QM+iBQM /2 /2K�M/2 2i UkV H2 ǳ>QK2 J�`F2i
1z2i+iǴX S`2KBĕ`2K2Mi- H� 7QM+iBQM /2 /2K�M/2 2bi }M�H2K2Mi /û+`Bi2 +QKK2 mM2 7QM+iBQM /2 ;`�pBiû [mB
T2`K2i /ǶBMiû;`2` +QKTHĕi2K2Mi H2b #�``Bĕ`2b �mt û+?�M;2b , H2b û+?�M;2b #BH�iû`�mt �m;K2Mi2Mi �p2+ H�
i�BHH2 /2b T�vb [mB û+?�M;2Mi 2i /BKBMm2Mi �p2+ H� /Bbi�M+2 [mB H2b bûT�`2X .2mtBĕK2Mi- H2 ǳ>QK2 J�`F2i
1z2+iǴ- /û}MB +QKK2 H� `2H�iBQM THmb [m2 T`QTQ`iBQMM2HH2 2Mi`2 H� T�`i /ǶmM T�vb /�Mb H� T`Q/m+iBQM KQM@
/B�H2 /ǶmM #B2M T`Q/mBi ¨ `2M/2K2Mib +`QBbb�Mi 2i H� T�`i /2 +2 T�vb /�Mb H� /2K�M/2 KQM/B�H2 /2 +2 #B2MX
�mi`2K2Mi /Bi- +2H� bB;MB}2 [mǶmM T�vb `2H�iBp2K2Mi ;`�M/ b2 bTû+B�HBb2`� /�Mb H2b b2+i2m`b ¨ `2M/2K2Mib
+`QBbb�Mib 2i b2`� /QM+ 2tTQ`i�i2m`b M2ib /2 #B2Mb /Bzû`2M+Bûb U¨ `2M/2K2Mib +`QBbb�MibV 2i BKTQ`i�i2m`b M2ib

de



/2 #B2Mb ?QKQ;ĕM2b UT`Q/mBib ¨ `2M/2K2Mib +QMbi�MibX �BMbB H� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H
M2 /ûi2`KBM2 T�b b2mH2K2Mi H2 +QKK2`+2 BMi2`M�iBQM�H bm` mM2 #�b2 /2 +Qȿi /2 T`Q/m+iBQM 2i /2 i`�MbTQ`i-
K�Bb �mbbB /2 H� i�BHH2 /m T�vb 2i /2 bQM /2;`û /2 +2Mi`�HBiû �m b2BM /2 H� xQM2 /Ƕû+?�M;2X *2 MQmp2H �T@
TQ`i bm` H� +QMbB/û`�iBQM /2 HǶ2bT�+2- H� i�BHH2 2i H2 TQbBiBQMM2K2Mi ;ûQ;`�T?B[m2 b2`� H2 TQBMi /2 /ûT�`i /2
MQmp2�mt i`�p�mt /2 SX E`m;K�MX "B2M THmb [mǶmM2 `2H�iBQM i2+?MB[m2- +2b �TTQ`ib T2`K2ii2Mi HǶ�TT�`BiBQM
/ǶmM MQmp2�m +�/`2 i?ûQ`B[m2 /Ƕ�M�Hvb2 T�` H2 `�TT`Q+?2K2Mi /2b �M�Hvb2b /m +QKK2`+2 BMi2`M�iBQM�H 2i /2
H� ;ûQ;`�T?B2 û+QMQKB[m2 , H� MQmp2HH2 û+QMQKB2 ;ûQ;`�T?B[m2X *Ƕ2bi /Ƕ�BHH2m`b H2 +�/`2 i?ûQ`B[m2 H2 THmb
�#QmiB 2M +2 [mB � i`�Bi ¨ H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 +QKK2`+2 BMi2`M�iBQM�H 2i BMiû;`�iBQM `û;BQM�H2X

kXkXjXk GǶû+QMQKB2 ;ûQ;`�T?B[m2- H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 +QKK2`+2 BMi2`M�iBQM�H UbTû@
+B�HBb�iBQMV 2i BMiû;`�iBQM `û;BQM�H2

G� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H �p�M+û2 T�` SX E`m;K�M T2`K2i /2 K2ii`2 mM �++2Mi T�`@
iB+mHB2` bm` HǶBKTQ`i�M+2 /2 H� ;ûQ;`�T?B2 2i /2 HǶ2bT�+2 /�Mb H� +QKT`û?2MbBQM 2i H� T2`+2TiBQM [m2 HǶQM
T2mi �pQB` /2b ;�BMb Qm /2b T2`i2b �bbQ+Bû �m +QKK2`+2 BMi2`M�iBQM�H 2i ¨ HǶBMiû;`�iBQM `û;BQM�H2 UH� KQM/B@
�HBb�iBQMVX *Ƕ2bi HǶ2z2i /2 HǶ2bT�+2- /2 H� i�BHH2 /2b û+QMQKB2b [mB û+?�M;2b 2i /2 H� ;ûQ;`�T?B2 /Ƕ�T`ĕb H2b
i?ûQ`B2b bm` HǶûH�biB+Biû /2 H� /2K�M/2- H� /Bzû`2M+B�iBQM /2 T`Q/mBi 2i H2 ǳ>QK2 J�`F2i 1z2+iǴX J�Bb [mǶ2M
2bi@BH `û2HH2K2Mi /2 HǶ�M�Hvb2b /m +QKK2`+2 BMi2`M�iBQM�H 2i /2 H� HQ+�HBb�iBQM /2b �+iBpBiûbX �mi`2K2Mi /Bi-
[mǶ2M 2bi@BH /2 H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 +QKK2`+2 BMi2`M�iBQM�H- bQBi H2b T?ûMQKĕM2b /2 bTû+B�HBb�iBQM
2i /Bp2`;2M+2 /2b û+QMQKB2b- 2i /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM `û;BQM�H2 \

§ T�`iB` /2b +QM+HmbBQMb iB`û2b /2 H� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H 2i �mt pm2b /2 H� T`Q;`2bbBQM
/2 H� /vM�KB[m2 /ǶBMiû;`�iBQM 2m`QTû2MM2 p2`b H2 J�`+?û lMB[m2- SX E`m;K�M �++QKT�;Mû T�` �X o2M�#H2b
QMi ûim/Bû H2b TQbbB#H2b BKTHB+�iBQMb [m2 T2mp2Mi T`QpQ[m2` HǶBMbi�HH�iBQM /ǶmM i2H K�`+?û- 2i +2 ¨ T�`iB`
/m KQ/ĕH2 /2 +QKK2`+2 2M +QM+m``2M+2 KQMQTQHBbiB[m2 U>2HTK�M �M/ E`m;K�M RN38VX *2ii2 ûim/2 2bi H2
H�M+2K2Mi /m +Qm`�Mi /2 H� MQmp2HH2 û+QMQKB2 ;ûQ;`�T?B[m2X 1HH2 K2i 2M ûpB/2M+2 H2b BMimBiBQMb /û}MB2b T�`
H� MQmp2HH2 i?ûQ`B2 /m +QKK2`+2 BMi2`M�iBQM�H bm` HǶBKTQ`i�M+2 /2 HǶ2bT�+2- /2 H� ;ûQ;`�T?B2 2i /2 H� i�BHH2
/m K�`+?û UQm /2 HǶû+QMQKB2V /�Mb H2 /ûp2HQTT2K2Mi /m +QKK2`+2 BMi2`M�iBQM�H �BMbB [m2 H2b Q#2`bp�iBQMb
2KTB`B[m2bX �mi`2K2Mi /Bi- H� T`Q;`2bbBQM /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM- pB� H� KBb2 2M TH�+2 K�`+?û mMB[m2
2i /QM+ H� #�Bbb2 /2b #�``Bĕ`2b i�`B7�B`2b �mt û+?�M;2b- 2Mi`�BM2 mM2 +2Mi`�HBb�iBQM /2b b2+i2m`b BM/mbi`B2Hb
/�Mb H� THmb ;`�M/2 /2b û+QMQKB2b 2Mi`�BM�Mi T�` +QMbû[m2Mi mM2 ?�mbb2 /2b b�H�B`2b /�Mb +2ii2 û+QMQKB2
2i H� #�Bbb2 /2 +2mt /2b û+QMQKB2b Tû`BT?û`B[m2bX UE`m;K�M �M/ o2M�#H2b RNNyVX S�` H� bmBi2- SX E`m;K�M
+QMiBMm2`� H2 /ûp2HQTT2K2Mi /2 +2b �M�Hvb2b TQm` ûim/B2` +2b T?ûMQKĕM2b /2 /vM�KB[m2 /Ƕ�;;HQKû`�iBQM
bmBi2 ¨ HǶQmp2`im`2 �m +QKK2`+2 BMi2`M�iBQM�HX AH /ûp2HQTT2 �BMbB H2 KQ/ĕH2 /2 HǶû+QMQKB2 ;ûQ;`�T?B2 [mB
+QMbBimi2`� �BMbB H2 +Qm`�Mi i?ûQ`B[m2 /2 H� MQmp2HH2 û+QMQKB2 ;ûQ;`�T?B[m2X *2 /2`MB2` T2`K2i /2 K2ii`2
2M ûpB/2M+2 /2 7�ÏQM `û�HBbi2 H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQM `û;BQM�H2 2i +QKK2`+2 BMi2`M�iBQM�HX
G2 KQ/ĕH2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 2bi /QM+ HǶ�M�Hvb2 /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM 2i /2 HǶQmp2`im`2
�m +QKK2`+2 BMi2`M�iBQM�H /�Mb H2 #mi /2 TQmpQB` /û+`B`2 H2b Kû+�MBbK2b 7QM/�K2Mi�mt 2i M�im`2Hb /2
HǶ�;;HQKû`�iBQM bT�iB�H2X �mi`2K2Mi /Bi- +Ƕ2bi HǶûim/2 /2b +QMbû[m2M+2b /2 HǶ�#�Bbb2K2Mi T`Q;`2bbB7 /2b #�`@
`Bĕ`2b �mt û+?�M;2b bm` HǶû+QMQKB2 ;ûQ;`�T?B[m2X SHmb T`û+BbûK2Mi- 2i +QKK2 ¨ bQM ?�#Bim/2- SX E`m;K�M
/ûp2HQTT2 bQM KQ/ĕH2 2M bmTT`BK�Mi iQmi2 ?vTQi?ĕb2 /Ƕ2tBbi2M+2 /Ƕ�p�Mi�;2b +QKT�`�iB7b ¨ i`�p2`b mM KQ/@
ĕH2 /2 bi`m+im`2 i`�/BiBQMM2HH2 , k T�vb- k #B2Mb 2i k 7�+i2m`b /2 T`Q/m+iBQMb /�Mb mM +�/`2 /2 K�`+?û
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KQMQTQHBbiB[m2X �mbbB- BH TQb2 +QKK2 ?vTQi?ĕb2 [m2 HǶmM /2b b2+i2m`b T`Q/mBi ¨ `2M/2K2Mib /Ƕû+?2HH2 +`QBb@
b�Mib i�M/Bb [m2 HǶ�mi`2 T`Q/mBi ¨ `2M/2K2Mib /Ƕû+?2HH2 +QMbi�MibX § i`�p2`b +2 KQ/ĕH2 2i H2b T`ûKBbb2b [mB
v bQMi HBû2b- SX E`m;K�M `ûTQM/ ¨ H� [m2biBQM bTû+B}[m2 , ǳ[m2 b2 T�bb2@i@BH HQ`b[m2 H2b #�``Bĕ`2b ¨ HǶû+?�M;2
/BKBMm2Mi \ǴX 1M 7�Bi- bB H2b +Qȿib /2 i`�MbTQ`i �ii2B;M2Mi mM MBp2�m bm{b�KK2Mi 7�B#H2 �HQ`b H� TQbBiBQM
Q`B;BM2HH2 /Ƕû[mBHB#`2 b2`� M�im`2HH2K2Mi KQ/B}û2X �mi`2K2Mi /Bi- /2 T�` H� #�Bbb2 /2b +Qȿib /2 i`�MbTQ`i
�m@/2H¨ /ǶmM b2mBH /QMMû- H2 ǳ>QK2 J�`F2i 1z2+iǴ T`2M/ H2 /2bbmb +2 [mB 2M;2M/`2 mM �Dmbi2K2Mi bT�iB�H /2b
û+QMQKB2b /û}MBi +QKK2 mM û[mBHB#`2 �;;HQKû`û , H2b 2Mi`2T`Bb2b 2i H2b i`�p�BHH2m`b KQ#BH2b pQMi `2DQBM/`2 H2
THmb ;`�M/ /2b /2mt DQm`b +2 [mB T2`K2i HǶûK2`;2M+2 /ǶmM +2Mi`2 û+QMQKB[m2 /2MbûK2Mi T2mTHû �bbm`�Mi H�
iQi�HBiû /2 H� T`Q/m+iBQM BM/mbi`B2HH2 �m /ûi`BK2Mi /ǶmM2 xQM2 Tû`BT?û`B[m2 [mB b2 pQBi +QKTHĕi2K2Mi pB/û2X
UE`m;K�M �M/ o2M�#H2b RNNyc E`m;K�M RNNRVX *2 T`Q+2bbmb /Ƕû[mBHB#`2 �;;HQKû`û /ûKQMi`2 �BMbB mM /Qm#H2
2z2i , URV H2b 2Mi`2T`Bb2b /2b b2+i2m`b ¨ `2M/2K2Mib +`QBbb�Mib +?2`+?2Mi ¨ bǶBKTH�Mi2` �m THmb T`ĕb /2 H2m`
K�`+?û �#QM/�Mi UH2b +QMbQKK�i2m`bV- bQBi H2 THmb ;`�M/ T�vb Qm H� THmb ;`�M/2b û+QMQKB2 b2HQM H� `ĕ;H2 /m
ǳ>QK2 J�`F2i 1z2+iǴ- 2i UkV H2b i`�p�BHH2m`b KQ#BH2b QMi i2M/�M+2 ¨ bǶBKTH�Mi2` /�Mb H2 T�vb +2Mi`�HBb�Mi
HǶ�+iBpBiû û+QMQKB[m2 TmBb[mǶBHb v i`Qmp2`QMi mM2 /2K�M/2 /2 i`�p�BH THmb 7Q`i2 /QM+ /2b b�H�B`2b THmb ûH2pûb
�BMbB [mǶ2 /2b b�H�B`2b THmb ûH2pûbǶmM BM/B+2 /2 T`Bt THmb 7�B#H2 Ub�Mb +Qȿi /2 i`�MbTQ`iVX UE`m;K�M �M/
o2M�#H2b RNNj�c E`m;K�M �M/ o2M�#H2b RNN9VX *2T2M/�Mi- BH 2bi ¨ MQi2` [m2 HǶ2z2i /2 H� #�Bbb2 /2b +Qȿib /2
i`�MbTQ`i 2bi MQM HBMû�B`2X �mi`2K2Mi /Bi- BH 2tBbi2 mM BMi2`p�HH2 b2mBH ¨ HǶBMiû`B2m` /m[m2H H2 T`Bt /2b +Qȿib
/2 i`�MbTQ`i T2`K2i HǶû[mBHB#`2 �;;HQKû`ûX aB +2i BMi2`p�HH2 MǶ2bi T�b �ii2BMi Qm 2bi /ûT�bbû �HQ`b BH v �m`�-
`2bT2+iBp2K2Mi- +QMb2`p�iBQM /2 HǶû[mBHB#`2 bT�iB�H /2 #�b2- Qm #B2M û[mBHB#`2 �;;HQKû`û TmBb `2/BbT2`iBQM /2b
�+iBpBiûb BM/mbi`B2HH2b p2`b HǶû[mBHB#`2 bT�iB�H /2 #�b2X

6BM�H2K2Mi- H� i?ûQ`B2 /2 H� MQmp2HH2 û+QMQKB2 ;ûQ;`�T?B[m2 i`Qmp2 bQM �TTQ`i K�D2m` /�Mb HǶ�M�Hvb2 bT�iB�H2
2i `û;BQM�H2 [mB T2`K2i /Ƕ�TTQ`i2` mM2 `ûTQMb2 ;ûMû`�H2 2M +2 [mB +QM+2`M2 H� `2H�iBQM +QM+2Tim2HH2 2Mi`2
+QKK2`+2 BMi2`M�iBQM�H 2i BMiû;`�iBQM `û;BQM�H2X �mi`2K2Mi /Bi- H2b i?ûQ`B2b /m +QKK2`+2 BMi2`M�iBQM�H QMi
/û}MBiBp2K2Mi i`Qmpû mM �M+`�;2 /�Mb mM 2Mb2K#H2 THmb ;ûMû`�H Qɍ H� ;ûQ;`�T?B2 2i /QM+ H� bi`�iû;B2 /2
HQ+�HBb�iBQM /2b 2Mi`2T`Bb2b � T`Bb iQmi2 bQM BKTQ`i�M+2 TQm` `ûTQM/`2 �mt Q#b2`p�iBQMb 2KTB`B[m2bX S�`
�BHH2m`b- H2 +�`�+iĕ`2 ;ûMû`�H /2 bQM +�/`2 +QM+2Tim2H HmB +QM7ĕ`2 mM2 ;`�M/2 ~2tB#BHBiû T2`K2ii�Mi /2 /2p2MB`
mM QmiBH i`ĕb �TT`û+Bû TQm` H� KBb2 2M TH�+2 /2b TQHBiB[m2b û+QMQKB[m2b bi`�iû;B[m2b +QKK2 +2HH2b /û}MB2b
TQm` HǶBMiû;`�iBQM û+QMQKB[m2 /2 K�`+?û- +2HH2b TQm` Hmii2` +QMi`2 H2b 2z2ib /2 /ûHQ+�HBb�iBQM- Qm 2M+Q`2
+2HH2b +QM+2`M�Mi H2b TQHBiB[m2b /Ƕ�ii`�+iBpBiû Uû+QMQKB[m2b 2ifQm }b+�H2bV bmBi2 ¨ HǶBMiû;`�iBQM `û;BQM�H2 2i
HǶQmp2`im`2 �m +QKK2`+2 BMi2`M�iBQM�HX �BMbB- H� MQmp2HH2 û+QMQKB2 ;ûQ;`�T?B[m2 BMi`Q/mBi 2i `2/û}MBi H�
`2H�iBQM +QM+2Tim2HH2 2Mi`2 HǶBMiû;`�iBQM `û;BQM�H2 2i H2 +QKK2`+2 BMi2`M�iBQM�HX 1HH2 biBTmH2 [m2 HǶQmp2`im`2
�m +QKK2`+2 T�` H2 T?ûMQKĕM2 /ǶBMiû;`�iBQM- pB� H2 T?ûMQKĕM2 /Ƕ�;;HQKû`�iBQM- MǶ2bi T�b Mû+2bb�B`2K2Mi
T`Q}i�#H2 ¨ iQmb H2b T�vbX �mi`2K2Mi /Bi- H2 T?ûMQKĕM2 /Ƕ�;;HQKû`�iBQM /2b BM/mbi`B2b- �m THmb T`ĕb /2
H2m` +QMbQKK�i2m` 2i /2 H� K�BM /ǶQ2mp`2- 2Mi`�BM2 /2b /ûbû[mBHB#`2b ;ûQ;`�T?B[m2b 2i BM/mbi`B2Hb [mB THmiƬi
[m2 /2 +QMi`B#m2` ¨ H� +QMp2`;2M+2 /2b /Bzû`2Mib úi�ib K2K#`2b pB2MM2Mi THmiƬi T`Q}i2` M�im`2HH2K2Mi �mt
`û;BQMb /2Mb2b 2i /ûp2HQTTû2b /m +Q2m` /2 H� xQM2 /ǶBMiû;`�iBQMX PM Q#b2`p2 /QM+ mM 2z2i /2 bTû+B�HBb�@
iBQM `û;BQM�H2 /2b û+QMQKB2b ¨ i`�p2`b H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQMb `û;BQM�H2b 2i +QKK2`+2
BMi2`M�iBQM�H /û}MB T�` H� MQmp2HH2 û+QMQKB2 ;ûQ;`�T?B[m2X *2T2M/�Mi- [m2 `2bi2@i@BH �HQ`b /2b Q#D2+iB7b
/2 +QMp2`;2M+2 TQm` H2 /ûp2HQTT2K2Mi /2 HǶlMBQM 2m`QTû2MM2 p2`b H2 /2`MB2` bi�/2 /ǶBMiû;`�iBQM , HǶlMBQM
KQMûi�B`2 2i û+QMQKB[m2 \ SHmb T`û+BbûK2Mi- [mǶ2M 2bi@BH /2 H� `2H�iBQM +QM+2Tim2HH2 2Mi2` +QMp2`;2M+2 2M
û+QMQKB2 2i BMiû;`�iBQM `û;BQM�H2 \
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kXj *QMp2`;2M+2 2M û+QMQKB2 2i BMiû;`�iBQM `û;BQM�H2 , H� `2H�iBQM +QM+2Tim2HH2
+QKK2 MQmp2HH2 /û}MBiBQM /2 H� +QMp2`;2M+2

G2b T?ûMQKĕM2b /2 +QMp2`;2M+2 2M û+QMQKB2 bQMi ûpQ[mûb /�Mb H2 +QMi2ti2 /2 H� HBiiû`�im`2 bm` H� +`QBbb�M+2
2i HǶBMiû;`�iBQM û+QMQKB[m2X �m b2BM KāK2 /2 +2b /2mt i?ĕK2b /2 H� HBiiû`�im`2- H� MQiBQM /2 +QMp2`;2M+2
2M û+QMQKB2 BMiĕ;`2 /Bzû`2Mib +Qm`�Mib i?ûQ`B[m2b 2i Kûi?Q/QHQ;B[m2bX *2T2M/�Mi- BHb `2bi2Mi iQmi /2 KāK2
/Ƕ�++Q`/ bm` mM2 T`QTQbBiBQM /2 #�b2 [m2 _X aQHQr 2i bQM KQ/ĕH2 /2 H� +QMp2`;2M+2 �#bQHm2 2bi H2 T`2KB2`
¨ �pQB` bQmH2pû2, H2b û+QMQKB2b BMBiB�H2K2Mi T�mp`2b +QMM�Bbb2Mi /2b i�mt /2 +`QBbb�M+2 T�` ?�#Bi�Mi THmb
ûH2pûb [m2 H2b û+QMQKB2b BMBiB�H2K2Mi `B+?2bX *2H� bB;MB}2- Qm bQmb@2Mi2M/ [m2 H2b T�vb T�mp`2b pQMi `�ii`�T2`
H2b T�vb `B+?2b U+Ƕ2bi HǶ2z2i /2 `�ii`�T�;2VX UaQHQr RN8eVX

G� +QMp2`;2M+2 2M û+QMQKB2- û;�H2K2Mi +QMMm2 bQmb H2 MQK /Ƕ2z2i /2 `�ii`�T�;2- 2bi H� `û/m+iBQM T`Q;`2bbBp2
/2b û+�`ib 2Mi`2 H2b MBp2�mt û+QMQKB[m2b /2 THmbB2m`b T�vbX 1HH2 pBb2 /QM+ ¨ `�TT`Q+?2` H2 +QKTQ`i2K2Mi /2b
úi�ib 2M K�iBĕ`2 /2 TQHBiB[m2b û+QMQKB[m2b 2i bi`m+im`2HH2bX �mi`2K2Mi /Bi- H� +QMp2`;2M+2 û+QMQKB[m2 2bi
H2 T`BM+BT2 TQm` /2mt Qm THmbB2m`b T�vb- û+QMQKB2b Qm ûi�ib- /ǶûpQHm2` p2`b mM KāK2 ?Q`BxQM UQm +`QBbb�M+2V
û+QMQKB[m2X �BMbB- H� +QMp2`;2M+2 `2+Qmp`2 /QM+ ;ûMû`�H2K2Mi /2mt T�`iB2b /BbiBM+i2b MQM 2t+HmbBp2b , H�
+QMp2`;2M+2 MQKBM�H2 2i H� +QMp2`;2M+2 `û2HH2X G� T`2KBĕ`2- `2bT2+iBp2K2Mi H� +QMp2`;2M+2 MQKBM�H2- TQ`i2
bm` H2 `�TT`Q+?2K2Mi /2 /Bzû`2Mib BM/B+�i2m`b û+QMQKB[m2bX SHmb T`û+BbûK2Mi- H� +QMp2`;2M+2 MQKBM�H2 Qm
K�+`Q@û+QMQKB[m2 i`�/mBi H2 `�TT`Q+?2K2Mi /2b p�`B�#H2b M�iBQM�H2b +Qȿib 2i T`Bt �BMbB [m2 H2m`b /ûi2`KB@
M�Mib bQmb@D�+2Mib Ui�mt /ǶBMiû`āi- i�mt /2 +?�M;2- BM~�iBQM- /2ii2b- #�H�M+2 #m/;ûi�B`2- 2i+XVX G� b2+QM/2-
H� +QMp2`;2M+2 `û2HH2- i`�/mBi H2 `�TT`Q+?2K2Mi /2b MBp2�mt /2 pB2 2i fQm HǶ�ii2Mm�iBQM 2Mi`2 H2b /Bzû`2M+2b
bi`m+im`2HH2b /2b T�vbX *Ƕ2bi /Ƕ2HH2 [m2 T`QpB2Mi H2 i2`K2 /2 `�ii`�T�;2 û+QMQKB[m2X
.�Mb H� HBiiû`�im`2 bTû+B�HBbû2 2i THmb T�`iB+mHBĕ`2K2Mi +QM+2`M�Mi H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 +QMp2`;2M+2
2M û+QMQKB2 2i BMiû;`�iBQM `û;BQM�H2 UT`Q+2bbmb /2 +`QBbb�M+2 2i /2 /ûp2HQTT2K2Mi BM/ûMB�#H2 /2b û+QMQKB2bV-
/2mt +Qm`�Mib K�DQ`Bi�B`2b bǶQTTQb2Mi , URV +2HmB /2 H� +QMp2`;2M+2 2M û+QMQKB2 TQHBiB[m2 2i UkV /2 H� i?ûQ`B2
/2b wQM2b JQMûi�B`2 PTiBK�H2b U2M/Q;ĕM2b Qm MQMVX SHmb T`û+BbûK2Mi- BH 2tBbi2 2M 7�Bi mM /ûb�++Q`/ 2Mi`2 +2b
/2mt +Qm`�Mib bm` H2 b+?ûK� bû[m2MiB2H /m T`Q+2bbmb /2 +QMp2`;2M+2 2i /QM+ /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM
2i /2 +`QBbb�M+2 û+QMQKB[m2X 1M 2z2i- TQm` H2 T`2KB2` +Qm`�Mi /2 H� +QMp2`;2M+2 2M û+QMQKB2 TQHBiB[m2 UbQBi
+2HH2 +?QBbB2 T�` HǶlMBQM 2m`QTû2MM2 2i /2 b2b BMbiBimiBQMb T�` 2t2KTH2V- +Ƕ2bi H� +QMp2`;2M+2 MQKBM�H2 [mB
BM/m`� H� +QMp2`;2M+2 `û2HH2X § HǶBMp2`b2- TQm` H2b i?ûQ`B+B2Mb /2b wQM2b JQMûi�B`2 PTiBK�H2b U2M/Q;ĕM2b Qm
MQMV +Ƕ2bi H� +QMp2`;2M+2 `û2HH2 [mB BM/mB`� H� +QMp2`;2M+2 MQKBM�H2X

kXjXR G� +QMp2`;2M+2 û+QMQKB[m2 , mM2 /û}MBiBQM K�+`Qû+QMQKB[m2 T�` HǶlMBQM 2m`QTû2MM2

a2HQM H� *QKKBbbBQM 2m`QTû2MM2- H� +QMp2`;2M+2 2M û+QMQKB2 `2MpQB2 ¨ HǶB/û2 [m2 H2b T2`7Q`K�M+2b /2b T�vb
2m`QTû2Mb 2M K�iBĕ`2 KQMûi�B`2 /QBp2Mi b2 `�TT`Q+?2` /2 +2HH2b /2b K2BHH2m`2b ûHĕp2b /2 K�MBĕ`2 ¨ 7�pQ`Bb2`
H� bi�#BHBiû /2b T`Bt 2i T`QKQmpQB` mM2 KQMM�B2 7Q`i2X �mi`2K2Mi /Bi- +2 +Qm`�Mi i?ûQ`B[m2 �p�M+2 [mǶBH 2bi
BKTQ`i�Mi TQm` H2b T�vb /2 +QMp2`;2` MQKBM�H2K2Mi Qm K�+`Q@û+QMQKB[m2K2Mi �}M /2 T2`K2ii`2 mM2 +2`i�BM2
bi�#BHBiû 2i �BMbB TQmpQB` BM/mB`2 H� +QMp2`;2M+2 `û2HH2- bQBi H2 `�TT`Q+?2K2Mi /2b MBp2�mt /2 pB2 �m b2BM /2b
/Bzû`2Mi2b û+QMQKB2bX *2ii2 bû[m2M+2 /2 +QMp2`;2M+2 2bi /û72M/m2 T�` H2b û+QMQKBbi2b /2 +2 +Qm`�Mi i?ûQ`B[m2
TmBb[mǶBHb 2biBK2Mi [m2 H� bi�#BHBiû BMiû`B2m`2 U+Qȿib 2i T`BtV 2i 2tiû`B2m`2 Up�`B�#H2b K�+`Q@û+QMQKB[m2b
`2H�iBp2b �m i�mt /2 +?�M;2V T2mi 2Mi`�BM2` mM2 +`QBbb�M+2 û+QMQKB[m2 7Q`i2 2i TQbbB#H2K2Mi T2`K�M2Mi2
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;`�+2 �mt 2z2ib /Ƕû+?2HH2b /vM�KB[m2bX �BMbB- H� +QMp2`;2M+2 2M û+QMQKB2 TQHBiB[m2 /ûbB;M2 H� +QMp2`;2M+2
/2b p�`B�#H2b û+QMQKB[m2b [mB +QM/BiBQMM2Mi H2b T`Bt 2i H2b i�mt /2 +?�M;2b �BMbB [m2 H2 T�bb�;2 p2`b mM2
mMBQM û+QMQKB[m2 [mB BM/mB`� H� +QMp2`;2M+2 `û2HH2 /2b /Bzû`2Mi2b û+QMQKB2b p2`b H2b T�vb H2b KB2mt +Qiûb
û+QMQKB[m2K2MiX 1M bQKK2- H� +QMp2`;2M+2 2M û+QMQKB2 +QMbBbi2 2M HǶ�/QTiBQM /2 TQHBiB[m2b 7�pQ`�#H2b ¨
mM2 KQMM�B2 7Q`i2- /QM+ ¨ HǶ�/QTiBQM /2 +`Biĕ`2b T`û+Bb bm` H2b p�`B�#H2b K�Bi`Bb�Mi H� bi�#BHBiû û+QMQKB[m2
BMi2`M2 2i 2ti2`M2 /2 K�MBĕ`2 ¨ BM/mB`2 2{+�+2K2Mi H� +QMp2`;2M+2 `û2HH2 /2b û+QMQKB2bX

.2 +2 7�Bi- H� +QMp2`;2M+2 2M û+QMQKB2 TQHBiB[m2 `2MpQB2 /QM+- b2HQM H2 +Qm`�Mi i?ûQ`B[m2- ¨ H� MQiBQM /2
+QMp2`;2M+2 `2;`QmT�Mi [m�i`2 7�+2ii2b /Bzû`2Mi2b 2i +?�+mM2 i`ĕb BKTQ`i�Mi2b TQm` HǶ�#QmiBbb2K2Mi /2 +2ii2
/2`MBĕ`2, URV mM Q#D2+iB7 +QKKmM /2 +QMp2`;2M+2- UkV mM2 `ĕ;H2 /Ƕ?�`KQMBb�iBQM +QM/BiBQMM2HH2 /2 K�MBĕ`2 ¨
ûi�#HB` /2b 2M;�;2K2Mib Kmim2Hb /m`�#H2b- UjV mM2 +QMp2`;2M+2 BMbi`mK2Mi TQm` T2`K2ii`2 HǶBMiû;`�iBQM p2`b
mM2 KQMM�B2 mMB[m2- 2i U9V mM KQ/ĕH2 /2 +QMp2`;2M+2 /2 K�MBĕ`2 ¨ /û}MB` mM2 +QM+2TiBQM UTHmb Qm KQBMb
HB#û`�H2V /m `ƬH2 /2 HǶúi�i /�Mb HǶû+QMQKB2X U6�m;ĕ`2 RNNNVX *Ƕ2bi /QM+ H2 T`Q+2bbmb [mǶ� bmBpB HǶBMiû;`�iBQM
û+QMQKB[m2 2m`QTû2MM2 TQm` H� KBb2 2M TH�+2 /2 HǶlMBQM 2m`QTû2MM2X �BMbB- bm` +2b T`BM+BT2b- H2 h`�Biû /2
J��bi`B+?i Ud 7ûp`B2` RNNkV 2i H2 S�+i2 /2 bi�#BHBiû 2i /2 +`QBbb�M+2 URd DmBM RNNdV pB2MM2Mi BKTQb2` H2 `2bT2+i
/2 +2b [m�i`2 7�+2ii2b 2i /QM+ BKTQb2` /2b +QMi`�BMi2b /2 +QMp2`;2M+2 K�+`Q@û+QMQKB[m2b `B;Qm`2mb2bX SHmb
T`û+BbûK2Mi- +2b +`Biĕ`2b /2 +QMp2`;2M+2- /Bi /2 J��bi`B+?i- b2 T`ûb2Mi2Mi �m MQK#`2 /2 [m�i`2 , URV i�mt
/ǶBM~�iBQM- UkV H2 i�mt /ǶBMiû`āi ¨ HQM; i2`K2- UjV H2b }M�M+2b Tm#HB[m2b- 2i U9V H2 n i�mt /2 +?�M;2nX G2
+`Biĕ`2 /m i�mt /ǶBM~�iBQM- 2i H2 THmb T2`iBM2Mi- BKTQb2 ¨ +?�[m2 úi�i K2K#`2 /2 M2 T�b /ûT�bb2` /2 THmb /2
R-8 TQBMi +2HmB /2b i`QBb úi�ib K2K#`2b T`ûb2Mi�Mi H2b K2BHH2m`b `ûbmHi�ib- 2i +2 /�Mb H2 #mi /2 K�BMi2MB` mM2
+2`i�BM2 bi�#BHBiû /2b T`BtX AH `2pB2Mi ¨ mM +QMi`ƬH2 /2 bi�#BHBiû bm` H2b TQHBiB[m2b KQMûi�B`2bX AH `2T`ûb2Mi2
/QM+ H2 +`Biĕ`2 H2 THmb T2`iBM2Mi TmBb[mǶBH BM/B[m2 H� +QMp2`;2M+2 K�+`Q@û+QMQKB[m2 �BMbB [m2 HǶ�HB;M2K2Mi
bm` H2b K2BHH2m`b ûi�ib K2K#`2b 2M i2`K2b /Ƕû+QMQKB2X SQm`[mQB HǶBKTQb2` \ AH �TT�`�Bi T`BKQ`/B�H /2 H2
7�B`2 TmBb[m2 +Ƕ2bi HmB [mB /ûi2`KBM2 H2 i�mt /Ƕ2M/2ii2K2Mi /2 HǶ2Mb2K#H2 /2b �;2Mib û+QMQKB[m2b 2i [mǶBH
/ûi2`KBM2 �mbbB H2 i�mt /Ƕ2KTHQBb 2i H� +`QBbb�M+2X G2 +`Biĕ`2 /m i�mt /ǶBMiû`āi ¨ HQM; i2`K2- HmB- BKTQb2 /2
M2 T�b 2t+û/2` /2 THmb /2 k W +2HmB /2b i`QBb úi�ib K2K#`2b T`ûb2Mi�Mi H2b K2BHH2m`b `ûbmHi�ib 2M K�iBĕ`2 /2
bi�#BHBiû /2b T`BtX AH `2pB2Mi ¨ mM +QMi`ƬH2 /2 bi�#BHBiû bm` H2b TQHBiB[m2b bi`m+im`2HH2bX .Ƕ�mi`2 T�`i- +2 /2`MB2`
�TT�`�Bi `2/QM/�Mi �m i�mt /ǶBM~�iBQM TmBb[mǶmM T�vb M2 `2bT2+i�Mi T�b H2 i�mt /Ƕ2M/2ii2K2Mi M2 `2bT2+i2
/2 iQmi2 7�ÏQM T�b MQM THmb H2 +`Biĕ`2 /2b i�mt /ǶBM~�iBQMX G2b +`Biĕ`2b /2b }M�M+2b Tm#HB[m2b +QMbBbi2Mi
TQm` +?�[m2 úi�i ¨ +QMb2`p2` mM /û}+Bi Tm#HB+ �MMm2H BM7û`B2m` Qm û;�H ¨ jW /2 bQM SA" �BMbB [mǶmM2 /2ii2
Tm#HB[m2 BM7û`B2m`2 Qm û;�H2 ¨ eyW /2 bQM SA"X *2 /2`MB2` +`Biĕ`2- H� /2ii2 Tm#HB[m2- � mM2 HûiB;KBiû BMi`�bĕ[m2
BKTQ`i�Mi2X *2T2M/�Mi- +2HmB /m /û}+Bi Tm#HB+ �TT�`�Bi mM T2m �#2``�MiX 1M 2z2i- H2 /ûMQKBM�i2m`- bQBi
H2 SA"- 2bi T�` /û}MBiBQM TQbBiBp2K2Mi HBû ¨ H� +`QBbb�M+2X �BMbB- mM `�H2MiBbb2K2Mi /2 +`QBbb�M+2 �m;K2Mi2
H2b /ûT2Mb2b 2i bm`iQmi /BKBMm2 H2b `2+2ii2b Tm#HB[m2b- H2b BKTƬib /B`2+ib 2i H2b +QiBb�iBQMb bQ+B�H2b [mB bQMi
/B`2+i2K2Mi `2HBû2b �mt p�`B�iBQMb /2 HǶ�+iBpBiû /2 H� T`Q/m+iBQM 2i /2 HǶ2KTHQBX *2b /2mt /2`MB2`b `2pB2MM2Mi
¨ mM +QMi`ƬH2 /2 bi�#BHBiû bm` H2b TQHBiB[m2b }b+�H2bX G2 +`Biĕ`2 /m i�mt /2 +?�M;2- HmB- BMi2`/Bi /2 /ûp�Hm2` b�
KQMM�B2X *2T2M/�Mi- +2 /2`MB2` +`Biĕ`2 2bi `2M/m Q#bQHĕi2 /2TmBb H2 T�bb�;2 ¨ HǶ1m`QX 1M Qmi`2- +2H� bB;MB}2
[m2 HǶúi�i K2K#`2 /QBi �pQB` T�`iB+BTû �m Kû+�MBbK2 /2 i�mt /2 +?�M;2 /m bvbiĕK2 KQMûi�B`2 2m`QTû2M
UaJ1V b�Mb /Bb+QMiBMm2` T2M/�Mi H2b /2mt �MMû2b T`û+û/�Mi HǶ2t�K2M /2 b� bBim�iBQM- b�Mb +QMM�ŗi`2 /2
i2MbBQM ;`�p2X U1m`QT2�M *QKKBbbBQM RNNyc 1m`QT2�M *QKKBbbBQM- MX/Xc 1m`QT2�M *QmM+BH- MX/XVX

AH 2bi ¨ MQi2` [m2 +2b +`Biĕ`2b QMi ûiû /ûp2HQTTûb ¨ HǶûTQ[m2 TQm` 7�B`2 +QMp2`;2` H2b û+QMQKB2b BM+Hmb2b /�Mb H2
aJ1 AA UavbiĕK2 JQMûi�B`2 1m`QTû2MV [mB � T`û+û/û HǶBMiû;`�iBQM KQMûi�B`2 /2b úi�ib K2K#`2b /2 HǶlMBQM
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2m`QTû2MM2 2i bmBpBb H2 aJ1 Ua2`T2Mi JQMûi�B`2 1m`QTû2MVX �BMbB- mM2 7QBb 2Mi`ûb- H2b T�vb K2K#`2b /QBp2Mi
+QMiBMm2` ¨ `2bT2+i2` +2b +`Biĕ`2b- bQmb T2BM2 /Ƕ�p2`iBbb2K2Mib TmBb /2 b�M+iBQMbX G2 `2bT2+i /2 +2b +`Biĕ`2b 2bi
Dm;û Mû+2bb�B`2 ¨ H� `ûmbbBi2 /m S�+i2 /2 bi�#BHBiû 2i /2 +`QBbb�M+2- TQm` ûpBi2` H2b T?ûMQKĕM2b /2 Ŀ T�bb�;2`
+H�M/2biBM ŀ [m2 H2b xQM2b KQMûi�B`2b 7�pQ`Bb2MiX *2T2M/�Mi- HǶ�TT`û+B�iBQM /m MQM@`2bT2+i /2 +2b +`Biĕ`2b
� ûiû �bbQmTHB2 2M K�`b kyy8 bQmb HǶBKTmHbBQM /2 HǶ�HH2K�;M2 2i /2 H� 6`�M+2- bQmb H� DmbiB}+�iBQM /2 i2MB`
+QKTi2 /2 H� bBim�iBQM û+QMQKB[m2 2i /2b `û7Q`K2b bi`m+im`2HH2b 2M;�;û2bX lM /ûT�bb2K2Mi Ŀ 2t+2TiBQMM2H
2i i2KTQ`�B`2 ŀ 2bi /ûbQ`K�Bb �miQ`BbûX

1M bQKK2- H2b +`Biĕ`2b /2 +QMp2`;2M+2 /û}MBb T�` H2 i`�Biû /2 J��bi`B+?i `2~ĕi2Mi H2b T`ûQ++mT�iBQMb /2 H�
Tû`BQ/2 �m +Qm`b /2b[m2Hb BHb QMi ûiû BMbi�m`ûbX AHb `2T`ûb2Mi2Mi /QM+ H2 +Qm`�Mi i?ûQ`B[m2 /2 H� +QMp2`;2M+2
2M û+QMQKB2 T�` H2 T`BM+BT2 /2 H� +QMp2`;2M+2 MQKBM�H2 [mB BM/mBi H� +QMp2`;2M+2 `û2HH2- ¨ mM #ûKQH T`ĕb 2i
i`ĕb BKTQ`i�Mi , +2 /2`MB2` M2 `2T`ûb2Mi2 T�b H2 T`Q+2bbmb /2 `û/m+iBQM /2 H� /BbT�`Biû /2b û+QMQKB2b T�` H2
`�TT`Q+?2K2Mi /2b T2`7Q`K�M+2b �miQm` /2 H� KQv2MM2- K�Bb �miQm` /2b K2BHH2m`2b û+QMQKB2bX �mi`2K2Mi
/Bi- +Ƕ2bi H2 T`BM+BT2 /ǶBKTQb2` /2b +`Biĕ`2b /�Mb H2 #mi /ǶBM~m2M+2` H2b TQHBiB[m2b M�iBQM�H2b /2 bQ`i2 [m2 H�
KQMM�B2 mMB[m2 bQBi 7Q`i2X
S�` �BHH2m`b- K�H;`û mM2 +2`i�BM2 2{+�+Biû Q#b2`pû2 2KTB`B[m2K2Mi- +2b +`Biĕ`2b /2 +QMp2`;2M+2 2i /QM+ H2
KQmp2K2Mi /2 H� +QMp2`;2M+2 2M û+QMQKB2 TQHBiB[m2 i2H [m2 /û}MB ¨ bmb+Bi2` T�b K�H /2 +`BiB[m2bX .ǶmM2 T�`i-
K�H;`û H2 +�`�+iĕ`2 HQ;B[m2 /2 +?�[m2 +`Biĕ`2 T`Bb BM/ûT2M/�KK2Mi- mM2 7QBb iQmb `2HBû BHb T2mp2Mi �TT�`�Bi`2
+QMi`�/B+iQB`2X 1M 2z2i- H� Hmii2 +QMi`2 HǶBM~�iBQM T2mi b2 i`�/mB`2 T�` mM2 ?�mbb2 /2b i�mt /ǶBMiû`āi `2M/�Mi
�BMbB H� `û/m+iBQM /2b /û}+Bib Tm#HB+b #B2M THmb /B{+BH2bX .Ƕ�mi`2 T�`i- H� T`ûKBbb2 /m +Qm`�Mi i?ûQ`B[m2 [mB
/û}MBi H� +QMp2`;2M+2 MQKBM�H2 +QKK2 HǶ2z2i [mB BKTQb2`� H� +QMp2`;2M+2 `û2HH2 2bi H�`;2K2Mi +QMi`Qp2`bû2X
�mi`2K2Mi /Bi- H� [m2biBQM bQmH2p�Mi H� MQM@BMiû;`�iBQM /ǶBM/B+�i2m` /2 +QMp2`;2M+2 `û2HH2 Ui�mt /2 +?ƬK�;2
2i i�mt /2 +`QBbb�M+2V TQm` HǶBM~m2M+2` THmb TQbBiBp2K2Mi 2bi bQmp2Mi KBb2 2M 2t2`;m2X 1M 2z2i- BH 2bi
Hû;BiBK2 /2 b2 /2K�M/2` bB H� +QMbi`m+iBQM 2m`QTû2MM2 #�bû2 bm` H� `ûmbbBi2 TQHBiB[m2 /2 HǶ2m`Q- [mB bǶ2tT`BK2
T�` HǶ�++2Ti�iBQM /2b +QMi`�BMi2b HBû2b ¨ HǶmiBHBb�iBQM /2 H� KQMM�B2 mMB[m2 T�` HǶQTBMBQM Tm#HB[m2- M2 /2p`�Bi
T�b bǶ�++QKT�;M2` /2 T`Q;`ĕb bQ+B�mt THmb BKKû/B�ib 2i THmb i�M;B#H2bX U6�m;ĕ`2 RNNNVX �mi`2K2Mi /Bi- ¨
HǶBK�;2 /2 H� [m2biBQM /2 HǶû+?2HH2 ;ûQ;`�T?B[m2 [mB b2 TQb2 TQm` +2 [mB � i`�Bi ¨ H� `2H�iBQM +QM+2Tim2HH2
2Mi`2 +QKK2`+2 BMi2`M�iBQM�H @ bTû+B�HBb�iBQM @ 2i BMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 �BMbB [m2 /2 T�` H2 /Qm#H2
+�`�+iĕ`2 /2 H� +QMp2`;2M+2 2M û+QMQKB2- 2bi@+2 [m2 H2 MBp2�m K�+`Q@û+QMQKB[m2 miBHBbû TQm` HǶûim/2 /2 H�
+QMp2`;2M+2 /2b û+QMQKB2b 2bi@BH bm{b�Mi TQm` /û}MB` H� `2H�iBQM +QM+2Tim2HH2 M�Bbb�Mi2 2Mi`2 H� +QMp2`;2M+2
2M û+QMQKB2 2i HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 \

kXjXk G� +QMp2`;2M+2 `û2HH2 , mM 2z2i +Qm`i i2`K2 2i HQM;@i2`K2

G� +QMp2`;2M+2 `û2HH2 2M û+QMQKB2 b2 `û7ĕ`2 ¨ mM2 /BKBMmiBQM /2b /Bzû`2M+2b /2 MBp2�m /2 pB2 2i /2 MBp2�mt
û+QMQKB[m2b 2Mi`2 THmbB2m`b T�vb Qm `û;BQMbX �mi`2K2Mi /Bi- 2HH2 +QMbBbi2 2M H2 `�TT`Q+?2K2Mi /2b MBp2�mt
/2 pB2 2i fQm HǶ�ii2Mm�iBQM 2Mi`2 H2b /Bzû`2M+2b bi`m+im`2HH2b /2b T�vb [mB BM/mB`� H� +QMp2`;2M+2 MQKBM�H2
/2b T�vbX �BMbB- +2ii2 /2`MBĕ`2 /û}MBiBQM i?ûQ`B[m2 û+QMQKB[m2 T2mi b2 /BpBb2` bQmb /2mt �bT2+ib /BbiBM+ib
2M i2`K2b /2 /BK2MbBQM i2KTQ`2HH2 , URV ¨ HQM;@i2`K2- 2HH2 BKTHB[m2 H� /BKBMmiBQM /2b /Bzû`2M+2b /�Mb H2b
+QM/BiBQMb bi`m+im`2HH2b /2b /Bzû`2Mib T�vb Qm `û;BQMb +2 [mB T2`K2i H� `û�HBb�iBQM /Ƕûi�ib bi�#H2b 2i bBKBH�B`2b
2i UkV ¨ +Qm`i@i2`K2- 2HH2 `2M/ H2b +v+H2b û+QMQKB[m2b THmb bvM+?`QM2b 2i T2`K2i �BMbB H� T`QT�;�iBQM /2b
+?Q+b THmb 7�+BH2bX �BMbB- 2HH2 T2mi āi`2 ûim/Bû2 bQmb +2b /2mt �M;H2b /Bzû`2MibX
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SQm` +2 [mB 2bi /2 H� +QMp2`;2M+2 `û2HH2 ¨ HQM; i2`K2- H� HBiiû`�im`2 bǶBMiû`2bb2 /QM+ �m `�TT`Q+?2K2Mi /2b
/Bzû`2M+2b bi`m+im`2HH2b û+QMQKB[m2b /2b T�vbX G2 KQ/ĕH2 /2 +`QBbb�M+2 MûQ@+H�bbB[m2 /ûp2HQTTû T�` _X aQHQr
2bi H2 T`2KB2` �TTQ`i +QM+`2i [mB ¨ KQ/B}2` +QMbB/û`�#H2K2Mi H� +QM+2TiBQM /2b `2H�iBQMb K�+`Q@û+QMQKB[m2b
/2b T�vb �m HQM;@i2`K2X .2 T�` mM2 bTû+B}+�iBQM /m +�TBi�H i2+?MQHQ;B[m2- +2ii2 T`2KBĕ`2 �TT`Q+?2 2tT`BK2
[m2 H� T`Q/m+iBQM T�` ?�#Bi�Mi /2b T�vb i2M/ ¨ +QMp2`;2` 2i +2 [m2H[m2 bQBi H� /Qi�iBQM 2M +�TBi�H ?mK�BM
BMBiB�H2X �BMbB- H2b û+QMQKB2b BMBiB�H2K2Mi T�mp`2b +QMM�Bbb2Mi /2b i�mt /2 +`QBbb�M+2 T�` ?�#Bi�Mi THmb
ûH2pûb [m2 H2b û+QMQKB2b BMBiB�H2K2Mi `B+?2bX *2H� bB;MB}2- Qm bQmb@2Mi2M/- [m2 H2b T�vb T�mp`2b pQMi `�i@
i`�T2` H2b T�vb `B+?2b U+Ƕ2bi HǶ2z2i /2 `�ii`�T�;2VX UaQHQr RN8eVX *2T2M/�Mi- H2b ûim/2b 2KTB`B[m2b [mB
QMi bmBpB QMi `�{Mû +2ii2 �M�Hvb2 �BMbB [m2 H2b +QM+HmbBQMb [mǶ2HH2 � �TTQ`iû2bX .Ƕ�#Q`/- SX _QK2` HB2 H�
+`QBbb�M+2 �m +QKTQ`i2K2Mi 2i �mt BMBiB�iBp2b /2 HǶ2Mb2K#H2 /2b �;2Mib û+QMQKB[m2bX S�` +2 +�/`2- /Bi /2
H� +`QBbb�M+2 2M/Q;ĕM2- BH K2i 2M �p�Mi i`QBb bQm`+2b BKTQ`i�Mi2b /2 +`QBbb�M+2 UH2b MQmp2HH2b +QMM�Bbb�M+2b-
HǶBMMQp�iBQM 2i H2b BM7`�bi`m+im`2b Tm#HB[m2bV 2i �z`�M+?Bi �BMbB mM2 M�im`2 /Bp2`;2Mi2 �mt û+QMQKB2bX S�`
H� bmBi2- /Ƕ�mi`2b ûim/2b bmBp�Mi HǶ�TT`Q+?2 /2 H� +QMp2`;2M+2 +QM/BiBQMM2HH2- QMi /ûK2MiB +2ii2 i?ĕb2X S�`
mM T`Q+2bbmb Kûi?Q/QHQ;B[m2 [m�MiBi�iB7 2i 2KTB`B[m2- H� i?ĕb2 /2 H� +QMp2`;2M+2 2Mi`2 H2b M�iBQMb T�` H�
T`Q;`2bbBQM 2i HǶûpQHmiBQM /2b +QM/BiBQMb bi`m+im`2HH2b /2b bvbiĕK2b û+QMQKB[m2b /2b T�vb 2bi �HQ`b ûi�#HB2X
"�``Q- a�H�@A@J�`iBM- _Q/`B+F- 2i #B2M /Ƕ�mi`2b 2M+Q`2- KQMi`2 2KTB`B[m2K2Mi [m2 H2b T�vb QMi i2M/�M+2
¨ +QMp2`;2` p2`b mM ûi�i bi�#H2 2M i2`K2b /2 T`Q/m+iBQM Qm 2M i2`K2b /2 T`Q/m+iBpBiû ¨ HǶû+?2HH2 M�iBQM�H2
U2ifQm #B2M `û;BQM�H2VX U"�``Q �M/ a�H�@B@J�`iBM RNNkc "�``Q kyRkc "�``Q RN3ec >�/2M;m2 �M/ q�`BM kyR9c
_Q/`BF kyRjVX

SQm` +2 [mB 2bi /2 H� +QMp2`;2M+2 `û2HH2 ¨ +Qm`i i2`K2- +Ƕ2bi H� i?ûQ`B2 /2b wQM2b JQMûi�B`2b PTiBK�iH2b
U2M/Q;ĕM2 Qm MQMV [mB bǶBMiû`2bb2 �m T`Q#HĕK2X 1M 2z2i- �p2+ HǶBMiû;`�iBQM `û;BQM�H2 2i H� T`Q;`2bbBQM /m
+QKK2`+2 BMi2`M�iBQM�H- HǶBMi2`/ûT2M/�M+2 +QKK2`+B�H2- 2i /QM+ /2b û+QMQKB2b- � �m;K2Miû `�TB/2K2MiX
lM2 [m2biBQM bǶ2bi /QM+ `�TB/2K2Mi bQmH2pû2 , �p2+ /2b +?�M;2K2Mib BKTQ`i�Mib /2 H� /2MbBiû /2b û+?�M;2b-
/m2 ¨ mM2 T`Q;`2bbBQM /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM `û;BQM�H2- H2b û+QMQKB2b i2M/2Mi@2HH2b ¨ +QMp2`;2` \
�mi`2K2Mi /Bi- HǶBMiû;`�iBQM +QKK2`+B�H2 �++QKT�;Mû2 /2 H� KQMM�B2 mMB[m2- +QM/mBi@2HH2 H2b û+QMQKB2b ¨
T`Q;`2bb2` �m KāK2 `vi?K2 p2`b mM KāK2 TQBMi /2 +QMp2`;2M+2 `û2H Ui�mt /Ƕ2KTHQBb 2i /2 T`Q/m+iBQMV \
*Ƕ2bi iQmb H2b 2MD2mt bQmH2pûb T�` H� i?ûQ`B2 /2 H� +QMp2`;2M+2 `û2HH2 2M `2H�iBQM �p2+ HǶBMiû;`�iBQM `û;BQM�H2
û+QMQKB[m2- HǶmMBQM û+QMQKB[m2 2i KQMûi�B`2X 1M 2z2i- H2 +Qm`�Mi i?ûQ`B[m2 /2b wQM2b JQMûi�B`2b PTiBK�H2b
ûi�#HBi H2b +`Biĕ`2b 2i H2b T`ûb `2[mBb /QMM�Mi mM2 K2BHH2m`2 +?�M+2 /2 bm++ĕb ¨ mM2 BMiû;`�iBQM KQMûi�B`2-
bQBi HǶ�TTHB+�iBQM /ǶmM2 bi�#BHBiû KQMûi�B`2 +QKK2 +QM/BiBQM 2bb2MiB2HH2 �m /vM�KBbK2 2i ¨ H� +`QBbb�M+2
û+QMQKB[m2X AH bǶ�;Bi /QM+ /2 K2bm`2` 2i /Ƕ�TT`û+B2` H2b 2z2ib /2 HǶBMiû;`�iBQM KQMûi�B`2 2i /2 HǶQmp2`im`2 �m
+QKK2`+2 /2 K�MBĕ`2 ¨ T`QpQ[m2` /2b T`Q+2bbmb /Ƕ�Dmbi2K2Mi �miQK�iB[m2 7�+2 �m +?Q+b 2i �m `�TT`Q+?2K2Mi
/2b +v+H2b û+QMQKB[m2bX

kXjXj G� i?ûQ`B2 /2b wQM2b JQMûi�B`2 PTiBK�H2b U2M/Q;ĕM2 Qm MQMV

SQm` #B2M +QKT`2M/`2 H� i?ûQ`B2 /2b wQM2b JQMûi�B`2 PTiBK�H2b UwJPV U2M/Q;ĕM2 Qm MQMV- BH 2bi BKTQ`i�Mi
/2 TQ`i2` mM2 �ii2MiBQM T�`iB+mHBĕ`2 ¨ H� /û}MBiBQM /ǶmM2 xQM2 KQMûi�B`2X S�` /û}MBiBQM- mM2 xQM2 KQMûi�B`2
i`�/mBi H2 `2;`QmT2K2Mi /2 /2mt Qm THmbB2m`b T�vb �miQm` /ǶmM2 BMbiBimiBQM 7û/û`�H2 Qm bmT`�M�iBQM�H2 [mB
T`2M/ H2 +QMi`ƬH2 /2b TQHBiB[m2b KQMûi�B`2b URV 2M BKTQb�Mi H� T�`Biû }t2 2Mi`2 H2b KQMM�B2b /2b T�vb Ui�mt
/2 +?�M;2b }t2b Qm KQMM�B2 mMB[m2V- UkV 2M +QMi`ƬH�Mi H� +QMp2`iB#BHBiû /2b KQMM�B2b- UjV 2M K2ii�Mi 2M
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+QKKmM /2b `ûb2`p2b /2 +?�M;2- 2i U9V 2M ?�`KQMBb�Mi H2b `û;H2K2Mi�iBQMb /2 +?�M;2X *2T2M/�Mi- TQm` mM
ûi�i- +2 i`�Mb72`i /2 TQmpQB` KQMûi�B`2 `2T`ûb2Mi2 mM `Bb[m2 +2`i�BM TQmp�Mi āi`2 bvMQMvK2 /2 +Qȿib +QKK2
/2 #ûMû}+2bX 1M 2z2i- H2b TQHBiB[m2b KQMûi�B`2b T2`K2ii2Mi ¨ mM ûi�i /Ƕ�Dmbi2` b2b BM/B+�i2m`b û+QMQKB[m2b
UBM~�iBQM- 2KTHQBb- bi�#BHBiû /2b T`Bt- 2i+XV TQm` 7�B`2 7�+2 �mt +?Q+b /2 HǶQz`2 2i /2 H� /2K�M/2- 2mt@KāK2b
`ûbmHi�Mib /2 b� T2`7Q`K�M+2 2i b� +QMDQM+im`2 û+QMQKB[m2X �mi`2K2Mi /Bi- b2HQM H� i?ûQ`B2 K2`+�MiBHBbi2
2i F2vMûbB2MM2- HǶûi�i T�` b� TQHBiB[m2 KQMûi�B`2 2i /QM+ H� `û;mH�iBQM /2 bQM i�mt /2 +?�M;2 bm` H2 K�`+?û
BMi2`M�iBQM�H T2mi `û;mH2` bQM BM~�iBQM- bQM MBp2�m /2b T`Bt ¨ HǶBMiû`B2m` /2 7`QMiBĕ`2b- bQM i�mt /Ƕ2KTHQB- 2M
bmb /2 b� +QKTûiBiBpBiûX �BMbB- H2b i?ûQ`B+B2Mb 2M û+QMQKB2- 2M +QKK2MÏ�Mi T�` JmM/2HH URNeRV- QMi ûim/B2`
H2b T?ûMQKĕM2b /ǶBMiû;`�iBQM KQMûi�B`2 2i i2Mi2Mi /ǶûMmKû`ûb /2b +`Biĕ`2b ¨ `2bT2+i2` TQm` KBMBKBb2` H2b
+Qȿib 2i K�tBKBb2` H2b #ûMû}+2b HBûb ¨ HǶBMiû;`�iBQM KQMûi�B`2 2i ¨ HǶ�#�M/QM /2 HǶ�Dmbi2K2Mi /2 H2m` i�mt
/2 +?�M;2X *Ƕ2bi H2 /ûT�`i /2b i`�p�mt /Bi /2 H� h?ûQ`B2 /2b wQM2b JQMûi`�B`2b PTBiK�H2b UwJPV
U2M/Q;ĕM2 Qm MQMVX SHmbB2m`b �mi2m`b +QMi`B#m2`QMi- bmBi2 ¨ _X JmM/2HH- ¨ HǶûMmKû`�iBQM /2 THmbB2m`b
�mi`2b +`Biĕ`2b , _X J+EBMMQM URNej- kyy9V- S XE2M2M URNeNV- CX *X AM;`�K 2i >X :X CQ?MbQM URNeNV- _X
*QQT2` URNddV- *X EBM/2H#2`;2` URN3eV- SX E`m;K�M URNNjV- "X 1B+?2M;`22M URNNj- RNNd- kyRjV- JX "�vQmKB
URNN9V- CX �X 6`�MF2H 2i EX _Qb2 URNN3V- SX .2 :`�mr2 UkyyjV- 2i+X ULǶ;�H�/DQ "�K#� kyy9VX

G� i?ûQ`B2 /2b wJP 2bi /QM+ mM2 i?ûQ`B2 /B`2+i2K2Mi `2HBû2 ¨ H� T`Q;`2bbBQM /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM
`û;BQM�H2 �HH�Mi /m K�`+?û +QKKmM ¨ HǶmMBQM KQMûi�B`2 2i û+QMQKB[m2X § iBi`2 BHHmbi`�iB7- QM T2mi +Bi2` H�
xQM2 2m`Q /2 HǶlMBQM 2m`QTû2MM2 Qm 2M+Q`2 H� xQM2 7`�M+ /2 HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2 /2 HǶPm2bi
�7`B+�BM Ul1JP�VX

*Ƕ2bi JmM/2HH 2M RNeR [mB ûpQ[m2 TQm` H� T`2KBĕ`2 7QBb H� +QM/BiBQM /ǶQTiBK�HBiû /ǶmM2 xQM2 KQMûi�B`2
¨ i`�p2`b mM2 ûim/2 +?2`+?�Mi ¨ ûp�Hm2` H2b QTTQ`imMBiûb HBû2b ¨ HǶûi�#HBbb2K2Mi /ǶmM2 mMBQM KQMûi�B`2 2M
�Kû`B[m2 /m LQ`/ TQm` 7�B`2 7�+2 �mt +?Q+b û+QMQKB[m2bX �BMbB- BH /û}MBi �HQ`b mM2 xQM2 KQMûi�B`2 QTiB@
K�H2 +QKK2 ǳmM 2bT�+2 KQMûi�B`2 ¨ HǶBMiû`B2m` /m[m2H- H2b `û;BQMb [mB H2 +QKTQb2Mi MǶQMi T�b #2bQBM /m
i�mt /2 +?�M;2 Uh*V +QKKmM- +QKK2 BMbi`mK2Mi /Ƕ�Dmbi2K2Mi miBHBbû TQm` H2b `ûbQ`TiBQMb /2b /ûbû[mBHB@
#`2b +QMbû+miB7b ¨ /2b +?Q+b �bvKûi`B[m2b BMi2`M2b 2i 2ti2`M2b [mB 7`�TT2`QMi H2b ûi�ib K2K#`2b /2 H� xQM2X
GǶ�/QTiBQM /ǶmM i�mt /2 +?�M;2 }t2 2i B``ûp2`bB#H2 �BMbB [m2 /ǶmM2 KQMM�B2 mMB[m2 2bi H� +QM/BiBQM bBM2
[m� MQM /Ƕ�TT�`i2M�M+2 ¨ mM2 mMBQM KQMûi�B`2 UlJVǴX UJmM/2HH RNeRVX �mi`2K2Mi /Bi- BH pBb2 ¨ i`�p2`b +2
+Qm`�Mi i?ûQ`B[m2 ¨ ûi�#HB` H2b +`Biĕ`2b û+QMQKB[m2b [mB T2`K2ii2Mi /Ƕ�ii2BM/`2 H2b Q#D2+iB7b /2 +`QBbb�M+2 2i
/2 +QMp2`;2M+2 /2b T�vb TQm` HǶûi�#HBbb2K2Mi /ǶmM2 KQMM�B2 7Q`i2 b�Mb BMi2`p2MiBQM /2 TQHBiB[m2b KQMûi�B`2b
�m MBp2�m /m i�mt /2 +?�M;2bX �mi`2K2Mi /Bi- BH bǶ�;Bi /Ƕ�ii2BM/`2 URV mM û[mBHB#`2 û+QMQKB[m2 BMi2`M2 bQBi
H2 TH2BM 2KTHQB �BMbB [m2 H� bi�#BHBb�iBQM /2b T`Bt 2i UkV mM û[mBHB#`2 2ti2`M2 �p2+ HǶû[mBHB#`2 /2 H� #�H�M+2 /2
T�B2K2MibX SQm` JmM/2HH- mM2 xQM2 KQMûi�B`2 QTiBK�H2 +QK#BM2 �HQ`b URV }tBiû ¨ HǶBMiû`B2m` 2i UkV ~2tB#BHBiû
¨ HǶ2tiû`B2m`X G2b +?�M;2b }t2b /BKBMm2Mi HǶBMbi�#BHBiû /2b T`Bt- 2M `û/mBb�Mi HǶBM+2`iBim/2 /2b �;2Mib- [m�Mi
¨ H� ~2tB#BHBiû 2tiû`B2m`2- 2HH2 �KûHBQ`2 H� KQ#BHBiû /2 7�+i2m`b /2 T`Q/m+iBQM T�` H� #�Bbb2 /2b +Qȿib /2 i`�Mb@
�+iBQM 2Mi`2 H2b T�vbX G� TQHBiB[m2 KQMûi�B`2 2bi /QM+ THmb 2{+�+2 2i H2b i2MbBQMb BM~�iBQMMBbi2b b2 `û/mBb2MiX
�BMbB- iQmi mM i�b /2 +QMi`B#miBQM �TTQ`i�Mi /Bzû`2Mib +`Biĕ`2b TQm` H2b wJP � ûiû /ûp2HQTTûX

G2 T`2KB2` +`Biĕ`2 2bi �p�M+û T�` _X JmM/2HH 2M RNeRX AH /û}MBi +QKK2 +`Biĕ`2 /ǶQTiBK�HBiû /ǶmM2 wJP mM2
7Q`i2 KQ#BHBiû /2b 7�+i2m`b /2 T`Q/m+iBQM 2i /2 i`�p�BH ¨ HǶBMiû`B2m` /2 H� xQM2 2i HǶBKKQ#BHBiû /2b 7�+i2m`b ¨
HǶBMi2`M�iBQM�H UQm ?Q`b /2 H� xQM2V /2 K�MBĕ`2 ¨ `û/mB`2 HǶBKT�+i Mû;�iB7 /2b +?Q+b �bvKûi`B[m2X9 1M 2z2i-

9a2HQM >�M- mM +?Q+ û+QMQKB[m2 T2mi āi`2 bTû+B}[m2 Qm +QKKmMX �mi`2K2Mi /Bi- 2i `2bT2+iBp2K2Mi- BH T2mi iQm+?2` mM
T�vb mMB[m2 Qm THmbB2m`bX .2 THmb- bB H2 +?Q+ bǶ�pĕ`2 āi`2 +QKKmM- +2 /2`MB2` `2pāi2 /2mt �bT2+ib , H2 +?Q+ T2mi āi`2 /Bi URV
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JmM/2HH 2biBK2 [m2 H� 7Q`i2 KQ#BHBiû /2b 7�+i2m`b 2bi +�T�#H2 /Ƕ�Dmbi2` H2b /ûbû[mBHB#`2b bmBi2 ¨ mM +?Q+ +QKK2
T2mi H2 7�B`2 HǶ�Dmbi2K2Mi /m i�mt /2 +?�M;2X AH 2tTHB[m2 b� i?ĕb2 T�` HǶBHHmbi`�iBQM /ǶmM 2t2KTH2 +ûHĕ#`2 2i
i`�/BiBQMM2H ¨ k T�vb- A 2i B- 2M;�;ûb /�Mb mM T`Q+2bbmb /ǶBMiû;`�iBQM KQMûi�B`2X aB H� /2K�M/2 /m T�vb A

b2 /ûTH�+2 p2`b H2 T�vb B bmBi2 ¨ mM +?Q+ û+QMQKB[m2- 2M HǶ�#b2M+2 /Ƕ�Dmbi2K2Mi T�` H2 i�mt /2 +?�M;2 Qm
T�` H� KQ#BHBiû /2b 7�+i2m`b- H2 T�vb A bm#B`� �miQK�iB[m2K2Mi mM2 bm`ûp�Hm�iBQM /2 b� KQMM�B2- /QM+ mM
/û}+Bi /2 #�H�M+2 /2b T�B2K2Mib ;`BKT�Mi- �BMbB [mǶmM2 #�Bbb2 /2 H� T`Q/m+iBQM 2i /QM+ mM2 �m;K2Mi�iBQM
/m +?ƬK�;2- i�M/Bb [m2 /�Mb H2 T�vb B BH b2 T`Q/mBi 2t�+i2K2Mi H2 T?ûMQKĕM2 BMp2`b2X *2T2M/�Mi- /�Mb H2
+�b /ǶmM2 7Q`i2 KQ#BHBiû /2b 7�+i2m`b /2 T`Q/m+iBQM 2i /2 i`�p�BH- H2 T`Q#HĕK2 /m +?ƬK�;2 T2mi āi`2 �Dmbiû 2i
`ûbQ`#û- T2`K2ii�Mi �BMbB /2 `û/mB`2 H� /2K�M/2 /2 H� xQM2 /m T�vb A- /QM+ /2 `û/mB`2 H2 /û}+Bi +QKK2`+B�HX
�BMbB- 2t�+i2K2Mi +QKK2 H2 Kû+�MBbK2 /Ƕ�Dmbi2K2Mi /2b i�mt /2 +?�M;2- H2 /ûTH�+2K2Mi M�im`2H /2b 7�+i2m`b
/2 T`Q/m+iBQM 2i /2 i`�p�BH /2 HǶû+QMQKB2 2M `û+2bbBQM A p2`b HǶû+QMQKB2 2M 2tT�MbBQM B T2`K2i /Ƕ�Dmbi2`
HǶ2z2i /m +?Q+X UJmM/2HH RNeRVX

lM b2+QM/ +`Biĕ`2 /ǶQTiBK�HBiû /2b wJP 2bi �p�M+û T�` _X J+EBMQM 2M RNejX SQm` THmbB2m`b `�BbQMb- BH 2biBK2
[m2 HǶ2tTHB+�iBQM /2 H� KQ#BHBiû /2b 7�+i2m`b MǶ2bi T�b b�iBb7�Bb�Mi2X 1M 2z2i- b2HQM H2b +�b- BH T2mi 2tBbi2`
mM #QM MQK#`2 /2 7�+i2m`b TQmp�Mi 7`2BM2` H� KQ#BHBiû /2b 7�+i2m`b ¨ HǶBMiû`B2m` /2 H� xQM2 KQMûi�B`2X S�`
2t2KTH2- /�Mb H2 +�b /2 HǶlMBQM 2m`QTû2MM2- mM /2b THmb ;`�M/b 7`2BMb ¨ H� KQ#BHBiû /2b 7�+i2m`b b2`�Bi /2b
+`Biĕ`2b bQmH2pû T�` HǶû[m�iBQM /2 ;`�pBiû /m +QKK2`+2 BMi2`M�iBQM�H bQBi , H� H�M;m2- H� /Bbi�M+2 +mHim`2HH2-
2i+X .Ƕ�T`ĕb HmB- HǶQTiBK�HBiû /ǶmM2 xQM2 KQMûi�B`2 iB2Mi THmb /2 bQM /2;`û /ǶQmp2`im`2 û+QMQKB[m2 THmiƬi
[m2 /2 b� T`QT2MbBQM /2 KQ#BHBiû /2b 7�+i2m`b /2 T`Q/m+iBQM 2i /2 i`�p�BHX a� `û~2tBQM bǶ�TTmB2 bm` /2mt
TQBMib T`û+Bb , URV HǶ2{+�+Biû /ǶmM `û;BK2 /2 +?�M;2 ~2tB#H2 /BKBMm2 �p2+ H2 /2;`û /ǶQmp2`im`2 û+QMQKB[m2
2i UkV HǶ�#b2M+2 /2 HǶBHHmbBQM KQMûi�B`2- bQBi H2 +QKTQ`i2K2Mi T�` H2[m2H mM �;2Mi û+QMQKB[m2 +QM7QM/ mM2
p�`B�iBQM /m MBp2�m ;ûMû`�H /2b T`Bt �p2+ mM2 p�`B�iBQM /2b T`Bt `2H�iB7bX �mi`2K2Mi /Bi- 2i T`2KBĕ`2K2Mi-
HQ`b[m2ǶmM2 û+QMQKB2 2bi Qmp2`i2- THmb bQM `�iBQ /2 #B2M û+?�M;2�#H2 bm` #B2M MQM û+?�M;2�#H2 2bi ûH2pû-
THmb H2b û+QMQKB2b bQMi BMi2`/ûT2M/�Mi2b- THmb +2b #B2Mb û+?�M;2�#H2b +QKTi2Mi TQm` mM2 ;`�M/2 T�`iB2 /2
H� +QMbQKK�iBQM M�iBQM�H2 2i /QM+ THmb HǶBKT�+i /ǶmM2 p�`B�iBQM /2 i�mt /2 +?�M;2 2bi BKTQ`i�Mi bm` H2
MBp2�m /2b T`Bt ¨ HǶû+?2HH2 M�iBQM�H2X .2mtBĕK2K2Mi- /�Mb H2 +�b Qm mM T�vb � mM /2;`û 7Q`i /ǶQmp2`im`2- H2
+?�M;2K2Mi /2b T`Bt KQM/B�mt b2 i`�Mb7ĕ`2 `�TB/2K2Mi bm` H2b T`Bt M�iBQM�mt [mB- 2mt- QMi mM BKT�+i /B`2+i
bm` H2 TQmpQB` /Ƕ�+?�i /2b �;2Mib û+QMQKB[m2 [mB �m`� i2M/�M+2 ¨ /2K�M/2` mM2 �m;K2Mi�iBQM /2 b�H�B`2
T`QpQ[m�Mi �BMbB HǶBM~�iBQMX �BMbB HǶBHHmbBQM KQMûi�B`2 2bi /QM+ `ûbQ`#û2X �BMbB- J+EBMQM 2biBK2 [mǶmM T�vb
�p2+ mM /2;`û /ǶQmp2`im`2 7Q`i 2i �/?û`�Mi ¨ mM2 xQM2 KQMûi�B`2 KBMBKBb2 bQM +Qȿi /Ƕ�#�M/QM /m i�mt
+?�M;2- +2 [mB 7�Bi /m /2;`û /ǶQmp2`im`2 mM +`Biĕ`2 /ǶQTiBK�HBiû /2 H� i?ûQ`B2 /2b wJPX XUJ+EBMMQM RNejV

lM2 i`QBbBĕK2 +QMi`B#miBQM ¨ H� i?ûQ`B2 /2b wJP 2bi �TTQ`iû2 T�` SX E2M2M [mB 2biBK2 [m2 H2 /2;`û /ǶQmp2`im`2
MǶ2bi T�b mM +`Biĕ`2 bm{b�Mi TQm` /û}MB` HǶQTiBK�HBiû /ǶmM2 xQM2 KQMûi�B`2X § i`�p2`b mM2 ûim/2 2M RNeN-
E2M2M K2i HǶ�++2Mi bm` H2b bi`m+im`2b û+QMQKB[m2b T`ûb2Miû2b T�` H2b T�vb +�M/B/�ib ¨ HǶ2Mi`û2X �mi`2K2Mi
/Bi- BH 2biBK2 [mǶmM +`Biĕ`2 /ǶQTiBK�HBiû /2b wJP 2i /QM+ /2 `ûmbbBi2 /2 HǶBMiû;`�iBQM KQMûi�B`2 2bi H� M�im`2
/2 bTû+B�HBb�iBQM Qm /2 /Bp2`bB}+�iBQM T`ûb2Miû2 T�` H2b û+QMQKB2b +�M/B/�i2bX SHmb T`û+BbûK2Mi- BH KQMi`2 ¨
i`�p2`b bQM +�/`2 /Ƕ�M�Hvb2 [m2 THmb mM2 û+QMQKB2 2bi /Bp2`bB}û2 THmb 2HH2 `ûTQM/ 7�+BH2K2Mi �mt +?Q+b /2b
+v+H2b û+QMQKB[m2b ¨ +�mb2 /m /û+�H�;2 +QMDQM+im`2H [m2 bQM /2;`û /2 /Bp2`bB}+�iBQM T2`K2iX 1M 2z2i- THmb
mM2 û+QMQKB2 2bi /Bp2`bB}û2 KQBMb HǶBKT�+i /ǶmM +?Q+ bm` mM b2+i2m` 2M T�`iB+mHB2` /2 HǶû+QMQKB2 b2`� ûH2pûX
bvKûi`B[m2 UbvM+?`QM2V Qm UkV �bvKûi`B[m2 U�bvM+?`QM2VX lM +?Q+ 2bi /Bi bvKûi`B[m2 bǶBH �z2+i2 /2 7�ÏQM bBKBH�B`2 H2b T�vb
iQm+?ûbX § HǶBMp2`b2- BH 2bi /Bi �bvKûi`B[m2 bǶBH �z2+i2 /Bzû`2K2Mi H2b /Bzû`2Mib T�vb iQm+?ûbX U>�MB kyy3VX
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.2 THmb- THmb +2ii2 /2`MBĕ`2 2tTQ`i2 #2�m+QmT KQBMb 2HH2 b2`� �z2+iû2 T�` mM +?Q+ 2ti2`M2X �mi`2K2Mi /Bi-
H2b +?Q+b û+QMQKB[m2 M2 T2mp2Mi �ii2BM/`2 bBKmHi�MûK2Mi iQmb H2b b2+i2m`b û+QMQKB[m2b 2i KāK2 #B2M �m
+QMi`�B`2- HQ`b [mǶBH �TT�`�Bi mM +?Q+ û+QMQKB[m2 bm` mM b2+i2m` 2M T�`iB+mHB2` /ǶmM2 û+QMQKB2 /Bp2`bB}û2 +2
+?Q+ Mû;�iB7 2bi KāK2 +QKT2Mbû T�` mM +?Q+ TQbBiB7 bm` H2b �mi`2b b2+i2m`bX SHmb T`û+BbûK2Mi- H� /2K�M/2
TQm` mM #B2M /BKBMm2 �HQ`b [m2 TQm` /Ƕ�mi`2b 2HH2 �m;K2Mi2X S�` +QMbû[m2Mi- b2HQM E2M2M- mM ?�mi /2;`û
/2 /Bp2`bB}+�iBQM 2bi mM2 +QM/BiBQM /ǶQTiBK�HBiû TQm` H2b wJP /2 K�MBĕ`2 ¨ `2KTH�+2` +QMp2M�#H2K2Mi H2b
�Dmbi2K2Mib 7�Bib T�` H2 T�bbû ¨ HǶ�B/2 /2 HǶ�Dmbi2K2Mi /2b i�mt /2 +?�M;2bX UJmM/2HH RNdjVX

lM2 [m�i`BĕK2 +QMi`B#miBQM T`QTQbû2 T�` CX *X AM;`�K 2i >X :X CQ?MbQM URNeNV TQ`i2 bm` /2b 2MD2mt 2M+Q`2
Mû;HB;ûb /�Mb H2b �mi`2b T`QTQbBiBQMbX *2b /2mt �mi2m`b bǶBMiû`2bb2Mi ¨ H� bT?ĕ`2 }M�M+Bĕ`2 2i }b+�H2 +QKK2
+`Biĕ`2 /ǶQTiBK�HBiû /2b xQM2b KQMûi�B`2b QTiBK�H2bX G2m`b BMimBiBQMb T�`i2Mi /m 7�Bi [mǶ�m+mM2 T`QTQbBiBQM
MǶ� ûiû 7�Bi2 /2 +2 TQBMi pm �HQ`b [m2 H� bT?ĕ`2 }M�M+Bĕ`2 2i }b+�H2 DQm2 mM `ƬH2 /2 THmb 2M THmb BKTQ`i�Mi
/�Mb H� /ûi2`KBM�iBQM /2b i�mt /2 +?�M;2 2Mi`2 úi�ib MQM BMiû;`ûb KQMûi�B`2K2MiX SQm` 2mt- mM ;`�M/ /2;`û
/ǶBMiû;`�iBQM }M�M+Bĕ`2 /�Mb H2b K�`+?ûb /2b +�TBi�mt `2KTH�+2 �bb2x bBKTH2K2Mi HǶBMbi`mK2Mi /Ƕ�Dmbi2K2Mi
/2b i�mt /2 +?�M;2 /�Mb H� K2bm`2 Qɍ H2b KQmp2K2Mib /2 +�TBi�mt �|m2Mi 2Mi`2 H2b `û;BQMb b�Mb `2bi`B+iBQMX
�mi`2K2Mi /Bi- b2HQM 2mt- H2 +`Biĕ`2 /2 7Q`i2 KQ#BHBiû /2b 7�+i2m`b /2 T`Q/m+iBQM 2i /2 i`�p�BH ¨ HǶBMiû`B2m` /2 H�
xQM2 T2mi āi`2 7�+BH2K2Mi bmTTHûû T�` H� KQ#BHBiû /2b +�TBi�mt- /Ƕ�mi�Mi THmb [m2 +2b /2`MB2`b bQMi /Ƕ�mi�Mi
THmb 7�+BH2b 2i `�TB/2b ¨ /ûTH�+2` [m2 H� K�BM /ǶQ2mp`2X G2 `�BbQMM2K2Mi 2bi [mǶ�p2+ H� HB#û`�HBb�iBQM /m
KQmp2K2Mi /m +�TBi�H 2i /2b b2`pB+2b }M�M+B2`b- H2 i`�Mb72`i /2 +�TBi�mt T2mi p2MB` +Q``B;2` H2b /ûbû[mBHB#`2b
/2 H� #�H�M+2 /2b T�B2K2Mib b�Mb K2ii`2 /2 T`2bbBQM MB bm` H2b i�mt /2 +?�M;2b MB bm` H2b i�mt /ǶBMiû`āiX �BMbB-
b2HQM 2mt- THmb H2b T�vb bQMi BMiû;`ûb }M�M+Bĕ`2K2Mi KQBMb H2 +Qȿi /Ƕ�/QTiBQM /ǶmM `û;BK2 /2 +?�M;2 }t2 Qm
/ǶmM2 KQMM�B2 mMB[m2 2i /QM+ THmb BH 2bi bQm?�Bi�#H2 /2 bǶBMiû;`2` KQMûi�B`2K2Mi �m bB2M /ǶmM2 xQM2X U>�MB
kyy3VX .2 THmb- /Ƕ�T`ĕb 2mt H2 /2;`û /ǶBMiû;`�iBQM }b+�H2 2bi �mbbB mM2 T`û`Q;�iBp2 ¨ HǶQTiBK�HBiû /2 H� xQM2
KQMûi�B`2X 1M 2z2i- +QKK2 HǶ2tTHB[m2 �mbbB SX E2M2M 2M RNeN /�Mb mM �`iB+H2- TQm` mM2 [m2biBQM /Ƕû[mBHB#`2
BH �TT�`�Bi ûpB/2Mi [m2 /2b 7QM/b /QBp2Mi āi`2 +Q``2+i2K2Mi `2/Bbi`B#mûb /2b xQM2b H2b THmb T`QbTĕ`2b p2`b H2b
xQM2b 2M bBim�iBQM /2 T`û+�`Biûb �}M /2 bQmi2MB` H2b /Bzû`2Mi2b û+QMQKB2b 7�+2 �mt +?Q+b �bvKûi`B[m2bX �BMbB-
mM �mi`2 +`Biĕ`2 /ǶQTiBK�HBiû T2`K2ii�Mi /2 /BKBMmû HǶ2z2i /2b +?Q+b iQmi 2M �KûHBQ`�Mi H� +QQ`/BM�iBQM /2b
+v+H2b û+QMQKB[m2b 2bi H2 7Q`i /2;`û /ǶBMiû;`�iBQM }b+�H2 /2b û+QMQKB2b /2 H� xQM2 KQMûi�B`2XUJmM/2HH RNdjVX

lM2 +BM[mBĕK2 T`QTQbBiBQM /2 +`Biĕ`2 /ǶQTiBK�HBiû � 2MbmBi2 ûiû ûH�#Q`û2 T�` 6H2KBM; URNdRV 2i SX .2 :`�mr2
URNd8VX AHb T`QTQb2Mi iQmb H2b /2mt H� bBKBH�`Biû /m i�mt /ǶBM~�iBQM +QKK2 +`Biĕ`2 i?ûQ`B[m2 TQm` mM2 wJPX
�mi`2K2Mi /Bi- BHb 2biBK2Mi [m2 HǶûi�#HBbb2K2Mi /ǶmM +`Biĕ`2 /2 bBKBH�`Biû /2b i�mt /ǶBM~�iBQM T`QpQ[m2 mM2
bi�#BHBiû /�Mb H2b û+?�M;2b 2i `û/mBi H� Mû+2bbBiû /Ƕ�Dmbi2` H2b i�mt /2 +?�M;2bX 1M 2z2i- H2b T�vb miBHBb2Mi
HǶ�Dmbi2K2Mi /2b i�mt /2 +?�M;2 /2 K�MBĕ`2 ¨ +Q``B;2` H2b TQmpQB`b /Ƕ�+?�i- H2 i�mt /2 +?ƬK�;2 2i H� bi�#BHBiû
/2b T`Bt bmBi2 ¨ mM2 KQ/B}+�iBQM /m i�mt /ǶBM~�iBQM +�mbû T�` mM +?Q+ û+QMQKB[m2X U.2 :`�mr2 RNNkVX �BMbB-
QTiû TQm` mM +`Biĕ`2 /2 `�TT`Q+?2K2Mi 2i bBKBH�`Biû /2b i�mt /ǶBM~�iBQM TQm``�Bi T2`K2ii`2 HǶQTiBK�HBiû /2
H� xQM2 KQMûi�B`2X

lM /2`MB2` +`Biĕ`2 ûi�#HBi 2bi +2HmB �p�M+û T�` _X *QQT2` URNddV 2i *X EBM/H2#2`;2` URN3eV `2H�iB7 ¨
HǶ?QKQ;ûMûBiû /2b û+QMQKB2b +QKK2 +`Biĕ`2 /ǶQTiBK�HBiû 2M b2 #�b�Mi bm` H� T`û7û`2M+2 /2b +QMbQKK�i2m`bX
UEBM/H2#2`;2` RN3eVX AHb 2tTHB[m2Mi [m2 THmb H2b T�vb bQMi ?QKQ;ĕM2b- +Ƕ2bi ¨ /B`2 QMi /2b 7QM+iBQMb /2
/2K�M/2 ?QKQ;ĕM2b- /QM+ THmb H2b T`û7û`2M+2b /2 +QMbQKK�i2m`b bQMi ?QKQ;ĕM2b- �HQ`b THmb H2b 2z2ib /2b
+?Q+b b2`QMi bvKûi`B[m2bX �mi`2K2Mi /Bi- THmb H2b T`û7û`2M+2b /2b +QMbQKK�i2m`b bQMi ?QKQ;ĕM2b THmb H2
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+QKK2`+2 BMi`�@#`�M+?2 2i /QM+ H2b û+?�M;2b 2Mi`2 T�vb K2K#`2b bQMi BKTQ`i�Mi 2i THmb H2b TQHBiB[m2b
KQMûi�B`2b +QKKmM2b bQMi `û�HBb�#H2X .2 +2 7�Bi- H� 7Q`i2 ?QKQ;ûMûBiû /2b +QMbQKK�i2m`b `2T`ûb2Mi2 mM
+`Biĕ`2 /ǶQTiBK�HBiû /2b xQM2b KQMûi�B`2bX

6BM�H2K2Mi- H2b +`Biĕ`2b /ǶQTiBK�HBiû /2 H� xQM2 KQMûi�B`2 QMi T2`KBb /Ƕ2z2+im2` mM2 �M�Hvb2 +Qȿi@#ûMû}+2b
/m T`Q+2bbmb /ǶBMiû;`�iBQM KQMûi�B`2X �p2+ +QKK2 +Q`QH�B`2 H� bvM+?`QMBb�iBQM /2b +?Q+b û+QMQKB[m2b TQm`
H� KBb2 2M TH�+2 /ǶmM2 mMBQM KQMûi�B`2- H2 +Qȿi �bbQ+Bû ¨ H� T2`i2 /m Kû+�MBbK2 /Ƕ�Dmbi2K2Mi /2b i�mt +?�M;2
T�` H� TQHBiB[m2 KQMûi�B`2 /2K�M/2 H� +`û�iBQM /2 Kû+�MBbK2b �miQK�iB[m2b /Ƕ�Dmbi2K2Mi /2b û+QMQKB2b
7�+2 �mt +?Q+b �bvKûi`B[m2b TQmp�Mi bm`p2MB`X 1M 2z2i- BH �TT�`�Bi ûpB/2Mi- TmBb[m2 b2K#H�#H2 ¨ H� bBim�@
iBQM û+QMQKB[m2 /2b T�vb MQM BMiû;`ûb- [m2 bB H2b `û;BQMb K2K#`2b /ǶmM2 xQM2 /ǶBMiû;`�iBQM KQMûi�B`2 QMi
/2b +v+H2b û+QMQKB[m2b T�`7�Bi2K2Mi bvM+?`QMBbûb �HQ`b HǶ�TTHB+�iBQM /ǶmM2 TQHBiB[m2 KQMûi�B`2 mMB[m2 TQm`
HǶ2Mb2K#H2 /2b K2K#`2b /2 H� xQM2 MǶ�m`� �m+mM2 BM+B/2M+2 Mû;�iBp2 bm` H� +QMp2`;2M+2 /2b `û;BQMbX �BMbB-
+QKK2 H2 /ûKQMi`2 JX "�vQmKB 2i "X 1B+?2M;`22M 2M RNNk �BMbB [m2 6X JQM;2HHB 2M kyy8- H� bBKBH�`Biû
/2b +?Q+b /ǶQz`2 2i /2 /2K�M/2 �BMbB [m2 H� bvM+?`QMBb�iBQM /2b +v+H2b û+QMQKB[m2b 2bi mM Kûi�+`Biĕ`2 /2b
wJPXU"�vQmKB �M/ 1B+?2M;`22M RNNec "�vQmKB �M/ 1B+?2M;`22M RNNj c .2 :`�mr2 �M/ JQM;2HHB kyy8c
JQM;2HHB kyy3VX �mi`2K2Mi /Bi- H� T`Q#HûK�iB[m2 /2 H� bvM+?`QMBb�iBQM /2b +?Q+b û+QMQKB[m2 2bi HǶûHûK2Mi
T`BKQ`/B�H TQm` 2t�KBM2` H2b [m2biBQMb `2H�iBp2b ¨ H� pB�#BHBiû /ǶmM2 mMBQM KQMûi�B`2 /�Mb mM2 T2`bT2+iBp2
/2 +`QBbb�M+2 2i /2 +QMp2`;2M+2 û+QMQKB[m2bX

SQm` +QM+Hm`2- +2ii2 i?ûQ`B2 T`ûb2Mi2 /QM+ THmbB2m`b +`Biĕ`2b /ǶQTiBK�HBiû T2`K2ii�Mi /2 `û/mB`2 H2b +Qȿib
/Ƕ�#�M/QM /ǶmM2 TQHBiB[m2 KQMûi�B`2 2i /Ƕ�Dmbi2K2Mi /2b i�mt /2 +?�M;2b �m T`Q}i /ǶmM bvbiĕK2 KQMûi�B`2
bmT`�M�iBQM�H BM+Hm�Mi mM2 KQMM�B2 mMB[m2 2i /2b Kû+�MBbK2b /Ƕ�Dmbi2K2Mi �miQK�iB[m2 T2`K2ii�Mi /2
+Q``B;2` H2b 2z2ib Mû;�iB7b T`QpQ[mûb T�` H2b +?Q+b û+QMQKB[m2bX *2T2M/�Mi- /2mt T�`�/B;K2b bǶQTTQb2Mi
/2TmBb HǶ�++2Ti�iBQM /2 H� i?ûQ`B2 T`ûb2Mi�Mi H2b +`Biĕ`2b /ǶQTiBK�HBiû , URV H2 +Qm`�Mi i?ûQ`B[m2 /2b 2z2ib /2
HǶBMiû;`�iBQM +QKK2`+B�H2 2i H2b /vM�KB[m2b /2 +QMp2`;2M+2 [mB 2M `ûbmHi2Mi 2i UkV H2 +Qm`�Mi i?ûQ`B[m2 /2b
xQM2b KQMûi�B`2b QTiBK�H2b 2M/Q;ĕM2bX
*2b /2mt +Qm`�Mib bǶBMiû`2bb2Mi /2 THmb T`ĕb �mt +v+H2b û+QMQKB[m2b /2b û+QMQKB2b TQm` �TTmv2` H2m` /û@
K�`+?2X S`2KBĕ`2K2Mi- SX E`m;K�M 2i "X 1B+?2M;`22M ¨ i`�p2`b H2m`b i`�p�mt /Ƕûim/2b bm` HǶBMiû;`�iBQM
�Kû`B+�BM2 2i +2HH2 2m`QTû2MM2 T`QTQb2Mi mM2 i?ĕb2 bǶQTTQb�Mi ¨ +2 +`Biĕ`2 /Ƕ2M/Q;ûMûBiûX U1B+?2M;`22M
�M/ 6`B2/2M RNNjc 1B+?2M;`22M RNNkc E`m;K�M RNNj�c 1B+?2M;`22M RNNyVX *2b /2`MB2`b 2tTHB[m2Mi [mǶmM2
BMiû;`�iBQM THmb TQmbbû2 /2p`�Bi +QM/mB`2 ¨ mM2 THmb ;`�M/2 bTû+B�HBb�iBQM /�Mb H2b /Bzû`2Mib T�vbX �BMbB-
HǶBMiû;`�iBQM +QKK2`+B�H2 THmb ûH2pû2 /2p`�Bi `û/mB`2 H� bvM+?`QMB+Biû /2b +?Q+b TmBb[m2 H2b +v+H2b û+QMQKB[m2b
bQMi T�` /û}MBiBQM /QKBMûb T�` H2b +?Q+b /ǶQz`2 2i /2 /2K�M/2 bTû+B}[m2b �mt /Bzû`2Mib b2+i2m`b BM/mbi`B2HbX
.2 +2ii2 K�MBĕ`2- SX E`m;K�M 2biBK2 [m2 /2 T�` H� T`Q;`2bbBQM /2 HǶBMiû;`�iBQM û+QMQKB[m2- H2b +v+H2b
û+QMQKB[m2b +QMDQM+im`2Hb UHBû2 �mt TQHBiB[m2b û+QMQKB[m2b +QMDQM+im`2HH2b [mB bQM HǶ2Mb2K#H2 /2b K2bm`2b
2Mi�Kû2b T�` H2b TQmpQB`b Tm#HB+b pBb�Mi ¨ `û;mH�`Bb2` HǶûpQHmiBQM ;HQ#�H2 /2 HǶû+QMQKB2- 2M �;Bbb�Mi bm` H2b
;`�M/b û[mBHB#`2b û+QMQKB[m2b ¨ b�pQB` , H� bi�#BHBiû /2b T`Bt- HǶ2KTHQB 2i HǶû[mBHB#`2 2tiû`B2m`V �m`�B2Mi /2b
+QKTQ`i2K2Mib /2 THmb 2M THmb B/BQbvM+?`bB[m2bX �mi`2K2Mi /Bi- BHb �m`QMi /2b +QKTQ`i2K2Mib [mB H2m` bQMi
T`QT`2b 7�+2 ¨ HǶBM~m2M+2 /2b �;2Mib 2tiû`B2m`bX �BMbB- H2b +v+H2b û+QMQKB[m2b 2i H2b +?Q+b b2`QMi /2 THmb 2M
THmb /Bp2`bB}ûb /2 T�` H� bTû+B�HBb�iBQM 2M K�`+?2X SQm` BHHmbi`2` +2 T?ûMQKĕM2 SX E`m;K�M bǶ�TTmB2 bm`
HǶ2t2KTH2 /2 HǶBM/mbi`B2 �miQKQ#BH2 �mt úi�ib@lMBbX AH +QM+Hmi /QM+ [m2 HǶBMiû;`�iBQM KQMûi�B`2 2M;2M/`2
/QM+ mM2 BMi2MbB}+�iBQM /m +QKK2`+2 BMi2`M�iBQM�H2 bm` H� #�b2 /2 H� bTû+B�HBb�iBQM +2 [mB 2M;2M/`2 mM2
/BKBMmiBQM /2 H� /Bp2`bB}+�iBQM +`Biĕ`2 2bb2MiB2HH2 ¨ HǶQTiBK�HBiû /2b xQM2b KQMûi�B`2bX .ǶmM �mi`2 +Ƭiû- CX �X
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6`�MFH2 2i EX _Qb2 `û7mi2Mi H2b T`QTQbBiBQMb /2 SX E`m;K�M 2i /m +Qm`�Mi i?ûQ`B[m2 /2b 2z2ib /2 HǶBMiû;`�iBQM
+QKK2`+B�H2 2i /2b /vM�KB[m2b /2 +QMp2`;2M+2- Qm /2p`�Bi@QM /B`2 /2 /Bp2`;2M+2- [mB 2M `ûbmHi2X U6`�MF2H
�M/ _Qb2 RNN3c 6`�MF2H �M/ _Qb2 kyykVX SQm` +2 7�B`2- H2m` `�BbQMM2K2Mi bǶ�TTmB2 bm` HǶ2tBbi2M+2 /ǶmM2
2M/Q;ûMûBiû /2 HǶQTiBK�HBiû /2b xQM2b KQMûi�B`2b +�T�#H2b /2 `2K2ii`2 2M +�mb2 H2b #2bQBMb /2 b�iBb7�+iBQM
T`û�H�#H2b /2b +`Biĕ`2b /ǶQTiBK�HBiû /2b wJPX § i`�p2`b H2m` +�/`2 /Ƕ�M�Hvb2- BHb /ûKQMi`2Mi [m2 H2b +`Biĕ`2b
/2b wJP bQMi 2M `û�HBiû 2M/Q;ĕM2b 2i [m2 /2 +2 7�Bi HǶûim/2 T`û�H�#H2 /2b /QMMû2b ?BbiQ`B[m2b /2b 7mim`2b
K2K#`2b TQm` ûi�#HB` H� `ûmbbBi2 Qm MQM /ǶmM2 BMiû;`�iBQM KQMûi�B`2 b2`�Bi 7�mbb2X U:�KK�/B;#û kyRjVX 1M
7�Bi- HǶB/û2 /2 #�b2 2bi [m2 H� +Q``ûH�iBQM /2b +v+H2b û+QMQKB[m2b bǶ�KûHBQ`2 �p2+ HǶBMi2MbB}+�iBQM /2b û+?�M;2b
2i [m2 H� 7Q`K�iBQM /ǶmM2 mMBQM KQMûi�B`2 T2`K2i +2ii2 /2`MBĕ`2 BMi2MbB}+�iBQMX SHmb T`û+BbûK2Mi- +2b /2mt
/2`MB2`b �{`K2Mi [m2 bB H� T�`iB2 2bb2MiB2HH2 /m +QKK2`+2 bmTTHûK2Mi�B`2- �TTQ`iû T�` H� T`Q;`2bbBQM /2
H� /vM�KB[m2 /ǶBMiû;`�iBQM- 2bi /2 M�im`2 BMi`�@BM/mbi`B2- �HQ`b H2b +v+H2b û+QMQKB[m2b +QMDQM+im`2Hb b2 bvM@
+?`QMBb2MiX AHb �TTmB2Mi H2m` `�BbQMM2K2Mi bm` H2 7�Bi [m2 HǶBMiû;`�iBQM THmb TQmbbû2 /2 T�vb /2 M�im`2b
û+QMQKB[m2b bBKBH�B`2b T2`K2ii`� bBKmHi�MûK2Mi HǶ�m;K2Mi�iBQM /2 H� +Q``ûH�iBQM /2b `2p2Mmb �BMbB [m2 H�
+`QBbb�M+2 /2 HǶQmp2`im`2 û+QMQKB[m2X G2m`b i`�p�mt /ǶQ#b2`p�iBQM /2 /QMMû2b 2KTB`B[m2b bm` H2b T�vb /2
HǶP*.1 2Mi`2 RN8N 2i RNNj- +QM}`K2Mi H2m`b ?vTQi?ĕb2b , H2b T�vb T�`i�;2�Mi mM2 /vM�KB[m2 /Ƕû+?�M;2 i`ĕb
/2Mb2 QMi /2b +v+H2b û+QMQKB[m2b +Q``ûHûb TQbBiBp2K2Mi- pQB`2 KāK2 bvM+?`QMBbûbX U6`�MF2H �M/ _Qb2 RNN3c
6`�MF2H �M/ _Qb2 kyykVX *2ii2 +Q``ûH�iBQM T2mi bǶ2tTHB[m2` T�` THmbB2m`b 7�+i2m`bX .ǶmM2 T�`i- HǶBMiû;`�iBQM
2bi mM T`Q+2bbmb /vM�KB[m2 2i /QM+ 2M+Qm`�;2 /2 7�ÏQM M�im`2HH2 HǶBMiû;`�iBQM TQHBiB[m2 bmBi2 ¨ HǶBMiû;`�iBQM
KQMûi�B`2X �mbbB- HǶBMiû;`�iBQM biBKmH2 H2 +QKK2`+2 `û+BT`Q[m2 BMi`�@BM/mbi`B2- 2i +2 /Ƕ�mi�Mi THmb /�Mb mM
+QMi2ti2 /2 +?�BM2 /2 p�H2m` KQM/B�H2- �BMbB [m2 HǶBMiû;`�iBQM û+QMQKB[m2 bvMQMvK2 /2 +QMp2`;2M+2 2i /QM+
/2 bvM+?`QMB+Biû /2b +v+H2b û+QMQKB[m2b +QMDQM+im`2Hb 2Mi`2 H2b K2K#`2bX .2 THmb- H� T`Q;`2bbBQM /m +QK@
K2`+2 BMi`�@BM/mbi`B2 T`ûp�H�Mi bm` H2 +QKK2`+2 BMi2`@BM/mbi`B2 pB2Mi /ûKvbiB}2` H� bTû+B�HBb�iBQM BMpQ[mû2
T�` SX E`m;K�M 2i i2M/b ¨ 7�B`2 T`û/QKBM2` H2b +?Q+b T`Qp2M�Mi /2 HǶQz`2X .�Mb +2 +�b- H� bTû+B�HBb�iBQM
/ûKQMi`û2 T�` SX E`m;K�M pB2Mi �z2+i2` H2b +QMbQKK�i2m`b 2i MQM T�b H2b T`Q/m+i2m`bX �BMbB- H2b +?Q+b
û+QMQKB[m2b [mB 2M `ûbmHi2Mi i2M/2Mi ¨ āi`2 bvKûi`B[m2bX 6BM�H2K2Mi- HǶBMiû;`�iBQM û+QMQKB[m2 2i KQMûi�B`2
2i bQM QTiBK�HBiû b2 DmbiB}2`�B2Mi 2t@TQbi /2 i2HH2 K�MBĕ`2 [m2 H2 `û;BK2 /2 +?�M;2 �/QTiû TQm` b� +`û�iBQM
HmB +QM7ĕ`2 mM2 2M/Q;ûMûBiû /2b +`Biĕ`2b /ǶQTiBKH�Biû [mB HmB bQMi �bbQ+BûbX .2 +2 7�Bi- b2HQM CX�X 6`�MFH2 2i EX
_Qb2- H� bvM+?`QMBb�iBQM /2b +v+H2b û+QMQKB[m2b b2 72`�Bi M�im`2HH2K2Mi 2t@TQbi , ǳ/2b T�vb [mB �/?ĕ`2Mi ¨
mM2 lMBQM û+QMQKB[m2 2i KQMûi�B`2- T2m BKTQ`i2 H2m` KQiBp�iBQM- T2mp2Mi b�iBb7�B`2 H2b +�`�+iû`BbiB[m2b /2b
wJP 2t@TQbi KāK2 bǶBHb M2 H2b b�iBb7QMi T�b 2t@�Mi2ǴX U6`�MF2H �M/ _Qb2 RNN3VX
6BM�H2K2Mi- mM2 �M�Hvb2 /Ƕû+QMQKB2 BM/mbi`B2HH2 ¨ T�`iB` /ǶmM2 mMBiû /Ƕ�M�Hvb2 T2`K2ii�Mi /2 `2T`ûb2Mi2` H2b
/vM�KB[m2b BM/mbi`B2HH2b `û;BQM�H2b 2i H2 T?ûMQKĕM2 /Ƕ�;;HQKû`�iBQM T`ûb2Miû T�` SX E`m;K�M @ H2b ;`�TT2b
BM/mbi`B2HH2b- T2`K2ii`�B2Mi /2 TQ`i2` mM `2;�`/ +2Mi`û bm` H� +QMp2`;2M+2 /ǶmM TQBMi /2 bi`m+im`2H UTQHB@
iB[m2b û+QMQKB[m2b /2 HǶ2KTHQB- /2 H� +`QBbb�M+2- BM/mbi`B2HH2b- /2 +QM+m``2M+2- 2i+XV 2i +QMDQM+im`2HX �BMbB-
+2 /2`MB2` TQBMi /2 pm2 /2p`�Bi bǶ�pû`2` +QKTHûK2Mi�B`2 2i BMiû`2bb�Mi ¨ /ûp2HQTT2` TQm` URV +�`�+iû`Bb2` THmb
T`û+BbûK2Mi H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 H� +QMp2`;2M+2 2M û+QMQKB2 2i HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2
bQmb H2 `2;�`/ /2b +v+H2b û+QMQKB[m2b T�` HǶûim/2 /2 H� /vM�KB[m2 BM/mbi`B2HH2 2i �BMbB UkV +QMi`B#m2` TQbB@
iBp2K2Mi ¨ H� T`Q#HûK�iB[m2 /2 H� +QMp2`;2M+2 @ /Bp2`;2M+2 Qm bTû+B�HBb�iBQM /2b û+QMQKB2b /�Mb mM +QMi2ti2
/ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2X
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kX9 :`�TT2b BM/mbi`B2HH2b , /û}MBiBQM- K2bm`2b 2i BKTHB+�iBQM û+QMQKB[m2b

amBi2 ¨ HǶ�TTQ`i K�D2m` bm` HǶ2tBbi2M+2 /2 T?ûMQKĕM2b /Ƕ�;;HQKû`�iBQMb ;ûQ;`�T?B[m2b BM/mbi`B2HH2b /ûp2HQT@
Tû2b T�` SX E`m;K�M /�Mb b2b ûim/2b bm` HǶû+QMQKB2 BMi2`M�iBQM�H2 /2b �MMû2b RN3y- /2 MQK#`2mt +?2`+?2m`b
b2 bQMi BMiû`2bbûb ¨ +2 T?ûMQKĕM2 /2 `2;`QmT2K2Mi ;ûQ;`�T?B[m2 BM/mbi`B2HX *QKK2 HǶ2tTHB[m2 JX .2H;�/Q-
/2 KmHiBTH2b ivT2b /Ƕ�;;HQKû`�iBQMb û+QMQKB[m2b 2i BM/mbi`B2HH2b QMi ûiû B/2MiB}ûb 2i /û}MBb /�Mb H� HBiiû`�@
im`2- 2Mi`2 �mi`2b T�` �X J�`b?�HH 2M RNky- JX SQ`i2` 2M RNNy 2i RNN3 Qm 2M+Q`2 T�` aiQ`T2` 2M RNN9 2i CX
_X J�`Fmb2M 2M RNN8X *2b ivT2b /Ƕ�;;HQKû`�iBQM û+QMQKB[m2b bQMi H2 `ûbmHi�i /2b HB2Mb 2Mi`2 H2b BMi`�Mib 2i
H2b T`Q/mBib- /ǶmM2 T�`i- K�Bb �mbbB /2 H� KBb2 2M +QKKmM /m K�`+?û /m i`�p�BH- /2b `2iQK#û2b /2 +QMM�Bb@
b�M+2b- /2 H� /2K�M/2 HQ+�H2 bQT?BbiB[mû2 - /2b BMbiBimiBQMb bTû+B�HBbû2b 2i /2 H� bi`m+im`2 Q`;�MBb�iBQMM2HH2 /2b
`ûb2�mt bQ+B�mt 2i +QKK2`+B�mtX U.2H;�/Q- SQ`i2`- �M/ ai2`M kyR9VX .2TmBb mM2 pBM;i�BM2 /Ƕ�MMû2b K�BM@
i2M�Mi- H2 +QM+2Ti /2 ;`�TT2b BM/mbi`B2HH2b 2bi /2p2Mm H2 i2`K2 b+B2MiB}[m2 +H27 /û}MBbb�Mi H2b T?ûMQKĕM2b /2
`2;`QmT2K2Mi ;ûQ;`�T?B[m2 2M i2`K2b /Ƕû+QMQKB2 `û;BQM�H2 2i BM/mbi`B2HH2X �BMbB- +2ii2 b2+iBQM T`ûb2Mi2 mM2
bvMi?ĕb2 /2 H� HBiiû`�im`2 b+B2MiB}[m2 +QM+2`M�Mi H2b ;`�TT2b BM/mbi`B2HH2b 2i THmb T`û+BbûK2Mi bm` H� /û}MBiBQM
/2 +2 [mǶ2bi mM2 ;`�TT2 BM/mbi`B2HH2- /2 H2m` BKTHB+�iBQM û+QMQKB[m2 2i H2m` K2bm`2 /2 T2`7Q`K�M+2X *2 bQMi
H2b i`QBb i?ĕK2b T`BKQ`/B�mt TQm` H� i?ûK�iB[m2 /2 `2+?2`+?2 HBû2 ¨ +2 KûKQB`2 , HǶûim/2 /2b T?ûMQKĕM2b
/2 +QMp2`;2M+2 2M û+QMQKB2 /�Mb mM +QMi2ti2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2i �m i`�p2`b /2 HǵmMBiû
/Ƕ�M�Hvb2 Q`B;BM�H2 [m2 bQMi H2b ;`�TT2b BM/mbi`B2HH2bX

kX9XR .û}MBiBQM /m +QM+2Ti /2 ;`�TT2b BM/mbi`B2HH2b

G2 +QM+2Ti b+B2MiB}[m2 /Bi /2b ;`�TT2b BM/mbi`B2HH2b 2bi �TT�`m �m +Qm`b /2b �MMû2b RNNy /2 T�` URV H� `û~2tBQM
i?ûQ`B[m2 �miQm` /2 H� +QMbi�i�iBQM 2KTB`B[m2 /û+`Bp�Mi mM2 /vM�KB[m2 2i /2b T?ûMQKĕM2b /2 `2;`QmT2K2Mi
@ /Ƕ�;;HQKû`�iBQM @ BM/mbi`B2H �m b2BM /2 /Bzû`2Mi2b xQM2b ;ûQ;`�T?B[m2b- 2i UkV /2 H� `û~2tBQM i?ûQ`B[m2
�miQm` /2 H� MQmp2HH2 û+QMQKB2 +QKTûiBiBp2X 1M 2z2i- +QKK2 HǶ2tTHB[m2 JX SQ`i2`- H� `2/û}MBiBQM /2 HǶ2bT�+2
û+QMQKB[m2 KQM/B�H2- /m 7�Bi /2 H� ;HQ#�HBb�iBQM 2i /2 HǶQmp2`im`2 �++`m2 /2b K�`+?ûb- � +?�M;û H2b +QM/BiBQMb
/2 H� +QKTûiBiBpBiû 2i /2 H� +QM+m``2M+2 ¨ HǶû+?2HH2 KQM/B�H2X �mi`2K2Mi /Bi- H2b +QM/BiBQMb BMi2`M2b /2
T`Q/m+iBQM UH2b +Qȿib /2b BMi`�Mib- HǶ2KTH�+2K2Mi T�` `�TTQ`i �m K�`+?û 2i H� /Qi�iBQM 7�+iQ`B2HH2 T`ûb2Mi2 ¨
T`QtBKBiû /2 HǶ2bT�+2 /2 T`Q/m+iBQM- 2i+XV +QKK2 �p�Mi�;2b +QKT�`�iB7b 2i +QM+m``2MiB2Hb 7QM/�K2Mi�mt bQMi
�mDQm`/Ƕ?mB �iiûMmû2b 2i H�Bbb2Mi TH�+2 �mt +QM/BiBQMb 2ti2`M2b /2 T`Q/m+iBQM U2MpB`QMM2K2Mi- +QM+m``2M+2-
2i+XV 2i /QM+ ¨ HǶ�;;HQKû`�iBQM û+QMQKB[m2 BM/mbi`B2HH2 , H2b ;`�TT2b BM/mbi`B2HH2bX USQ`i2` RNN3#c SQ`i2`
RNNyVX

JB+?�2H SQ`i2` 2bi H2 Tĕ`2 7QM/�i2m` /m +QM+2Ti /2 ;`�TT2b BM/mbi`B2HH2bX AH /û+`Bi +2b /2`MBĕ`2b ¨ i`�p2`b
HǶûim/2 [mǶBH /ûp2HQTT2 +QM+2`M�Mi H2b MQmp2�mt 2bT�+2b û+QMQKB[m2b +QKK2 MQmp2�mt 2MD2mt /2 H� +QKTûiB@
iBpBiû 2i /2 H� +QM+m``2M+2 TQm` H2b M�iBQMbX .2 T�` b� +QMbi�i�iBQM /m MQmp2H 2MpB`QMM2K2Mi û+QMQKB[m2
KQM/B�H iB`û2 /2 HǶû+QMQKB2 ;ûQ;`�T?B[m2 2i /2 HǶQ#b2`p�iBQM 2KTB`B[m2 /2 H� +QM+2Mi`�iBQM BM/mbi`B2HH2 HQ@
+�HBbû2 /�Mb /2b `û;BQMb ;ûQ;`�T?B[m2b T�`iB+mHBĕ`2b- BH /û}MBi H2 +QM+2Ti /2 ;`�TT2b- [mB b2`� 2MbmBi2 miBHBbû
�#QM/�KK2Mi /�Mb /Bp2`b2b ûim/2b /Ƕû+QMQKB2 �m MBp2�m `û;BQM�H- M�iBQM�H 2i BMi2`M�iBQM�HX
�BMbB- b2HQM JX SQ`i2`- H2b ;`�TT2b BM/mbi`B2HH2b bQMi T�` /û}MBiBQM /2b ǳK�bb2b +`BiB[m2b 7�Bb�Mi T`2mp2 /ǶmM
2t+2TiBQMM2Hb bm++ĕb +QKTûiBiB7b TQm` mM b2+i2m` /QMMû +QM+2Mi`û2b /�Mb mM2 xQM2 ;ûQ;`�T?B[m2 /QMMû2ǴX
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USQ`i2` RNN3#VX SHmb T`û+BbûK2Mi- 2i iQmDQm`b b2HQM SQ`i2`- H2b ;`�TT2b BM/mbi`B2HH2b bQMi /QM+ /2b +QM+2Mi`�@
iBQMb ;ûQ;`�T?B[m2b /Ƕ2Mi`2T`Bb2b 2i /ǶBMbiBimiBQMb BMi2`+QMM2+iû2b TQm` mM /QK�BM2 /2 T`Q/m+iBQM /2 #B2Mb
Qm /2 b2`pB+2b T�`iB+mHB2`bX �mi`2K2Mi /Bi- mM2 ;`�TT2 BM/mbi`B2HH2 `2;`QmT2 /Bp2`b2b 2i KmHiBTH2b BM/mbi`B2b
/m bvbiĕK2 /2 +H�bbB}+�iBQM +H�bbB[m2 UL�A*a Qm AaA*VX �BMbB- +2b /2`MBĕ`2b b2 /û}MBbb2Mi +QKK2 mM KQ/2
/ǶQ`;�MBb�iBQM bT�iB�H2 /Ƕ2Mi`2T`Bb2b ¨ /Qm#H2 +�`�+iĕ`2 , URV H2b K�`+?ûb BM/ûT2M/�Mib- Qm +QM+2Mi`�iBQM /2
`2H�iBQMb ?Q`BxQMi�H2b- 2i UkV +QM+2Mi`�iBQM /2 `2H�iBQMb p2`iB+�H2bX USQ`i2` RNN3�c SQ`i2` RNN3#VX �mi`2K2Mi
/Bi- 2i +QKK2 H2 K2MiBQMM2 SX J�bF2HH /�Mb h?2 +Hmbi2`b �b J�`F2i P`;�MBx�iBQM- �}M /2 iB`û T�`iB2 /2b
MQmp2�mt ivT2b /Ƕ�p�Mi�;2b +QKTûiBiB7b- H2b }`K2b /QBp2Mi 2Mi`2i2MB` 2Mi`2b 2HH2b /2b `2H�iBQMb ?Q`BxQMi�H2b
2i p2`iB+�H2bX SHmb T`û+BbûK2Mi- 2M û+QMQKB2 H� MQiBQM /2 `2H�iBQM /2 +QM+2Mi`�iBQM ?Q`BxQMi�H2 +QMbBbi2 TQm`
mM2 2Mi`2T`Bb2 ¨ ûi2M/`2 bQM `ûb2�m 2M /ûp2HQTT�Mi /2b �+iBpBiûb û+QMQKB[m2b �p2+ /2b 2Mi`2T`Bb2b �v�Mi
mM MBp2�m /2 +?�ŗM2 /2 p�H2m` B/2MiB[m2- K�Bb /2b T`Q/mBib 2i /2b T`Q+2bbmb /Bzû`2Mib i�M/Bb [m2 H� MQiBQM
/2 `2H�iBQM /2 +QM+2Mi`�iBQM p2`iB+�H2 bǶ�TT�`2Mi2- ¨ HǶBMp2`b2- TQm` mM2 2Mi`2T`Bb2 ¨ ûi2M/`2 bQM `ûb2�m 2M
/ûp2HQTT�Mi /2b �+iBpBiûb �p2+ /2b 7Qm`MBbb2m`b ?�mi2K2Mi bTû+B�HBbûbX UJ�bF2HH �M/ GQ`2Mx2M kyyjVX �BMbB-
+2 /Qm#H2 +�`�+iĕ`2- +2Mi`�H /�Mb H� /û}MBiBQM /2 JX SQ`i2`- 7�Bi /2b ;`�TT2b BM/mbi`B2HH2b mM 2MpB`QMM2K2Mi
M�im`2H /2 +QM+m``2M+2 2i /2 +QQTû`�iBQM `2;`QmT�Mi �BMbB /2 KmHiBTH2b �+i2m`b /Bzû`2Mib ¨ b�pQB` , URV /2b
+QM+m``2Mib 2i +QKTûiBi2m`b- UkV /2b 7Qm`MBbb2m`b- 2i UjV /2b BMbiBimiBQMb T2`iBM2Mi2b �m /ûp2HQTT2K2Mi 2i
¨ H� +`QBbb�M+2 û+QMQKB[m2X USQ`i2` RNN3#VX *2 /Qm#H2 +�`�+iĕ`2- [mB 2bi HǶ�bT2+i +2Mi`�H /2 H� /û}MBiBQM
/2b ;`�TT2b BM/mbi`B2HH2b /ûp2HQTTû2 T�` JX SQ`i2` 2i `2T`Bb2 T�` J�bF2HH- MǶ2bi T�b mM2 7Q`K2 +QKTHĕi2@
K2Mi MQmp2HH2 /ǶQ`;�MBb�iBQMX 1M 2z2i- 2HH2b 7QMi `û7û`2M+2 T�` 2t2KTH2 �m *QiiQM hQrM /ûp2HQTTû �mt
úi�ib@lMBb +QKK2 HǶ2tTHB[m2 SX _BpQHB /�Mb bQM HBp`2 h?2 h`�p2H Q7 � h@a?B`i BM i?2 :HQ#�H 1+QMQKv , ǳG2b
T`Q/m+i2m`b /2 +QiQM �Kû`B+�BMb QMi �/�Tiû H2m`b Kûi?Q/2b /2 T`Q/m+iBQM- H2m` K�`F2iBM;- H2m` i2+?MQHQ;B2
2i H2m`b 7Q`K2b Q`;�MBb�iBQMM2HH2b TQm` `ûTQM/`2 �mt +?�M;2K2Mib /2 HǶQz`2 2i /2 H� /2K�M/2 bm` H2
K�`+?û KQM/B�HǴX Ui`�/m+iBQM HB#`2- ǳ�K2`B+�M +QiiQM ;`Qr2`b ?�p2 �/�Ti2/ i?2B` T`Q/m+iBQM K2i?Q/b- i?2B`
K�`F2iBM;- i?2B` i2+?MQHQ;v- �M/ i?2B` Q`;�MBx�iBQM�H 7Q`Kb iQ `2bTQM/ iQ b?B7ib BM bmTTHv �M/ /2K�M/ BM
i?2 ;HQ#�H K�`F2iTH�+2XǴVX U_BpQHB kyyNVX SHmb T`û+BbûK2Mi- HǶ�mi2m` 2tTHB[m2 +QKK2Mi H2b úi�ib@lMBb bQMi
`2biûb T2M/�Mi THmb /2 kyy �Mb H2b H2�/2`b BM+QMi2biûb /2 H� T`Q/m+iBQM KQM/B�H2 /m +QiQM 2M /ûp2HQTT�Mi
/2b pBHH2b BMiû;`�Mi mMBp2`bBiû bTû+B�HBbû2 /�Mb H� `2+?2`+?2 +?BKB[m2 /m +QiQM- 7Qm`MBbb2m`b /2 K�+?BM2b TQm`
`�K�bb2` H2 +QiQM- 2i+X
6BM�H2K2Mi- 2i T�` +QMbû[m2Mi- b2HQM JX SQ`i2`- K�Bb �mbbB SX J�bF2HH 2i *X S�`QHBMB- H2b ;`�TT2b BM/mb@
i`B2HH2b bQMi /QM+ /2b 7�ÏQMb �Hi2`M�iBp2b /ǶQ`;�MBb2` H� +?�ŗM2 /2 p�H2m` /2 T`Q/m+iBQM /2 #B2M Qm /2 b2`pB+2b
/2 K�MBĕ`2 ¨ 7�B`2 7�+2 �m MQmp2�m +�`�+iĕ`2 /2b 2MD2mt /2 +QKTûiBiBpBiû +`ûûb T�` H� KQM/B�HBb�iBQM 2i
HǶQmp2`im`2- b�Mb +2bb2 THmb ;`�M/2- /2b K�`+?ûbX UJ�bF2HH �M/ J�HK#2`; RNNN�c S�`QHBMB RNNNc SQ`i2`
RNN3#VX �mi`2K2Mi /Bi- 2M bQKK2- mM2 ;`�TT2 BM/mbi`B2HH2 2bi mM2 +QM+2Mi`�iBQM ;ûQ;`�T?B[m2 /ǶBM/mbi`B2 2i
/ǶBMbiBimiBQMb T�`i�;2�Mi mM2 �+iBpBiû û+QMQKB[m2 bBKBH�B`2 Qm +QMM2t2X *2ii2 /2`MBĕ`2 +�`�+iû`BbiB[m2 2bi H2
TQBMi +2Mi`�H /2 +2b 7Q`K2b /2 `2;`QmT2K2Mi ;ûQ;`�T?B[m2 2i BM/mbi`B2HX U.2H;�/Q- SQ`i2`- �M/ ai2`M kyR9VX
*QKK2 HǶ2tTHB[m2 1X :H�2b2` 2i �HX- HǶ�;;HQKû`�iBQM T2mi `ûbmHi2` /2 H� bTû+B�HBb�iBQM /ǶmM2 `û;BQM /�Mb mM2
BM/mbi`B2 T�`iB+mHBĕ`2 Qɍ H2b 2Mi`2T`Bb2b T�`i�;2Mi /2b BMi`�Mib Qm /2b +QMM�Bbb�M+2b +QKKmM2b U�TT2Hû2b
û+QMQKB2b /2 HQ+�HBb�iBQMVX § HǶ�mi`2 2ti`āK2- HǶ�;;HQKû`�iBQM T2mi `ûbmHi2` /2 HǶ2tTHQBi�iBQM /2 H� /Bp2`bBiû
;ûMû`�H2 /2b BM/mbi`B2b /�Mb mM2 û+QMQKB2 `û;BQM�H2 2MiBĕ`2 U�TT2Hû2b û+QMQKB2b /Ƕm`#�MBb�iBQMVX U:H�2b2`
�M/ E2`` kyy3c J�`B�;2@"2�mHB2m- MX/XVX

3N



S�` �BHH2m`b- /Ƕ�T`ĕb H� *QKKBbbBQM 2m`QTû2MM2- H2b ;`�TT2b BM/mbi`B2HH2b bQMi +�`�+iû`Bbû2b +QKK2 /2b +2Mi`2b
/ǶBMMQp�iBQM TQmp�Mi b2 /û}MB` 2M /2mt ivT2b , URV H2 T`2KB2` +QM+2Mi`û bm` H� `2+?2`+?2 b+B2MiB}[m2 /2 ?�mi
MBp2�m 2i UkV H2 b2+QM/ +QM+2Mi`û bm` H2 b�pQB`@7�B`2 i`�/BiBQMM2HX *2 bQMi H2b SƬH2b /2 +QKTûiBiBpBiû 2m`QTû2MbX
�mi`2K2Mi /Bi- b2HQM HǶQ`;�MBbK2 2m`QTû2M- ǳH2b ;`�TT2b BM/mbi`B2HH2b bQMi /2b bi`m+im`2b Q`;�MBbû2b T�`
/2b ;`QmT2b /Ƕ2Mi`2T`Bb2b BM/ûT2M/�Mi2b Ui2HH2b [m2 /2b bi�`i@mTb BMMQp�Mi2b- T2iBi2b- KQv2MM2b 2i ;`�M/2b
2Mi`2T`Bb2b- �BMbB [m2 /2b Q`;�MBb�iBQMb /2 `2+?2`+?2 2i /2 /BzmbBQM /2 +QMM�Bbb�M+2b- /2b Q`;�MBbK2b b�Mb #mi
Hm+`�iB7 2i /Ƕ�mi`2b �+i2m`b û+QMQKB[m2b +QMM2t2bV +QMÏmb TQm` biBKmH2` mM2 �+iBpBiû BMMQp�Mi2 2M 7�pQ`Bb�Mi
H2 T�`i�;2 /2b BMbi�HH�iBQMb 2i HǶû+?�M;2 /2 +QMM�Bbb�M+2b 2i /Ƕ2tT2`iBb2b- �BMbB [mǶ2M +QMi`B#m�Mi 2{+�+2K2Mi
�m i`�Mb72`i /2 +QMM�Bbb�M+2b- ¨ H� /BzmbBQM /2 HǶBM7Q`K�iBQM bm` H2b `ûb2�mt 2i ¨ H� +QHH�#Q`�iBQM 2Mi`2 H2b
2Mi`2T`Bb2b 2i H2b �mi`2b Q`;�MBb�iBQMb /2 ;`�TT2bǴX USH�i7Q`K kyReVX

SQm` i2`KBM2`- ;HQ#�H2K2Mi- BH 2tBbi2 i`QBb ;`�M/b ivT2b /Bzû`2Mib /2 ;`�TT2b BM/mbi`B2HH2b B/2MiB}ûb T�` H�
HBiiû`�im`2X *2b /2`MB2`b T2mp2Mi- /�Mb +2`i�BMb +�b- āi`2 BMi2``2HBûb 2i KûH�M;ûbX �mi`2K2Mi /Bi- mM2 ;`�TT2
BM/mbi`B2HH2 T2mi āi`2 +�`�+iû`Bbû2 T�` mM Qm THmbB2m`b /2 +2b /2`MB2`b ;`QmT2bX *2b i`QBb ;`�M/b ivT2b bQMi
/û}MBb b2HQM i`QBb MQiBQMb /2 H� /û}MBiBQM ;ûMû`�H2b /2b ;`�TT2b BM/mbi`B2HH2b T`QTQbû2b +B@?�mi- ¨ b�pQB` URV H�
+`û�iBQM /Ƕ2ti2`M�HBiû TQbBiBp2 2i /Ƕ�p�Mi�;2b +QKT�`�iB7b T�` H� MQiBQM /2 T`QtBKBiû ;ûQ;`�T?B[m2 T2`K2ii�Mi
mM �++ĕb bBKTHB}û �mt 7�+i2m`b /2 T`Q/m+iBQM UK�BM /ǶQ2mp`2- K�iBĕ`2b T`2KBĕ`2b- 2i+XV- UkV H� +`û�iBQM /ǶmM
�p�Mi�;2 +QKT�`�iB7 T�` H� /BKBMmiBQM /2b +Qȿib 2i 2M T�`iB+mHB2` HB2` �mt i`�MbTQ`ib 2i ¨ H� HQ;BbiB[m2- UjV
H� +`û�iBQM /ǶmM �p�Mi�;2 +QKT�`�iB7 bm` H� #�b2 /2 `2H�iBQM /2 `ûb2�mt BMi2`T2`bQMM2HH2 2i /QM+ /2 i`�Mb72`i
/2 b�pQB` bBKTHB}ûX U:Q`/QM �M/ J+*�MM kyyyc J�`B�;2@"2�mHB2m- MX/XVX _2bT2+iBp2K2Mi- +2b i`QBb ;`�M/b
ivT2b bQMi BMiBimHûb b2HQM H2b /2mt �mi2m`b URV /2 ;`�TT2b BM/mbi`B2Hb b2HQM H2 KQ/ĕH2 /Ƕ�;;HQKû`�iBQM Tm`2-
UkV /2 ;`�TT2b BM/mbi`B2HH2b b2HQM H2 KQ/ĕH2 /2 +QKTH2t2 BM/mbi`B2H- 2i }M�H2K2Mi UjV /2 ;`�TT2b BM/mbi`B2HH2b
b2HQM H2 KQ/ĕH2 /2 `ûb2�mt bQ+B�mt 2i /ǶBMMQp�iBQMX U:Q`/QM �M/ J+*�MM kyyyc J�`B�;2@"2�mHB2m- MX/XVX

�BMbB- T2m BKTQ`i2 H� `ûbmHi�Mi2 /2 H� +`û�iBQM /2b ;`�TT2b BM/mbi`B2HH2b Qm H2m` ivT2 /2 7Q`K2- +2b /2`MBĕ`2b
QMi /QM+ mM BKT�+i /B`2+i bm` H� +QKTûiBiBpBiûX 1M 2z2i- 2HH2b �iiûMm2Mi H2b T`Q#HĕK2b BM?û`2Mib �mt `2H�iBQMb
b�Mb HB2M /2 /ûT2M/�M+2 2Mi`2 H2b 2Mi`2T`Bb2b @ �}M /2 T`Q}i2` /Ƕ�p�Mi�;2 +QKT�`�iB7 Qm /2 H2pB2` /2 +`QBb@
b�M+2 @- H2 iQmi b�Mb BKTQb2` H2b BM~2tB#BHBiûb /2 HǶBMiû;`�iBQM p2`iB+�H2 Qm H2b /û}b /2 H� ;2biBQM /2 +`û2` 2i
K�BMi2MB` /2b HB2Mb 7Q`K2Hb i2Hb [m2 H2b `ûb2�mt- H2b �HHB�M+2b 2i H2b T�`i2M�`B�ibX USQ`i2` RNN3#VX G2b ;`�TT2b
BM/mbi`B2HH2b `2T`ûb2Mi2Mi /QM+ mM2 7Q`K2 Q`;�MBb�iBQMM2HH2 THm`B2Mi`2T`Bb2 i`ĕb `Q#mbi2 2i T2`K2ii�Mi /2b
;�BMb 2M 2{+�+Biû- 2M 2{+B2M+2 2i 2M ~2tB#BHBiû �m MBp2�m /2 H� +?�ŗM2 /2 p�H2m` BMi2`M2 2i 2ti2`M2b /2b
2Mi`2T`Bb2bX *2 bQMi /QM+ mM2 bQm`+2 /Ƕ�p�Mi�;2b +QKTûiBiB7b /�Mb mM MQmp2H 2MpB`QMM2K2Mi û+QMQKB[m2
KQM/B�H 2i �BMbB mM �TTmB bi`�iû;B[m2 /2 +`QBbb�M+2 2i /2 +QKTûiBiBpBiûX USQ`i2` RNN3#c SQ`i2` kyyjVX J�Bb
[m2HH2b bQMi T`û+BbûK2Mi H2b BKTHB+�iBQMb û+QMQKB[m2b /2b ;`�TT2b BM/mbi`B2HH2b 2M i2`K2b /2 +QKTûiBiBpBiû
2i /2 +`QBbb�M+2 \

kX9Xk AKTHB+�iBQMb û+QMQKB[m2b 2i K2bm`2 /2b ;`�TT2b BM/mbi`B2HH2b , BM/B+�i2m`b TQm` mM2
MQmp2HH2 mMBiû /Ƕ�M�Hvb2 bQmb T2`bT2+iBp2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2

a2HQM H� HBiiû`�im`2- H2b ;`�TT2b BM/mbi`B2HH2b bQMi /QM+ /2b �;;HQKû`�iBQMb /Ƕ2Mi`2T`Bb2b �v�Mi mM2 �+iBpBiû
û+QMQKB[m2 bBKBH�B`2 Qm B/2MiB[m2- 2i +2 /�Mb H2 #mi /2 bǶ�/�Ti2` �m KB2mt �mt MQmp2HH2b +QM/BiBQMb /2
+QKTûiBiBpBiû KQM/B�H2X *2b /2`MBĕ`2b +QM/BiBQMb Mû+2bbBi2Mi /2 iB`2` mM �p�Mi�;2 +QKTûiBiB7 ¨ H� 7QBb [m�Mi
¨ H� +?�ŗM2 /2 p�H2m` 2ti2`M2 U`2H�iBQM �p2+ HǶ2MpB`QMM2K2Mi û+QMQKB[m2 +QMM2t2V [mǶ¨ H� +?�ŗM2 /2 p�H2m`
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BMi2`M2 /2 HǶ2Mi`2T`Bb2 U+Qȿib- 2i+XVX 1M 2z2i- +QKK2 HǶ2tTHB[m2 SQ`i2` 2M RNNy 2i RNN3- H� +QM+m``2M+2
KQ/2`M2 /ûT2M/ /2 H� T`Q/m+iBpBiû 2i MQM /2 HǶ�++ĕb �mt BMi`�Mib Qm ¨ HǶû+?2HH2 /2b 2Mi`2T`Bb2b BM/BpB/m2HH2bX
USQ`i2` RNN3#c SQ`i2` RNNyVX P` H� T`Q/m+iBpBiû /2b 2Mi`2T`Bb2b `2TQb2 bm` H� 7�ÏQM /QMi 2HH2b bQMi 2M +QM+m`@
`2M+2 2i /QMi 2HH2b +QQTĕ`2Mi �}M /2 iB`2` mM �p�Mi�;2 bi`�iû;B[m2 bvMQMvK2 /2 ;�BMbX �BMbB- +Ƕ2bi H� `�BbQM
7QM/�K2Mi�H2 /2 H� M�Bbb�M+2 2i H� +`û�iBQM /2b ;`�TT2b , iB`2` mM �p�Mi�;2 +QKTûiBiB7 T�` mM2 /vM�KB[m2
/Ƕ�;;HQKû`�iBQM TQm` H� K2BHH2m`2 T`�iB[m2 /2 H� +QM+m``2M+2 2i /2 H� +QQTû`�iBQM 2Mi`2 2Mi`2T`Bb2bX

S�` +QMbû[m2Mi- H2b ;`�TT2b BM/mbi`B2HH2b 2Mi`�ŗM2Mi /2 MQK#`2mt 2z2ib TQbBiB7b bm` H2b 2Mi`2T`Bb2b 2M i2`K2b
/2 +QKTûiBiBpBiûX a2HQM H� HBiiû`�im`2- mM2 ;`�TT2 BM/mbi`B2HH2 T2`K2i /2 #ûMû}+B2` /2 H� +`û�iBQM /Ƕû+QMQKB2
/Ƕû+?2HH2 2i mM K2BHH2m` �++ĕb �mt `2bbQm`+2b b�Mb TQm` �mi�Mi 2M b�+`B}2` b� ~2tB#BHBiûX *Ƕ2bi H2 T`2KB2`
�bT2+i /m /Qm#H2 +�`�+iĕ`2 /2b ;`�TT2b BM/mbi`B2HH2b , H� +QM+2Mi`�iBQM /2 `2H�iBQMb p2`iB+�H2b 2Mi`2 2M@
i`2T`Bb2bX *QKK2 HǶ2tTHB[m2 /Ƕ�#Q`/ JX SQ`i2` K�Bb �mbbB SX J�bF2HH 2i >X J�HK#2`;- BMiû;`2` mM2 ;`�TT2
BM/mbi`B2HH2 T2`K2i mM ;�BM /2 T`Q/m+iBpBiû T�` mM2 K2BHH2m`2 �++2bbB#BHBiû �mt BMi`�Mib /Ƕ�TT`QpBbBQMM2K2Mi
U7Qm`MBbb2m`bV- �mt BMi`�Mib /2 T`Q/m+iBQM U2KTHQvûbV- K�Bb �mbbB ¨ HǶBM7Q`K�iBQM- ¨ H� i2+?MQHQ;B2 2i �mt
BMbiBimiBQMb Mû+2bb�B`2b �m #QM /ûp2HQTT2K2Mi 2i ¨ H� #QMM2 +QQ`/BM�iBQM /2 HǶ�+iBpBiû û+QMQKB[m2 /2b 2M@
i`2T`Bb2bX UJ�bF2HH �M/ GQ`2Mx2M kyyjc J�bF2HH �M/ J�HK#2`; RNNN#c SQ`i2` RNN3#c SQ`i2` kyyyVX G2b
û+QMQKB2b /Ƕû+?2HH2b 2i H2 K2BHH2m` �++ĕb �mt `2bbQm`+2b b2 pQB2Mi /QM+ bBKTHB}2` T2`K2ii�Mi �BMbB mM2 `û/m+@
iBQM /2b +Qȿib /Ƕûi�#HBbb2K2Mi- /2 +QKKmMB+�iBQM- /2 i`�MbTQ`i 2i T�`7QBb KāK2 /2 T`Q/m+iBQMX U:Q`/QM �M/
J+*�MM kyyyVX SHmb T`û+BbûK2Mi- H� K�MBĕ`2 �p2+ H�[m2HH2 H2b 2Mi`2T`Bb2b `Bp�HBb2Mi Qm +QQTĕ`2Mi /�Mb mM
HB2m T�`iB+mHB2` 2bi 7Q`i2K2Mi BM~m2M+û2 T�` H� [m�HBiû /2 HǶ2MpB`QMM2K2Mi BM/mbi`B2H 2i +QKK2`+B�H HQ+�HX S�`
2t2KTH2- H2b 2Mi`2T`Bb2b M2 T2mp2Mi T�b miBHBb2` /2b i2+?MB[m2b HQ;BbiB[m2b �p�M+û2b b�Mb mM2 BM7`�bi`m+im`2
/2 i`�MbTQ`i /2 ?�mi2 [m�HBiûX USQ`i2` RNN3#VX

S�` �BHH2m`b- +QKK2 H2 bTû+B}2 H� /û}MBiBQM /2b ;`�TT2b BM/mbi`B2HH2b @ Qm 2M+Q`2 /2b SƬH2 /2 +QKTûiBiBpBiû @ /2
H� *QKKBbbBQM 2m`QTû2MM2- +2b /2`MBĕ`2b bQMi �mbbB mM2 bQm`+2 /2 +QKTûiBiBpBiû 2i /2 +`QBbb�M+2 û+QMQKB[m2
/2 T�` H2m` i`�Mb72`i i2+?MQHQ;B[m2 2i /2 b�pQB`@7�B`2 bBKTHB}ûb T�` H2 /ûp2HQTT2K2Mi /2 `ûb2�mt bQ+B�mt TQm`
H2 T�`i�;2 /ǶBM7Q`K�iBQMbX *2mt@+B T2`K2ii2Mi �BMbB mM 2MpB`QMM2K2Mi i`ĕb 7�pQ`�#H2 ¨ HǶBMMQp�iBQMX *Ƕ2bi
H2 b2+QM/ �bT2+i /m /Qm#H2 +�`�+iĕ`2 /2b ;`�TT2b BM/mbi`B2HH2b , H� +QM+2Mi`�iBQM /2 `2H�iBQMb ?Q`BxQMi�H2b
2Mi`2 2Mi`2T`Bb2bX G2b �mi2m`b T`BM+BT�mt /2b ;`�TT2b BM/mbi`B2HH2b H2 `2+QMM�Bbb2Mi /Ƕ�BHH2m`b ¨ HǶBK�;2 /2
JX SQ`i2` 2i SX J�bF2HHX a2HQM JX SQ`i2`- 2M THmb /Ƕ�m;K2Mi2` H� T`Q/m+iBpBiû- H2b ;`�TT2b BM/mbi`B2HH2b
DQm2Mi mM `ƬH2 +`m+B�H 2i 7QM/�K2Mi�H /�Mb H� +�T�+Biû /2b 2Mi`2T`Bb2b ¨ BMMQp2`X USQ`i2` kyyyVX 1M 2z2i- /2
T�` H2m` +�`�+iĕ`2 /2 ;`�TT2b BM/mbi`B2HH2b /2 `ûb2�mt bQ+B�mt 2i T�` H� T`QtBKBiû ;ûQ;`�T?B[m2- H2b ;`�TT2b
BM/mbi`B2HH2b T2`K2ii2Mi HǶûK2`;2M+2 /2 `ûb2�mt 2i /2 +�M�mt /Ƕû+?�M;2b /ǶBM7Q`K�iBQM i`ĕb 2{+�+2 2Mi`2
+QM+m``2Mi Qm T�`i2M�B`2X .Ƕ�BHH2m`b- ¨ i`�p2`b H2m` �`iB+H2 .Q }`Kb BM +Hmbi2`b BMMQp�i2 KQ`2\- _X "�TiBbi�
2i SX ar�MM /ûKQMi`2Mi [m2 H2b 2Mi`2T`Bb2b ûpQHm�Mi �m b2BM /ǶmM2 ;`�TT2 BM/mbi`B2HH2 BMMQp�B2Mi THmb [m2
+2HH2b BMbi�HHû2b ¨ HǶ2tiû`B2m`X U"�TiBbi� �M/ ar�MM RNN3VX .2 THmb- b2HQM JX SQ`i2` mM2 MQmp2HH2 7QBb- ûpQHm2`
/�Mb mM 2MpB`QMM2K2Mi +QM+m``2MiB2H 2Mi`�ŗM2 mM2 KQiBp�iBQM bmTTHûK2Mi�B`2 [m�Mi ¨ H� T`Q/m+iBQM 2i ¨
HǶBMMQp�iBQM /m 7�Bi /2 HǶ�++ĕb bBKTHB}û ¨ HǶBM7Q`K�iBQM +QM+2`M�Mi H2b +QM/BiBQMb /2 HǶ�+iBpBiû û+QMQKB[m2
/2b +QM+m``2Mib ¨ b�pQB` T�`iB+mHBĕ`2K2Mi- T�` 2t2KTH2- H2b +Qȿib /2 K�BM@/Ƕƾmp`2 2i HǶ�++ĕb �m K�`+?û
HQ+�HX �BMbB- H2b 2Mi`2T`Bb2b �m b2BM /2b ;`�TT2b QMi ;ûMû`�H2K2Mi mM2 +QMM�Bbb�M+2 BMiBK2 /2b +Qȿib 2i /2 H�
T2`7Q`K�M+2 /2b +QM+m``2Mib 2i /2 H2m`b 7Qm`MBbb2m`bX USQ`i2` RNN3#VX

NR



1M bQKK2- T�` H2m` BKT�+i /B`2+i bm` HǶ�p�Mi�;2 +QKTûiBiB7 2i /QM+ H� T2`7Q`K�M+2 /2b 2Mi`2T`Bb2b- H2b
;`�TT2b BM/mbi`B2HH2b QMi mM BKT�+i bm` HǶ2MpB`QMM2K2Mi û+QMQKB[m2 �bbQ+BûX G2b ;`�TT2b �z2+i2Mi H� +QM+m`@
`2M+2- /Ƕ�#Q`/- 2M �m;K2Mi�Mi H� T`Q/m+iBpBiû /2b 2Mi`2T`Bb2b #�bû2b /�Mb H� `û;BQM- 2i 2MbmBi2 2M Q`B2Mi�Mi
H� /B`2+iBQM 2i H2 `vi?K2 /2 HǶBMMQp�iBQM- [mB bQmb@i2M/ H� +`QBbb�M+2 /2 H� T`Q/m+iBpBiû 7mim`2 /2b û+QMQKB2b
`û;BQM�H2b �bbQ+Bû2bX USQ`i2` RNN3#VX �BMbB- +?�+mM /2 +2b �bT2+ib /2 +QKTûiBiBpBiû T`ûb2Mib �m b2BM /2b
;`�TT2b BM/mbi`B2HH2b @ �z2+i�Mi H� M�im`2 /2b `2H�iBQMb /2 +QM+m``2M+2 2i /2 +QQTû`�iBQM /2b 2Mi`2T`Bb2b @ 2bi
�bbQ+Bû ¨ /2b �p�Mi�;2b /2 +Qȿi- /2 T`Q/m+iBpBiû- 2ifQm /ǶBMMQp�iBQM TQm` H2b 2Mi`2T`Bb2b [mB b2 i`�/mBb2Mi
T�` mM `2M/2K2Mi +`QBbb�Mi /2 HǶ�+iBpBiû û+QMQKB[m2 ;ûQ;`�T?B[m2K2Mi T`Q+?2X U.2H;�/Q- SQ`i2`- �M/ ai2`M
kyRkc E2i2Hb �M/ S`QibBp kyRjc SQ`i2` kyyjVX �BMbB- 2i T�` 2t2KTH2- mM2 BM/mbi`B2 [mB T�`iB+BT2 ¨ mM2 ;`�TT2
BM/mbi`B2HH2 7Q`i2 �++`Qŗi bQM 2KTHQB THmb `�TB/2K2Mi [m2 H� KāK2 BM/mbi`B2 /�Mb mM2 `û;BQM �p2+ mM2 T`ûb2M+2
HBKBiû2 /m +�`�+iĕ`2 /2 ;`�TT2b BM/mbi`B2HH2bX .2 bm`+`QBi- H� T`ûb2M+2 /ǶmM2 �+iBpBiû û+QMQKB[m2 +QKTHûK2M@
i�B`2 @ T�` 2t2KTH2- /2b 7Qm`MBbb2m`b bTû+B�HBbûb- mM2 #�b2 /2 +HB2MiĕH2 HQ+�H2 BKTQ`i�Mi2 Qm �p�M+û2- /2b
T`Q/m+i2m`b /2 T`Q/mBib 2i /2 b2`pB+2b +QKTHûK2Mi�B`2b- /2b BMbiBimiBQMb bTû+B�HBbû2b @ �m;K2Mi2 H2 MQK#`2
/ǶBMi`�Mib /BbTQMB#H2b /�Mb mM HB2m iQmi 2M ;ûMû`�Mi /2b 2ti2`M�HBiûb TQbBiBp2b TQm` H� +`QBbb�M+2 /2b 2M@
i`2T`Bb2bX U.2H;�/Q- SQ`i2`- �M/ ai2`M kyRkc .2H;�/Q- SQ`i2`- �M/ ai2`M kyR9VX S�` +QMbû[m2Mi 2i +QKK2
HǶ2tTHB[m2 JX .2H;�/Q- JX SQ`i2` 2i aX ai2`M- mM2 ;`�TT2 BM/mbi`B2HH2 7Q`i2 T2`K2i /Ƕ�++`Qŗi`2 H2b û+QMQKB2b
/Ƕ�;;HQKû`�iBQMX �mi`2K2Mi /Bi- H2b BM/mbi`B2b [mB BMiĕ;`2Mi mM2 ;`�TT2 7Q`i2 2M`2;Bbi`2Mi mM2 THmb ;`�M/2
+`QBbb�M+2 /2 HǶ2KTHQB 2i /2b b�H�B`2b �BMbB [mǶmM MQK#`2 /Ƕûi�#HBbb2K2Mib 2i /2 #`2p2ib THmb ûH2pûbX U.2H;�/Q-
SQ`i2`- �M/ ai2`M kyRkVX

6BM�H2K2Mi- H2 `2M7Q`+2K2Mi /2b �;;HQKû`�iBQMb BM/mbi`B2HH2b @ �mDQm`/Ƕ?mB +�`�+iû`Bbû +QKK2 /2b ;`�TT2b
BM/mbi`B2HH2b @ b2 i`�/mBi /QM+ T�` mM2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 /2 T�` H� +QMi`B#miBQM /B`2+i2 /2b
+2b /2`MBĕ`2b p2`b- /ǶmM2 T�`i- mM2 +`QBbb�M+2 /2b BM/mbi`B2b T`ûb2Mi2b 2i- /Ƕ�mi`2 T�`i- H2 `2M7Q`+2K2Mi ;HQ#�H
/2 H� +`QBbb�M+2 `û;BQM�H2X *2T2M/�Mi- +QKK2 HǶ2tTHB[m2 JX .2H;�/�Q- JX SQ`i2` 2i aX ai2`M /�Mb ǳ*Hmbi2`b-
+QMp2`;2M+2- �M/ 2+QMQKB+ T2`7Q`K�M+2Ǵ 2i h?2 1+QMQKB+ S2`7Q`K�M+2 Q7 _2;BQMb- BH 2bi ¨ MQi2` [m2 H2b
`2M/2K2Mib /û+`QBbb�Mib /2 H� /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 T2mp2Mi /QMM2` HB2m ¨ mM
2z2i /2 +QMp2`;2M+2X 6BM�H2K2Mi- +QKK2 H2 T`QTQb2 H2 T`QD2i h?2 la +Hmbi2` K�TTBM; iQQH8 �BMbB [m2 HǶP*.1
UP`;�MBb�iBQM /2 *QQTû`�iBQM 2i /2 .ûp2HQTT2K2Mi ú+QMQKB[m2V ¨ i`�p2`b H2 T�TB2`b ǳq?�i AM/B+�iQ`b 7Q`
*Hmbi2` SQHB+B2b BM i?2 kRbi *2Mim`vǴ- /2 +2ii2 /vM�KB[m2 2i /2 +2 +QMbi�i 2KTB`B[m2- H� T2`7Q`K�M+2- Qm
H2 +v+H2 /2 pB2- /2b ;`�TT2b BM/mbi`B2HH2b T2mp2Mi b2 K2bm`2` T�` H2 b�H�B`2- H2 MQK#`2 /Ƕ2KTHQBb- H2 MQK#`2
/Ƕ2Mi`2T`Bb2b- �BMbB [m2 H2 MQK#`2 /2 #`2p2ibX U.�pBb 2i �HX kyyec .2H;�/Q- SQ`i2`- �M/ ai2`M kyRkVX

S�` �BHH2m`b- 2i TQm` i2`KBM2`- /�Mb +2 +QMi2ti2 /ǶBKTHB+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b bm` HǶ2MpB`QMM2K2Mi
û+QMQKB[m2 2i /2 +QKTûiBiBpBiû KQM/B�H2- JX SQ`i2` /û}MBi H2b HBKBi2b ;ûQ;`�T?B[m2b /ǶmM2 ;`�TT2 BM/mb@
i`B2HH2 2i /ûp2HQTT2 mM �TTQ`i BM/ûMB�#H2 TQm` +2 [mB 2bi /2 HǶmiBHBb�iBQM /2b ;`�TT2b BM/mbi`B2HH2b +QKK2 mMBiû
/Ƕ�M�Hvb2X AH 2tTHB[m2 THmb T`û+BbûK2Mi [m2 ǳH2b HBKBi2b /ǶmM +Hmbi2` bQMi /û}MB2b T�` H2b HB2Mb 2i H2b +QKTHû@
K2Mi�`Biûb 2Mi`2 H2b BM/mbi`B2b 2i H2b BMbiBimiBQMb [mB bQMi H2b THmb BKTQ`i�Mi2b TQm` H� +QM+m``2M+2X "B2M [m2

8h?2 +Hmbi2` K�TTBM; T`QD2+i- ?iiT,ffrrrX+Hmbi2`K�TTBM;Xmbf�#Qmi- 2bi mM BMbiBimi /2 `2+?2`+?2 �BMbB [mǶmM2 TH�i27Q`K2
i2+?MQHQ;B[m2 bTû+B�HBbû2 bm` H2b ;`�TT2b BM/mbi`B2HH2b �Kû`B+�BM2b , ǳG2 T`QD2i �Kû`B+�BM /2 +�`iQ;`�T?B2 /2b ;`�TT2b 2bi miBHBbû
T�` H2b ;Qmp2`M2K2Mib- H2b /ûp2HQTT2m`b û+QMQKB[m2b 2i H2b 2Mi`2T`Bb2b TQm` +QKT`2M/`2 2i 7�ÏQMM2` H2 T�vb�;2 +QM+m``2MiB2H
TQm` mM H�`;2 ûp2Mi�BH /ǶBM/mbi`B2bX *2b /QMMû2b bQMi KBb2b �mt K�BMb /2b 7QM+iBQMM�B`2b HQ+�mt [mB miBHBb2Mi HǶBM7Q`K�iBQM
TQm` T2`K2ii`2 /2b BMp2biBbb2K2Mib bi`�iû;B[m2b 2i /û}MB` H2b #�b2b /2 MQmp2HH2b BM/mbi`B2bX § i`�p2`b H2 T�vb- MQi`2 QmiBH /2
+�`iQ;`�T?B2 /2 ;`�TT2b MQmb T2`K2i /2 `ûBMp2Mi2` 2i /2 KQ/2`MBb2` H2b bi`�iû;B2b /2 /ûp2HQTT2K2Mi û+QMQKB[m2 @ iQmi2b TBHQiû2b
T�` /2b /QMMû2b Qmp2`i2bǴX @a2+`ûi�B`2 /2 +QKK2`+2 �Kû`B+�BM S2MMv S`BixF2`- R9 DmBHH2i kyR9
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H2b ;`�TT2b bǶBMb+`Bp2Mi bQmp2Mi /�Mb /2b HBKBi2b TQHBiB[m2b- 2HH2b T2mp2Mi i`�p2`b2` /2b 7`QMiBĕ`2b M�iBQM�H2bǴ ,
ǳ�mt úi�ib@lMBb- T�` 2t2KTH2- mM TƬH2 T?�`K�+2miB[m2 +?2p�m+?2 H2 L2r C2`b2v 2i H� S2MMbvHp�MB2 T`ĕb /2
S?BH�/2HT?B2X .2 KāK2- mM TƬH2 /2 T`Q/mBib +?BKB[m2b 2M �HH2K�;M2 i`�p2`b2 H� amBbb2 �HûK�MB[m2XǴX USQ`i2`
RNN3#VX �BMbB- TQm` +2 [mB 2bi /2 H� T`Q#HûK�iB[m2 /2 HǶûim/2 /2 HǶQmp2`im`2 �mt û+?�M;2b 2i /2 b2b �TTQ`ib 2M
#B2M@āi`2- HǶmiBHBb�iBQM /2 HǶmMBiû ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2 [m2 `2T`ûb2Mi2Mi H2b ;`�TT2b T2`K2i /ǶûHBKBM2`
mM #B�Bb +QMbû[m2Mi- HQ`b[m2 HǶQM b�Bi [mǶ2MpB`QM jyW /2b û+?�M;2b BMi2`M�iBQM�mt +QKTi�#BHBbûb M2 /2p`�B2Mi
T�b āi`2 2M`2;Bbi`û +QKK2 /2b û+?�M;2b BMi2`M�iBQM�mt +H�bbB[m2b- K�Bb +QKK2 H� `ûbmHi�Mi2 /2b HB2Mb BMi2`@
/ûT2M/�Mib /2b �+i2m`b T`ûb2Mib �m b2BM /2b ;`�TT2b BM/mbi`B2HH2bX �BMbB- HǶmiBHBb�iBQM /2b ;`�TT2b BM/mbi`B2HH2b
+QKK2 mMBiû /Ƕ�M�Hvb2 bQmb mM2 T2`bT2+iBp2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 BM/mbi`B2HH2- 2i THmb T�`iB+mHBĕ`2K2Mi 2M
+2 [mB +QM+2`M2 H� i?ûK�iB[m2 `2HBû2 ¨ HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2i /2b T?ûMQKĕM2b /2 +QMp2`;2M+2
[mB v bQMi `2HBûb- b2K#H2 TQmpQB` +Q``2bTQM/`2X *2ii2 MQmp2HH2 mMBiû ;ûQ;`�T?B[m2 @ THmb ;`�MmH�B`2 @ b2K#H2
T�`7�Bi2K2Mi bǶ�/�Ti2` ¨ HǶûim/2 /2b T`Q#HûK�iB[m2b /�Mb mM +QMi2ti2 +QKK2 +2HmB /Ƕ�mDQm`/Ƕ?mB- ¨ b�pQB`
H2b +?�ŗM2b /2 p�H2m` KQM/B�H2bX AH `2T`ûb2Mi2 mM2 pQB2 BMiû`2bb�Mi2 ¨ 2tTHQ`2` TQm` i2Mi2` /Ƕ�TTQ`i2` /2b
+QM+HmbBQMb THmb T`û+Bb2b [m�Mi ¨ H� T`Q#HûK�iB[m2 /2 HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2i /2b T?ûMQKĕM2b
/2 +QMp2`;2M+2 2M û+QMQKB2 �bbQ+BûbX

Nj
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j *�/`2 /2 `2+?2`+?2

G� bvMi?ĕb2 /2 `2pm2 /2 HBiiû`�im`2 b+B2MiB}[m2 T`û+û/2Mi2 �++QKT�;Mû2 /m T�MQ`�K� bm` HǶlMBQM 2m`QTû2MM2
�TTQ`i2 mM2 +QMM�Bbb�M+2 ;ûMû`�H2 bm` H2b T?ûMQKĕM2b /ǶBMiû;`�iBQM ¨ H� 7QBb /ǶmM TQBMi /2 pm2 /2b bi`�iû;B2b-
/2b Q#D2+iB7b 2i /2 H� KBbbBQM /2 +2b /2`MB2`b- K�Bb �mbbB [m�Mi ¨ b� /vM�KB[m2 /2 T`Q;`2bbBQM 2i �mt 2MD2mt
/2 /ûp2HQTT2K2Mi [mB v bQMi HBûbX AH 2bi /Ƕ�BHH2m`b �BbûK2Mi +QKT`û?2MbB#H2 [m2 +2ii2 [m2biBQM /ǶBMiû;`�iBQM
`û;BQM�H2 û+QMQKB[m2 bQmHĕp2 #B2M /2b T`Q#HûK�iB[m2b û+QMQKB[m2b 2i TQHBiB[m2bX

.2TmBb RN8d HǶBMiû;`�iBQM 2m`QTû2MM2 2bi 2M K�`+?2 2i +2+B 2M 7�Bi HǶ2bT�+2 BMiû;`û H2 THmb ûpQHmû ¨ i`�p2`b
H� TH�Mĕi2X aQM #mi T`2KB2` ûi�Mi /ǶmMB}2` H2b T�vb /m +QMiBM2Mi 2m`QTû2M �miQm` /ǶmM 2MpB`QMM2K2Mi
û+QMQKB[m2 +QKKmM +�T�#H2- /ǶmM2 T�`i- /2 +`û2` mM2 /ûT2M/�M+2 2Mi`2 +2b /2`MB2`b TQm` 7�pQ`Bb2` 2i
2Mi`2i2MB` H� T�Bt- K�Bb- /Ƕ�mi`2 T�`i- /2 T2`K2ii`2 H2m` `�TT`Q+?2K2Mi 2M i2`K2 û+QMQKB[m2 2i /2 +`QBbb�M+2X
*2ii2 i?ûK�iB[m2 `2+Qmp`2 /QM+ mM ;`�M/ MQK#`2 /Ƕ2MD2mt `2HBûb ¨ H� bi`�iû;B2 2i HǶû+QMQKB2 BMi2`M�iBQM�H2X
.m 7�Bi /2 +2ii2 /vM�KB[m2 /ǶBMiû;`�iBQM- THmbB2m`b [m2biBQMb [m�Mi ¨ H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQM
2i bTû+B�HBb�iBQM �BMbB [m2 +2HH2 2Mi`2 BMiû;`�iBQM 2i +QMp2`;2M+2 `2bbQ`i2Mi /2b /2mt T�`iB2b T`û+û/2Mi2bX h`QBb
2MD2mt T`BM+BT�mt b2 /BbiBM;m2Mi , URV H� [m2biBQM [mB bǶ�`iB+mH2 �miQm` /2b T?ûMQKĕM2b /2 bTû+B�HBb�iBQM 2i
/2 +QMp2`;2M+2 �bbQ+Bû2 ¨ mM2 /vM�KB[m2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2- UkV H2 [m2biBQMM2K2Mi [m�Mi ¨
H� `2/û}MBiBQM /2b MBp2�mt ;ûQ;`�T?B[m2b TQm` +2 [mB � i`�Bi /2b /Bzû`2Mi2b +QKTûi2M+2b- /m 7QM+iBQMM2K2Mi
2i /2 H� T`Bb2 /2 /û+BbBQM û+QMQKB[m2 2i TQHBiB[m2- 2i UjV 7�+2 ¨ HǶ2MpB`QMM2K2Mi ;HQ#�HBbû U+?�ŗM2 /2 p�H2m`
KQM/B�H2V- H2 [m2biBQMM2K2Mi +QM+2`M�Mi HǶmMBiû /Ƕ�M�Hvb2 +Q``2+i2 ¨ miBHBb2` TQm` K2bm`2`- +�`�+iû`Bb2` 2i
i2Mi2` /2 `ûTQM/`2 �mt /2mt 2MD2mt T`û+û/2MibX

S�` +QMbû[m2Mi- H2b T`BM+BT�H2b ?vTQi?ĕb2b B/2MiB}û2b [mB b2`pB`QMi /2 +�/`2 /Ƕ�M�Hvb2 TQm` +2 KûKQB`2 bQMi
H2b bmBp�Mi2b ,

U>RV GǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 BKTHB[m2 mM2 /vM�KB[m2 /2 bTû+B�HBb�iBQM BM/mbi`B2HH2 M�im`2HH2 /2b
û+QMQKB2b- 2i +2 bQmb 7Q`K2 /2 ;`�TT2b BM/mbi`B2HH2bX
U>kV GǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 MǶ2bi T�b Mû+2bb�B`2K2Mi bvMQMvK2 @ mMB[m2K2Mi @ /2 +QMp2`;2M+2
2M û+QMQKB2- 2i b2HQM HǶmMBiû /Ƕ�M�Hvb2 miBHBbû2 HǶBMiû;`�iBQM T`ûb2Mi2 /QM+ mM2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mb@
i`B2HH2 2M bmb /ǶmM2 +QMp2`;2M+2 K�+`Qû+QMQKB[m2 M�iBQM�H2X
U>jV GǶmMBiû /Ƕ�M�Hvb2 /2b ǳ;`�TT2b BM/mbi`B2HH2bǴ T2`K2i mM2 K2bm`2 +Q``2+i2 2i THmb ;`�MmH�B`2 /2b `û�HBiûb
û+QMQKB[m2b 2i BM/mbi`B2HH2b HBû2 ¨ H� /vM�KB[m2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2X
U>9V G� /vM�KB[m2 /2 bTû+B�HBb�iBQM BM/mbi`B2HH2 /2b û+QMQKB2b- T`QpQ[mû2 T�` H� /vM�KB[m2 /ǶBMiû;`�iBQM
û+QMQKB[m2 `û;BQM�H2- MǶ2bi T`Q#�#H2K2Mi T�b BM7`�@M�iBQM�H2 K�Bb bm`T�@M�iBQM�H UbQmb@2Mi2M/m /2 MBp2�m
`û;BQM�HVX

1M b2 #�b�Mi bm` +2b [m�i`2 ?vTQi?ĕb2b 2i bm` H� bvMi?ĕb2 /2 H� `2pm2 /2 HBiiû`�im`2 Ub+B2MiB}[m2- K�Bb
�mbbB TQHBiB[m2 2i ?BbiQ`B[m2V- H� [m2biBQM /2 `2+?2`+?2 T`QTQbû2 2i ûim/Bû2 �m i`�p2`b /2 +2 KûKQB`2 2bi ,
ǳ1M 1m`QT2- Q#b2`p2@i@QM mM2 /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 @ Qm /2 +QMp2`;2M+2 @ ¨
i`�p2`b H2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mbi`B2HH2b \ǴX .Ƕ�mi`2b [m2biBQMb- BMiBK2K2Mi `2HBû2b ¨ +2ii2
T`Q#HûK�iB[m2 /2 `2+?2`+?2- QMi ûK2`;ûX S�` 2t2KTH2- ǳ/QBi@QM iQmDQm`b T�`H2` /Ƕû+QMQKB2 7`�MÏ�Bb2- �M;H�Bb2
Qm �HH2K�M/2 �m HB2m /2 +QMbB/û`û mMB[m2K2Mi HǶû+QMQKB2 2m`QTû2MM2 \Ǵ- ǳG2b T?ûMQKĕM2b /ǶBMiû;`�iBQM
TQmbb2@i@BH �m /ûp2HQTT2K2Mi /ǶmM2 MQmp2HH2 /û}MBiBQM /2 H� +QMp2`;2M+2 UK�+`Qû+QMQKB[m2- BM/mbi`B2HH2-
2i+XV\ǴX
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G2 #mi /2 +2 KûKQB`2 2bi /QM+- /ǶmM2 T�`i- /2 `ûTQM/`2 ¨ H� T`Q#HûK�iB[m2 /2 `2+?2`+?2 2M T`QTQb�Mi mM2
ûim/2 /2b /Bzû`2Mi2b ?vTQi?ĕb2b pB� HǶmiBHBb�iBQM /2 H� b+B2M+2 /2 /QMMû2b- /2 H� `2+?2`+?2 `2T`Q/m+iB#H2 2i
/2b /QMMû2b K�bbBp2b- K�Bb û;�H2K2Mi- /Ƕ�mi`2 T�`i /2 /ûp2HQTT2` mM2 TH�i27Q`K2 i2+?MQHQ;B[m2 /Ƕ2Mp2`;m`2
TQm` +2 [mB � i`�Bi ¨ HǶ�M�Hvb2 bQmb T2`bT2+iBp2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2 pB� HǶmiBHBb�iBQM /2b
/QMMû2b bm` H2b ;`�TT2b BM/mbi`B2HH2b , G2 TQ`i�BH BMi2`M�iBQM�H bm` H2b ;`�TT2b BM/mbi`B2HH2beX

SQm` �ii2BM/`2 +2i Q#D2+iB7- BH 2bi BKTQ`i�Mi /2 /û}MB` mM T`Q+2bbmb Kûi?Q/QHQ;B[m2 /Ƕ�M�Hvb2 /2 7�ÏQM +H�B`2X
*Ƕ2bi HǶQ#D2i /m +?�TBi`2 [mB bmBiX

SQm` }MB`- H2b +QMi`B#miBQMb Q`B;BM�H2b [mǶ�TTQ`i2 +2 KûKQB`2 /2 `2+?2`+?2 b2 +�`�+iû`Bb2Mi bQmb [m�i`2 �b@
T2+ib /BbiBM+ib- ¨ b�pQB` , URV HǶûim/2 /2 H� [m2biBQM /2 `2+?2`+?2 2i H� p�HB/�iBQM @ Qm MQM @ /2b ?vTQi?ĕb2b-
UkV H2 /ûp2HQTT2K2Mi 2i H� KBb2 2M �TTHB+�iBQM /ǶmM2 /ûK�`+?2 Kûi?Q/QHQ;B[m2 2i b+B2MiB}[m2 bm` H� #�b2 /2
H� b+B2M+2 /2b /QMMû2b �TTHB[mû2b �mt T`Q#HûK�iB[m2b /2b �z�B`2b BMi2`M�iBQM�H2b 2i /2 HǶû+QMQKB2 BMi2`M�@
iBQM�H2- UjV HǶmiBHBb�iBQM Q`B;BM�H2 /2b ;`�TT2b BM/mbi`B2HH2b +QKK2 mMBiû /Ƕ�M�Hvb2 TQm` /2b T`Q#HûK�iB[m2b
HBû2b ¨ /2b T`Q#HûK�iB[m2b /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2i /2b T?ûMQKĕM2b /2 +QMp2`;2M+2 2M û+QMQKB2
@ +Ƕ2bi@¨@/B`2 TQm` HǶmM2 /2b T`2KBĕ`2b 7QBb TQm` /2b bmD2ib �miQm` /m +QKK2`+2 2i /2 H� +QKTûiBiBpBiû BMi2`@
M�iBQM�H2 @2i }M�H2K2Mi- U9V H2 /ûp2HQTT2K2Mi /ǶmM2 #�b2 /2 /QMMû2b 2i /ǶmM TQ`i�BH BMi2`M�iBQM�H mMB[m2b
�m KQM/2 TQ`i�Mi bm` H2b ;`�TT2b BM/mbi`B2HH2b- H2m` +v+H2 /2 pB2 2i H2m` TQbBiBQMM2K2Mi 2M i2`K2b /2 +QK@
TûiBiBpBiû KQM/B�H2X

epQB+B H2 HB2M p2`b H2 TQ`i�BH BMi2`M�iBQM�H bm` H2b ;`�TT2b BM/mbi`B2HH2b ?iiT,ffKQM/QBMiHX+B`�MQX[+X+�f
BMi2`M�iBQM�H@+Hmbi2`@TQ`i�HfX *2 T`QD2i � ûiû /ûp2HQTTû T�` H2 *A_�LP U*2Mi`2 AMi2`mMBp2`bBi�B`2 /2 _2+?2`+?2 2M
�M�Hvb2 /2b P`;�MBb�iBQMbV pB� bQM T`QD2i /2 .�i� a+B2M+2 7Q` AMi2`M�iBQM�H "bmBM2bb JQM/Q AMi2`M�iBQM�H 2i H� +QHH�#Q`�iBQM
�p2+ H2 q*6A� Uq2�i?2`?2�/ *2Mi2` 6Q` AMi2`M�iBQM�H �z�B`bV /2 >�`p�`/ lMBp2`bBivX

Ne

http://mondointl.cirano.qc.ca/international-cluster-portal/
http://mondointl.cirano.qc.ca/international-cluster-portal/
http://mondointl.cirano.qc.ca/international-cluster-portal/
http://mondointl.cirano.qc.ca/


9 Jûi?Q/QHQ;B2

GǶQ#D2i /2 +2 +?�TBi`2 2bi /2 /û+`B`2 bTû+B}[m2K2Mi H� Kûi?Q/QHQ;B2 2i H2 +�/`2 /Ƕ�M�Hvb2 [mB T2`K2ii`� /2
p�HB/2` [m�MiBi�iBp2K2Mi H2b ?vTQi?ĕb2b T`ûb2Miû2b ¨ i`�p2`b H� `2pm2 /2 HBiiû`�im`2 2i- }M�H2K2Mi- /2 `ûTQM@
/`2 b+B2MiB}[m2K2Mi ¨ H� [m2biBQM /2 `2+?2`+?2 bQmH2pû2 , 1M 1m`QT2- Q#b2`p2@i@QM mM2 /vM�KB[m2 /2
bTû+B�HBb�iBQM `û;BQM�H2 Qm +QMp2`;2M+2 ¨ i`�p2`b H2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mbi`B2HH2b \
GǶQ#D2+iB7 +H27 2bi /QM+ /Ƕ�TTQ`i2` mM +�/`2 Kûi?Q/QHQ;B[m2 T2`K2ii�Mi /Ƕûim/B2` H� /vM�KB[m2 /ǶBMiû;`�iBQM
2m`QTû2MM2 ¨ HǶ�B/2 /2 H� b+B2M+2 /2b /QMMû2b �TTHB[mû2 ¨ HǶBM7Q`K�iBQM- `û+mTû`û2 2i bi`m+im`û2- `�TTQ`i�Mi
/B`2+i2K2Mi �mt ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b- 2i +2 T�` H2 +QMi`ƬH2 /2b p�`B�#H2b /m +QKK2`+2 BMi2`M�@
iBQM�H UbQBi HǶQmp2`im`2 �mt û+?�M;2b 2i HǶBMiû;`�iBQM /2b K�`+?ûbV 2i H2 +QMi`ƬH2 /2b +`Biĕ`2b /2 +QMp2`;2M+2
/û}MBb T�` H2 i`�Biû /2 J��bi`B+?i 2i H2 S�+i2 /2 ai�#BHBiû 2i /2 *`QBbb�M+2 1m`QTû2MX SHmb T`û+BbûK2Mi- H�
/vM�KB[m2 /2 HǶBMiû;`�iBQM 2m`QTû2MM2 b2`� �M�Hvbû2 MQM T�b bQmb HǶ�M;H2 K�+`Qû+QMQKB[m2- K�Bb bQmb mM2
T2`bT2+iBp2 /Ƕû+QMQKB2 BM/mbi`B2HH2 2i ;ûQ;`�T?B[m2 2M miBHBb�Mi- /2 7�ÏQM Q`B;BM�H2- H2b ;`�TT2b BM/mbi`B2HH2b
+QKK2 mMBiû /Ƕ�M�Hvb2X �mi`2K2Mi /Bi- HǶ�M�Hvb2 T2`K2ii`� /2 K2bm`2` HǶ�+iBpBiû û+QMQKB[m2 `û2HH2 /2b 258
`û;BQMb 2m`QTû2MM2b TQm` H2b 60 /�Mb mM +QMi2ti2 /vM�KB[m2 /ǶBMiû;`�iBQM, URV HǶQmp2`im`2 /2b K�`+?ûb- UkV
HǶBMiû;`�iBQM +QKTHĕi2 UQmp2`im`2 /2b K�`+?ûb 2i +QMp2`;2M+2V- 2i UjV HǶBMiû;`�iBQM TQmbbû2 UQmp2`im`2 /2b
K�`+?ûb- +QMp2`;2M+2 û+QMQKB[m2 2i miBHBb�iBQM /ǶmM2 KQMM�B2 mMB[m2 +QKKmM2VX

*2 +?�TBi`2 b2 /û+QmT2 2M [m�i`2 ;`�M/2b T�`iB2b #B2M /BbiBM+i2bX G� T`2KBĕ`2 2bi H� T`ûb2Mi�iBQM /2b /QMMû2b-
/2b QmiBHb i2+?MQHQ;B[m2b /2 b+B2M+2b /2 /QMMû2b 2i /2 HǶû+?�MiBHHQM T`û+BbûK2Mi miBHBbûX G2b i`QBb T�`iB2b [mB
bmBp2Mi b2 /BbiBM;m2Mi /2 T�` H2m` Kûi?Q/2 /Ƕ�M�Hvb2X �BMbB 2tTHB[mû2- H� /2mtBĕK2 T�`iB2 T`ûb2Mi2 H� Kûi?@
Q/2 /Ƕ�M�Hvb2 [m�MiBi�iBp2 [mB +QMbBbi2 ¨ +QKTHûi2` mM2 ûim/2 /2 bi�iBbiB[m2b /2b+`BTiBp2b /2 HǶû+?�MiBHHQMX
G2 #mi 2bi /2 p�HB/2` 2KTB`B[m2K2Mi- ¨ i`�p2`b mM2 �M�Hvb2 #B/BK2MbBQMM2HH2 UbT�iB�H2 2i i2KTQ`2HH2V- MQb BM@
imBiBQMb /2 /ûT�`i UQm ?vTQi?ĕb2bVX G� i`QBbBĕK2 +QMbBbi2 ¨ /ûp2HQTT2` mM KQ/ĕH2 û+QMQKûi`B[m2 T2`K2ii�Mi
/2 +�`�+iû`Bb2` bB;MB}+�iBp2K2Mi- Qm MQM- H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 HǶBMiû;`�iBQM 2m`QTû2MM2 U¨ H� 7QBb
/m HB#`2 û+?�M;2 bQBi HǶBMiû;`�iBQM /2b K�`+?ûb- /2 HǶmiBHBb�iBQM /2 H� KQMM�B2 mMB[m2 2i /2 H� +QK#BM�BbQM
/2b /2mt T?ûMQKĕM2bV 2i H� /vM�KB[m2 /2b ;`�TT2b BM/mbi`B2HH2bX G� [m�i`BĕK2- 2i /2`MBĕ`2 T�`iB2 T`ûb2Mi2
HǶ�M�Hvb2 +�`iQ;`�T?B[m2X 1HH2 +QMbBbi2 ¨ +�`iQ;`�T?B2` H� /vM�KB[m2 /2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mb@
i`B2HH2b ¨ i`�p2`b H2 i2KTb 2i T�` `û;BQMb ;ûQ;`�T?B[m2b �}M /2 +�`�+iû`Bb2` H2 MBp2�m ;ûQ;`�T?B[m2 UBM7`� Qm
bmT`�M�iBQM�HV /2 H� bTû+B�HBb�iBQM @ Qm /2 H� +QMp2`;2M+2 @ [mB bǶQTĕ`2 �m b2BM /2 HǶlMBQM 2m`QTû2MM2X

§ i`�p2`b URV mM2 /BK2MbBQM i2KTQ`2HH2 ûi2M/m2 2Mi`2 RNNR 2i kyR9 2i UkV mM2 /BK2MbBQM bT�iB�H2 /û+QmTû2 bQmb
/Bzû`2Mib MBp2�mt ;ûQ;`�T?B[m2b /ǶmM2 T�`i Uûi�ibfM�iBQMbfT�vb- 2bT�+2b û+QMQKB[m2b- `û;BQMb 2i ;`�TT2b
BM/mbi`B2HH2bV 2i /Bzû`2Mib MBp2�mt /ǶBMiû;`�iBQM /Ƕ�mi`2 T�`i UK�`+?û +QKKmM- xQM2 2m`Q- mMBQM 2m`QTû2MM2-
2i+XV- HǶûim/2 2tTHQ`2 /2 [m2HH2b K�MBĕ`2b H� /vM�KB[m2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 UHB#`2 û+?�M;2
�bbQ+Bû ¨ H� KQMM�B2 mMB[m2V b2 `2~ĕi2 /�Mb H2 /ûp2HQTT2K2Mi 2i /QM+ H� /vM�KB[m2 /2b ;`�TT2b BM/mbi`B2HH2b
2m`QTû2MM2bX �mi`2K2Mi /Bi- [m2H 2z2i H� HB#û`�HBb�iBQM /2b û+?�M;2b �++QKT�;Mû2 /2 H� KQMM�B2 mMB[m2
KQ/B}2@i@2HH2 H2b +?�BM2b /2 p�H2m` /2b 2Mi`2T`Bb2b KmHiBM�iBQM�H2b 2i H2m` `2;`QmT2K2Mi �m b2BM /2 ;`�TT2b-
2i T�` +QMbû[m2Mi H� /vM�KB[m2 /2 +QMp2`;2M+2 Qm bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 /ǶmM2 xQM2 BMiû;`û2
û+QMQKB[m2K2MiX 1M `ûTQM/�Mi ¨ +2ii2 [m2biBQM- H2 KûKQB`2 T2`K2i /Ƕ�TTQ`i2` THmb HQBM mM2 MQmp2HH2
/û}MBiBQM @ Qm �TT`Q7QM/Bbb2K2Mi /2 H� /û}MBiBQM @ [m�Mi ¨ H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQM 2i
T?ûMQKĕM2b /2 +QMp2`;2M+2 2M û+QMQKB2X *2ii2 7QBb 2i 2M +QKT�`�BbQM ¨ iQmb H2b �mi`2b i`�p�mt- +2ii2 `2H�iBQM
M2 bǶûi�#HBi T�b bQmb H� T2`bT2+iBp2 K�+`Q@ûMQMKB[m2 /2b i?ûQ`B2b 2i KQ/ĕH2b /2 +`QBbb�M+2 2i /ǶBMiû;`�iBQM-

Nd



K�Bb bQmb mM �M;H2 /Ƕû+QMQKB2 BM/mbi`B2HH2 2i ;ûQ;`�T?B[m2X *2ii2 /2`MBĕ`2 �bbQ+Bû2 �mt BKT�+ib /2 H�
/vM�KB[m2 /ǶBMiû;`�iBQM bm` H2b ;`�TT2b BM/mbi`B2HH2b /2p`�Bi T2`K2ii`2 /2 `2H�M+2` �BbûK2Mi H2 /û#�i bm`
H� T2`iBM2M+2 /2 H� +QMp2`;2M+2 û+QMQKB[m2 �m b2BM /2 HǶlMBQM 2m`QTû2MM2- 2ifQm KāK2 /�Mb iQmi �mi`2
+QMi2ti2 /ǶBMiû;`�iBQM �p�M+û2 2ifQm TQmbbû2X
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9XR G2b /QMMû2b

9XRXR .2b+`BTiBQM /2b /QMMû2b #`mi2b 2i /2 HǶû+?�MiBHHQM T`BM+BT�H

G� #�b2 /2 /QMMû2 miBHBbû2 ¨ H� 7QBb TQm` HǶ�M�Hvb2 /2b+`BTiBp2- HǶû+QMQKûi`B2 2i H� +�`iQ;`�T?B2 T`QpB2Mi
BMiû;`�H2K2Mi /m nTQ`i�BH BMi2`M�iBQM�H /2b ;`�TT2b BM/mbi`B2HH2bX *2 /2`MB2` 2bi H2 7`mBi /ǶmM T`QD2i /2 H�
TH�i27Q`K2 i2+?MQHQ;B[m2- JQM/Q AMi2`M�iBQM�H- /ûp2HQTTû TQm` H2 *A_�LP U*2Mi`2 AMi2`mMBp2`bBi�B`2 /2
_2+?2`+?2 2M �M�Hvb2 /2b P`;�MBb�iBQMbV 2i TmHbû2 T�` LɃ�M+2@_X *2ii2 #�b2 /2 /QMMû2b `2;`QmT2 �BMbB mM
2Mb2K#H2 /ǶBM/B+�i2m`b i2Hb [m2 H2 MQK#`2 /Ƕ2KTHQBb Qm 2M+Q`2 H2 b�H�B`2 KQv2M T�` ;`�TT2b BM/mbi`B2HH2b 2i
T�` MBp2�mt ;ûQ;`�T?B[m2b TQm` H2b úi�ib@lMBb- H2 *�M�/�- 2i H2b je T�vb 2m`QTû2Mb bm` mM2 Tû`BQ/2 �HH�Mi
/2 RNNR ¨ kyR9X "B2MiƬi- /2p`�B2Mi āi`2 �bb2K#Hû2b H2b /QMMû2b +QM+2`M�Mi H2 C�TQM 2i HǶAM/2X § +2mt@+B T2mi
āi`2 �DQmiû mM T�M2H /2 THmb /2 3y BM/B+�i2m`b K�+`Q@ûMQMKB[m2b TQm` H2b R33 T�vb /m KQM/2X �BMbB- THmb
/ǶmM URV KBHHB�`/ /ǶQ#b2`p�iBQMb bQMi iQi�HBbû2b 2i KBb2b 2M p�H2m` bm` +2 bmD2iX 6BM�H2K2Mi- +2ii2 TH�i27Q`K2
i2+?MQHQ;B[m2 7�Bi HǶ2z2i /ǶmM2 #QK#2 Mm+Hû�B`2 TQm` H� `2+?2`+?2 b+B2MiB}[m2 2M �z�B`2b BMi2`M�iBQM�H2b 2i
2M û+QMQKB2 BMi2`M�iBQM�H2X .Ƕ�BHH2m`b- H2 T`QD2i � ûiû Q#b2`pû 2i bQmi2Mm 2M /2?Q`b /m *A_�LP- T`BM+BT�H
�+i2m` 2i bQHHB+Bi2m`- 2Mi`2 �mi`2b T�` H2 q*6A� Uq2�i?2`?2�/ *2Mi2` 7Q` AMi2`M�iBQM�H �z�B`bV 2i HǶAMbiBimi2
7Q` ai`�i2;v �M/ *QKT2iBiBp2M2bb /2 >�`p�`/ lMBp2`bBiv- HǶAMbBimi2 7Q` *QKT2iBiBp2M2bb �M/ S`QT2`Biv /m
*�M�/�- AM/mbi`B2 *�M�/�- 2i+X *2 bQMi /Ƕ�BHH2m`b T�` H2m` bQmiB2M- 2i H2 i`�Mb72`i /2 +2`i�BM2b /2b /QMMû2b
[mǶBHb QMi Tm `û+QHi2` [m2 HǶ�;`û;�iBQM 2i H2 /ûp2HQTT2K2Mi /2 +2ii2 TH�i27Q`K2 i2+?MQHQ;B[m2 /Ƕ2Mp2`;m`2 QMi
Tm āi`2 bBKTHB}ûbX

�m b2BM /2 K2b �+iBpBiûb /2 `2+?2`+?2 �m *A_�LP TQm` H2 /ûp2HQTT2K2Mi /2 +2 KûKQB`2 pB� H� b+B2M+2
/2b /QMMû2b 2i H� `2+?2`+?2 `2T`Q/m+iB#H2 TQm` HǶú+QMQKB2 2i H� ai`�iû;B2 AMi2`M�iBQM�H2- HǶQTTQ`imMBiû /2
i`�p�BHH2` bm` /2b T`QD2ib i2+?MQHQ;B[m2 bǶ2bi ûi�#HB2X �BMbB- T�` H� KBb2 2M `2H�iBQM /2 K2b �+iBpBiûb /2
`2+?2`+?2 U+2 KûKQB`2V 2i /m T`QD2i /2 /ûp2HQTT2K2Mi /2 H� TH�i27Q`K2 JQM/Q AMi2`M�iBQM�H- H� #�b2 /2
/QMMû2b mMB[m2- `2;`QmT�Mi /2b /QMMû2b bm` H2b ;`�TT2b BM/mbi`B2HH2b ¨ i`�p2`b H� TH�Mĕi2 2Mi`2 RNNR 2i kyR9-
� Tm āi`2 �bb2K#Hû2 2i bi`m+im`û2X *Ƕ2bi T`û+BbûK2Mi ¨ HǶ�B/2 /m HQ;B+B2H _@ai/mBQ 2i /2 H� TmBbb�M+2 /2
+�H+mH TmHbû2 T�` H� TH�i27Q`K2 i2+?MQHQ;B[m2 LɃ�M+2@_ [m2 +2 T`QD2i 2i HǶ�++QKTHBbb2K2Mi /2 +2 KûKQB`2
QMi Tm �#QmiB`X �mDQm`/Ƕ?mB- +2 T`QD2i T2`K2i mM2 �p�M+û i2+?MQHQ;B[m2 +QMbB/û`�#H2 TQm` H� `2+?2`+?2
TmBb[mǶ2HH2 T2`K2i /Ƕ�bbQ+Bû URV HǶ�++ĕb � mM p�bi2 +?�KT /2 /QMMû2b K�+`Q@û+QMQKB[m2b- KûbQ@û+QMQKB[m2b
2i KB+`Q@û+QMQKB[m2b KBb2Mi ¨ DQm` 2M i2KTb `û2H- UkV H� TmBbb�M+2 /2 +�H+mH2 +QMbB/û`�#H2 TQm` H� T`ûT�`�iBQM-
HǶ�M�Hvb2 2i H� pBbm�HBb�iBQM /2 /QMMû2b K�bbBp2b Ubi`+mi`ûb 2i MQM bi`m+im`ûbV- 2i }M�H2K2Mi UjV HǶQTTQ`imMBiû
/2 T`�iB[m2` /2 H� `2+?2`+?2 `2T`Q/m+iB#H2X

SQm` +2 KûKQB`2- H� #�b2 /2 /QMMû2b miBHBbû2 2bi 2ti`�Bi2 /m TQ`i�BH BMi2`M�iBQM�H /2b ;`�TT2b BM/mbi`B2HH2b /2
H� TH�i27Q`K2 i2+?MQHQ;B[m2 JQM/Q AMi2`M�iBQM�H 2M �TTHB[m�Mi mM }Hi`2 ¨ H� `û;BQM 1mQT`û2MM2X �BMbB- H�
#�b2 /2 /QMMû2b bǶûi2M/ bm` mM2 /BK2MbBQM i2KTQ`2HH2 /2 k9 �Mb URNNR ¨ kyR9V TQm` je T�vb 2m`QTû2Mb- `û/mBi
¨ k3 T�vb K2K#`2b /2 HǶlMBQM 2m`QTû2MM2X G� /BK2MbBQM bT�iB�H2 b2 /û+`Bi +QKK2 mM +QmTH2 /2 9 MBp2�mt ;ûQ@
;`�T?B[m2b UlMBQM 2m`QTû2MM2- úi�ib K2K#`2b- 2bT�+2b û+QMQKB[m2b 2i `û;BQMbV 2i 60 ;`�TT2b BM/mbi`B2HH2bX
6BM�H2K2Mi- [m�i`2 BM/B+�i2m`b /û+`Bp�Mi H� /vM�KB[m2 2i HǶ�+iBpBiû /2b ;`�TT2b BM/mbi`B2HH2b QMi ûiû �;;`û;ûb
TQm` +2b /2`MB2`b MBp2�mt ;ûQ;`�T?B[m2b 2i ;`�TT2b BM/mbi`B2HH2bX *2b [m�i`2 BM/B+�i2m`b bQMi, URV H� i�BHH2
/2b ;`�TT2b BM/mbi`B2HH2b TQm` mM MBp2�m ;ûQ;`�T?B[m2 /QMMû- UkV H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû /2b ;`�TT2b
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BM/mbi`B2HH2b TQm` mM MBp2�m ;ûQ;`�T?B[m2 /QMMû- UjV H� [m�HBiû /2b ;`�TT2b BM/mbi`B2HH2b TQm` mM MBp2�m ;ûQ@
;`�T?B[m2 /QMMû- U9V HǶBMi2MbBiû +QM+m``2MBi2HH2 /2b ;`�TT2b BM/mbi`B2HH2b TQm` mM MBp2�m ;ûQ;`�T?B[m2 /QMMûX
§ +2b [m�i`2 BM/B+�i2m`b T2mp2Mi āi`2 �DQmiû THmb /ǶmM2 i`2Mi�iBM2 /ǶBM/B+�i2m`b K�+`QûQMQKB[m2bX JBb #Qmi
¨ #Qmi- HǶû+?�MiBHHQM ;HQ#�H /2b /QMMû2b 2bi +QMbiBimû /2 553007 Q#b2`p�iBQMb TQm` �TT`QtBK�iBp2K2Mi 70
p�`B�#H2bX
1M +2 [mB +QM+2`M2 H� T`Qp2M�M+2 /2b /QMMû2b K�Bi`2b- 2HH2b T`QpB2MM2Mi /2b /Bzû`2Mi2b bQm`+2b Q{+B2HH2b
bmBp�Mi2b , URV *QKKBbbBQM 1m`QTû2MM2- UkV P#b2`p�iQB`2 ú+QMQKB[m2 bm` H2b :`�TT2b AM/mbi`B2HH2b /2 H�
*QKKBbbBQM 1m`QTû2MM2- UjV 1m`Qbi�i- BMbiBimi bi�iBbiB[m2 /2 H� *QKKBbbBQM 1m`QTû2MM2- 2i U9V JQM/Q
AMi2`M�iBQM�HX
amBi- +B@�T`ĕb- mM2 /2b+`BTiBQM THmb bTû+B}[m2 /2 +?�[m2 +?�KTb /2 /QMMû2b +QKTQb�Mi MQi`2 û+?�MiBHHQM
T�M2HX

SQm` +2 [mB 2bi /2b /QMMû2b ;ûQ;`�T?B[m2b 2m`QTû2MM2b- H2b BM/2t miBHBbûb `2bT2+i2Mi H� MQK2M+H�im`2 Llha
k T`ûb2Miû bm` H2 bBi2 /2 H� *QKKBbbBQM 1m`QTû2MM2- bQBi H2b `û;BQMb /2 #�b2 TQm` HǶ�TTHB+�iBQM /2b TQHBiB[m2b
`û;BQM�H2b /2 HǶlMBQM 2m`QTû2MM2X *2ii2 /2`MBĕ`2 T`ûb2Mi2 �BMbB 9 MBp2�mt ;ûQ;`�T?B[m2b /Bzû`2Mib 2tTHB+Biûb
+B@/2bbQmbX

h�#H2 k, AM/2t ;ûQ;`�T?B[m2 `2H�`B7 ¨ HǶû+?�MiBHHQM /2 /QMMû2 T�M2H

AM/2t LQK .2b+`BTiBQM

`2;BQMb _û;BQMb *2 MB#p2�m ;ûQ;`�T?B[m2 `2T`ûb2Mi2 H2b `û;BQMb /2 #�b2 TQm`
HǶ�TTHB+�iBQM /2b TQHBiB[m2b `û;BQM�H2b /2 +?�[m2 T�vb

2� 1bT�+2b
û+QMQKB[m2

*2 MBp2�m ;ûQ;`�T?B[m2 2bi mM MBp2�m `2;`QmT�Mi THmbB2m`b
`û;BQMb

T�vb S�vb 1Mb2K#H2 /2b T�vb /Ƕ2m`QT2b 7�Bb�Mi T�`iB Qm MQM /2 HǶlMBQM
2m`QTû2MM2b Uje T�vb 2m`QT2Mb- k3 T�vb /2 HǶmMBQM- RN T�vb /2
H� xQM2 2m`QbV [mB `2;`QmT2 HǶ2Mb2K#H2 /2 iQmb H2b 2bT�+2b
û+QMQKB[m2b M�iBQM�mt Qm iQmi2b H2b `û;BQMb M�iBQM�H2b

1l lMBQM 2m`QTû2MM2 hQi�H TQm` H2b k3 T�vb K2K#`2 /2 HǶlMBQM 2m`QTû2MM2

SQm` BM7Q`K�iBQM- /�Mb THmbB2m`b +�b- H2b /QMMû2b MǶûi�B2Mi /BbTQMB#H2b [mǶ�m MBp2�m ;ûQ;`�T?B[m2 ǳT�vbǴ
U*`Q�iB2- A`H�M/2- aHQpûMB2VX

oQmb i`Qmp2`2x 2M �MM2t2 H� /2b+`BTiBQM /2 HǶ2Mb2K#H2 /2b MBp2�mt ;ûQ;`�T?B[m2b T`ûb2Mib /�Mb H� #�b2 /2
/QMMû2b U+7X �MM2t2 k @ .2b+`BTiBQM /2b MBp2�mt ;ûQ;`�T?B[m2b /2 H� #�b2 /2 /QMMû2bVX

SQm` +2 [mB 2bi /2b ;`�TT2b BM/mbi`B2HH2b- H� MQK2M+H�im`2 � ûiû `û�HBbû2 T�` GǶP#b2`p�iQB`2 1m`QTû2M /2b
;`�TT2b BM/bmi`B2HH2bX *2 /2`MB2` 2bi mM TQBMi /Ƕ�++ĕb mMB[m2 TQm` HǶBM7Q`K�iBQM bi�iBbiB[m2 /2b ;`�TT2b
BM/mbi`B2HH2b 2i /2b TQHBiB[m2b b2+iQ`B2HH2b 2M 1m`QT2 [mB v bQMi `2HBû2bX AH bǶ�;Bi /ǶmM2 BMBiB�iBp2 /B`B;û2
T�` HǶmMBiû Ŀ*Hmbi2`b- û+QMQKB2 bQ+B�H2 2i 2Mi`2T`2M2m`B�iŀ /2 H� .B`2+iBQM ;ûMû`�H2 /m K�`+?û BMiû`B2m`-
/2 HǶBM/mbi`B2- /2 HǶ2Mi`2T`2M2m`B�i 2i /2b SJ1 /2 H� *QKKBbbBQM 2m`QTû2MM2X GǶP#b2`#�iQB`2 /û}MB H2b
;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b +QKK2 /2b û+QbvbiĕK2b `û;BQM�mt /ǶBM/mbi`B2b +QMM2t2b `2T`ûb2Miûb T�`
mM ;`QmT2 /Ƕ2Mi`2T`Bb2b- /Ƕ�+i2m`b û+QMQKB[m2b �TT�`2Miûb 2i /ǶBMbiBimiBQMb bBimû2b ¨ T`QtBKBiû H2b mMb /2b
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�mi`2b 2i �v�Mi �ii2BMi mM2 û+?2HH2 bm{b�Mi2 TQm` /ûp2HQTT2` mM2 2tT2`iBb2 bTû+B�HBbû2X *2b /2`MBĕ`2b bQMi
/QM+ /û}MB2b bm` mM2 #�b2 /2 bTû+B�HBb�iBQM T�` H� +QK#BM�BbQM 2M ;`QmT2b /ǶBM/mbi`B2b +QMM2t2b- +Ƕ2bi ¨ /B`2
�v�Mi H� KāK2 Qm mM2 T�`iB2 b2K#H�#H2 /2 H2m` +?�BM2 /2 p�H2m`X G� #�b2 /2 +2b ;`QmT2b 2bi /ûp2HQTTû2 ¨ T�`iB`
/m bvbiĕK2 /2 +H�bbB}+�iBQM /ǶBM/mbi`B2 L�*1 _2pX k ULQK2M+H�im`2 bi�iBbiB[m2 /2b �+iBpBiûb û+QMQKB[m2b
/�Mb H� *QKKmM�miû 2m`QTû2MM2- R2` D�MpB2` kyy3V TQm` H2[m2H HǶP#b2`p�iQB`2 miBHBb2 H2 MBp2�m ¨ 9 +?Bz`2bX
lM2 /2b+`BTiBQM +QKTHĕi2 /2 H� +H�bbB}+�iBQM HB�Mi H� +H�bbB}+�iBQM BM/mbi`B2HH2 L�*1 _2pX k 2i H� /û}MBiBQM
/2b ;`�TT2b 2bi 7Qm`MB2 T�` GǶP#b2`p�iQB`2 1m`QTû2M /2b ;`�TT2b BM/bmi`B2HH2b /�Mb HǶQmp`�;2 J2i?Q/QHQ;v
�M/ 6BM/BM;b _2TQ`i 7Q` � *Hmbi2` J�TTBM; Q7 _2H�i2/ a2+iQ`bX

1M �MM2t2 b2 i`Qmp2 H� `2T`ûb2Mi�iBQM ;`�T?B[m2 HB�Mi H2b bQBx�Mi2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b ¨
HǶ2Mb2K#H2 /2b BM/mbi`B2b +H�bbB[m2b b2HQM H� +H�bbB}+�iBQM L�*1 _2pX k ULQK2M+H�im`2 bi�iBbiB[m2 /2b �+@
iBpBiûb û+QMQKB[m2b /�Mb H� *QKKmM�miû 2m`QTû2MM2- R2` D�MpB2` kyy3VX U+7X �MM2t2 j @ LQK2M+H�i2m`2
;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2i BM/mbi`B2 L�*1 _2pX kXV

S�`KB +2b /2`MBĕ`2b MQmb `2i`QmpQMb /2mt ivT2b /2 ;`�TT2b BM/mbi`B2HH2b , URV H2b ;`�TT2b BM/mbi`B2HH2b
+H�bbB[m2b 2i UkV H2b ;`�TT2b BM/mbi`B2HH2b ûK2`;2Mi2bX *2ii2 /2mtBĕK2 +�iû;Q`B2 +Q``2bTQM/ ¨ /2b ;`�TT2b
BM/mbi`B2HH2b /QMi H2b b2+i2m`b BM/mbi`B2Hb bQMi MQmp2�mt Qm [mB ûpQHm2Mi /2 bQ`i2 ¨ b2 7QM/`2 /�Mb /2 MQmp2HH2b
BM/mbi`B2bX AHb bQMi /û}MBb +QKK2 ĿHǶûi�#HBbb2K2Mi /ǶmM2 +?�ŗM2 /2 p�H2m` BM/mbi`B2HH2 2MiBĕ`2K2Mi MQmp2HH2- Qm
H� `2+QM};m`�iBQM `�/B+�H2 /ǶmM2 bQ+Bûiû 2tBbi�Mi2- 2Mi`�ŗMû2 T�` mM2 B/û2 T2`im`#�i`B+2 UQm mM2 +QMp2`;2M+2
/ǶB/û2bV- +2 [mB � +QM/mBi ¨ i`�Mb7Q`K2` +2b B/û2b f QTTQ`imMBiûb 2M MQmp2�mt T`Q/mBib f b2`pB+2b ¨ p�H2m`
�DQmiû2ǳX

lM �T2`Ïm /2 +2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2bi T`ûb2Miû /�Mb H2 ;`�T?B[m2 +B@/2bbQmbX

6B;m`2 kj, :`�TT2b BM/mbi`B2HH2b T`ûb2Mi2Mi /�Mb H� #�b2 /2 /QMMû2b URfkV
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6B;m`2 k9, :`�TT2b BM/mbi`B2HH2b T`ûb2Mi2Mi /�Mb H� #�b2 /2 /QMMû2b UkfkV

6B;m`2 k8, :`�TT2b BM/mbi`B2HH2b T`ûb2Mi2Mi /�Mb H� #�b2 /2 /QMMû2b UkfkV

SQm` +2 [mB 2bi /2 HǶBMiû;`�iBQM û+QMQKB[m2- H2b p�`B�#H2b KBb2b 2M TH�+2 T2`K2ii2Mi /2 b�pQB` TQm` +?�+mM
/2b je T�vb /m +QMiBM2Mi 2m`QTû2M bǶBH 2bi K2K#`2 Qm MQM /2 HǶ�++Q`/ +BiûX

Ryj
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Uúi�ib- 2bT�+2b û+QMQKB[m2b 2i `û;BQMbV 2i /2 MBp2�m BM/mbi`B2H U;`�TT2b BM/mbi`B2HH2bVX

SQm` Q#i2MB` MQi`2 û+?�MiBHHQM- mM2 7QBb H� #�b2 /2 /QMMû2b mMB[m2 bi`m+im`û2 2i �;`û;û2- mM bBKTH2 }Hi`2
TQm` H� `û;BQM 1m`QT2 � ûiû �TTHB[mûX

9XRXj AKTHB+�iBQM /2b /QMMû2b 2i T`ûb2Mi�iBQM /2b Rj û+?�MiBHHQMb bûH2+iBQMMûb

�mt pm2b /2 H� K�bb2 /2 /QMMû2b 2i /ǶQ#b2`p�iBQMb `û+QHiû2b �BMbB [m2 TQm` `�{M2` MQi`2 �M�Hvb2 /�Mb H2 #mi
/ǶûHBKBM2` H2b #B�Bb bi�iBbiB[m2b- HǶû+?�MiBHHQM ;HQ#�H +QMi2M�Mi H2b k3 T�vb K2K#`2b /2 HǶlMBQM 2m`QTû2MM2- H2b
60 ;`�TT2b BM/mbi`B2HH2b �bbQ+Bû2b �mt 9 MBp2�mt ;ûQ;`�T?B[m2b UbQBi 258 `û;BQMb TQm` H2 MBp2�m /2 ;`�MmH�`Biû
H2 THmb 7Q`iV M2 b2`� T�b H2 b2mH ûim/BûX lM iQi�H /2 Rk bQmb@û+?�MiBHHQMb bQMi miBHBbûb /�Mb +2ii2 ûim/2- /QMi /2mt
+�`�+iû`Bb2Mi H2 ivT2 /2 T�vb- [m�i`2 �mi`2b +�`�+iû`Bb2Mi H2 ivT2 /2 +Hmbi2` 2i [m�i`2 /2`MB2`b +�`�+iû`Bb2Mi
/2b Tû`BQ/2b i2KTQ`2HH2bX

G2b /2mt T`2KB2`b bQmb@û+?�MiBHHQMb Dm;ûb T2`iBM2Mib bQMi bm#/BpBbûb UQm }Hi`ûbV 2M 7QM+iBQM /2 H� +�iû;Q`B2 Qm
/m ivT2 /2 T�vb K2K#`2b 2M i2`K2b /2 `B+?2bb2- bQBi `B+?2 Qm /ûp2HQTTûb 2i T�mp`2 Qm 2M pQB2 /2 /ûp2HQTT2K2MiX
AH 2bi BMiû`2bb�Mi /Ƕ2t2`+2` H2b KāK2b �M�Hvb2b TQm` +2b /2mt +�iû;Q`B2b /2 T�vb bûT�`ûK2Mi /2 K�MBĕ`2 ¨
+�Tim`2` HǶ?ûiû`Q;ûMûBiû /2b T�vb 2M i2`K2b /2 T`Bt 2i /2 T`Q/m+iBQM �BMbB [mǶ2M i2`K2b /2 bi`m+im`2 2i
TQHBiB[m2 }M�M+Bĕ`2X 1M 2z2i- +2b /2mt �bT2+ib bQMi /û}MBb T�` H� HBiiû`�im`2 +QKK2 /2mt /2b i`QBb bQm`+2b
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mM2 mMBiû /2 H� /Bzû`2M+2 /2 /vM�KB[m2 /ǶBMiû;`�iBQM- bQBi bTû+B�HBb�iBQM Qm +QMp2`;2M+2X
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Zm�i`2 �mi`2b bQmb@û+?�MiBHHQMb bQMi Dm;ûb T2`iBM2Mib ¨ i2bi2` 2i bQMi bm#/BpBbûb 2M 7QM+iBQM /2 HǶBM/2t /2b
;`�TT2b BM/mbi`B2HH2bX SHmb T`û+BbûK2Mi- iQmDQm`b �}M /2 HBKBi2` H2b #B�Bb bi�iBbiB[m2b- mM bQmb û+?�MiBHHQM
URV /m iQT Ry /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b- UkV /m iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b
/m b2+i2m` T`BK�B`2 2i b2+QM/�B`2 UK�Mm7�+im`B2`V- UjV /m iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /m
b2+i2m` i2`iB�B`2 Ub2`pB+2bV- 2i U9V /m iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b ûK2`;2Mi2b- bQMi +`ûûbX *2b
/Bzû`2Mib +H�bb2K2Mib /2b ;`�TT2b BM/mbi`B2HH2b T2`K2ii2Mi ¨ H� 7QBb /2 +�Tim`2` HǶBKTQ`i�M+2 /ǶmM ivT2 /2
;`�TT2b 2M T�`iB+mHB2` 2i /Ƕ�mi`2 T�`i /2 bǶ�bbm`2` /m +�`�+iĕ`2 bB;MB}+�iB7 /2 HǶû+?�MiBHHQM /2b ;`�TT2b 2M
7QM+iBQM /2 H2m` BKTQ`i�M+2X 1M 2z2i- TQm` ûi�#HB` H2b /Bzû`2Mib +H�bb2K2Mib 2i �BMbB miBHBb2` H2b /Bzû`2Mib iQT
/2b ;`�TT2b BM/mbi`B2HH2b- H2b +`Biĕ`2b miBHBbûb- `�M;ûb +B@�T`ĕb 2M i2`K2b /ǶBKTQ`i�M+2- bQMi H2b bmBp�Mib,

URV H2 b�H�B`2 KQv2M T�` 2KTHQvûb T�` ;`�TT2 BM/mbi`B2HH2
UkV H2 iQi�H /Ƕ2KTHQvûb T�` ;`�TT2 BM/mbi`B2HH2
UjV H2 iQi�H /Ƕ2Mi`2T`Bb2b T�` ;`�TT2 BM/mbi`B2HH2

G2b [m�i`2 bQmb@û+?�MiBHHQMb bmBp�Mib 2i Dm;ûb T2`iBM2Mib ¨ i2bi2` b2 `2;`QmT2Mi �miQm` H� /BK2MbBQM i2KTQ`2HH2
[mB �;B`� +QKK2 }Hi`2 Qm +`Biĕ`2 /2 bm#/BpBbBQMX a2HQM H� /BK2MbBQM i2KTQ`2HH2 /2b /QMMû2b /2 RNNR ¨ kyR9-
[m�i`2 Tû`BQ/2b +`BiB[m2b- T2`K2ii�Mi T�` �BHH2m`b /2 +QMb2`p2` H� M�im`2 bi�iBbiB[m2K2Mi bB;MB}+�iBp2 /2b
û+?�MiBHHQMb- `2bbQ`i2Mi , URV T`û KBb2 2M +B`+mH�iBQM 2i miBHBb�iBQM /2 KQMM�B2 mMB[m2- HǶ1m`Q- bQBi T`û RNNN-
UkV TQbi KBb2 2M +B`+mH�iBQM 2i miBHBb�iBQM /2 KQMM�B2 mMB[m2- HǶ1m`Q- bQBi TQbi RNNN- UjV T`û +`Bb2 }M�M+Bĕ`2
/2 kyy3- 2i U9V TQbi +`Bb2 }M�M+Bĕ`2 /2 kyy3X .2 +2ii2 7�ÏQM- H2b [m�i`2 bQmb@û+?�MiBHHQMb bQMi +QMbi`mBib ¨
T�`iB` /ǶmM }Hi`2 /2 HǶBM/2t �MMû2 tX

6BM�H2K2Mi- H2b /2mt /2`MB2`b bQmb@û+?�MiBHHQMb Dm;ûb T2`iBM2Mib bQMi 7Q`Kûb ¨ T�`iB` /ǶmM2 /Qm#H2 bm#/BpBbBQM
b2HQM H2b +`Biĕ`2b T`û+û/2MibX .ǶmM2 T�`i- +2b /2mt û+?�MiBHHQMb b2`QMi bm#/BpBbûb UQm }Hi`ûbV b2HQM H� +�iû;Q`B2
/m T�vb 2i /Ƕ�mi`2 T�`i b2HQM HǶBKTQ`i�M+2 2M i2`K2b /2 +QMi`B#miBQM /2b ;`�TT2b BM/mbi`B2HH2bX SQm` H2b
KāK2b `�BbQMb DmK2Hû2b 2i +Biû2b +B@?�mi- H2b /2mt /2`MB2`b bQmb û+?�MiBHHQMb `2T`ûb2Mi2Mi /QM+ URV H2 iQT
Ry /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /2b T�vb /ûp2HQTTûb 2i UkV H2 iQT Ry /2b ;`�TT2b BM/mbi`B2HH2b
2m`QTû2MM2b /2b T�vb 2M pQB2 /2 /ûp2HQTT2K2MiX

9XRX9 .û}MBiBQM /m 7Q`K�i T�M2H 2i /2b BM/2t /BK2MbBQMM2Hb

AH 2bi BKTQ`i�Mi /2 T`û+Bb2` [m2Hb b2`QMi H2b BM/2t miBHBbûb TQm` +`û2` H2 7Q`K�i T�M2H +`QBbûb /2 MQb û+?�MiBHHQMbX

h`QBb Kûi?Q/2b /Ƕ�M�Hvb2b /Bzû`2Mi2b b2`QMi �TTHB[mû2b �v�Mi +?�+mM2 /2b #mib /BbiBM+ib 2i /2b p�`B�#H2b
�bbQ+Bûb bmTTHûK2Mi�B`2b +�`�+iû`Bb�Mi H2b BM/2t [mB b2`QMi miBHBbûb TQm` 7Q`K�i2` H� #�b2 /2 /QMMû2b T�M2H
+`QBbûbX �mi`2K2Mi /Bi- TQm` +2 [mB 2bi /2b bi�iBbiB[m2b /2b+`BTiBp2b 2i /2 HǶû+QMQKûi`B2- HǶBMiû`āi 2bi /2
TQmpQB` +�`�+iû`Bb2` H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQM 2i +QMp2`;2M+2fbTû+B�HBb�iBQMX �BMbB- THmbB2m`b
p�`B�#H2b K�+`Q@û+QMQKB[m2b /2 MBp2�m ;ûQ;`�T?B[m2 úi�ib K2K#`2b Qm M�iBQM�H- /ûi2`KBMûb T�` HǶûim/2
/2 H� HBiiû`�im`2- b2`QMi miBHBbû2b TQm` +�Tim`2` HǶBMiû;`�iBQM 2i H� +QMp2`;2M+2 U+7X ú+QMQKûi`B2- b2+iBQM
Jûi?Q/QHQ;B2VX �BMbB- BH �TT�`�Bi iQi�H2K2Mi HQ;B[m2 [m2 TQm` +2b /2mt /2`MBĕ`2b �M�Hvb2b +Biû2b H� /BK2MbBQM
bT�iB�H2 bQBi +�`�+iû`Bbû2 T�` HǶBM/2t /m +QmTH2 mMB[m2 i T�vb@;`�TT2 BM/mbi`B2HH2X 1M 2z2i- +Ƕ2bi H� ;`�MmH�`Biû
H� THmb }M2 [m2 MQmb TQmpQMb miBHBb2` b�Mb #B�Bb2` bi�iBbiB[m2K2Mi MQb �M�Hvb2b bi�iBbiB[m2bX
S�` �BHH2m`b- TQm` +2 [mB 2bi /2 HǶ�M�Hvb2 +�`iQ;`�T?B[m2- �m+mM2 p�`B�#H2 /2 MBp2�mt ;ûQ;`�T?B[m2b bmTû`B2m`b
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¨ +2HmB /2 `û;BQM M2 b2`� �DQmiû2X �BMbB- BH �TT�`�Bi B+B HQ;B[m2 /ǶmiBHBb2` HǶBM/2t /2 /BK2MbBQM bT�iB�H2 H2 THmb
;`�MmH�B`2 bQBi k `û;BQM@;`�TT2 BM/mbi`B2HH2X

�BMbB- MQb û+?�MiBHHQMb �TTHB[mûb �mt i`QBb Kûi?Q/2b /Ƕ�M�Hvb2b 2i H2m`b BM/2t /2 /BK2MbBQM bT�iB�H2 2i
i2KTQ`2HH2 bQMi /û}MBb +QKK2 bmBi,

h�#H2 8, _ûbmKû /2b BM/2t /BK2MbBQMM2Hb /2 H� #�b2 /2 /QMMû2b
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9Xk ai�iBbiB[m2b /2b+`BTiBp2b `2H�iBp2b �mt Rj û+?�MiBHHQMb �M�Hvbûb

*2ii2 T�`iB2 +QMbiBim2 H� T`2KBĕ`2 �M�Hvb2 /2 HǶûim/2X 1HH2 2tTQb2 H2b bi�iBbiB[m2b /2b+`BTiBp2b /2b Rj /Bzû`2Mib
û+?�MiBHHQMb bûH2+iBQMMûb 2i /û}MBb +B@�p�MiX *2b bi�iBbiB[m2b /2b+`BTiBp2b T2`K2ii2Mi /2 +QKT`2M/`2 THmb 2M
T`Q7QM/2m` H2b /QMMû2b /BbTQMB#H2b 2i /2 `û�{`K2` +?�+mM2 /2 MQb ?vTQi?ĕb2b /2 /ûT�`iX S�` �BHH2m`b- +2b
�M�Hvb2b T2`K2ii2Mi �mbbB /2 DmbiB}2` H2 /û+QmT�;2 /2 HǶû+?�MiBHHQM ;HQ#�H 2M Ry �mi`2b bQmb@û+?�MiBHHQM 2i
H2m` 7mim`2 �M�Hvb2 û+QMQKûi`B[m2bX �mbbB- +2ii2 �M�Hvb2 T2`K2i /2 pû`B}2` H2 +�`�+iĕ`2 bB;MB}+�iB7 /2 MQb
û+?�MiBHHQMb T�` HǶQ#b2`p�iBQM /2 H� /Bbi`B#miBQM /2b /QMMû2b- H2 i2bi /2b +Q``ûH�iBQMb- H2 i2bi /2 H� T`ûb2M+2
/2 /QMMû2b �#2``�Mi2b- 2i }M�H2K2Mi H2b i2bib /Ƕ?ûiû`Qb+û/�biB+BiûX

9XkXR ú+?�MiBHHQM ;HQ#�H

GǶû+?�MiBHHQM ;HQ#�H- +QKK2 K2MiBQMMû T`û+û/2KK2Mi- 2bi /QM+ +QKTQbû /2 HǶ2Mb2K#H2 /2b /QMMû2b /2 H�
/BK2MbBQM i2KTQ`2HH2 t /2 RNN9 ¨ kyR9 2i /2 H� /BK2MbBQM bT�iB�H2 /m +QmTH2 mMB[m2 i T�vb@;`�TT2 BM/mbi`B2HH2-
TQm` H2 MBp2�m ;ûQ;`�T?B[m2 H2 THmb ;`�MmH�B`2- TQm` iQmb H2b T�vb K2K#`2b /2 HǶlMBQM 2m`QTû2MM2X

*2T2M/�Mi- �bbQ+Bûb ¨ MQb p�`B�#H2b /2 i�BHH2- /2 +QM+2Mi`�iBQM /Ƕ�+iBpBiû- /ǶBMi2MbBiû +QM+m``2MiB2HH2 2i /2
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2i /2 *`QBbb�M+2V /ûi2`KBMû2b /�Mb H� HBiiû`�im`2 bQMi �DQmiû2bX *2b /2`MBĕ`2b bQMi /2 MBp2�m ;ûQ;`�T?B[m2
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9XkXRXk .Bbi`B#miBQM

oQB+B H� /Bbi`B#miBQM /2b p�`B�#H2b /ûT2M/�Mi2b /m KQ/ĕH2,
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6B;m`2 jy, .Bbi`B#miBQM /2b /QMMû2b bm` H2 b�H�B`2 KQv2M T�` 2KTHQB TQm` HǶû+?�MiBHHQM ;HQ#�H

G2b ;`�T?B[m2b T`û+û/2Mib T2`K2ii2Mi /ǶQ#b2`p2` H� /Bbi`B#miBQM /2b p�`�B#H2b /ûT2M/�Mi2b /m KQ/ĕH2bX *2b
/2`MBĕ`2b b2K#H2Mi T`ûb2Mi2` mM2 /Bbi`B#miBQM /2 ivT2 GQB LQ`K�H2X �mbbB- H� [m�MiBiû /2 /QMMû2b `2[mBb2b
TQm` T2`K2ii`2 HǶ�TT`QtBK�iBQM /2 H� HQB MQ`K�H2 2bi H�`;2K2Mi b�iBb7�BiX

oQB+B H� /Bbi`B#miBQM /2b p�`B�#H2b /2 i`�Bi2K2Mi /m KQ/ĕH2,
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6B;m`2 jR, .Bbi`B#miBQM /2b /QMMû2b /2 H� p�`B�#H2 ."h.A6 U/2ii2 Tm#HB+V TQm` HǶû+?�MiBHHQM ;HQ#�H

S�` bQm+Bb /2 +H�`2iû 2i /2 bBKTHB+Biû �BMbB [mǶ�mt pm2b /2 H� `2bb2K#H�M+2 /2b `ûbmHi�ib TQm` +?�+mM2 /2b
p�`B�#H2b BM/ûT2M/�Mi2b- b2mHb H2b /Bbi`B#miBQMb /2b p�`B�#H2b Gij,t 2i DBTDIFij,t bQMi T`ûb2MiûbX *2T2M/�Mi-
HǶ2Mb2K#H2 /2b /Bbi`B#miBQM QMi ûiû KQ/ûHBbû2b 2i `2T`ûb2MiûbX

6BM�H2K2Mi- HǶ2Mb2K#H2 /2b ;`�T?B[m2b `2T`ûb2Mi�Mi H� /Bbi`B#miBQM /2 +?�+mM2b /2b p�`B�#H2b BM/ûT2M/�Mi2b
/2b KQĕ/H2b b2K#H2Mi T`ûb2Mi2` mM2 /Bbi`B#miBQM /2 ivT2 GQB LQ`K�H2X �mbbB- H� [m�MiBiû /2 /QMMû2b `2[mBb2b
TQm` T2`K2ii`2 HǶ�TT`QtBK�iBQM /2 H� HQB MQ`K�H2 2bi H�`;2K2Mi b�iBb7�Bi2X

9XkXRXj JmHiB@+QHBMû�`Biû
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6B;m`2 jk, J�i`B+2 /2b ;`�T?B[m2b /2 +Q``ûH�iBQM
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6B;m`2 jj, J�i`B+2 /2 +Q``ûH�iBQM

6BM�H2K2Mi- H2 i2bi /2 KmHiB+QHBMû�`Biû @ Qm /2 +Q``ûH�iBQM /2b p�`B�#H2b BM/ûT2M/�Mi2b @ /ûKQMi`2 mM2 #QMM2
bûH2+iBQM /2 p�`B�#H2b TQm` HǶ�TTHB+�iBQM /2 MQb KQ/ĕH2bX 1M 2z2i- +2 /2`MB2` KQMi`2 T2m /2 +Q``ûH�iBQM 2Mi`2
H2b p�`B�#H2b �p2+ MQi�KK2Mi mM +Q2{+B2Mi /2 +Q``ûH�iBQM K�tBKmK �mt �H2MiQm`b /2 y-8X �BMbB- �m+mM2
KQ/B}+�iBQM 2M i2`K2b /2 bûH2+iBQMb /2 p�`B�#H2b BM/ûT2M/�Mi2b /m KQ/ĕH2 MǶ� ûiû Dm;û2 Mû+2bb�B`2 /Ƕāi`2
�TTHB[mû ¨ +2ii2 ûi�T2X

9XkXRX9 >ûiû`Qb+û/�biB+Biû

oQB+B H2b `ûbmHi�ib /2b i2bib /Ƕ?ûiû`Qb+û/�biB+Biû TQm` H2b KQ/ĕH2b /2 `2;`2bbBQM /2 H� p�`B�#H2 /ûT2M/�Mi2 i�BHH2
/2 H� ;`�TT2- bQBi H� [m�MiBû /Ƕ2KTHQBb- Empi,t �bbQ+Bûb �mt p�`B�#H2b >Pa- �mt p�`B�#H2b /2 +QMp2`;2M+2- 2i
¨ H� +QK#BM�BbQM /2b /2mt ;`QmT2b /2 p�`B�#H2b U>Pa 2i +QMp2`;2M+2V ,

Rk9



0 500000 1000000 1500000 2000000

−6
e+

05
−2

e+
05

2e
+0

5

Valeurs ajustées

R
és

id
us

0 500000 1000000 1500000 2000000

−6
e+

05
−2

e+
05

2e
+0

5

Valeurs ajustées

R
és

id
us

Rk8



0 500000 1000000 1500000 2000000

−6
e+

05
−2

e+
05

2e
+0

5

Valeurs ajustées

R
és

id
us

S�` bQm+Bb /2 +H�`2iû 2i /2 bBKTHB+Biû 2i �mt pm2b /2 H� `2bb2K#H�M+2 /2b `ûbmHi�ib TQm` +?�+mM2 /2b p�`B�#H2b-
b2mHb H2b `ûbmHi�ib /2b i2bib /Ƕ?ûiûiQb+û/�biB+Biû TQm` H� i�BHH2 /2 H� ;`�TT2b bQMi T`ûb2MiûbX

6BM�H2K2Mi- H2b i2bib KQMi`2Mi H� T`ûb2M+2 /ǶmM2 +2`i�BM2 ?ûiû`Qb+û/�biB+Biû /�Mb H2 KQ/ĕH2 [mB 2bi +Q``B;û T�`
HǶ�TTHB+�iBQM /ǶmM2 7QM+iBQM HQ;�`Bi?K2 MûTû`B2M bm` HǶ2Mb2K#H2 /2b [m�i`2 p�`B�#H2b /ûT2M/�Mi2b /2b KQ/@
ĕH2b /2 `û;`2bbBQMX GǶ�TTHB+�iBQM /2 +2ii2 7QM+iBQM HQ;�`Bi?K2 T2`K2i /2 `û/mB`2 +2i 2z2i /Ƕ?ûiû`Qb+û/�biB+Biû
bvMQMvK2 /2 MQM@`ûT�`iBiBQM �Hû�iQB`2 /2b 2``2m`b �Hû�iQB`2b Qm `ûbB/mb bQBi /2 HǶBMiû;`�iBQM /ǶmM #B�Bb bi�iBb@
iB[m2 /2 +Q``ûH�iBQM 2Mi`2 H2b 2``2m`b �Hû�iQB`2b /2b /QMMû2b +`QBbû2b U/BK2MbBQM bT�iB�H2 2i i2KTQ`2HH2V /2b
/Bzû`2Mib KQ/ĕH2bX

9XkXk ú+?�MiBHHQM `2T`ûb2Mi�Mi H2b T�vb `B+?2b /2 HǶlMBQM 2m`QTû2MM2

S�` `2bT2+i �p2+ H� HBiiû`�im`2 2i /QM+ H2b �p�M+û2b b+B2MiB}[m2b bm` HǶûim/2 2i H� /û}MBiBQM /2b T�vb /ûp2HQTTûb
2i T�vb 2MpQB2 /2 /ûp2HQTT2K2Mi UQm 2M+Q`2 T�vb `B+?2b 2i T�vb T�mp`2bV- H2 T`Qtv bûH2+iBQMMû TQm` /ûi2`KBM2`
bB mM T�vb 2bi `B+?2 Qm MQM 2bi H2 bmBp�Mi , H2 T`Q/mBi BMiû`B2m` #`mi USA"V T�` ?�#Bi�Mb- B+B TQm` H� /2`MBĕ`2
�MMû2 UQm �MMû2 H� THmb `û+2Mi2 /2 HǶû+?�MiBHHQMVX
a2HQM H2 +`Biĕ`2 /2b Q`;�MBbK2b BMi2`M�iBQM�mt i2Hb [m2 H� "�M[m2 JQM/B�H Qm HǶPLl UP`;�MBb�iBQM /2b
L�iBQMb lMB2bV- bB +2 /2`MB2` 2bi bmTû`B2m` ¨ R8 yyy 2m`Qb- �HQ`b H2 T�vb b2`� +QMbB/û`û +QKK2 mM T�vb
/ûp2HQTTû UQm `B+?2V /2 HǶlMBQM 2m`QTû2MM2X § HǶBMp2`b2- bB +2 /2`MB2` BM/B+�i2m` 2bi BM7û`B2m` ¨ R8 yyy 2m`Qb
H2 T�vb b2`� +QMbB/û`û +QKK2 mM T�vb 2M pQB2 /2 /ûp2HQTT2K2Mi UbQBi T�mp`2VX

*2T2M/�Mi- �m pm /2 H� `ûT�`iBiBQM BMû;�H2 /2b T�vb UbQBi k9 T�vb /ûp2HQTTûb 2i 9 T�vb 2M pQB2 /2 /ûp2HQTT2@
K2MiV +QKTi2 i2Mm /m 7�Bi [m2 HǶlMBQM 2m`QTû2MM2 7�Bi T�`iB2 /2 H� b2+iBQM bmTû`B2m`2 2M i2`K2b /2 SA"
T�` ?�#Bi�Mi /�Mb H2 +H�bb2K2Mi KQM/B�H /2b T�vb- H2 +?QBt /2 +H�bbB}+�iBQM /2b T�vb /ûp2HQTTûb 2i 2M pQB2
/2 /ûp2HQTT2K2Mi /2 HǶlMBQM 2m`QTû2MM2 b2`� KQ/B}û �m /ûi`BK2Mi /2 H� /û}MBiBQM /2b Q`;�MBbK2b BMi2`M�@
iBQM�mtX

Rke



�m HB2m /2 T`2M/`2 +QKK2 +`Biĕ`2 H� #�``2 /2b R8 yyy 2m`Qb TQm` H2 SA" T�` ?�#Bi�Mi- H2 +?QBt /m +`Biĕ`2
KQM/B�H2K2Mi `2+QMMm bm` b2mBH /2 T�mp`2iû- bQBi eyW /m `2p2Mm Kû/B�M- 2bi bûH2+iBQMMûX �mi`2K2Mi /Bi- B+B
�TTHB[mû �m T�vb /2 HǶlMBQM 2m`QTû2MM2- mM T�vb b2`� +QMbB/û`û /ûp2HQTTû UQm `B+?2V bB bQM SA" T�` ?�#Bi�Mi
2bi bmTû`B2m` Qm û;�H ¨ eyW /m SA" Kû/B�M T�` ?�#Bi�Mi /2 HǶlMBQM 2m`QTû2MM2X AMp2`b2K2Mi- mM T�vb b2`�
+QMbB/û`û 2M pQB2 /2 /ûp2HQTT2K2Mi UQm T�mp`2V bB bQM SA" T�` ?�#Bi�Mi 2bi BM7û`B2m` bi`B+i ¨ eyW /m SA"
Kû/B�M T�` ?�#Bi�Mi /2 HǶlMBQM 2m`QTû2MM2X

a2HQM H� Kûi?Q/QHQ;B2 �BMbB [mǶ�T`ĕb ûim/2 2i `�{M2K2Mi /2 MQi`2 û+?�MiBHHQM ;HQ#�H- 2i b�+?�Mi [m2 H�
Kû/B�M2 1m`QTû2MM2 /2b SA" T�` ?�#Bi�Mi 2bi û;�H2 ¨ , 3.19815 × 104- pQB+B +B@�T`ĕb H� HBbi2 /2b T�vb
+QMbB/û`ûb TQm` +2ii2 ûim/2 +QKK2 /2b T�vb /ûp2HQTTûbX

h�#H2 Ry, GBbi2 /2b T�vb +QMbB/û`ûb TQm` MQi`2 ûim/2 +QKK2 H2b
T�vb /ûp2HQTTûb U`B+?2bV /2 HǶlMBQM 2m`QTû2MM2

A. S�vb S�vb

�h �mbi`B�
"1 "2H;BmK
>_ *`Q�iB�
*w *x2+? _2Tm#HB+
.E .2MK�`F
6A 6BMH�M/
6_ 6`�M+2
.1 :2`K�Mv
>l >mM;�`v
A1 A`2H�M/
Gl Gmt2K#Qm`;
LG L2i?2`H�M/b
SG SQH�M/
a1 ar2/2M

9XkXj ú+?�MiBHHQM `2T`ûb2Mi�Mi H2b T�vb T�mp`2b /2 HǶlMBQM 2m`QTû2MM2

*QKK2 K2MiBQMMû /�Mb H� b2+iBQM T`û+û/2Mi2- 2i BMp2`b2K2Mi- mM T�vb b2`� +QMbB/û`û 2M pQB2 /2 /ûp2HQTT2@
K2Mi UQm T�mp`2V bB bQM SA" T�` ?�#Bi�Mi 2bi BM7û`B2m` bi`B+i2 ¨ eyW /m SA" Kû/B�M T�` ?�#Bi�Mi /2 HǶlMBQM
2m`QTû2MM2X

a2HQM H� Kûi?Q/QHQ;B2 �BMbB [mǶ�T`ĕb ûim/2 2i `�{M2K2Mi /2 MQi`2 û+?�MiBHHQM ;HQ#�H- 2i b�+?�Mi [m2 H�
Kû/B�M2 1m`QTû2MM2 /2b SA" T�` ?�#Bi�Mi 2bi û;�H2 ¨ , 3.19815 × 104- pQB+B +B@�T`ĕb H� HBbi2 /2b T�vb
+QMbB/û`ûb TQm` +2ii2 ûim/2 +QKK2 /2b T�vb 2M pQB2 /2 /ûp2HQTT2K2MiX

Rkd



h�#H2 RR, GBbi2 /2b T�vb +QMbB/û`ûb TQm` MQi`2 ûim/2 +QKK2 H2b
T�vb 2M pQB2 /2 /ûp2HQTT2K2Mi UT�mp`2bV /2 HǶlMBQM 2m`QTû2MM2

A. S�vb S�vb

": "mH;�`B�
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11 1biQMB�
:_ :`22+2
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Go G�ipB�
Gh GBi?m�MB�
Jh J�Hi�
Sh SQ`im;�H
_P _QK�MB�
aE aHQp�FB�
aA aHQp2MB�
1a aT�BM
lE lMBi2/ EBM;/QK

9XkX9 ú+?�MiBHHQM `2T`ûb2Mi�Mi H2 iQT Ry /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b
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A.
:`�TT2b
BM/mbi`B2HH2b hvT2

hQi�H KQv2M /2b
b�H�B`2b /2 HǶl1
T�` ;`�TT2 U1l_V

hQi�H 2KTHQvûb
/2 HǶl1 T�`
;`�TT2 U[iûV

hQi�H
2Mi`2T`Bb2b /2
HǶl1 T�` ;`�TT2
U[iûV

ke 6QQ/
S`Q+2bbBM; �M/
J�Mm7�+im`BM;

:`�TT2b BM/mbi`B2HH2b
/m b2+i2m` T`BK�B`2
2ifQm b2+QM/�B`2

9NNy83Ndy9e kRkeNek RRk8NdXkj

oQB+B �mbbB H� HBbi2 /2b T�vb +QMbB/û`ûb +QKK2 `B+?2b Qm /ûp2HQTTûb /2 HǶlMBQM 2m`QTû2MM2X

h�#H2 RN, GBbi2 /2b T�vb +QMbB/û`ûb TQm` MQi`2 ûim/2b +QKK2 H2b
MQM T�vb /ûp2HQTTûb /2 HǶlMBQM 2m`QTû2MM2

A. S�vb S�vb

": "mH;�`B�
*u *vT`mb
11 1biQMB�
:_ :`22+2
Ah Ai�Hv
Go G�ipB�
Gh GBi?m�MB�
Jh J�Hi�
Sh SQ`im;�H
_P _QK�MB�
aE aHQp�FB�
aA aHQp2MB�
1a aT�BM
lE lMBi2/ EBM;/QK

9Xj ú+QMQKûi`B2

9XjXR Jûi?Q/QHQ;B2 /m KQ/ĕH2 û+QMQKûi`B[m2

�}M /Ƕ2t�KBM2` HǶBKT�+i /2 HǶBMiû;`�iBQM 2m`QTû2MM2- /û}MB T�` H2 HB#`2@û+?�M;2 �bbQ+Bû ¨ H� KQMM�B2 mMB[m2-
bm` H� /vM�KB[m2 /2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mbi`B2HH2b- mM KQ/ĕH2 û+QMQKûi`B[m2 BMbTB`û /m KQ/ĕH2 /2
;`�pBiû /m +QKK2`+2 BMi2`M�iBQM�H b2`� miBHBbûX G� Kûi?Q/2 /Ƕ2biBK�iBQM /2 /QMMû2b T�M2H b2`� H� bQm`+2 /m
/ûp2HQTT2K2Mi /2 MQi`2 �TTHB+�iBQM û+QMQKûi`B[m2 TQm` HǶ2Mb2K#H2 /2b Rj û+?�MiBHHQMb UR û+?�MiBHHQM ;HQ#�H
THmb Rk bQmb@û+?�MiBHHQMbV 2i H� /û}MBiBQM /2b BM/2t /BK2MbBQMM2Hb TQm` H2 7Q`K�i T�M2H +`QBbûb �bbQ+BûbX

AH 7�mi H2 `�TT2H2`- HǶQ#D2+iB7 /�Mb +2ii2 T�`iB2 2bi /Ƕ2biBK2` H2b 2z2ib /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM û+QMQKB[m2
`û;BQM�H2 2M 1m`QT2 bm` H� +QMp2`;2M+2 û+QMQKB[m2 Qm H� bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 /m +QMiBM2Mi

Rj8



2m`QTû2M- THmb T�`iB+mHBĕ`2K2Mi /2b T�vb K2K#`2b /2 HǶlMBQM 2m`QTû2MM2X SQm` +2 7�B`2- H2 KQ/ĕH2 /ûp2HQTTû
T�` q�`BM 2i �HX UkyyNV /�Mb h2biBM; JmM/2HHǶb AMimBiBQM Q7 1M/Q;2MQmb P*� h?2Q`v b2`� miBHBbûX Uq�`BM-
qmMM�p�- �M/ C�MB+FB kyyNVX *2 /2`MB2` 2KTHQB2 H2b p�`B�#H2b /Ƕ>2+Fb+?2`@P?HBM@a�Km2HbQM +QM+2`M�Mi H�
i?ûQ`B2 /2 bTû+B�HBb�iBQM /m +QKK2`+2 BMi2`M�iBQM�H 2i THmb T�`iB+mHBĕ`2K2Mi /2b �p�Mi�;2b +QKT�`�iB7b �BMbB
[m2 H2b p�`B�#H2b `2T`ûb2Mi�iBp2b /2 H� +QMp2`;2M+2 2tB;û2 T�` H� `�iB}+�iBQM /m i`�Biû /2 J��bi`B+?i URNNjV 2i
H� KBb2 2M TH�+2 /m T�+i2 /2 bi�#BHBiû 2i /2 +`QBbb�M+2 URNNdV- TQm` i2bi2` H2b BMimBiBQMb /2 JmM/2HH +QM+2`M�Mi
H� h?ûQ`B2 /2b wQM2b JQMûi�B`2b PTiBK�H2bX *2 KQ/ĕH2 �TTHB[mû ¨ H� [m2biBQM /2 `2+?2`+?2- ǳ1M 1m`QT2-
Q#b2`p2@i@QM mM2 /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 @ Qm /2 +QMp2`;2M+2 @ ¨ i`�p2`b H2 /ûp2HQTT2K2Mi /2b
;`�TT2b BM/mbi`B2HH2b \Ǵ- T2`K2ii`� /ǶBM7û`2` H� T`Q#�#H2 KQ/B}+�iBQM /2b +?�BM2b /2 p�H2m`b /2b 2Mi`2T`Bb2b
KmHiBM�iBQM�H2b �m b2BM /m +QMiBM2Mi 2m`QTû2M 2i- THmb T`û+BbûK2Mi /2 HǶlMBQM 2m`QTû2MM2X *2ii2 KQ/B}+�iBQM
/2b +?�BM2b /2 p�H2m`b 2bi bvMQMvK2 7QM/�K2Mi�H2K2Mi /2 bTû+B�HBb�iBQM Qm /2 +QMp2`;2M+2 û+QMQKB[m2 TQm`
+2ii2 /2`MBĕ`2 xQM2X

9XjXk G2b KQ/ĕH2b û+QMQKûi`B[m2b

G2 KQ/ĕH2 û+QMQKûi`B[m2 2bi #�bû bm` H2 KQ/ĕH2 ;`�pBi�iBQMM2H �m;K2Miû /m +QKK2`+2 BMi2`M�iBQM�H- H2 iQmi
�TTHB[mû bm` Rj û+?�MiBHHQMb bB;MB}+�iB7b UR û+?�MiBHHQM ;HQ#�H 2i Rk bQmb@û+?�MiBHHQMb }Hi`ûbV /2 /QMMû2b T�M2H
+`QBbû2b �v�Mi +QKK2 BM/2t /2 `û7û`2M+2 TQm` H� /BK2MbBQM i2KTQ`2HH2 H2b �MMû2b t 2i TQm` H� /BK2MbBQM
bT�iB�H2 H2 +QmTH2 mMB[m2 T�vb@;`�TT2 BM/mbi`B2HH2 iX

AMbTB`û T�` H2 KQ/ĕH2 /ûp2HQTTû T�` q�`BM- qmMM�p�- 2i C�MB+FB- Uq�`BM- qmMM�p�- �M/ C�MB+FB kyyNV- H2b
p�`B�#H2b miBHBbû2b b2 /BpBb2Mi 2M [m�i`2 #HQ+b /BbiBM+ib ,

URV H2b p�`B�#H2b /ûT2M/�Mi2b ,

U�V H� i�BHH2 /2 H� ;`�TT2 K2bm`û2 T�` H2 MQK#`2 /Ƕ2KTHQBb- Empi,t

U#V H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû /2 H� ;`�TT2 K2bm`û2 T�` H2 MQK#`2 /Ƕ2Mi`2T`Bb2b- Esti,t

U+V H� [m�HBiû /2 H� ;`�TT2 K2bm`û2 T�` H2b b�H�B`2b KQv2Mb /2 H� ;`�TT2- Wageij,t

U/V HǶBMi2MbBiû +QM+m``2MiB2HH2 /2 H� ;`�TT2 K2bm`û2 T�` H2 `�TTQ`i MQK#`2 /Ƕ2Mi`2T`Bb2b T�` 2KTHQB-
Concuij,t

UkV H2b p�`B�#H2b 2tTHB+�iBp2b /m +QKK2`+2 BMi2`M�iBQM�H /Ƕ>2+Fb+?2`@P?HBM@a�Km2HbQM- bQBi H� i?ûQ`B2 /m
+QKK2`+2 BMi2`M�iBQM�H `2H�iB7 ¨ H� bTû+B�HBb�iBQM BMi2`M�iBQM�H2 b2HQM H2b �p�Mi�;2b +QKT�`�iB7b i2HH2b
[m2 ,

U�V H� i�BHH2 /m K�`+?û- Gij,t

U#V H2b bBKBH�`Biûb /2b K�`+?ûb- Sij,t

U+V H� /Qi�iBQM 7�+iQ`B2HH2- Rij,t

U/V H� /Bbi�M+2 2Mi`2 H2b /Bzû`2Mib T�vb K2K#`2b [mB +�Tim`2 HǶBKT�+i /2 HǶBMiû;`�iBQM- Dij,t

UjV H2b p�`B�#H2b /ûT2M/�Mi2b `2T`ûb2Mi�Mi H� +QMp2`;2M+2 2M û+QMQKB2 2tB;û2 T�` H2 i`�Biû /2 J��bi`B+?i
URNNjV 2i H2 T�+i2 /2 bi�#BHBiû 2i /2 +`QBbb�M+2 URNNdV i2HH2b [m2,

U�V H2 i�mt /ǶBM~�iBQM- HICPDIFij,t

U#V H2 i�mt /ǶBMiû`āi - IRDIFij,t

U+V HǶ2M/2ii2K2Mi- DBTDIFij,t

Rje



U/V H2 bmTHmb Qm /û}+Bi #m/;ûi�B`2 /2b /Bzû`2Mib T�vb K2K#`2b- BGTDIFij,t

U9V H� p�`B�#H2 2tTHB+�iBp2 /2 HǶlMBQM KQMûi�B`2 û+QMQKB[m2 Ul1JV [mB `2T`ûb2Mi2 HǶ�/?ûbBQM Qm MQM ¨ H�
xQM2 2m`Q (EMUi,t) TQm` mM2 `û;BQM ;ûQ;`�T?B[m2 /QMMû2X

Zm�i`2 `û;`2bbBQMb- Qm û[m�iBQMb- `2H�iBp2b ¨ +?�[m2 p�`B�#H2 /ûT2M/�Mi2 bQMi KQ/ûHBbû2b 2i i2biû2b TQm`
+?�+mM /2 +2b i`QBb #HQ+b /2 p�`B�#H2b 2tTHB+�iBp2b �}M /2 `ûTQM/`2 ¨ H� [m2biBQM /2 `2+?2`+?2 2tTQbû2 +B@?�miX
SHmb T`û+BbûK2Mi- TQm` +?�+mM /2b Rj û+?�MiBHHQMb 2i TQm` +?�+mM2 /2b p�`B�#H2b 2tTHB+�iBp2b- i`QBb KQ/ĕH2b
bQMi +QKTBHûb 2i �M�Hvbûb,

URV mM KQ/ĕH2 [mB +�Tim`2 mMB[m2K2Mi H2b 2z2ib /m +QKK2`+2 BMi2`M�iBQM�H 2i /2 bTû+B�HBb�iBQM T�` �p�M@
i�;2 +QKT�`�iB7 UQmp2`im`2 /m +QKK2`+2V /�Mb mM2 /vM�KB[m2 /ǶBMiû;`�iBQM 2m`QTû2MM2 , p�`B�#H2
2tTHB+�iBp2 /Ƕ>2+Fb+?2`@P?HBM@a�Km2HbQM U>PaV

UkV mM KQ/ĕH2 [mB +�Tim`2 mMB[m2K2Mi H2b 2z2ib /2 +QMp2`;2M+2b MQKBM�H2b UQm K�+`Q@û+QMQKB[m2V BK@
TQbû2b /�Mb mM2 /vM�KB[m2 /ǶBMiû;`�iBQM 2m`QTû2MM2 , p�`B�#H2b /û}MB2b T�` H2 h`�Biû /2 J��bi`B+?i
2i H2 S�+i2 /2 ai�#BHBiû 2i /2 *`QBbb�M+2c

UjV mM KQ/ĕH2 [mB +�Tim`2 ¨ H� 7QBb H2b 2z2ib /m +QKK2`+2 BMi2`M�iBQM�H 2i /2 bTû+B�HBb�iBQM T�` �p�M@
i�;2 +QKT�`�iB7 2i H2b 2z2ib /2 +QMp2`;2M+2b MQKBM�H2b UQm K�+`Q@û+QMQKB[m2V /�Mb mM2 /vM�KB[m2
/ǶBMiû;`�iBQM 2m`QTû2MM2X

�BMbB- mM iQi�H Rk û[m�iBQMb bQMi i2biû2b TQm` +?�+mM /2b Rj û+?�MiBHHQMb /2 T�M2H �v�Mi TQm` /BK2MbBQM
bT�iB�H2 i- H2 +QmTH2 T�vb@;`�TT2 BM/mbi`B2HH2- 2i TQm` /BK2MbBQM i2KTQ`2HH2 t- HǶ�MMû2X

SHmb T`û+BbûK2Mi- H2 T`2KB2` KQ/ĕH2 û+QMQKûi`B[m2 �TTHB[mû �mt [m�i`2 p�`B�#H2b /ûT2M/�Mi2b � TQm` #mi
/2 [m�HB}2` HǶ2z2i /m HB#`2@û+?�M;2 UHǶQmp2`im`2 2i 7�+BHBiû �m +QKK2`+2- HǶBMiû;`�iBQM /2b K�`+?ûb- +QKK2`+2
BMi2`M�iBQM�HV bm` H� bTû+B�HBb�iBQM Qm H� +QMp2`;2M+2 û+QMQKB[m2 2M 1m`QT2X �BMbB- +2 /2`MB2` b2`� 2tTHB[mû
mMB[m2K2Mi T�` H2b p�`B�#H2b 2tTHB+�iBp2b /m KQ/ĕH2 /2 ;`�pBiû /Ƕ>2+Fb+?2`@P?HBM +QmTHû ¨ bQM BMi2`�+iBQM
�p2+ HǶ�/?ûbBQM ¨ H� KQMM�B2 mMB[m2- +QKK2 bmBiX

ln (Empi,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ ϵij,t

URV
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ln (Esti,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ ϵij,t

UkV

ln (Concui,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ ϵij,t

UjV

ln (Wagei,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ ϵij,t

U9V

G2 b2+QM/ KQ/ĕH2 û+QMQKûi`B[m2 �TTHB[mû �mt [m�i`2 U9V p�`B�#H2b /ûT2M/�Mi2b � TQm` #mi /2 [m�HB}2` HǶ2z2i
/2 H� +`û�iBQM /ǶmM2 xQM2 KQMûi�B`2 QTiBK�H2 �p2+ /2b +`Biĕ`2b /2 +QMp2`;2M+2 BKTQbû2 bm` H� bTû+B�HBb�iBQM
Qm H� +QMp2`;2M+2 û+QMQKB[m2 �m b2BM /2 HǶlMBQM 2m`QTû2MM2X �BMbB- +2 /2`MB2` b2`� 2tTHB[mû mMB[m2K2Mi T�`
H2b p�`B�#H2b BM/ûT2M/�Mi2b `2T`ûb2Mi�Mi H2b +`Biĕ`2b /2 +QMp2`;2M+2 2tB;ûb T�` H2 i`�Biû /2 J��bi`B+?i URNNjV
2i H2 T�+i2 /2 bi�#BHBiû 2i /2 +`QBbb�M+2 URNNdV +QmTHû ¨ bQM BMi2`�+iBQM �p2+ HǶ�/?ûbBQM ¨ H� KQMM�B2 mMB[m2-
+QKK2 bmBiX

ln (Empi,t) = αij

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

U8V
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ln (Esti,t) = αij

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

UeV

ln (Concui,t) = αij

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

UdV

ln (Wagei,t) = αij

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

U3V

G2 i`QBbBĕK2- 2i /2`MB2` KQ/ĕH2 û+QMQKûi`B[m2- �TTHB[mû �mt [m�i`2 U9V p�`B�#H2b /ûT2M/�Mi2b � TQm` #mi /2
[m�HB}2` HǶ2z2i /m HB#`2@û+?�M;2 �bbQ+Bû �mt +`Biĕ`2b /2 +QMp2`;2M+2 bm` H� bTû+B�HBb�iBQM Qm H� +QMp2`;2M+2
û+QMQKB[m2 2M 1m`QT2X �BMbB- +2 /2`MB2` miBHBb2`� HǶ2Mb2K#H2 /2b p�`B�#H2b 2tTHB+�iBp2b 2tTHB+Biû2b +B@/2bbmbX
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ln (Empi,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

UNV

ln (Esti,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

URyV

ln (Concui,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

URRV

R9y



ln (Wagei,t) = αij

+ β1 × Gij,t + β2 × Sij,t + β3 × Rij,t + β4 × Dij,t

+ β5 × HICPDIFij,t + β6 × IRDIFij,t + β7 × BGTDIFij,t + β8 × DBTDIFij,t

+ λ0 × EMUi,t

+ λ1 × (Gij,t × EMUi,t) + λ2 × (Sij,t × EMUi,t) + λ3 × (Rij,t × EMUi,t) + λ4 × (Dij,t × EMUi,t)

+ λ5 × (HICPDIFij,t × EMUi,t) + λ6 × (IRDIFij,t × EMUi,t) + λ7 × (BGTDIFij,t × EMUi,t)

+ λ8 × (DBTDIFij,t × EMUi,t)

+ ϵij,t

URkV

AH 2bi BKTQ`i�Mi /2 T`û+Bb2` [m2- TQm` +2b /Bzû`2Mib KQ/ĕH2b- HǶBM/B+2 i `2T`ûb2Mi2 H� /BK2MbBQM i2KTQ`2HH2 /2
HǶû+?�MiBHHQM /2 T�M2H- bQBi H2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM/mbi`B2HH2X GǶBM/B+2 j- HmB- `2T`ûb2Mi2 H� KQv2MM2
/2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM/mbi`B2HH2 K2K#`2b /2 H� xQM2 2m`QX 6BM�H2K2Mi- HǶBM/B+2 t `2T`ûb2Mi2 H�
/BK2MbBQM i2KTQ`2HH2 /2 HǶû[m�iBQM- H2b �MMû2b B+BX

S�` �BHH2m`b- EMUi,t 2bi mM2 p�`B�#H2 #BM�B`2 [mB T`2M/ H� p�H2m` 1 HQ`b[m2 H2 +QmTH2 mMB[m2 T�vb@;`�TT2
BM/mbi`B2HH2 i +QMbB/û`û 2bi K2K#`2 /2 H� xQM2 2m`Q- bQBi mM �/?û`2Mi 2i mM miBHBb�i2m` /2 H� KQMM�B2 mMB[m2-
2i 0 /�Mb H2 +�b +QMi`�B`2 U+QKK2 2tTHB+Biû /�Mb H� /2b+`BTiBQM /2b /QMMû2b 2i /2 HǶû+?�MiBHHQMVX *2ii2 p�`B�#H2
� TQm` T`2KB2` #mi /�Mb H2 KQ/ĕH2 /2 +�`�+iû`Bb2`- 2M `�TTQ`i �p2+ H� /BK2MbBQM i2KTQ`2HH2 ?BbiQ`B[m2-
HǶ�/?ûbBQM Qm MQM ¨ H� xQM2 2m`Q /2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM/mbiB2HH2X
1M /ûK�`[m�Mi MQi`2 T�M2H /2 /QMMû2b ¨ HǶ�B/2 /2 +2ii2 p�`B�#H2 Km2ii2 2i bQM BMi2`�+iBQM �p2+ H2b p�`B�#H2b
K2bm`�Mi HǶBMiû;`�iBQM Up�`B�#H2b /m KQ/ĕH2 ;`�pBi�iBQMM2H �m;K2MiûV 2i H� +QMp2`;2M+2 2M û+QMQKB2- HǶ2z2i
/2 H� /vM�KB[m2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2m`QTû2MM2 THmb 7Q`i2 U�bbQ+Bû ¨ H� KQMM�B2 mMB[m2V bm`
HǶ2MpB`QMM2K2Mi û+QMQKB[m2 BM/mbi`B2H TQm``� āi`2 +Q``2+i2K2Mi Q#b2`pû 2i K2bm`ûX

S�` �BHH2m`b- BH 2bi ¨ MQi2` [m2 αij `2T`ûb2Mi2 H2b 2z2ib }t2bX �mi`2K2Mi /Bi- +2 i2`K2 `2T`ûb2Mi2 HǶ?ûiû`Q;ûMûBiû
/2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM/mbi`B2HH2 2i /2 H� KQv2MM2 /2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM/mbi`B2HH2
K2K#`2b /2 H� xQM2 2m`QX .2 THmb- H2 i2`K2 /Ƕ2``2m` ϵij,t `2T`ûb2Mi2 iQmb H2b 2z2ib i`�Mbp2`b2b MQM Q#b2`pûbX

6BM�H2K2Mi- 2i T�` bQm+B /2 T`û+BbBQM- MQi`2 #�b2 /2 /QMMû2b 2bi +QKTQbû2 /2 345462 Q#b2`p�iBQMb i`�Mbp2`@
b�H2b +Q``2bTQM/�Mi �mt Q#b2`p�iBQMb /2b p�`B�#H2b /ûT2M/�Mi2b- `2bT2+iBp2K2Mi H2 MQK#`2 /Ƕ2KTHQBb
(Empij,t)- H2 MQK#`2 /Ƕ2Mi`2T`Bb2b (Estij,t) 2i /2b b�H�B`2b KQv2Mb T�` 2KTHQvû (Wageij,t)- TQm` H2b 60
;`�TT2b BM/mbi`B2HH2b U;`�TT2b +H�bbB[m2b 2i ;`�TT2b ûK2`;2Mi2bV ûi2M/m bm` H� Tû`BQ/2 t /2 1991 ¨ 2014X

9XjXj .2b+`BTiBQM /2b p�`B�#H2b /ûT2M/�Mi2b TQm` H2b i`QBb KQ/ĕH2b

G2b p�`B�#H2b /ûT2M/�Mi2b bûH2+iBQMMû2b TQm` +2b KQ/ĕH2b bQMi [m�i`2 p�`B�#H2b `2T`ûb2Mi�iBp2b /2 H� /v@
M�KB[m2 /2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mbi`B2HH2b- bQBi /2b p�`B�#H2b `2H�iBp2b ¨ H� i�BHH2 /2b ;`�TT2b
BM/mbi`B2HH2b- ¨ H� +QM+2Mi`�iBQM /2 HǶ�+iBpBiû /2b ;`�TT2b- ¨ HǶBMi2MbBiû +QM+m``2MiB2HH2- 2i }M�H2K2Mi ¨ H�
[m�HBiû /2b ;`�TT2b BM/mbi`B2HH2bX *2b +�`�+iû`BbiB[m2b bQMi `2T`ûb2Miû2b T�` HǶ2KTHQB 2i H2b 2Mi`2T`Bb2b TQm`
H� i�BHH2 2i H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû- H2 b�H�B`2 T�` 2KTHQBb TQm` H� [m�HBiû- 2i }M�H2K2Mi H2 `�TTQ`i MQK#`2

R9R



/Ƕ2Mi`2T`Bb2b T�` 2KTHQBb TQm` HǶBMi2MbBiû +QM+m``2MiB2HH2X �BMbB- H2b p�`B�#H2b /ûT2M/�Mi2b bûH2+iBQMMû2b bQMi
`2T`ûb2Miû2b T�` ,

Ç HǶ2KTHQB , Empi,t `2T`ûb2Mi2 H2 MQK#`2 iQi�H /Ƕ2KTHQBb �m b2BM /m +QmTH2 mMB[m2 T�vb@;`�TT2 BM/mb@
i`B2HH2 i ¨ HǶ�MMû2 tX �BMbB- +2 /2`MB2` BM/B+�i2m` T2`K2i /2 K2bm`2` H� i�BHH2 /2 H� ;`�TT2 TQm` mM2
`û;BQM /QMMû2- bQBi 2M+Q`2 H� +QM+2Mi`�iBQM /2 H� bTû+B�HBb�iBQM 2M 7�+i2m`b /2 T`Q/m+iBQM �m b2BM /ǶmM2
KāK2 ;`�TT2 TQm` mM2 `û;BQM ;ûQ;`�T?B[m2 /QMMû2 ¨ i`�p2`b H2 i2KTbX �mi`2K2Mi /Bi- mM BM/B+2 /2
bTû+B�HBb�iBQM BM/mbi`B2HH2 `û;BQM�H2 bǶBH 2bi 7Q`i 2i HQ+�HBbû Qm mM BM/B+2 /2 +QMp2`;2M+2 bǶBH 2bi THmb 7�B#H2
2i `ûT�`iB THmb Qm KQBMb mMB7Q`KûK2MiX

Ç H2b 2Mi`2T`Bb2b , Esti,t `2T`ûb2Mi2 H2 MQK#`2 iQi�H /Ƕ2Mi`2T`Bb2b �m b2BM /m +QmTH2 mMB[m2 T�vb@;`�TT2
BM/mbi`B2HH2 i ¨ HǶ�MMû2 tX �BMbB- +2 /2`MB2` BM/B+�i2m` +�Tim`2 H� +QM+2Mi`�iBQM /Ƕ2Mi`2T`Bb2b /Bzû`2Mi2b-
2i /QM+ H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû- /ǶmM2 KāK2 ;`�TT2 �m b2BM TQm` mM2 `û;BQM ;ûQ;`�T?B[m2 /QMMû2
¨ i`�p2`b H2 i2KTbX �mi`2K2Mi /Bi- mM BM/B+2 /2 +QMp2`;2M+2 bǶBH 2bi 7Q`i Qm mM BM/B+2 /2 bTû+B�HBb�iBQM
`û;BQM�H2 BM/mbi`B2HH2 bǶBH 2bi 7�B#H2X

Ç HǶBMi2MbBiû +QM+m``2MiB2HH2 , Concui,t [mB `2T`ûb2Mi2 H2 `�TTQ`i 2Mi`2 H2 MQK#`2 iQi�H /Ƕ2Mi`2T`Bb2b �m
b2BM /m +QmTH2 mMB[m2 T�vb@;`�TT2 BM/mbi`B2HH2 i ¨ HǶ�MMû2 t 2i H2 MQK#`2 iQi�H /Ƕ2KTHQBb �m b2BM /m
+QmTH2 mMB[m2 T�vb@;`�TT2 BM/mbi`B2HH2 i ¨ HǶ�MMû2 tX �BMbB- +2 /2`MB2` BM/B+�i2m` T2`K2i /2 K2bm`2`
H2 MQK#`2 /Ƕ2Mi`2T`Bb2b �+iBp2b TQm` R 2KTHQvû /m +QmTH2 mMB[m2 T�vb@;`�TT2 BM/mbi`B2HH2X �mi`2K2Mi
/Bi- +Ƕ2bi /QM+ HǶBMi2MbBiû +QM+m``2MiB2HH2 /2 H� ;`�TT2 BM/mbi`B2HH2 TQm` mM2 `û;BQM ;ûQ;`�T?B[m2 /QMMû2
¨ i`�p2`b H2 i2KTb [mB 2bi K2bm`ûX *Ƕ2bi /QM+ mM BM/B+2 /2 +QMp2`;2M+2 bǶBH 2bi 7Q`i Qm mM BM/B+2 /2
bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 bǶBH 2bi 7�B#H2X

Ç H2b b�H�B`2b , Wagei,t `2T`ûb2Mi2 H2 b�H�B`2 KQv2M T�` 2KTHQvûb U2M 2m`QbV �m b2BM /m +QmTH2 mMB[m2
T�vb@;`�TT2 BM/mbi`B2HH2 i �m KQK2Mi- Qm B+B HǶ�MMû2- tX �BMbB- +2 /2`MB2` BM/B+�i2m` T2`K2i /2 +�Tim`2`
H� [m�HBiû /ǶmM2 ;`�TT2 TQm` mM2 `û;BQM ;ûQ;`�T?B[m2 /QMMû2 ¨ i`�p2`b H2 i2KTbX

6BM�H2K2Mi- TQm` [m2 MQb û[m�iBQMb bQB2Mi- /ǶmM2 T�`i- HBMû�`Bb�#H2b 2i- /Ƕ�mi`2 T�`i- ?QKQ;ĕM2b �mt bTû+B@
}+�iBQMb /2b /QMMû2b /m KQ/ĕH2 ;`�pBi�iBQMM2H +QKTHûiû T�` H� +QMp2`;2M+2 2KT`mMiû ¨ q�`BM 2i �HX UkyyNV
�BMbB [m2 `û/mBi /2b 2z2ib /Ƕ?ûiû`Qb+û/�biB+Biû- H2b p�`B�#H2b /ûT2M/�Mi2b /2b [m�i`2 KQ/ĕH2b û+QMQKûi`B[m2b
bQMi û;�H2b �m HQ;�`Bi?K2 MûTû`B2M /2b BM/B+�i2m`b /2 H� /vM�KB[m2 /2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mb@
i`B2HH2b +Biû +B@/2bbmb- 2i +2 TQm` H2 MBp2�m /2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM/mbi`B2HH2 i �m KQK2Mi t- Qm B+B
HǶ�MMû2X

G2b p�`B�#H2b /ûT2M/�Mi2b }M�H2b /2 MQb KQ/ĕH2b bQMi /QM+ H2b bmBp�Mi2b ,

ln (Empi,t) URjV

ln (Esti,t) UR9V

ln (Concui,t) UR8V

ln (Wagei,t) UReV

R9k



9XjX9 .2b+`BTiBQMb /2b p�`B�#H2b BM/ûT2M/�Mi2b TQm` H2b i`QBb KQ/ĕH2b

G2b p�`B�#H2b BM/ûT2M/�Mi2b- �TT2Hû2b �mbbB 2tTHB+�iBp2b Qm /2 i`�Bi2K2Mi- /m KQ/ĕH2 ;`�pBi�iBQMM2H
/Ƕ>2+Fb+?2`@P?HBM- �m;K2Miû T�` HǶ�TTQ`i /2 >2HTK�M URN3dV �BMbB [m2 J�`Fmb2M 2i o2M�#H2b UkyyyV- bQMi
`2T`ûb2Miû2b T�` Gij,t- Sij,t- Rij,t- 2i Dij,tX UJ�`Fmb2M �M/ o2M�#H2b RNNec >2HTK�M RN3dc >2HTK�M �M/
E`m;K�M RN38c E`m;K�M RNNj#c J�`Fmb2M �M/ o2M�#H2b kyyyc P?HBM RNk3c o2M�#H2b RNNeVXSHmb T`û+BbûK2Mi
,

Ç Gij,t +Q``2bTQM/ ¨ H� i�BHH2 /m K�`+?ûX *2ii2 p�`B�#H2 2bi +QMbi`mBi2 ¨ T�`iB` /m HQ;�`Bi?K2 /2 H� bQKK2
/2b SA" �MMm2Hb /2b T�vb i 2i /2 H� KQv2MM2 /2b T�vb �TT�`i2M�Mi ¨ H� xQM2 2m`Q jX *2ii2 p�`B�#H2
MQmb T2`K2i /ǶQ#i2MB` mM T`Qtv /2 H� +`QBbb�M+2 Qm H� /û+`QBbb�M+2 /2 HǶ2KTHQB KQiBpû T�` /2b `�BbQMb
/Ƕ2tT�MbBQM /m K�`+?ûX U>2HTK�M RN3dVX LQmb T2MbQMb �BMbB [m2 H� T`ûb2M+2 /ǶmM2 i�BHH2 /2 K�`+?û
BKTQ`i�Mi2 /2p`�Bi 7�B`2 �m;K2Mi2` /2b ~mt +QKK2`+B�mt /QM+ �m;K2Mi2` H2 MQK#`2 /Ƕ2KTHQBb TQm`
H2 +QmTH2 i T�vb@;`�TT2 BM/mbi`B2HH2- 2i /QM+ [mǶmM2 i�BHH2 /2 K�`+?û BKTQ`i�Mi2 /2p`�Bi āi`2 bvMQMvK2
/2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2i MQM /2 +QMp2`;2M+2 c

Ç Sij,t +Q``2bTQM/ ¨ H� i�BHH2 `2H�iBp2 /2 /2mt û+QMQKB2bX *2ii2 p�`B�#H2 K2bm`2 H� bBKBH�`Biû 2Mi`2 H2b
K�`+?ûb /2b T�vb i 2i /2 H� KQv2MM2 /2b T�vb �TT�`i2M�Mi ¨ H� xQM2 2m`Q jX aB H2b SA" /2b /2mt `û;BQMb
bQMi T`Q+?2b- H2 +Q2{+B2Mi b2`� û;�H ¨ ln(0, 5) = −0, 69X aB H� /Bzû`2M+2 2bi i`ĕb BKTQ`i�Mi2- BH i2M/`�
p2`b ln(0)X 1M i?ûQ`B2- H� bBKBH�`Biû /2b i�BHH2b /2b K�`+?ûb 2bi HǶmM /2b /ûi2`KBM�Mib /2 HǶ2tT�MbBQM /2b
KmHiBM�iBQM�H2b 2i /QM+ /2 HǶ�m;K2Mi�iBQM /2b ~mt +QKK2`+B�mt bvMQMvK2 /2 bTû+B�HBb�iBQM 2i MQM /2
+QMp2`;2M+2 c

Ç Rij,t +Q``2bTQM/ H� /Bzû`2M+2 `2H�iBp2 2Mi`2 H2b Ŀ/Qi�iBQMb 7�+iQ`B2HH2bŀ 2Mi`2 H2b T�vb i 2i H� KQv2MM2
/2b T�vb �TT�`i2M�Mi ¨ H� xQM2 2m`Q jX SHmb Rij,t b2 `�TT`Q+?2 /2 xû`Q- THmb QM b2 `�TT`Q+?2 /2 HǶû;�HBiû
2M i2`K2b /2 /Qi�iBQMb 7�+iQ`B2HH2bX *2ii2 /Bzû`2M+2 /2p`�Bi /QM+ āi`2 BM2tBbi�Mi2 2Mi`2 /2mt `û;BQMb
/ûp2HQTTû2bX PM bǶ�ii2M/ /QM+ ¨ +2 [mǶmM2 �m;K2Mi�iBQM /2 `�iBQ �Bi mM 2z2i Mû;�iB7 bm` H2b ~mt
+QKK2`+B�mt- bvMQMvK2b /2 +QMp2`;2M+2 2i MQM /2 bTû+B�HBb�iBQM c

Ç Dij,t +Q``2bTQM/ �m HQ;�`Bi?K2 MûTû`B2M /2 H� /Bbi�M+2 KQv2MM2 2Mi`2 H2b +2Mi`2b û+QMQKB[m2b /2b T�vb
i �TT�`i2M�Mi ¨ H� xQM2 2m`QX .ǶmM2 K�MBĕ`2 ;ûMû`�H2- H� /Bbi�M+2 2bi mM T`Qtv /2b +Qȿib +QKK2`+B�mt
2i /2 i`�MbTQ`i [mB QMi mM BKT�+i /B`2+i Mû;�iB7 bm` H2b û+?�M;2b +QKK2`+B�mtX 1M 2z2i- +Ƕ2bi +2 [m2
J�`Fmb2M 2i o2M�#H2b 7QMi p�HQB` , ǳH� /Bbi�M+2 MǶ2bi T�b T2`iBM2Mi2 /�Mb +2 ivT2 /2 KQ/ĕH2- K�Bb H2b
+Qȿib /2 i`�MbTQ`i bQMi BKTQ`i�Mib- +�` BHb `2T`ûb2Mi2Mi mM2 #�``Bĕ`2 ¨ HǶ2Mi`û2 TQm` H2b 2Mi`2T`Bb2b KmHiB@
M�iBQM�H2bǴX UJ�`Fmb2M �M/ o2M�#H2b kyyyVX �BMbB MQb /Bzû`2Mib KQ/ĕH2b M2 /2p`�B2Mi āi`2 BM~m2M+ûb
[m2 7�B#H2K2Mi T�` H� /Bbi�M+2 /Ƕ�mi�Mi THmb [mǶB+B H� /Bbi�M+2 2bi +�H+mHû2 +QKK2 H� /Bbi�M+2 KQv2MM2
2Mi`2 H2 +QmTH2 mMB[m2 i T�vb@;`�TT2 BM/mbi`B2HH2 2i j nH� KQv2MM2 /2b +QmTH2b mMB[m2b T�vb@;`�TT2
BM/mbi`B2HH2 7�Bb�Mi T�`iB2 /2 H� xQM2 2m`QX

G2b p�`B�#H2b 2tTHB+�iBp2b /Ƕ>2+Fb+?2`@P?HBM b2 +�H+mH2Mi /2 H� K�MBĕ`2 bmBp�Mi2 ,

Gij,t = ln (PIBi,t + PIBj,t) URdV

Sij,t = ln
(

1 −
(

PIBi,t

(PIBi,t + PIBj,t)

)2
−
(

PIBj,t

(PIBi,t + PIBj,t)

)2)
UR3V

R9j



Rij,t =
∣∣∣∣ln
(

GFCFi,t

Ni,t

)
− ln

(
GFCFj,t

Nj,t

)∣∣∣∣ URNV

Dij,t =
( ¯distij

)
∀i ∈ Paysmembredel′Unioneuropenneet∀j ∈ Paysmembredelazoneeuro UkyV

G2b p�`B�#H2b BM/ûT2M/�Mi2b 2tTHB+�iBp2b- �TT2Hû2b �mbbB 2tTHB+�iBp2b Qm /2 i`�Bi2K2Mi- `2T`ûb2Mi�Mi H� +QMp2`@
;2M+2 2M û+QMQKB2 �m b2BM /2 HǶlMBQM 2m`QTû2MM2 bQMi H2b bmBp�Mi2b , HICPDIFij,t- IRDIFij,t- BGTDIFij,t-
2i DBTDIFij,tX *2b p�`B�#H2b bQMi HǶ2tT`2bbBQM /2b 2tB;2M+2b- Qm +`Biĕ`2b- /2 +QMp2`;2M+2b T`ûb2Miû2b T�`
H2 i`�Biû /2 J��bi`B+?i URNNjV 2i H2 T�+i2 /2 bi�#BHBiû 2i /2 +`QBbb�M+2 URNNdVX U1m`QT2�M *QKKBbbBQM- MX/XVX
SHmb T`û+BbûK2Mi ,

Ç HICPDIFij,t +Q``2bTQM/ ¨ H� /Bzû`2M+2 /2b i�mt /ǶBM~�iBQM 2Mi`2 H2b T�vb i 2i /2 H� KQv2MM2 /2b T�vb
�TT�`i2M�Mi ¨ H� xQM2 2m`Q jX

Ç IRDIFij,t +Q``2bTQM/ ¨ H� /Bzû`2M+2 /2b i�mt /ǶBMiû`āi 2Mi`2 H2b T�vb i 2i /2 H� KQv2MM2 /2b T�vb
�TT�`i2M�Mi ¨ H� xQM2 2m`Q jX G2 i�mt /ǶBMiû`āi K2bm`2 H2 +Qȿi /Ƕ2KT`mMi ¨ HQM; i2`K2 [mB T2`K2i H2
}M�M+2K2Mi /Ƕ�+iB7bX �BMbB H� +QMp2`;2M+2 /2b i�mt /ǶBMiû`āi ¨ HQM;@i2`K2 /ǶmM T�vb 2i /2 H� KQv2MM2
/2b T�vb K2K#`2b /2 H� xQM2 2m`Q /2p`�Bi 2Mi`�BM2` mM2 �m;K2Mi�iBQM /m }M�M+2K2Mi /Ƕ�+iB7b- /QM+ /2
H� T`Q/m+iBQM- /QM+ /2b ~mt +QKK2`+B�mt /QM+ mM 2z2i TQbBiB7 bm` H� i�BHH2- H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû-
HǶBMi2MbBiû +QM+m``2MiB2HH2 2i H� [m�HBiû /2b ;`�TT2b BM/mbi`B2HH2b �m b2BM /ǶmM2 `û;BQM /QMMû2 UB+B H2
T�vbVX 1M /Ƕ�mi`2b i2`K2b H� +QMp2`;2M+2- Qm H2 `�TT`Q+?2K2Mi- /2 +2i BM/B+�i2m` /2p`�Bi K2M2` ¨ mM2
bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2i MQM mM2 +QMp2`;2M+2X

Ç BGTDIFij,t +Q``2bTQM/ ¨ H� /Bzû`2M+2 /2 HǶ2t+û/2Mi Qm /m /û}+Bi #m/;ûi�B`2 2Mi`2 H2b T�vb i 2i /2 H�
KQv2MM2 /2b T�vb �TT�`i2M�Mi ¨ H� xQM2 2m`Q jX lM2 +QMp2`;2M+2 /�Mb H2 bQH/2 /2 HǶ2t+û/2Mi #m/;ûi�B`2
/2p`�Bi �++`Qŗi`2 H2b BMp2biBbb2K2Mib 2i /QM+ H2b ~mt +QKK2`+B�mt BMi`�@;`�TT2bX

Ç DBTDIFij,t +Q``2bTQM/ ¨ H� /Bzû`2M+2 /2b /2ii2b 2Mi`2 H2b T�vb i 2i /2 H� KQv2MM2 /2b T�vb �TT�`i2M�Mi
¨ H� xQM2 2m`Q jX *2ii2 p�`B�#H2 2bi bvMQMvK2 /2 bi�#BHBiû ¨ HQM; i2`K2X

*2b p�`B�#H2b b2 +�H+mH2Mi /2 H� K�MBĕ`2 bmBp�Mi2 ,

HICPDIFij,t = |inflationi,t − inflationj,t| UkRV

IRDIFij,t = |intereti,t − interetj,t| UkkV

BGTDIFij,t = |budgeti,t − budgetj,t| UkjV

DBTDIFij,t = |dettei,t − dettej,t| Uk9V
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9XjX8 Jûi?Q/2b /Ƕ2biBK�iBQM /2b KQ/ĕH2b û+QMQKûi`B[m2b

*QKTi2 i2Mm /2 H� M�im`2 /2 /QMMû2 /2 T�M2H /2 MQb Rj û+?�MiBHHQMb /2 /QMMû2b- HǶmiBHBb�iBQM /ǶmM KQ/ĕH2 /2
`û;`2bbBQM HBMû�B`2 KmHiBTH2 BKTQb2`�Bi /2b `2bi`B+iBQMb i`QT bi`B+i2b [mB TQm``�B2Mi b2 i`Qmp2` MQM DmbiB}û2b
TQm` H2b û+?�MiBHHQMb /2 /QMMû2b miBHBbûbX 1M 2z2i- MQb û+?�MiBHHQMb /2 T�M2H bQMi +QKTQbûb /2 /QMMû2b
+`QBbû2b ¨ THmb /2 /2mt /BK2MbBQMb- +Ƕ2bi ¨ /B`2 /2b /QMMû2b ;`QmT�Mi mM2 bû`B2 +?`QMQHQ;B[m2 UQm +QmT2
HQM;Bim/BM�H2V `2T`ûb2Mi�Mi H� /BK2MbBQM i2KTQ`2HH2 t 2i mM 2Mb2K#H2 /2 +QmTH2b mMB[m2 /ǶBM/BpB/mb i UQm
+QmT2 i`�Mbp2`b�H2V `2T`ûb2Mi�Mi H� /BK2MbBQM bT�iB�H2X *2ii2 /2`MBĕ`2 2bi ¨ /2mt /BK2MbBQMb TmBb[mǶ2HH2b
`2;`QmT2Mi 2M 2HH2b@KāK2b H� /BK2MbBQM ;ûQ;`�T?B[m2 UT�vb Qm `û;BQMV 2i H� /BK2MbBQM BM/mbi`B2HH2 U;`�TT2b
BM/mbi`B2HH2bVX �mi`2K2Mi /Bi- /2 T�` +2 +�`�+iĕ`2 +`QBbû ¨ THmb /2 /2mt /BK2MbBQMb /2 MQb /QMMû2b- BH 2bi
�ii2M/m [m2 H2b BMi2`�+iBQMb /ûT2M/�Mi2b /2 H� /BK2MbBQM i2KTQ`2HH2 UB+B t TQm` H2b �MMû2bV 2i /2 H� /BK2MbBQM
bT�iB�H2 UB+B i TQm` H2 +QmTH2 T�vb@;`�TT2 BM/mbi`B2HH2V bûH2+iBQMMû2b bQB2Mi 2M +QMi`�/B+iBQM �p2+ H2b ?vTQi?ĕb2b
/Ƕ?ûiû`Qb+û/�biB+Biû /2b `ûbB/mb ϵij,t /2 H� Kûi?Q/2 J*P UJQBM/`2b *�``ûb P`/BM�B`2bV miBHBbû +H�bbB[m2K2Mi
T�` H2b KQ/ĕH2b /2 `û;`2bbBQM HBMû�B`2 KmHiBTH2b Qm 2M+Q`2 H2b KQ/ĕH2b HQ;BiX G� T`ûb2M+2 /2 +Q``ûH�iBQMb 2M
bû`B2b 2i /Ƕ?ûiû`Qb+û/�biB+Biû /2 HǶû+?�MiBHHQM /2 /QMMû2b T�M2H +`QBbû 2bi /QM+ mM2 T`ûQ++mT�iBQM K�D2m`2
TQm` HǶ2biBK�iBQM /2 +2b KQ/ĕH2b û+QMQKûi`B[m2b 2i MQmb BMpBi2 ¨ +QMbB/û`2` /2b bTû+B}+�iBQMb 2i /2b Kûi?Q/2b
/Ƕ2biBK�iBQMb �/�Tiû2bX

�BMbB- [m�i`2 Kûi?Q/2b /Ƕ2biBK�iBQM +H�bbB[m2 /2 H� HBiiû`�im`2 b+B2MiB}[m2 2M bi�iBbiB[m2 2i û+QMQKûi`B2 bQMi
�TTHB[mû2b 2i 2tTHB+Biûb +B@�`TĕbX
SHmb T`û+BbûK2Mi- MQi`2 KQ/ĕH2 û+QMQKûi`B[m2 /2 #�b2 2bi /2 ivT2 Y = β0 +β1,1;1 ×X1,1;1 +...+βn ×Xi,j;t +ϵ

Qɍ Y 2bi H� p�`B�#H2 2M/Q;ĕM2 Qm /ûT2M/�Mi2- X HǶ2Mb2K#H2 /2b p�`B�#H2b 2tTHB+�iBp2b Qm /2 i`�Bi2K2Mi /2
+Q2{+B2Mi HǶ2Mb2K#H2 β 2i /2 `ûbB/mb �Hû�iQB`2b ϵX *Ƕ2bi H� KQ/ûHBb�iBQM +H�bbB[m2 /ǶmM KQ/ĕH2 /2 `û;`2bbBQM
HBMû�B`2 �p2+ H� Kûi?Q/2 /2b J*PX
.�Mb MQi`2 +�b /2 /QMMû2b T�M2H +`QBbû2b- H2 +�`�+iĕ`2 T�`iB+mHB2` /2 H� KQ/ûHBb�iBQM TQ`i2 bm` H2b bTû+B}+�iBQMb
/2 /Bbi`B#miBQM /2b `ûbB/mb �Hû�iQB`2b /m KQ/ĕH2 [mB T`2MM2Mi H� 7Q`K2 bmBp�Mi2, ϵi,j;t = ui,j + vt + wi,j;tX
A+B- ui,j /ûbB;M2 H2 i2`K2 /Ƕ�Hû�b �@i2KTQ`2H U+QMbi�Mi �m +Qm`b /m i2KTbV [mB M2 /ûT2M/ [m2 /m +QmTH2 /2
HǶ2Mb2K#H2 /2b BM/BpB/mb (i, j)- vt /ûbB;M2 H2 i2`K2 /Ƕ�Hû�b BMp�`B�#H2 b2HQM H� /BK2MbBQM bT�iB�H2 2i /ûT2M/�Mi
mMB[m2K2Mi /2 H� /BK2MbBQM i2KTQ`2HH2- 2i }M�H2K2Mi wi,j;t H2 i2`K2 /2b `ûbB/mb �Hû�iQB`2b +`QBbûb /QM+
/ûT2M/�Mi /2b /2mt /BK2MbBQMbX
�BMbB- 2i b�+?�Mi +2H�- [m�i`2 Kûi?Q/2b /Ƕ2biBK�iBQMb T2mp2Mi bǶ�TTHB[m2`,

RX G� Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib ;`QmTûb
kX G� Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib }t2b
jX G� Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib �Hû�iQB`2b
9X G� Kûi?Q/2 /Ƕ2biBK�iBQM �miQ`û;`2bbBp2 Qm Kûi?Q/2 /Ƕ2biBK�iBQM /Bi2 /2b p�`B�#H2b BMbi`mK2Mi�H2b /2

>�mbbK�M@h�vHQ`

G� T`2KBĕ`2 Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib ;`QmTûb Qm ¨ 2z2ib BM/BpB/m2Hb- +QMbBbi2 ¨ �TTHB[m2` mM2 Kûi?@
Q/2 [m2 HǶQM TQm``�Bi +�`�+iû`Bbû /2 ǳM�śp2Ǵ 2i [mB `2pB2Mi bBKTH2K2Mi ¨ �TTHB[m2` mM2 Kûi?Q/2 /Ƕ2biBK�iBQM
J*P +H�bbB[m2 bm` HǶ2Mb2K#H2 /2b /QMMû2b KBb2b #Qmi ¨ #Qmi b�Mb b2 bQm+B2` /2 H2m` M�im`2 T�`iB+mHBĕ`2 2i
/2 HǶBM~m2M+2 [mǶ2HH2b T2mp2Mi �pQB` bm` /Bbi`B#miBQM /2b `ûbB/mb �Hû�iQB`2b ϵij,t /m KQ/ĕH2X �BMbB- BH bmTTQb2
[m2 H2 D2m /2 /QMMû2b- Qm û+?�MiBHHQMb- /2 T�M2H +`QBbû i`Qmp2 bQM ?ûiû`Q;ûMûBiû /�Mb mM2 b2mH2 bQm`+2, +2HH2
/2b +QMbi�Mi2b BM/BpB/m2HH2b αij X *2b /2`MBĕ`2b `2+QMM�Bbb2Mi /�Mb +2 KQ/ĕH2 mM2 bTû+B}+Biû /Bzû`2MiB2HH2
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�@i2KTQ`2HH2 2Mi`2 H2b +QmTH2b T�vb@;`�TT2 BM/mbi`B2HH2 i 2i H� KQv2MM2 /2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM@
/mbi`B2HH2 K2K#`2 /2 H� xQM2 2m`Q jX �BMbB- HǶû[m�iBQM /m KQ/ĕH2 M2 T2`K2i T�b /2 /BbiBM;m2` /2 /Bzû`2M+2b
bB;MB}+�iBp2b 2Mi`2 HǶ2Mb2K#H2 /2b BM/BpB/mb /m +QmTH2 i U+Ƕ2bi@¨@/B`2 H2b T2Mi2b βi bQMi B/2MiB[m2bV- B+B H2
+QmTH2 mMB[m2 T�vb@;`�TT2 BM/mbi`B2HH2X- MB /�Mb H2 i2KTbX
6BM�H2K2Mi- +2 KQ/ĕH2 M2 +QMbB/ĕ`2 /QM+ �m+mM2 /Bzû`2M+2 Qm +`QBb2K2Mi 2Mi`2 H2b BM/BpB/mb i UbQBi H2 +QmTH2
T�vb@;`�TT2 BM/mbi`B2HH2V 2i +QMbBbi2 /QM+ #B2M 2M HǶ�TTHB+�iBQM /ǶmM2 `û;`2bbBQM HBMû�B`2 KmHiBTH2 b2HQM H�
Kûi?Q/2 /2b JQBM/`2b *�``ûb P`/BM�B`2b bm` HǶ2Mb2K#H2 /2b /QMMû2b KBb2b #Qmi ¨ #QmiX

*2T2M/�Mi- H2b /QMMû2b �v�Mi mM +�`�+iĕ`2 +`QBbû /QM+ T�`iB+mHB2`- BH b2 TQm``�Bi i`ĕb T`Q#�#H2K2Mi [m2 +2
KQ/ĕH2 /ûKQMi`2 iQmDQm`b mM2 ?ûiû`Q;ûMûBiû [mB M2 b2`�Bi T�b mMB[m2K2Mi /m2 �mt +QMbi�Mi2b BM/BpB/m2HH2b
�@i2KTQ`2HH2b αij X �mi`2K2Mi /Bi- +2H� bB;MB}2`�Bi [mǶBH 2tBbi2 #2H 2i #B2M mM2 /Bzû`2M+2 Qm mM +`QBb2K2Mi
2Mi`2 H2b BM/BpB/mb i- bQBi H� /BK2MbBQM bT�iB�H2 /2b +QmTH2b mMB[m2b T�vb@;`�TT2b BM/mbi`B2HH2- 2ifQm ¨ i`�p2`b
H2b �MMû2b t- bQBi H� /BK2MbBQM i2KTQ`2HH2X § T�`iB` /2 +2 +QMbi�i- /2mt Kûi?Q/2b /Ƕ2biBK�iBQMb T2mp2Mi āi`2
�TTHB[mû2b 2i bQMi ¨ /BbiBM;m2`,

RX H2b T�`�Kĕi`2b α bQMi /2b +QMbi�Mi2b /ûi2`KBMBbi2b UKQ/ĕH2 ¨ 2z2ib }t2bV
kX H2b T�`�Kĕi`2b α bQMi /2b `û�HBb�iBQMb /ǶmM2 p�`B�#H2 �Hû�iQB`2 /Ƕ2bTû`�M+2 2i /2 p�`B�M+2 MmHH2b UKQ/ĕH2

¨ 2z2ib �Hû�iQB`2bVX

G2 KQ/ĕH2 ¨ 2z2ib }t2b- Qm �mbbB �TT2Hû KQ/ĕH2 /2 H� +Qp�`B�M+2- bmTTQb2- /�Mb MQi`2 KQ/ĕH2- [m2 H2
T�`�Kĕi`2 αi,j bQBi +Q``ûHû /2 7�ÏQM +QMbi�Mi2 �p2+ /2 HǶBM/BpB/m i UB+B H2 +QmTH2 `û;BQM@;`�TT2b BM/mbi`B2HH2bV
2i /2 H� Tû`BQ/2 t UHǶ�MMû2 B+BVX �mi`2K2Mi /Bi- +2H� bB;MB}2 iQmi bBKTH2K2Mi [m2 MQi`2 û+?�MiBHHQM /2 /QMMû2b
T�M2H TQbbĕ/2 /2b 2z2ib +QMbi�Mib- MQM �Hû�iQB`2b- `2H�iB7b �m ivT2 /ǶBM/BpB/mb i 2i H� Tû`BQ/2 t /2 bQ`i2
[m2 H� p�`B�#H2 +QMbi�Mi2 αij b2 pQBi KQ/B}û2 mMB[m2K2Mi 2M 7QM+iBQM /2 b2b /2mt /2`MB2`b BM/2tX �BMbB-
HǶ?vTQi?ĕb2 B+B TQbû2 2bi H� bmBp�Mi2 , H2b 2z2ib BM/BpB/m2Hb αij bQMi `2T`ûb2Miûb T�` /2b +QMbi�Mi2bX *2+B
BKTHB[m2 /QM+ HǶ?vTQi?ĕb2 /2 ;ûMû`�HBb�iBQM /2 H� /û}MBiBQM /m #`mBi #H�M+ �m b2BM /2 HǶû+?�MiBHHQM /2 /QMMû2b
T�M2HX �mi`2K2Mi /Bi- +2H� bB;MB}2 [m2 HǶQM bmTTQb2 [m2 H2b `ûbB/mb �Hû�iQB`2b UQm i2`K2 /Ƕ2``2m`bV ϵij,t bQMi
BM/ûT2M/�Mib- B/2MiB[m2K2Mi /Bbi`B#mû 2i b�iBb7QMi H2b +`Biĕ`2b /Ƕ?ûiû`Qb+û/�biB+Biû- bQBi ,

RX E[ϵij,t] = 0
kX E[ϵij,t; ϵij,s] = σ2 bB t = s Qm 0 bB t! = s

jX E[ϵij,t; ϵij,s] = 0 ∀j ≠ i 2i ∀(t, s)

SHmb T`û+BbûK2Mi- H� T`2KBĕ`2 +QM/BiBQM BKTQb2 iQmi bBKTH2K2Mi [m2 HǶ2bTû`�M+2 /2b `ûbB/mb /m KQ/ĕH2
bQBi MmHH2X G� b2+QM/2- bi�M/�`/ 2M û+QMQKûi`B2 /2b bû`B2b i2KTQ`2HH2b- BKTQb2 [m2 H2b `ûbB/mb ϵij,t bQBi
mM T`Q+2bbmb ǳb�Mb KûKQB`2Ǵ U/�Mb H� /BK2MbBQM i2KTQ`2HH2VX �mi`2K2Mi /Bi- TQm` +?�[m2 BM/BpB/m UB+B H2
+QmTH2 T�vb@;`�TT2 BM/mbi`B2HH2V- BH MǶ2tBbi2 �m+mM2 +Q``ûH�iBQM 2Mi`2 H2 MBp2�m T`ûb2Mi /2 ϵij,t 2i H2b `û�HBb�iBQMb
T�bbû2bX a2mH2 H� p�`B�M+2 /m T`Q+2bbmb ϵij,t 2bi MQM MmHH2X GǶBMi`Q/m+iBQM /ǶmM2 /BK2MbBQM BM/BpB/m2HH2 Q#HB;2
B+B ¨ /û}MB` mM2 b2+QM/2 +QMi`�BMi2, iQmb H2b T`Q+2bbmb BM/BpB/m2Hb ϵij,t QMi H� KāK2 p�`B�M+2- 2i +2 [m2H [m2 bQBi
HǶBM/BpB/m i +QMbB/û`ûX 1M}M- H� i`QBbBĕK2 +QM/BiBQM biBTmH2 [mǶBH MǶ2tBbi2 �m+mM2 +Q``ûH�iBQM 2Mi`2 H2b `ûbB/mb
ϵij,t TQm` /2mt BM/BpB/mb /BbiBM+ib- 2i +2H� [m2H[m2 bQBi H� Tû`BQ/2 t +QMbB/û`û2X 6BM�H2K2Mi- HǶ2biBK�iBQM Qm
2M+Q`2 H2 KQ/ĕH2 ¨ 2z2ib }t2b- bǶQTĕ`2 �HQ`b T�` H� Kûi?Q/2 /2b JQBM/`2b *�``ûb P`/BM�B`2b �T`ĕb �pQB` �DQmiû
�m KQ/ĕH2 T`û+û/2Mi /2b p�`B�#H2b BM/B+�i`B+2b UQm /mKKv p�`B�#H2bV �bbQ+Bû2b �mt BM/BpB/mb i UB+B H2 +QmTH2
T�vb@;`�TT2 BM/mbi`B2HH2V 2i H� T`ûBQ/2 t UB+B HǶ�MMû2VX AH 2bi �mbbB +QMMm bQmb H2 MQK /2 Ga.o UG2�bi a[m�`2b
.mKKv o�`B�#H2bVX �T`ĕb �pQB` �++QKTHB mM i2bi bi�iBbiB[m2 /2 6Bb?2` 2Mi`2 H2 KQ/ĕH2 ¨ 2z2ib BM/BpB/m2Hb UQm
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;`QmTûbV 2i H2 KQ/ĕH2 ¨ 2z2ib }t2b 2i /QMi HǶ?vTQi?ĕb2 MmHH2 2bi H0 , nAH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b /�Mb MQi`2
û+?�MiBHHQM /2 T�M2H +`QBbûǳn- bB H� p.value 2bi BM7û`B2m` ¨ 0.05 �HQ`b HǶ?vTQi?ĕb2 MmHH2 H0 2bi `2D2iû2X *2H�
bB;MB}2 �HQ`b [m2 H2b T2`im`#�iBQMb �Hû�iQB`2b +`QBbû2b wi,t b�iBb7QMi �mt ?vTQi?ĕb2b +H�bbB[m2b /2 H� Kûi?Q/2
/Ƕ2biBK�iBQM /2b JQBM/`2b *�``ûb P`/BM�B`2b UB2X 2HH2b bQMi +2Mi`û2b- ?QKQb+û/�biB[m2b- BM/ûT2M/�Mi2b 2i
MQ`K�H2bV 2i /QM+ H2b 2biBK�iBQMb T�` H2 KQ/ĕH2 ¨ 2z2ib }t2b bQMi QTiBK�H2b 2i T2`K2i /2 /ûKQMi`2` H�
Mû+2bbBiû �BMbB [m2 HǶmiBHBiû /2b i2`K2b ui Qm vtX

.�Mb H2 +�b +QMi`�B`2- bB HǶ?vTQi?ĕb2 MmHH2 /m i2bi /2 6Bb?2` 2bi `2D2iû2 +2H� bB;MB}2 [mǶBH T2mi 2tBbi2` mM2
p�`B�M+2 /�Mb H2b 2``2m`b bTû+B}[m2b [mB b2`�Bi /Bzû`2Mi2b /2 0 2i [mB /2K�M/2`�Bi HǶ�TTHB+�iBQM /2 H� Kûi?Q/2
/Ƕ2biBK�iBQM ¨ 2z2ib �Hû�iQB`2bX
SQm` +2 7�B`2- mM i2bi T`ûHBKBM�B`2 /2b 2z2ib �Hû�iQB`2b /QBi āi`2 2z2+imûX aB b� p − value 2bi BM7û`B2m` ¨
0.05 �HQ`b HǶ?vTQi?ĕb2 MmHH2 H0 2bi `2D2iûX *2H� bB;MB}2 [m2 H� p�`B�M+2 /�Mb H2b 2``2m`b bTû+B}[m2b MǶ2bi T�b
û;�H2 ¨ y 2i /QM+ [m2 HǶ?ûiû;Q`ûMûBiû +?2x H2b BM/BpB/mb i- B+B H2b +QmTH2b mMB[m2b T�vb@;`�TT2 BM/mbi`B2HH2- 2bi
bB;MB}+�iBp2X �BMbB- H� Kûi?Q/2 /Ƕ2biBK�iBQM /2b KQ/ĕH2b ¨ 2z2ib �Hû�iQB`2b T2mi āi`2 �TTHB[mû2 2M TQb�Mi
+QKK2 T`ûKBbb2 /2 /ûT�`i, H2b +�`�+iû`BbiB[m2b BM/BpB/m2HH2b ?ûiû`Q;ĕM2b /m KQ/ĕH2 bQMi /2 M�im`2 2tQ;ĕM2 ¨
+2 /2`MB2`X �mi`2K2Mi /Bi- +2H� bBM;B}[m2 [m2 H2b +�`�+iû`BbiB[m2b +`QBbûb /2b /QMMû2b [mB +QKTQb2 H2 KQ/ĕH2
/ûKQMi`2Mi /2b /Bzû`2M+2b bB;MB}+�iBp2b /2 p�`B�M+2 /2 H2m`b `ûbB/mb /2 bQ`i2 [m2 +2b KāK2b +�`�+iû`BbiB[m2b
bQB2Mi BM/ûT2M/�Mi2b /2 +?�[m2 `û;`2bb2m` UQm p�`B�#H2b 2tTHB+�iBp2bV /m KQ/ĕH2 /2 Kûi?Q/2 /Ƕ2biBK�iBQM
¨ 2z2ib �Hû�iQB`2bX *2ii2 Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib �Hû�iQB`2- Qm 2M+Q`2 �TT2Hû2 ¨ 2z2ib +QKTQbûb-
bmTTQb2 }M�H2K2Mi [m2 H2b +QKTQb�Mib /2b `ûbB/mb �Hû�iQB`2b ui 2i vt bQMi pû`Bi�#H2K2Mi �Hû�iQB`2b- /QM+
?ûiû`Qb+û/�biB[m2bX *Ƕ2bi H� T`BM+BT�H2 /Bzû`2M+2 [mB +�`�+iû`Bb2`� H2b KQ/ĕH2b /2 Kûi?Q/2 /Ƕ2biBK�iBQM ¨
2z2ib �Hû�iQB`2b 2i H2b KQ/ĕH2b /2 Kûi?Q/2 /Ƕ2biBK�iBQM /Bib /2b p�`B�#H2b BMbi`mK2Mi�H2b /Ƕ>�mbK�M@h�vHQ`X

G2 KQ/ĕH2 BMbi`mK2Mi�H /Ƕ>�mbK�M@h�vHQ` +QMbBbi2 ¨ +QMbB/û`2` HǶ2tBbi2M+2 /Ƕ2z2ib �Hû�iQB`2b /2 M�im`2
2M/Q;ĕM2 bm` H� /Bbi`B#miBQM /2b T2`im`#�iBQMb �Hû�iQB`2b ϵij, t /m KQ/ĕH2X �BMbB- +2ii2 Kûi?Q/2 /Ƕ2biBK�iBQM
i2Mi2- T�` HǶBMiû;`�iBQM /2 p�`B�#H2b BMbi`mK2Mi�H2b- /2 T`û+Bb2` 2i +�`�+iû`Bb2` H2b T2`im`#�iBQMb �Hû�iQB`2b
/m KQ/ĕH2 �}M /Ƕ2M i2MB` +QKTi2 2i /2 TQmpQB` }M�H2K2Mi �{M2` HǶ2biBK�iBQM /m KQ/ĕH2X SQm` /ûi2`KBM2`
bB +2 KQ/ĕH2 2bi THmb �/�Tiû [m2 +2HmB /2b 2z2ib �Hû�iQB`2b- mM i2bi +QKT�`�iB7 /2b Kûi?Q/2b /Ƕ2biBK�iBQM
¨ 2z2ib }t2b 2i ¨ 2z2ib �Hû�iQB`2b 2bi �TTHB[mûX *2 /2`MB2`- +�`�+iû`Bbû T�` H2 i2bi bi�iBbiB[m2 /Ƕ>�mbK�M-
T2`K2i /2 i2bi2` HǶ2M/Q;ûMûBiû /2b p�`B�#H2bX �mi`2K2Mi /Bi- H2 i2bi TQb2 HǶ?vTQi?ĕb2 MmHH2 H0 b2HQM H�[m2HH2
H2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb bm` H2b 2``2m`b bQMi 2tQ;ĕM2bX aB H� p−value 2bi BM7û`B2m` ¨ 0.05- +2H� bB;MB}2
[m2 HǶ?vTQi?ĕb2 MmHH2 H0 2i `2D2iû 2i /QM+ [m2 H2b 2z2ib �Hû�iQB`2b /2 H� Kûi?Q/2 /Ƕ2biBK�iBQM M2 bQMi T�b
2tQ;ĕM2b +2ii2 7QBb- K�Bb #B2M /2 M�im`2 2M/Q;ĕM2X �BMbB- 2i /�Mb +2 +�b- H2 KQ/ĕH2 /2 Kûi?Q/2 /Ƕ2biBK�iBQM
¨ 2z2ib �Hû�iQB`2 �TT�`�Bi BM+Q?û`2Mi 2i `2MpQB2- ¨ T`BQ`B- p2`b H2 KQ/ĕH2 /2 Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib
}t2b Qɍ H2b 2z2ib �Hû�iQB`2b +QMbB/û`ûb bQMi 2M/Q;ĕM2bX
*2T2M/�Mi- H� Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib }t2b �TTHB[mû2 �mt KQ/ĕH2b û+QMQKûi`B[m2b M2 T2`K2i T�b H�
+QMbB/û`�iBQM /2b p�`B�#H2b �@i2KTQ`2HH2b i2HH2b [m2 H2 bQMi T�` 2t2KTH2 H� /Bbi�M+2 Qm #B2M H� /BK2MbBQM
bT�iB�H2 iX �BMbB- 2i ûi�Mi /QMMû [m2 H2 T`Q#HĕK2 /2 H� Kûi?Q/2 /Ƕ2biBK�iBQM /2b 2z2ib �Hû�iQB`2b T`QpB2Mi
/2 HǶ2M/Q;ûMûBiû /2b p�`B�#H2b bm` H2b 2``2m`b /m KQ/ĕH2- /2mt �mi`2b Kûi?Q/2b /Ƕ2biBK�iBQM 2i /2 KQ/@
ĕH2b T2mp2Mi āi`2 �TTHB[mû2b , URV H� Kûi?Q/2 /Bi2 /2b p�`B�#H2b BMbi`mK2Mi�H2b [mB miBHBb2 HǶ2biBK�i2m` /2
>�mbK�M@h�vHQ` 2i UkV H� Kûi?Q/2 kaGa UhrQ ai�;2b G2�bi a[m�`2bV bQBi mM2 KQ/ûHBb�iBQM 2M /2mt ûi�T2b /2
H� Kûi?Q/2 /2b KQBM/`2b +�``ûbX �mi`2K2Mi- BH 2tBbi2 mM2 +Q``ûH�iBQM 2Mi`2 +2`i�BM2b p�`B�#H2b 2tTHB+�iBp2b /m
KQ/ĕH2 [mB 2tTHB[m2`�Bi H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2bX PM �m`�Bi /QM+ mM2 Kûi?Q/2 /Ƕ2biBK�iBQM ¨ 2z2ib }t2b
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Qɍ +2`i�BMb 2z2ib �Hû�iQB`2b 2M/Q;ĕM2b bQMi +QMbB/û`ûbX G� M�im`2 /2 +2b /2`MB2`b T2mi āi`2 T`û+Bbû2 ¨ HǶ�B/2
/2b /2mt /2`MBĕ`2b Kûi?Q/2b /Ƕ2biBK�iBQM [mB T2`K2ii2Mi HǶ�DQmi /2 p�`B�#H2 BMbi`mK2Mi�H2 +�`�+iû`Bb�Mi H�
`2H�iBQM Qm H� +Q``ûH�iBQM 2Mi`2 H2b p�`B�#H2b 2tTHB+�iBp2b /m KQ/ĕH2X
S�` bQm+B /2 +QKT�iB#BHBiû �p2+ H2b QmiBHb /2 b+B2M+2b /2 /QMMû2b miBHBbûb TQm` H2 KûKQB`2- +Ƕ2bi H� Kûi?@
Q/2 /Ƕ2biBK�iBQM /m KQ/ĕH2 BMbi`mK2Mi�H /Ƕ>�mbK�M@h�vHQ` [mB 2bi miBHBbûX AH bmTTQb2 B+B [m�i`2 +�iû;Q`B2b
/2 p�`B�#H2b BM/ûT2M/�Mi2b bmBp�Mi2b , URV H2b p�`B�#H2b BM/ûT2M/�Mi2b 2tQ;ĕM2b p�`B�Mi /�Mb H2 i2KTb- UkV
H2b p�`B�#H2b 2M/Q;ĕM2b p�`B�Mi /�Mb H2 i2KTb- UjV H2b p�`B�#H2b 2tQ;ĕM2b BMp�`B�Mi /�Mb H2 i2KTb 2i U9V H2b
p�`B�#H2b 2M/Q;ĕM2b BMp�`B�Mi /�Mb H2 i2KTbX SHmb T`û+BbûK2Mi /�Mb MQb i`QBb KQ/ĕH2b û+QMQKûi`B[m2b- H2b
p�`B�#H2b Gij,t- Rij,t- HICPDIFij,t- IRDIFij,t- BGTDIFij,t- DBTDIFij,t- EMUi,t 2i H2m`b BMi2`�+iBQMb
bQMi +QMbB/û`û2b +QKK2 /2b p�`B�#H2b 2tQ;ĕM2b p�`B�Mi /�Mb H2 i2KTb- H� p�`B�#H2 Dij,t 2bi +QMbB/û`û2 +QKK2
2tQ;ĕM2 BMp�`B�Mi /�Mb H2 i2KTb- 2i H2b p�`B�#H2b Sij,t 2i +2HH2 /2 bQM BMi2`�+iBQM �p2+ EMUi,t bQMi +QMbB/û`ûb
+QKK2 2M/Q;ĕM2b p�`B�Mi /�Mb H2 i2KTbX

9X9 *�`iQ;`�T?B2

.�Mb H2 #mi /2 TQmpQB` `ûTQM/`2 BMiû;`�H2K2Mi ¨ H� [m2biBQM /2 `2+?2`+?2- bQmH2pû2 T�` H� `2pm2 /2 HBiiû`�im`2-
�BMbB [mǶ�mt ?vTQi?ĕb2b [mB v bQMi �bbQ+Bû2b- mM2 /2`MBĕ`2 Kûi?Q/2 /Ƕ�M�Hvb2 bm` #�b2 +�`iQ;`�T?B[m2 2bi
/ûp2HQTTû2X

*2ii2 �M�Hvb2 +�`iQ;`�T?B[m2 � TQm` #mi /2 T2`K2ii`2 HǶQ#b2`p�iBQM /2 H� /vM�KB[m2 /2 /ûp2HQTT2K2Mi /2b
;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b bm` mM2 #�b2 #B/BK2MbBQMM2HH2- bQBi ;ûQ;`�T?B[m2- �m MBp2�m `û;BQM@;`�TT2
BM/mbi`B2HH2 2i �m MBp2�m i2KTQ`2H TQm` mM2 Tû`BQ/2 /2 k9 �Mb URNNR ¨ kyR9VX P#b2`p2` +2ii2 /vM�KB[m2
¨ i`�p2`b mM2 �TTHB+�iBQM BMi2`�+iBp2- /ûp2HQTTû2 pB� H� b+B2M+2 /2b /QMMû2b- T2`K2i �BMbB H� +QKT�`�BbQM
bvbiûK�iB[m2 /2b 9Rj `û;BQMb 2m`QTû2MM2b- 2i /QM+ /2b je T�vb 2m`QTû2Mb UbQBi k3 T�vb /2 HǶlMBQM 2m`QTû2MM2
2i RN T�vb /2 H� xQM2 2m`QV 2Mi`2 2mt- /2 K�MBĕ`2 ¨ iB`2` /2b +QM+HmbBQMb bB;MB}+�iBp2b bm` H� #�b2 /2
pBbm�HBb�iBQM /2 /QMMû2b 2KTB`B[m2bX .ǶmM2 T�`i- BH 2bi TQbbB#H2 /ǶQ#b2`p2` HǶûpQHmiBQM /2 H� i�BHH2- /2 H�
+QM+2Mi`�iBQM /Ƕ�+iBpBiû- /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 2i /2 H� [m�HBiû U`2bT2+iBp2K2Mi H2 MQK#`2 /Ƕ2KTHQBb- H2
MQK#`2 /Ƕ2Mi`2T`Bb2b- H2 `�TTQ`i MQK#`2 /Ƕ2Mi`2T`Bb2b T�` 2KTHQBb 2i H2 b�H�B`2 KQv2MV /2 +?�+mM2 /2b ;`�TT2b
BM/mbi`B2HH2b 2m`QTû2MM2b �m b2BM /2 +?�+mM2 /2b `û;BQMb- 2i +2 2M T�bb�Mi T�` +?�[m2 bi�/2 /ǶBMiû;`�iBQM
`û;BQM�H2 UK�`+?û +QKKmM Qm HB#`2@û+?�M;2 �p�Mi RNNN 2i lMBQM KQMûi�B`2 2i û+QMQKB[m2 �T`ĕb RNNNVX
.Ƕ�mi`2 T�`i- ¨ i`�p2`b mM [mQiB2Mi /2 HQ+�HBb�iBQM K2bm`�Mi HǶ2z2i /2 bTû+B�HBb�iBQM /2b 2KTHQBb /2b ;`�TT2b
BM/mbi`B2HH2b- BH 2bi TQbbB#H2 /2 +�`�+iû`Bb2` H� `2H�iBQM +QM+2Tim2HH2- /ûD¨ ûim/Bû2 /�Mb H� T�`iB2 T`û+û/2Mi2 T�`
i2bi û+QMQKûi`B[m2- 2Mi`2 BMiû;`�iBQM `û;BQM�H2 2m`QTû2MM2 2i T?ûMQKĕM2 /2 +QMp2`;2M+2 Qm /2 bTû+B�HBb�iBQMX
6BM�H2K2Mi- 2i /�Mb mM /2`MB2` i2KTb- HǶ�M�Hvb2 +�`iQ;`�T?B[m2 T2`K2i /ǶB/2MiB}2` H2 MBp2�m ;ûQ;`�T?B[m2
`2T`ûb2Mi�iB7 /2 +2i 2z2i /2 bTû+B�HBb�iBQM Qm /2 +QMp2`;2M+2 T`QpQ[mû T�` H� T`Q;`2bbBQM /2 HǶBMiû;`�iBQM
`û;BQM�H2X �mi`2K2Mi /Bi- +2ii2 Kûi?Q/2 /Ƕ�M�Hvb2 bQmb T2`bT2+iBp2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2
pB2Mi +QKTHûi2` H� `2H�iBQM +QM+2Tim2HH2 2Mi`2 BMiû;`�iBQM `û;BQM�H2 2i bTû+B�HBb�iBQM Qm +QMp2`;2M+2- TQm` H2
+�b /2 HǶ1m`QT2- 2M bTû+B}�Mi H2 MBp2�m ;ûQ;`�T?B[m2 UBM7`� Qm bmT`�M�iBQM�HV /2 +2b T?ûMQKĕM2bX .2 +2ii2
K�MBĕ`2- H2 /û#�i ?QmH2mt 2i +QKTH2t2 [mǶ2bi +2HmB /2 H� +QMp2`;2M+2 2m`QTû2MM2 T2mi āi`2 H�`;2K2Mi `2H�M+ûX
�BMbB- BH T2mi āi`2 T`QTQbû mM2 MQmp2HH2 /û}MBiBQM /2 H� +QMp2`;2M+2 /�Mb mM +�/`2 /2 /vM�KB[m2 /ǶBMiû;`�iBQM
`û;BQM�H2- 2M Qmi`2 /2 +?�M;2` Qm /2 p�HB/2` H2b BMimBiBQMb �+im2HH2b +QMbB/û`�Mi- /�Mb mM T`2KB2` +�b- HǶ1m`QT2
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+QKK2 mM2 b2mH2 2i mMB[m2 û+QMQKB2- Qm ¨ HǶBMp2`b2- +QKK2 H2 `2;`QmT2K2Mi /2 THmbB2m`b û+QMQKB2b /BbiBM+i2b
K�H;`û HǶ2tBbi2M+2 /m K�`+?û mMB[m2 +QKKmMX

6BM�H2K2Mi 2i +QKK2 H2 /ûKQMi`2 H� HBiiû`�im`2- TQm` +2ii2 �M�Hvb2 b2`QMi +QMbB/û`û2b +QKK2 /2b `û;BQMb
7Q`i2K2Mi bTû+B�HBbû2b +2HH2b [mB +QMiB2M/`QMi mM2 Qm THmbB2m`b ;`�TT2b BM/mbi`B2HH2b 7Q`i2bX lM2 ;`�TT2
BM/mbi`B2HH2 2bi +QMbB/û`û2 +QKK2 7Q`i2 HQ`b[m2 bQM [mQiB2Mi /2 HQ+�HBb�iBQM TQm` mM2 `û;BQM /QMMû2 H� TH�+2
/�Mb H2b T`2KB2`b k8W /2b `û;BQMb ¨ i`�p2`b iQmi2 H� xQM2 /ǶBMiû;`�iBQM `û;BQM�H2 +QMbB/û`û2X �mi`2K2Mi /Bi-
+2 bQMi H2b `û;BQMb +QMi2M�Mi 2M H2m` b2BM H2b ;`�TT2b BM/mbi`B2HH2b H2b THmb +QM+2Mi`û2b T�`KB HǶ2Mb2K#H2 /2b
`û;BQMb /2 H� xQM2 /ǶBMiû;`�iBQM `û;BQM�H2 +QMbB/û`û2- bQBi H� bTû+B�HBb�iBQM `2H�iBp2 /2 HǶ2KTHQB H2b TH�Ï�Mi
/�Mb H2 T`2KB2` [m�`iBH2 pBb@¨@pBb /2b �mi`2b `û;BQMb 2m`QTû2MM2bX *2i BM/B+�i2m`- �TT2Hû TQm` +2ii2 ûim/2
ǳaTû+B�HBb�iBQMǴ- T`2M/ H� p�H2m` /2 1 HQ`b[m2 H2 [mQiB2Mi /2 HQ+�HBb�iBQM /2 H� `û;BQM /QMMû2 TQm` mM2 ;`�TT2
BM/mbi`B2HH2 B/2MiB}û2 b2 TH�+2 /�Mb H2 T`2KB2` [m�`iBH2X § HǶBMp2`b2- BH T`2M/ H� p�H2m` /2 0 HQ`b[m2 H2 [mQiB2Mi
/2 HQ+�HBb�iBQM /2 H� `û;BQM /QMMû2 TQm` mM2 ;`�TT2 BM/mbi`B2HH2 B/2MiB}û2 b2 TH�+2 /�Mb mM /2b i`QBb /2`MB2`b
[m�`iBH2bX

a2HQM H� HBiiû`�im`2- H2 [mQiB2Mi /2 HQ+�HBb�iBQM UGZV b2 /û}MBi- 2i /QM+ b2 +�H+mH2- +QKK2 H2 `�iBQ /2 H� T�`i /2
HǶ2KTHQB `û;BQM�H iQi�H bm` H� T�`i /2 HǶ2KTHQB M�iBQM�H iQi�H TQm` mM2 ;`�TT2 BM/mbi`B2HH2 /QMMû2X �mi`2K2Mi
/Bi- b� 7Q`KmH2 2bi H� bmBp�Mi2,

LQ =
Empi,j

Empi

Empz,j

Empz

Qɍ ,

Ç Empi,j 2bi H2 MQK#`2 /Ƕ2KTHQB iQi�H TQm` H� `û;BQM i 2i TQm` H� ;`�TT2 BM/mbi`B2HH2 j-
Ç Empz,j 2bi H2 MQK#`2 /Ƕ2KTHQB iQi�H TQm` H� `û;BQM z 2i TQm` H� ;`�TT2 BM/mbi`B2HH2 j-
Ç Empi 2bi H2 MQK#`2 /Ƕ2KTHQB iQi�H TQm` H� `û;BQM i +QMbB/û`�Mi iQmi2b H2b ;`�TT2b BM/mbi`B2HH2b-
Ç Empz 2bi H2 MQK#`2 /Ƕ2KTHQB iQi�H TQm` H� `û;BQM z +QMbB/û`�Mi iQmi2b H2b ;`�TT2b BM/mbi`B2HH2b-
Ç i 2bi mM2 `û;BQM /2 HǶ2Mb2K#H2 /2b `û;BQMb /2 HǶlMBQM 2m`QTû2MM2-
Ç j 2bi mM2 ;`�TT2 BM/mbi`B2HH2 /2 HǶ2Mb2K#H2 /2b ;`�TT2b BM/mbi`B2HH2b 1m`QTû2MM2b-
Ç z `2T`ûb2Mi2 H� xQM2 /ǶBMiû;`�iBQM `û;BQM�H2 /2 HǶlMBQM 2m`QTûû2M2X

�BMbB- H2 [mQiB2Mi /2 HQ+�HBb�iBQM K2bm`2 H� bTû+B�HBb�iBQM- Qm 2M+Q`2 �mbbB H� +QM+2Mi`�iBQM /ǶmM2 ;`�TT2- /�Mb
mM2 `û;BQM /QMMû2 T�` `�TTQ`i ¨ H� KQv2MM2 M�iBQM�H2X lM [mQiB2Mi /2 HQ+�HBb�iBQM bmTû`B2m` ¨ 1 BM/B[m2
mM2 +QM+2Mi`�iBQM /2 ;`�TT2 bmTû`B2m`2 ¨ H� KQv2MM2 /�Mb mM 2M/`QBiX Uǳ*Hmbi2` J�TTBM; J2i?Q/QHQ;v
lXaX *Hmbi2` J�TTBM;Ǵ kyRdc ǳ*Hmbi2`b RyR lXaX *Hmbi2` J�TTBM;Ǵ kyRdc ǳ:HQbb�`v Q7 h2`Kb lXaX *Hmbi2`
J�TTBM;Ǵ kyRdVX U?iiT,ffrrrX+Hmbi2`K�TTBM;Xmbf+QMi2Mif;HQbb�`v@i2`Kb 2i ?iiT,ffrrrX+Hmbi2`K�TTBM;X
mbf+QMi2Mif+Hmbi2`@K�TTBM;@K2i?Q/QHQ;vV

SQm` �HH2` THmb HQBM- �}M /2 +�`�+iû`Bb2` 2i K2bm`2` HǶ2z2i /2 bTû+B�HBb�iBQM Qm /2 +QMp2`;2M+2 /2 HǶBMiû;`�iBQM
2m`QTû2MM2- mM BM/B+2 /2 bTû+B�HBb�iBQM TQmbbû2- ǳamT2` bTû+B�HBb�iBQMǴ- 2bi /ûp2HQTTûX *2 /2`MB2` +QKT`2M/
H2b `û;BQMb �v�Mi mM [mQiB2Mi /2 HQ+�HBb�iBQM bmTû`B2m` ¨ d8W /2 H� p�H2m` K�tBK�H2 TQm` mM2 �MMû2 2i mM2
;`�TT2 BM/mbi`B2HH2 /QMMû2X �BMbB- +2i BM/B+�i2m`- ǳamT2` bTû+B�HBb�iBQMǴ- 2bi mM2 p�H2m` #BM�B`2 (0, 1) Qɍ
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http://www.clustermapping.us/content/glossary-terms
http://www.clustermapping.us/content/cluster-mapping-methodology
http://www.clustermapping.us/content/cluster-mapping-methodology


1 2tT`BK2 mM2 bTû+B�HBb�iBQM TQmbbû2 /ǶmM2 `û;BQM ;ûQ;`�T?B[m2 /QMMû2 /�Mb H� ;`�TT2 BM/mbi`B2HH2 B/2MiB@
}û2X § HǶBMp2`b2- 0 2tT`BK2 H� MQM@bTû+B�HBb�iBQM TQmbbû2 /ǶmM2 `û;BQM ;ûQ;`�T?B[m2 /QMMû2 /�Mb H� ;`�TT2
BM/mbi`B2HH2 B/2MiB}û2X

SQm` i2`KBM2`- HǶ�TTHB+�iBQM BMi2`�+iBp2 /2 +�`iQ;`�T?B2 /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /ûp2HQTTû2b
2bi mM2 pû`Bi�#H2 +QMi`B#miBQM 2M T`QTQb�Mi mM2 �M�Hvb2 b+B2MiB}[m2 2i [m�MiBi�iBp2 bQmb mM2 T2`bT2+iBp2
/Ƕû+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2 D�K�Bb /ûp2HQTTû2 �mT�`�p�MiX �mbbB- 2i /2 +2ii2 K�MBĕ`2- 2HH2
T2`K2i URV ¨ i`�p2`b H2 i2KTb 2i /QM+ H2b /Bzû`2Mib bi�/2b /ǶBMiû;`�iBQM- /ǶQ#b2`p2` 2i +�`�+iû`Bb2` HǶûpQHmiBQM
/2 H� i�BHH2- H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû- HǶBMi2MbBiû +QM+m``2MiB2HH2 2i H� [m�HBiû /2b ;`�TT2b BM/mbi`B2HH2b /�Mb
+?�+mM2 /2b `û;BQMb 2m`QTû2MM2b 2i UkV ¨ i`�p2`b H� T2`bT2+iBp2 /Ƕû+QMQKB2 ;ûQ;`�T?B[m2 BM/mbi`B2HH2- b2HQM
HǶmMBiû /Ƕ�M�Hvb2 [m2 bQMi ;`�TT2b BM/mbi`B2HH2b- /2 K2bm`2` HǶ2z2i /2 bTû+B�HBb�iBQM Qm /2 +QMp2`;2M+2 2M
7QM+iBQM /2 H� T`Q;`2bbBQM /2 HǶBMiû;`�iBQM `û;BQM�H2 2m`QTû2MM2 2i /m [mQiB2Mi /2 HQ+�HBb�iBQM /2b ;`�TT2b
BM/mbi`B2HH2bX

oQmb i`Qmp2`2x �m HB2M bmBp�Mi HǶ�TTHB+�iBQM BMi2`�+iBp2 /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b ûi2M/m2 �mt
úi�ib@lMBb 2i �m *�M�/� +QKTi2 i2Mm /2 H� +`û�iBQM /2 H� #�b2 /2 /QMMû2b mMB[m2 bm` H2b ;`�TT2b BM/mbi`B2HH2b
/2 +2b i`QBb `û;BQMb /m KQM/2 2i `2T`ûb2Mi�Mi �BMbB T`ĕb /2 98W /m SA" KQM/B�H , *�`iQ;`�T?B2 BMi2`�+iBp2
/2b ;`�TT2b BM/mbi`B2HH2b- bm` ?iiT,ffKQM/QBMiHX+B`�MQX[+X+� /�Mb H2 K2Mm /�b?#�Q`/b b2+iBQM AMi2`M�iBQM�H
+Hmbi2` TQ`i�HX
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http://mondointl.cirano.qc.ca/cluster-mapping-tool/
http://mondointl.cirano.qc.ca/cluster-mapping-tool/
http://mondointl.cirano.qc.ca
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8 _ûbmHi�ib 2i BMi2`T`ûi�iBQMb

*2ii2 T�`iB2 T`QTQb2 mM2 T`ûb2Mi�iBQM 2i mM2 BMi2`T`ûi�iBQM /2b `ûbmHi�ib Q#i2Mmb bmBi2 ¨ HǶ�TTHB+�iBQM /2b
/2mt Kûi?Q/QHQ;B2b +B@�p�Mi 2tTHB+Biû2b- ¨ b�pQB` , URV H2b `ûbmHi�ib Q#i2Mmb T�` HǶ�M�Hvb2 û+QMQKûi`B[m2 2i UkV
H2b `ûbmHi�ib Q#i2Mmb T�` HǶ�M�Hvb2 +�`iQ;`�T?B[m2X 1MbmBi2- +2ii2 b2+iBQM 2bi bmBpB /ǶmM `ûbmKû /2b /Bzû`2Mi2b
BMi2`T`ûi�iBQMb /2b `ûbmHi�ib /2 +2b /2mt �M�Hvb2b /�Mb H2 #mi /2 iB`2` mM2 BMi2`T`ûi�iBQM 2i mM2 +QM+HmbBQM
;HQ#�H2 /2b `ûbmHi�ib 2M HB2M �p2+ H� [m2biBQM /2 `2+?2`+?2 bQmH2pû2- ¨ b�pQB` ǳ1M 2m`QT2- Q#b2`p2@i@QM mM2
/vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 @ Qm /2 +QMp2`;2M+2 @ ¨ i`�p2`b H2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mbi`B2HH2b
\Ǵ- 2i H2b ?vTQi?ĕb2b B/2MiB}û2b ¨ H� bmBi2 /2 H� `2pm2 /2 HBiiû`�im`2X

8XR _ûbmHi�ib û+QMQKûi`B[m2b

�mt pm2b /m ;`�M/ MQK#`2 /2 KQ/ĕH2b û+QMQKûi`B[m2b Uj KQ/ĕH2b /Bzû`2Mib TQm` 9 p�`B�#H2b 2tTHB+�iBp2b
/Bzû`2Mi2b i2biûb ¨ HǶ�B/2 /2 9 Kûi?Q/2b /Ƕ2biBK�iBQMb /BbiBM+i2bV [mB bQMi �TTHB[mûb TQm` H2b Rj û+?�MiBHHQMb-
T`QTQb2` mM2 T`ûb2Mi�iBQM /2 HǶ2Mb2K#H2 /2b i�#H2�mt /2b `ûbmHi�ib b2`�Bi 7�biB/B2mtX �BMbB- +2ii2 b2+iBQM
T`QTQb2 mM2 T`ûb2Mi�iBQM 2i mM2 BMi2`T`ûi�iBQM 2t?�mbiBp2 2i ;HQ#�H2 /2 HǶ2Mb2K#H2 /2b `ûbmHi�ib [mB QMi ûiû
Q#i2MmbX S�` �BHH2m`b- BH 2bi TQbbB#H2 /Ƕ�++û/2` /B`2+i2K2Mi �mt Re3 i�#H2�mt /2b i2bib û+QMQKûi`B[m2b �BMbB
[mǶ�mt jNk �mi`2b /2b i2bib bi�iBbiB[m2b TQm` H� +�`�+iû`Bb�iBQM /2b 2z2ib U;`QmTûb- }t2b- �Hû�iQB`2b 2M/Q;ĕM2b
Qm 2tQ;ĕM2bV T`ûb2Mib �m b2BM /2b Rj û+?�MiBHHQMb /2 T�M2H +`QBbûb pB� H2b �MM2t2b T`ûb2Miû2b /�Mb H2 }+?B2`
ûH2+i`QMB[m2 bm` H2 bBi2 BMi2`M2i bmBp�Mi , ?iiT,ffQT2Mb+B2M+2XMm�M+2@`X+QKf K2Mm `2b2�`+?X

hQmi27QBb- 2i T�` bQm+B /2 +QKT`û?2MbBQM- H2b `ûbmHi�ib /2b i2bib û+QMQKûi`B[m2b TQm` H2b j ivT2b KQ/ĕH2b
U+7X û[mBi�iBQMb URV ¨ URkV /�Mb G2b KQ/ĕH2b û+QMQKûi`B[m2b- b2+iBQM Jûi?Q/QHQ;B2V �bbQ+Bûb �mt 9 Kûi?@
Q/2b /Ƕ2biBK�iBQMb TQm` HǶû+?�MiBHHQM ;HQ#�H bQMi T`ûb2Miûb 2M �MM2t2 U+7X �MM2t2 9 @ _ûbmHi�ib /2b i2bib
û+QMQKûi`B[m2b T2`iBM2MibVX
*QKK2 2tTHB[mû /�Mb H� Kûi?Q/QHQ;B2- H2b i2bib û+QMQKûi`B[m2b T�` Kûi?Q/2b /Ƕ2biBK�iBQMb T�M2H QMi ûiû
�TTHB[mûb ¨ HǶû+?�MiBHHQM ;HQ#�H mM2 T`2KBĕ`2 7QBb b�Mb BMi2`�+iBQM �p2+ H� p�`B�#H2 #BM�B`2 EMUi,t 2i mM2
b2+QM/2 7QBb 2M BM+Hm�Mi HǶBMi2`�+iBQM �p2+ +2ii2 /2`MBĕ`2X SQm` `�TT2H- +2ii2 p�`B�#H2 T2`K2i /2 K2bm`2` 2i /2
+�`�+iû`Bb2` HǶBKT�+i /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM 2m`QTû2MM2- bQBi HǶ�/?ûbBQM Qm MQM ¨ HǶlMBQM û+QMQKB[m2
2i KQMûi�B`2- /QM+ H� xQM2 2m`QX �BMbB- +2 bQMi +2b /2mt ;`QmT2b /2 i�#H2�mt /2b `ûbmHi�ib û+QMQKûi`B[m2b
[mB bQMi T`ûb2MiûbX

�mbbB- /�Mb H2 #mi /2 bBKTHB}2` H� H2+im`2- pQB+B iQmi /2 KāK2 H2b `ûbmHi�ib û+QMQKûi`B[m2b /2b KQ/ĕH2b /2
`û;`2bbBQM +QK#BMûb Up�`B�#H2b >Pa 2i /2 *QMp2`;2M+2V b�Mb 2i �p2+ BMi2`�+iBQM /2 H� /2 H� p�`B�#H2 EMUi,t

TQm` HǶû+?�MiBHHQM ;HQ#�HX

oQB+B H2b `ûbmHi�ib û+QMQKûi`B[m2b /m KQ/ĕH2 /2 `û;`2bbBQM +QK#BMû Up�`B�#H2b >Pa 2i /2 *QMp2`;2M+2V b�Mb
BMi2`�+iBQM /2 H� p�`B�#H2 EMUi,t TQm` HǶû+?�MiBHHQM ;HQ#�H

R8j
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`�TTQ`i ¨ +2HH2 /2 H� KQv2MM2 2m`QTû2MM2 � mM2 BKTQ`i�M+2 bB;MB}+�iBp2 bm` H� /vM�KB[m2 /2b ;`�TT2b BM@
/mbi`B2HH2bX SHmb T`û+BbûK2Mi- /�Mb H2 +�b ;ûMû`�H- THmb H� i�BHH2 /m K�`+?û bǶûHQB;M2 /2 +2HH2 /2 H� KQv2MM2
2m`QTû2MM2 KQBMb H� i�BHH2 /2 H� ;`�TT2 BM/mbi`B2HH2 b2 7�Bi BKTQ`i�Mi2X § HǶBMp2`b2- mM2 7QBb 2Mi`û /�Mb HǶlMBQM
û+QMQKB[m2 2i KQMûi�B`2 Ul1JV- THmb H� i�BHH2 /m K�`+?û bǶûHQB;M2 /2 +2HH2 /2 H� KQv2MM2 2m`QTû2MM2 THmb H�
i�BHH2 /2 H� ;`�TT2 b2 7�Bi BKTQ`i�Mi2X �mbbB- H2b `ûbmHi�ib KQMi`2Mi [mǶmM2 7QBb 2Mi`û /�Mb HǶlMBQM û+QMQKB[m2
2i KQMûi�B`2- THmb H� i�BHH2 `2H�iBp2 /m K�`+?û T�` `�TTQ`i ¨ H� KQv2MM2 2m`QTû2MM2 T`2M/ /2 HǶBKTQ`i�Mi2
THmb H2 b�H�B`2 KQv2M T�` 2KTHQvû 2M T`2M/ �mbbBX �mi`2K2Mi /Bi- THmb H� i�BHH2 /m K�`+?û bǶûHQB;M2 /2 H�
KQv2MM2 2m`QTû2MM2 THmb H� [m�HBiû /2 H� ;`�TT2 bǶ�KûHBQ`2X § HǶBK�;2 /2 H� T`Q;`2bbBQM /2 H� i�BHH2 /2 H�
;`�TT2 BM/mbi`B2HH2 mM2 7QBb 2Mi`û2 /�Mb HǶl1J- BH �TT�`�ŗi mM `2M7Q`+2K2Mi /2b ;`�TT2b BM/mbi`B2HH2bX *2H�
bB;MB}2 /QM+ [mǶmM2 THmb ;`�M/2 BMiû;`�iBQM- +�`�+iû`Bb2` T�` HǶ2Mi`û2 /�Mb HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2-
� TQm` 2z2i mM2 /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2X
1M Qmi`2- +2ii2 �{`K�iBQM b2 +QM}`K2 T�` HǶûim/2 û+QMQKûi`B[m2 /2 HǶû+?�MiBHHQM /2b T�vb `B+?2b UQm /ûp2HQT@
TûbV /2 HǶlMBQM 2m`QTû2MM2- i�M/Bb [mǶ2HH2 2bi BMp2`bû2 TQm` HǶû+?�MiBHHQM /2b T�vb T�mp`2b UQm 2M pQB2 /2
/ûp2HQTT2K2MiV /2 HǶlMBQM 2m`QTû2MM2X SHmb T`û+BbûK2Mi- mM2 7QBb �v�Mi �/?û`2` ¨ HǶl1J- H2b `ûbmHi�ib
/ûKQMi`2Mi [m2 THmb H� i�BHH2 `2H�iBp2 /m K�`+?û /2pB2Mi BKTQ`i�Mi2 THmb H� [m�HBiû 2i H� i�BHH2 /2 H� ;`�TT2
b2 `2M7Q`+2MiX .2 THmb- ¨ i`�p2`b +2b /2mt bQmb@û+?�MiBHHQMb- mM2 7QBb 2Mi`û2 /�Mb HǶl1J- H� i�BHH2 /m K�`+?û
� mM2 BKTQ`i�M+2 bB;MB}+�iBp2 �m KQ/ĕH2X GǶQ#b2`p�iBQM /2b +Q2{+B2Mib /2 +2ii2 p�`B�#H2 UGij,t × EMUi,tV
i2M/ ¨ /ûKQMi`2` [m2 THmb H� i�BHH2 /m K�`+?û /ǶmM2 û+QMQKB2 2bi BKTQ`i�Mi2 THmb +2ii2 /2`MBĕ`2 +QMM�ŗi mM
`2M7Q`+2K2Mi /2 H� i�BHH2 2i /2 H� [m�HBiû /2 b2b ;`�TT2b BM/mbi`B2HH2b- K�Bb �mbbB /2 H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû
/2 H� ;`�TT2 BM/mbi`B2HH2X �BMbB- BH �TT�`�ŗi [m2 THmb H� i�BHH2 /m K�`+?û 2bi ;`�M/2 THmb H2b û+QMQKB2b +QM@
M�Bbb2Mi mM2 /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2X
S�` +QMbû[m2Mi- mM2 7QBb �v�Mi �/?û`û ¨ HǶl1J- mM2 /vM�KB[m2 ;ûMû`�H2 /2 `2M7Q`+2K2Mi /2b ;`�TT2b BM/mb@
i`B2HH2b 2bi 2M K�`+?2X *2H� bB;MB}2 /QM+ [mǶmM2 /vM�KB[m2 ;ûMû`�H2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2
bǶQTĕ`2 �m b2BM /2 HǶlMBQM 2m`QTû2MM2X �mi`2K2Mi /Bi- HǶ2z2i /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM 2Mi`�BM2`�Bi mM
û+H�i2K2Mi /2b +?�BM2b /2 p�H2m`b KQM/B�H2b /2b 2Mi`2T`Bb2b KmHiBM�iBQMH2b [mB b2 `2;`QmT2Mi �HQ`b �m b2BM
/2 TƬH2 /2 bTû+B�HBb�BiQM Qm /2 +QKTûiBiBpBiû- �TT2Hû THmb +QKKmMûK2Mi ;`�TT2b BM/mbi`B2HH2bX *2T2M/�Mi-
+2ii2 /vM�KB[m2 /2 bTû+B�HBb�iBQM M2 bǶ2M+H2M+?2 T�b /B`2+i2K2MiX 1M 2z2i- THmb H� i�BHH2 /m K�`+?û 2bi
BKTQ`i�Mi2 THmb H� /vM�KB[m2 /2 bTû+B�HBb�iBQM bǶQTĕ`2- ¨ HǶBMp2`b2 THmb H� i�BHH2 /2 K�`+?û 2bi T2iBi2 KQBMb
+2ii2 /2`MBĕ`2 ¨ i2M/�M+2 ¨ bǶ2tT`BK2`X SHmb T`û+BbûK2Mi- �m `2;�`/ /2b `ûbmHi�ib- mM T?ûMQKĕM2 /2 +QM@
p2`;2M+2 b2 K2i 2M K�`+?2X �mi`2K2Mi /Bi- BH �TT�`�ŗi [m2 H2b THmb T2iBi2b û+QMQKB2b �/?û`�Mi ¨ HǶlMBQM
2m`QTû2MM2 b2 pQB2Mi /Ƕ�#Q`/ �MBKû2b T�` mM2 /vM�KB[m2 M�im`2HH2 /2 +QMp2`;2M+2X *2+B b2 i`�/mBi T�` H�

Rd8



T`ûb2M+2 /ǶmM 2z2i /2 `�ii`�T�;2 /2b û+QMQKB2b 2M /ûp2HQTT2K2Mi p2`b H2b û+QMQKB2b /ûp2HQTTû2b /2 HǶlMBQMX
1M 7�Bi- ¨ HǶ?2m`2 �+im2HH2- H2b T�vb [mB 2Mi`2Mi /�Mb HǶlMBQM 2m`QTû2MM2 bQMi T�` /û}MBiBQM /2b û+QMQKB2b
�TT�`i2M�Mi ¨ HǶ1m`QT2 /2 HǶ1bi 2i HǶ1m`QT2 /m am/@1biX 1HH2b bQMi /QM+ T�` /û}MBiBQM /2b û+QMQKB2b 2M
pQB2 /2 /ûp2HQTT2K2MiX S�` +QMbû[m2Mi- H2 T`2KB2` 2z2i [m2 +�mb2`� HǶ�/?ûbBQM ¨ HǶlMBQM b2`� mM T?ûMQKĕM2
/2 +QMp2`;2M+2X § HǶBK�;2 /2b û+QMQKB2b /ûp2HQTTû2b- +2 /2`MB2` T?ûMQKĕM2 b2 i`�Mb7Q`K2`� 2M /vM�KB[m2
/2 bTû+B�HBb�iBQM mM2 7QBb H2 `�ii`�T�;2 2z2+imûX *2ii2 /vM�KB[m2 TQm``�Bi b2 +�`�+iû`Bb2` T�` mM2 +Qm`#2
2M ǳlǴ , mM2 T?�b2 /2 +QMp2`;2M+2 �p�Mi mM T?ûMQKĕM2 /2 bTû+B�HBb�iBQM 2M;2M/`û T�` mM2 THmb ;`�M/2
BMiû;`�iBQMX

.2 THmb- �m `2;�`/ /2b `ûbmHi�ib- H2b BMi2`T`ûi�iBQMb +QM+Hm2b +B@�p�Mi b2K#H2Mi b2 pû`B}2` mM2 MQmp2HH2 7QBb
¨ i`�p2`b HǶûim/2 û+QMQKûi`B[m2 �TTHB[mû2 �mt ;`�TT2b BM/mbi`B2HH2b +QMi`B#m�Mi H2 THmb �m SA" 2m`QTû2M-
bQBi TQm` H2b û+?�MiBHHQMb /m iQT Ry /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b- /m iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b
K�Mm7�+im`Bĕ`2b Ub2+i2m` T`BK�B`2 2i b2+QM/�B`2V 2i /m iQT 8 /2b ;`�TT2b BM/mbi`B2HH2b /2b b2`pB+2b Ub2+i2m`
i2`iB�B`2VX 1M 2z2i- TQm` +2b i`QBb bQmb@û+?�MiBHHQMb 2i mM2 7QBb �v�Mi �/?û`û ¨ HǶl1J- THmb H� i�BHH2 /m K�`+?û
2bi BKTQ`i�Mi2 THmb H� i�BHH2 2i H� [m�HBiû /2 H� ;`�TT2 BM/mbi`B2HH2 i2M/2Mi ¨ b2 `2M7Q`+2`X *2+B bB;MB}2 /QM+
mM T?ûMQKĕM2 /2 bTû+B�HBb�iBQM T�` HǶ2z2i /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2X

�mbbB- H2b `ûbmHi�ib i2M�Mi +QKTi2 /2 HǶ�/?ûbBQM ¨ HǶl1J TQm` HǶ2Mb2K#H2 /2b û+?�MiBHHQMb KQMi`2Mi 2M
KQv2MM2 [m2 KQBMb H� /Bzû`2M+2 2M /Qi�iBQM 7�+iQ`B2HH2 2bi 7Q`i2 THmb H� i�BHH2 2i H� [m�HBiû /2 H� ;`�TT2
bǶBMi2MbB}2MiX �mi`2K2Mi /Bi- THmb H2b û+QMQKB2b QMi /2b /Qi�iBQMb 7�+iQ`B2HH2b b2K#H�#H2b @ +2 [mB 2bi H2
+�b TQm` H2b û+QMQKB2b /ûp2HQTTû2b @ THmb H� i�BHH2 2i H� [m�HBiû /2 H� ;`�TT2 bǶBMi2MbB}2MiX § HǶBMp2`b2- H2b
`ûbmHi�ib /m bQmb@û+?�MiBHHQM /2b T�vb T�mp`2b UQm û+QMQKB2b 2M pQB2 /2 /ûp2HQTT2K2MiV /ûKQMi`2Mi [m2 THmb
H� /Bzû`2M+2 2M /Qi�iBQM 7�+iQ`B2HH2 2bi 7Q`i2 KQBMb H� i�BHH2 /2 H� ;`�TT2 2bi BKTQ`i�Mi2X G� `ûbmHi�Mi2 2bi
/QM+ mM `2M7Q`+2K2Mi /2 H� ;`�TT2 BM/mbi`B2HH2 TQm` H2b û+QMQKB2b /ûp2HQTTû2b @ Qm b2K#H�#H2b �mt û+QMQKB2b
/ûp2HQTTû2b @ 2i /QM+ mM T?ûMQKĕM2 /2 bTû+B�HBb�iBQM bǶQTĕ`2 bmBi2 ¨ HǶ2z2i /ǶmM2 THmb ;`�M/2 BMiû;`�iBQMX
� +QMi`�`BQ- BH bǶQTĕ`2 mM2 /vM�KB[m2 /2 +QMp2`;2M+2 TQm` H2b û+QMQKB2b 2M pQB2 /2 /ûp2HQTT2K2Mi [mB 2bi
+�`�+iû`Bbû2 T�` HǶ2z2i /2 `�ii`�T�;2 T`û bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2X

SQm` �HH2` THmb HQBM- H2b ?vTQi?ĕb2b BM/mBi2b /2 H� `2pm2 /2 HBiiû`�im`2 b+B2MiB}[m2 i2M/2Mi ¨ b2 +QM}`K2`-
iQmi +QKK2 H2b BMimBiBQMb 2tTHB+Biû2b +QM+2`M�Mi H2b p�`B�#H2b BM/ûT2M/�Mi2b /m KQ/ĕH2 U+7X .2b+`BTiBQM
/2b p�`B�#H2b BM/ûT2M/�Mi2b TQm` H2b i`QBb KQ/ĕH2b- b2+iBQM Jûi?Q/QHQ;B2VX �mi`2K2Mi /Bi- H2b `ûbmHi�ib
û+QMQKûi`B[m2b �TTHB[mûb ¨ HǶ2Mb2K#H2 /2b Rj û+?�MiBHHQMb i2M/2Mi ¨ /ûKQMi`2` [m2 ,
URV H� T`ûb2M+2 /ǶmM2 i�BHH2 /2 K�`+?û 2bi bvMQMvK2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2i MQM /2 +QMp2`@
;2M+2 UkV H� bBKBH�`Biû /2b i�BHH2b /2 K�`+?û 2bi bvMQMvK2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2i MQM /2
+QMp2`;2M+2 UjV H� bBKBH�`Biû 2M /Qi�iBQM 7�+iQ`B2HH2 2bi bvMQMvK2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2i
MQM /2 +QMp2`;2M+2X

S�` �BHH2m`b- +QKK2 2tTHB[mû T`û�H�#H2K2Mi- H� p�`B�#H2 #BM�B`2 EMUi,t �BMbB [m2 bQM BMi2`�+iBQM �p2+ H2b p�`B@
�#H2b BM/ûT2M/�Mi2b /2b KQ/ĕH2b û+QMQKûi`B[m2b T2`K2ii2Mi /2 K2bm`2` 2i +�`�+iû`Bb2` HǶBKT�+i /ǶmM2 THmb
;`�M/2 BMiû;`�iBQM 2m`QTû2MM2 +QKK2 2z2i /2 bTû+B�HBb�iBQM Qm /2 +QMp2`;2M+2 /2b û+QMQKB2b BM/mbi`B2HH2b
2m`QTû2MM2bX �mi`2K2Mi /Bi- ;`�+2 ¨ HǶBMi2`�+iBQM- mM2 K2bm`2 /2 HǶBKT�+i /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM
2m`QTû2MM2 T2mi āi`2 iB`û 2M /û`Bp�Mi T�`iB2HH2K2Mi +?�+mM2 /2b û[m�iBQMb URV ¨ URkV U+7X G2b KQ/ĕH2b
û+QMQKûi`B[m2b- b2+iBQM Jûi?Q/QHQ;B2V T�` `�TTQ`i ¨ H� p�`B�#H2 EMUi,tX *2ii2 /2`MBĕ`2 T2`K2ii`� �mbbB
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/2 pû`B}2` H2b BMimBiBQMb T`û+û/2Mi2b iB`û2b /2b `ûbmHi�ib /2b i2bib û+QMQKûi`B[m2b TQm` HǶ2Mb2K#H2 /2b Rj
û+?�MiBHHQMb /2 /QMMû2b T�M2H +`QBbûbX

∂ ln (Empi,t)
∂ (EMUi,t)

= λ0

+ λ1 × Gij,t + λ2 × Sij,t + λ3 × Rij,t + λ4 × Dij,t

+ λ5 × HICPDIFij,t + λ6 × IRDIFij,t + λ7 × BGTDIFij,t + λ8 × DBTDIFij,t

Uk8V

∂ ln (Esti,t)
∂ (EMUi,t)

= λ0

+ λ1 × Gij,t + λ2 × Sij,t + λ3 × Rij,t + λ4 × Dij,t

+ λ5 × HICPDIFij,t + λ6 × IRDIFij,t + λ7 × BGTDIFij,t + λ8 × DBTDIFij,t

UkeV

∂ ln (Concui,t)
∂ (EMUi,t)

= λ0

+ λ1 × Gij,t + λ2 × Sij,t + λ3 × Rij,t + λ4 × Dij,t

+ λ5 × HICPDIFij,t + λ6 × IRDIFij,t + λ7 × BGTDIFij,t + λ8 × DBTDIFij,t

UkdV

∂ ln (Wagei,t)
∂ (EMUi,t)

= λ0

+ λ1 × Gij,t + λ2 × Sij,t + λ3 × Rij,t + λ4 × Dij,t

+ λ5 × HICPDIFij,t + λ6 × IRDIFij,t + λ7 × BGTDIFij,t + λ8 × DBTDIFij,t

Uk3V

§ T�`iB` URV /2b i�#H2�mt /2b `ûbmHi�ib /m KQ/ĕH2 û+QMQKûi`B[m2 +QK#BM�Mi H2b p�`B�#H2b >Pa 2i /2 +QM@
p2`;2M+2- BMiû;`�Mi HǶBMi2`�+iBQM �p2+ H� p�`B�#H2 EMUi,t- 2i miBHBb�Mi H� Kûi?Q/2 /Ƕ2biBK�iBQM /2b p�`B�#H2b
BMbi`mK2Mi�H2b /Ƕ>�mbK�M@h�vHQ` U+7X h�#H2 RRy- RRj- RRe 2i RRN `2bT2+iBp2K2Mi TX k9j- k9e- k9N 2i k8kV
�BMbB [mǶ¨ T�`iB` UkV /2b i�#H2�mt /2 bi�iBbiB[m2b /2b+`BTiBp2b /2 HǶû+?�MiBHHQM ;HQ#�H- H2b û[m�iBQMb Uk8V ¨ Uk3V
/2pB2MM2Mi ,

∂ ln (Empi,t)
∂ (EMUi,t)

= −3.884

+ 0.093 × 28.343 + 0.245 × (−1.505) + (−0.002) × 0.513 + 0.281 × 7.244

+ 0.004 × 1.117 + 0.003 × 0.962 + 0 × 8007313316 + 0 × 719694177247

= 0.428571

UkNV

∂ ln (Esti,t)
∂ (EMUi,t)

= −13.251

+ (−0.203) × 28.265 + (−0.114) × (−1.515) + (−0.897) × 0.537 + 2.603 × 7.248

+ (−0.047) × 1.089 + (−0.001) × 0.921 + 0 × 7695803557 + 0 × 749443554090

= −0.572471

UjyV
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∂ ln (Concui,t)
∂ (EMUi,t)

= −22.124

+ 0.151 × 28.267 + (−0.210) × (−1.527) + (−0.798) × 0.523 + 2.458 × 7.251

+ (−0.053) × 1.096 + 0.006 × 0.913 + 0 × 7764150989 + 0 × 753350226412

= −0.189562

UjRV

∂ ln (Wagei,t)
∂ (EMUi,t)

= −6.821

+ 0.096 × 28.332 + 0.187 × (−1.542) + 0.008 × 0.527 + 0.689 × 7.250

+ (−0.002) × 1.142 + 0.019 × 0.981 + 0 × 8109811211 + 0 × 726056508386

= 0.630339

UjkV

*QKTi2 i2Mm /2 H� M�im`2 HQ;�`Bi?KB[m2 /2b p�`B�#H2b 2tTHB+�iBp2b /m KQ/ĕH2 2KTB`B[m2 U+7X .2b+`BTiBQM /2b
p�`B�#H2b /ûT2M/�Mi2b TQm` H2b i`QBb KQ/ĕH2b- b2+iBQM Jûi?Q/QHQ;B2V- H2b `ûbmHi�ib +B@�p�Mi U+7X T`ûb2Mi�iBQM
/2b `ûbmHi�ib TQm` HǶû+?�MiBHHQM ;HQ#�H �p2+ BMi2`�+iBQM /2 H� p�`B�#H2 EMUi,tV /QBp2Mi āi`2 i`�Mb7Q`Kûb
bmBp�Mi H� 7Q`KmH2 bmBp�Mi2 ,

(
eβ − 1

)
X �BMbB- mM2 7QBb i`�Mb7Q`Kûb- +2b /2`MB2`b T2mp2Mi āi`2 BMi2`T`ûiûb

+QKK2 mM2 p�`B�iBQM 2M TQm`+2Mi�;2 `ûbmHi�Mi2 /2 H� p�`B�#H2 2tTHB+�iBp2 /QMMû2 HQ`b[mǶmM T�vb �/?ĕ`2 ¨
HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2X
S�` +QMbû[m2Mi- H2b `ûbmHi�ib bm;;ĕ`2Mi HǶBMi2`T`ûi�iBQM [mB bmBi- �/?û`2` ¨ HǶlMBQM û+QMQKB[m2 2i KQMûi�B`2
2Mi`�ŗM2 /2 7�ÏQM ;ûMû`�H2 ,

Ç mM2 �m;K2Mi�iBQM KQv2MM2 /2 53.50 W /2 H� i�BHH2 /2b ;`�TT2b BM/mbi`B2HH2b- bQBi /m MQK#`2 /Ƕ2KTHQBb
TQm` mM2 ;`�TT2 2i mM T�vb /QMMûb c

Ç mM2 /BKBMmiBQM KQv2MM2 /2 63.58 W /m MQK#`2 /Ƕ2Mi`2T`Bb2b TQm` mM2 ;`�TT2 BM/mbi`B2HH2 2i mM T�vb
/QMMûb- bQBi mM2 �m;K2Mi�iBQM /2 H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû /2b ;`�TT2b BM/mbi`B2HH2b c

Ç mM2 /BKBMmiBQM KQv2MM2 /2 17.26 W /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2b BM/mbi`B2HH2b- bQBi /m
MQK#`2 /Ƕ2Mi`2T`Bb2b T�` 2KTHQBb TQm` mM2 ;`�TT2 2i mM T�vb /QMMûb c

Ç mM2 �m;K2Mi�iBQM KQv2MM2 /2 87.82 W /2 H� [m�HBiû /2b ;`�TT2b BM/mbi`B2HH2b- bQBi /m b�H�B`2 KQv2M
T�` 2KTHQvû TQm` mM2 ;`�TT2 2i mM T�vb /QMMûbX

SQm` i2`KBM2`- HǶ2Mb2K#H2 /2b `ûbmHi�ib T`û+û/2Mib bm;;ĕ`2Mi /QM+ [mǶ�/?û`2` ¨ HǶlMBQM û+QMQKB[m2 2i KQMû@
i�B`2 2m`QTû2MM2 � mM 7Q`i 2z2i bm` H2 `2M7Q`+2K2Mi /2b ;`�TT2b BM/mbi`B2HH2bX *2+B 2bi 2M T�`7�Bi �++Q`/ �p2+
H2b H2ÏQMb iB`û2b /2 H� HBiiû`�im`2 bm` H2 *QKK2`+2 AMi2`M�iBQM�H 2i HǶAMiû;`�iBQM- 2M T�`iB+mHB2` H2b �TTQ`ib
/2 S�mH E`m;K�M bm` H2b T?ûMQKĕM2b /Ƕ�;;HQKû`�iBQM 2i H� MQmp2HH2 û+QMQKB2 ;ûQ;`�T?B[m2 UE`m;K�M �M/
o2M�#H2b RNNyc E`m;K�M �M/ o2M�#H2b RNNj#c E`m;K�M RNNj+V- +2HH2 bm` H� *QMp2`;2M+2 2i HǶAMiû;`�iBQM- 2M
T�`iB+mHB2` H2b �TTQ`ib /2 H� h?ûQ`B2 /2b wQM2b JQMûi�B`2b PTiBK�H2b U2M/Q;ĕM2 Qm MQMV U.2 :`�mr2 RNNdc
6`�MF2H �M/ _Qb2 RNN3c E`m;K�M RNNj�c J+EBMMQM RNejc JmM/2HH RNeRV- �BMbB [m2 +2HH2 +QM+2`M�Mi HǶûim/2
/2b :`�TT2b BM/mbi`B2HH2b 2i /2 H2m` /vM�KB[m2X �BMbB- H2 +QMbi�i /2 H� HBiiû`�im`2 2bi i2H [m2 bB mM2 THmb 7Q`i2
BMiû;`�iBQM 2bi bvMQMvK2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 bm` #�b2 /Ƕ�p�Mi�;2b +QKT�`�iB7b �HQ`b +2H�
b2 i`�/mBi 2KTB`B[m2K2Mi T�` mM `2M7Q`+2K2Mi /2b ;`�TT2b BM/mbi`B2HH2bX �mi`2K2Mi /Bi- bB mM T�vb �/?ĕ`2 ¨
HǶlMBQM û+QMQKB[m2 2i KQMiû�B`2- H� p�`B�#H2 2tTHB+�iBp2 ,

Ç /2 HǶ2KTHQB /2p`�Bi i2M/`2 ¨ �m;K2Mi2` TmBb[mǶ2HH2 `2T`ûb2Mi2 H� i�BHH2 /2 H� ;`�TT2 BM/mbi`B2HH2
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Ç /m MQK#`2 /Ƕ2Mi`2T`Bb2b /2p`�Bi i2M/`2 ¨ /BKBMm2` TmBb[mǶ2HH2 `2T`ûb2Mi2 H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû /2
H� ;`�TT2 BM/mbi`B2HH2X �mi`2K2Mi /Bi- KQBMb BH v � /Ƕ2Mi`2T`Bb2b T`ûb2Mi2b TQm` mM2 ;`�TT2 BM/mbi`B2HH2
/QMMû2 THmb H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû T�` 2Mi`2T`Bb2 2bi 7Q`i2X

Ç /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2p`�Bi i2M/`2 ¨ /BKBMm2` TQm` H2b KāK2b `�BbQMb [m2 H� +QM+2Mi`�iBQM
/Ƕ�+iBpBiû TmBb[mǶ2HH2 `2T`ûb2Mi2 H2 MQK#`2 /Ƕ2Mi`2T`Bb2b T�` 2KTHQBbX

Ç /m b�H�B`2 KQv2M T�` 2KTHQB /2p`�Bi i2M/`2 ¨ �m;K2Mi2` TmBb[m2 +2HH2@+B `2T`ûb2Mi2 H� [m�HBiû /2 H�
;`�TT2 BM/mbi`B2HH2X

§ HǶBMp2`b2- bB mM2 THmb 7Q`i2 BMiû;`�iBQM 2bi bvMQMvK2 /2 +QMp2`;2M+2 �HQ`b +2H� b2 i`�/mBi 2KTB`B[m2K2Mi
T�` mM �z�B#HBbb2K2Mi /2b ;`�TT2b BM/mbi`B2HH2bX �mi`2K2Mi /Bi- bB mM T�vb �/?ĕ`2 ¨ HǶlMBQM û+QMQKB[m2 2i
KQMûi�B`2- H� p�`B�#H2 2tTHB+�iBp2 ,

Ç /2 HǶ2KTHQB /2p`�Bi i2M/`2 ¨ /BKBMm2` TmBb[mǶ2HH2 `2T`ûb2Mi2 H� i�BHH2 /2 H� ;`�TT2 BM/mbi`B2HH2
Ç /m MQK#`2 /Ƕ2Mi`2T`Bb2b /2p`�Bi i2M/`2 ¨ �m;K2Mi2` TmBb[mǶ2HH2 `2T`ûb2Mi2 H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû

/2 H� ;`�TT2 BM/mbi`B2HH2X �mi`2K2Mi /Bi- THmb BH v � /Ƕ2Mi`2T`Bb2b T`ûb2Mi2b TQm` mM2 ;`�TT2 BM/mbi`B2HH2
/QMMû2 KQBMb H� +QM+2Mi`�iBQM /Ƕ�+iBpBiû T�` 2Mi`2T`Bb2 2bi 7Q`i2X

Ç /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2p`�Bi i2M/`2 ¨ �m;K2Mi2` TQm` H2b KāK2b `�BbQMb [m2 H� +QM+2Mi`�iBQM
/Ƕ�+iBpBiû TmBb[mǶ2HH2 `2T`ûb2Mi2 H2 MQK#`2 /Ƕ2Mi`2T`Bb2b T�` 2KTHQBbX

Ç /m b�H�B`2 KQv2M T�` 2KTHQB /2p`�Bi i2M/`2 ¨ /BKBMm2` TmBb[m2 +2HH2@+B `2T`ûb2Mi2 H� [m�HBiû /2 H� ;`�TT2
BM/mbi`B2HH2X

SHmb T`û+BbûK2Mi- H� `2H�iBQM /B`2+i2 2Mi`2 H2 MQK#`2 /Ƕ2KTHQB- H� i�BHH2 /2 H� ;`�TT2 2i �BMbB H2 `2M7Q`+2K2Mi
/2 H� ;`�TT2 2bi �bb2x bBKTH2 ¨ pBbm�HBb2` 2i +QKT`2M/`2X 1M 2z2i- THmb mM ;`�TT2 BM/mbi`B2HH2 /�Mb mM2 `û;BQM
2m`QTû2MM2 /QMMû2 +QKTQ`i2 /Ƕ2KTHQvûb THmb +2ii2 ;`�TT2 2bi 7Q`i2 bm` H2 K�`+?û @ +Ƕ2bi@¨@/B`2 Q++mT2 /2
TH�+2 bm` H2 K�`+?ûX *2T2M/�Mi- TQm` +2 [mB 2bi /2b �mi`2b p�`B�#H2b 2tTHB+�iBp2b- BH +QMpB2Mi /Ƕ�TTQ`i2` THmb
/2 T`û+BbBQMX �BMbB- H� i2M/�M+2 /ǶûpQHmiBQM BMp2`bû2 2Mi`2 MQK#`2 /Ƕ2Mi`2T`Bb2 2i `2M7Q`+2K2Mi /2 H� ;`�TT2 b2
DmbiB}2 T�` HǶ?vTQi?ĕb2 /2 H� HBiiû`�im`2 BMiû;`�Mi H2b `2M/2K2Mib /Ƕû+?2HH2 ¨ HǶûim/2 /m +QKK2`+2 BMi2`M�iBQM�H
2i /2 HǶBMiû;`�iBQMX 1M 2z2i- HǶ2tBbi2M+2 /m T?ûMQKĕM2 /2 `2M/2K2Mib /Ƕû+?2HH2 +`QBbb�Mi �++QmTHû ¨ mM2
�m;K2Mi�iBQM /2 H� /2K�M/2 BKTHB[m2 mM ûH�`;Bbb2K2Mi /2b 2Mi`2T`Bb2b /2 T�` H2m` TQmpQB` }M�M+B2` +`QBbb�Mi
2i H2m` bBim�iBQM /QKBM�Mi2 bm` H2 K�`+?ûX �BMbB- /2b �HHB�M+2b bi`�iû;B[m2b 2i /2b 7mbBQMb �+[mBbBiBQMb
b2 T`Q/mBb2Mi /2 7�ÏQM M�im`2HH2 Dmb[mǶ¨ i2M/`2 p2`b mM2 bBim�iBQM /2 K�`+?û QHB;QTQHBbiB[m2X �BMbB- H�
bTû+B�HBb�iBQM bvMQMvK2 /2 `2M7Q`+2K2Mi /2b ;`�TT2b BM/mbi`B2HH2b b2 i`�/mBi T�` mM2 /BKBMmiBQM /m MQK#`2
/Ƕ2Mi`2T`Bb2b 2i /QM+ HQ;B[m2K2Mi mM2 �m;K2Mi�iBQM /2 H� +QM+2Mi`�iBQM /Ƕ�+iBpBiûX AH 2M p� 2t�+i2K2Mi /2
KāK2 TQm` +2 [mB 2bi /2 H� i2M/�M+2 /ǶûpQHmiBQM BMp2`bû2 2Mi`2 HǶBMi2MbBiû +QM+m``2MiB2HH2 2i H2 `2M7Q`+2K2Mi
/2b ;`�TT2bX .Ƕ�mi`2 T�`i- H� i2M/�M+2 /ǶûpQHmiBQM bBKBH�B`2 2Mi`2 b�H�B`2 KQv2M 2i `2M7Q`+2K2Mi /2b ;`�TT2b
bǶ2tTHB[m2 T�` H� /Qi�iBQM 7�+iQ`B2HH2X SHmb bTû+B}[m2K2Mi- H� bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 /2p`�Bi
i2M/`2 ¨ �m;K2Mi2` H2b b�H�B`2b KQv2Mb TmBb[mǶ2HH2 T`QpQ[m2 mM +?Q+ bm` H� /2K�M/2 2M 7�+i2m` /2 T`Q/m+iBQM
bTû+B�HBbû2 2Mi`�ŗM�Mi �BMbB mM2 /2K�M/2 THmb 7Q`i2 TQm` mM 7�+i2m` KQBMb �#QM/�MiX *Ƕ2bi mM T?ûMQKĕM2
/2 `�`2iû T2`K2ii�Mi HǶ�++`QBbb2K2Mi /2 H� p�H2m`X .2 bm`+`Qŗi- �p2+ H2b `2M/2K2Mib /Ƕû+?2HH2 +`QBbb�Mib- H2b
p2Mi2b /2 HǶ2Mi`2T`Bb2- b2b #ûMû}+2b- H2b b�H�B`2b [mǶ2HH2 `2p2`b2- �BMbB [m2 }M�H2K2Mi H2 MQK#`2 /Ƕ2KTHQBb [mǶ2HH2
Mû+2bbBi2 TQm` 2Mi`2i2MB` b2b �+iBpBiûb- /2p`�B2Mi �m;K2Mi2`X hQmi +2H� b2 i`�/mBi �HQ`b T�` mM2 �KûHBQ`�iBQM
/2 H� T`Q/m+iBpBiû [mB b2 `ûT2`+mi2 /B`2+i2K2Mi bm` H2b b�H�B`2bX
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8Xk _ûbmHi�ib +�`iQ;`�T?B[m2b

*QKTi2 i2Mm /2 H� M�im`2 bi�iB[m2 /m KûKQB`2 2i /m MQK#`2 BKK2MbûK2Mi +QMbB/û`�#H2 /2 +�`iQ;`�T?B2b
/BbTQMB#H2b U1.008 × 104 +�`iQ;`�T?B2b- bQBi ey ;`�TT2b BM/mbi`B2HH2b bm` k9 �Mb 2i b2HQM d BM/B+�i2m`bV- +2ii2
T�`iB2 T`ûb2Mi2 mM2 T�`iB2 2t?�mbiBp2 /2b `ûbmHi�ib /BbTQMB#H2b Mû+2bb�B`2 ¨ H� #QMM2 +QKT`û?2MbBQM /m H2+i2m`
2i ¨ HǶBMi2`T`ûi�iBQM +Q``2+i2 /2b `ûbmHi�ibX SQm` `�TT2H- pQmb i`Qmp2`2x �m HB2M bmBp�Mi HǶ�TTHB+�iBQM BMi2`�+iBp2
/2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b ûi2M/m2 �mt úi�ib@lMBb 2i �m *�M�/� +QKTi2 i2Mm /2 H� +`û�iBQM /2
H� #�b2 /2 /QMMû2b mMB[m2 bm` H2b ;`�TT2b BM/mbi`B2HH2b /2 +2b i`QBb `û;BQMb /m KQM/2 `2T`ûb2Mi�Mi T`ĕb /2
98W /m SA" KQM/B�H , *�`iQ;`�T?B2 BMi2`�+iBp2 /2b ;`�TT2b BM/mbi`B2HH2b- bm` ?iiT,ffKQM/QBMiHX+B`�MQX[+X+�
/�Mb H2 K2Mm /�b?#�Q`/b b2+iBQM AMi2`M�iBQM�H +Hmbi2` TQ`i�HX

S�` +QMbû[m2Mi- 2i /2 K�MBĕ`2 ¨ M2 T�b �HQm`/B` H� T`ûb2Mi�iBQM /2b `ûbmHi�ib- b2mH2K2Mi 60 `ûbmHi�ib +�`@
iQ;`�T?B[m2b bQMi miBHBbûb /�Mb +2ii2 T�`iB2 TQm` T`ûb2Mi2` 2i BMi2`T`ûi2` H2b `ûbmHi�ibX *2T2M/�Mi- BH 2bi ¨
MQi2` [m2 HǶ�M�Hvb2 2i HǶBMi2`T`ûi�iBQM /2b `ûbmHi�ib QMi ûiû /ûp2HQTTû2b- �m T`û�H�#H2- ¨ HǶ�B/2 /2 HǶ2Mb2K#H2
/2b `ûbmHi�ib +�`iQ;`�T?B[m2b 2tBbi�Mi- bQBi H2b 1.008 × 104X

G2b `ûbmHi�ib +�`iQ;`�T?B[m2b T`ûb2Miûb 2M �MM2t2 U+7X �MM2t2 8 @ *�iQ;`�T?B2V 2i H2b BMi2`T`ûi�iBQMb /ûp2HQT@
Tû2b +B@�T`ĕb b2 +QM+2Mi`2Mi �HQ`b bm` H2 iQT k /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b K�Mm7�+im`Bĕ`2b 2i H2
iQT k /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /2b b2`pB+2bX .2 +2ii2 K�MBĕ`2- H� T`ûb2Mi�iBQM 2i HǶBMi2`T`ûi�iBQM
/2b `ûbmHi�ib /QMM2Mi mM �T2`Ïm bB;MB}+�iB7 /2 H� bBim�iBQM 2m`QTû2MM2 ;HQ#�H2X SHmb T`û+BbûK2Mi- H2 iQT k
/2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b K�Mm7�+im`Bĕ`2b b2 +QKTQb2 /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2 2i /2 +2HH2
/2b h2+?MQHQ;B2b /2 T`Q/m+iBQM 2i K�+?BM2`B2b HQm`/2bX G2 iQT k /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b /2b
b2`pB+2b b2 +QKTQb2 /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b 2i /2 +2HH2 /2 H� .Bbi`B#miBQM 2i /m +QKK2`+2
ûH2+i`QMB[m2X

S�` �BHH2m`b- +QKTi2 i2Mm /2b 7�Bib ?BbiQ`B[m2b /2 H� +QMbi`m+iBQM 2m`QTû2MM2 �BMbB [m2 /2b /QMMû2b /BbTQMB#H2b-
Q#b2`p2` 2i T`ûb2Mi2` H2b `ûbmHi�ib +�`iQ;`�T?B[m2b TQm` H2b �MMû2b RNN3- kyy8 2i kyRj b2K#H2 bm{b�Mi TQm` H�
+QKT`û?2MbBQM ;HQ#�H2 /m H2+i2m` 2i HǶ2t?�mbiBpBiû /2 HǶBMi2`T`ûi�iBQMX 1M 2z2i- bûH2+iBQMM2` +2b i`QBb �MMû2b
T2`K2i- /ǶmM2 T�`i- /2 pBbm�HBb2` H� bBim�iBQM �p�Mi HǶ�/QTiBQM 2i H� KBb2 2M +B`+mH�iBQM /2 H� KQMM�B2 mMB[m2
U`2bT2+iBp2K2Mi RNNN 2i kyykV- 2i /Ƕ�mi`2 T�`i- /ǶQ#b2`p2` HǶûpQHmiBQM /2b 2z2ib /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM
û+QMQKB[m2 `û;BQM�H2 UbTû+B�HBb�iBQM Qm +QMp2`;2M+2V �m i`�p2`b /2b �MMû2b kyy8 2i kyRjX

6BM�H2K2Mi- /2 T�` H2b `ûbmHi�ib û+QMQKûi`B[m2b T`û+û/2Mib 2i T�` HǶ�TTHB+�iBQM /2 H� Kûi?Q/QHQ;B2 +�`@
iQ;`�T?B[m2 U+7X *�`iQ;`�T?B2- /�Mb H� b2+iBQM Jûi?Q/QHQ;B2V- b2mHb H2b BM/B+�i2m`b h�BHH2 /2 H� ;`�TT2 UbQBi
H2 MQK#`2 /Ƕ2KTHQBbV- Zm�HBiû /2 H� ;`�TT2 UbQBi H2 b�H�B`2 KQv2MV- ZmQiB2Mi /2 HQ+�HBb�iBQM- aTû+B�HBb�iBQM 2i
amT2` aTû+B�HBb�iBQM bQMi Q#b2`pûbX �mbbB- mM2 +�`iQ;`�T?B2 T`ûb2Mi�Mi H2b j +QmTH2b `û;BQM@;`�TT2 BM/mbi`B2HH2
H2b THmb bTû+B�HBbûb �m b2BM /m +QMiBM2Mi 2m`QTû2M- THmb T`û+BbûK2Mi /2 HǶlMBQM 2m`QTû2MM2- � ûiû ûi�#HB2 TQm`
H2 +QKTHûK2Mi /2 HǶ�M�Hvb2X

G2b `ûbmHi�ib +�`iQ;`�T?B[m2b +QM}`K2Mi H2b BMimBiBQMb /ûp2HQTTû2b /�Mb H2b ?vTQi?ĕb2b /m +�/`2 /2 `2+?2`+?2
/2 +2 KûKQB`2X �mbbB- H2b `ûbmHi�ib p�HB/2Mi H2b T`2KBĕ`2b �M�Hvb2b 2i BMi2`T`ûi�iBQMb iB`û2b /2b `ûbmHi�ib
û+QMQKûi`B[m2b T`ûb2Miûb +B@�p�Mi U+7X _ûbmHi�ib û+QMQKûi`B[m2b- b2+iBQM _ûbmH�ibVX �mi`2K2Mi /Bi- H2b
`ûbmHi�ib /ûKQMi`2Mi mM2 /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2M 1m`QT2X
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SQm` +?�+mM2 /2b [m�i`2 ;`�TT2b BM/mbi`B2HH2b- H� /2MbBiû /2 HǶ2KTHQB 2i H� [m�MiBiû /2b b�H�B`2b KQv2Mb M2
bQMi T�b mMB7Q`KûK2Mi `ûT�`iBb ¨ i`�p2`b H2b `û;BQMb 2m`QTû2MM2bX �m +QMi`�B`2- H2b +�`i2b `2T`ûb2Mi�Mi H�
+QM+2Mi`�iBQM /Ƕ2KTHQB 2i H� `ûT�`iBiBQM /2b b�H�B`2b KQv2Mb K2ii2Mi 2M 2t2`;m2 mM2 /vM�KB[m2 /2 bTû+B�HB@
b�iBQMX S�` 2t2KTH2- H� ;`�TT2 BM/mbi`B2HH2 /2b b2`pB+2b �mt 2Mi`2T`Bb2b 2bi 2ti`āK2K2Mi 7Q`i2 2i +QM+2Mi`û2
�miQm` /2 H� `û;BQM T�`BbB2MM2 2i [m�bBK2Mi mMB[m2K2Mi /�Mb +2ii2 `û;BQM ;ûQ;`�T?B[m2 U+7X �MM2t2 @ 9-
*�`iQ;`�T?B2 /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2bVX AH 2M p� /2 KāK2 TQm` H� ;`�TT2 /2 HǶ�miQKQ#BH2 2M
�HH2K�;M2 T`Q+?2 /2 H� 7`QMiBĕ`2 7`�MÏ�Bb2 U+7X �MM2t2 @ 9- *�`iQ;`�T?B2 /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2VX .2
bm`+`Qŗi- ¨ i`�p2`b H� ;`�TT2 BM/mbi`B2HH2 /2 HǶ�miQKQ#BH2- H� T`Q;`2bbBQM /2 H� /vM�KB[m2 /2 bTû+B�HBb�iBQM
2bi T�`iB+mHBĕ`2K2Mi K�`[mû2 �p2+ mM MQK#`2 KQv2M /2 8 `û;BQMb 7Q`i2K2Mi +QM+2Mi`û 2M 2KTHQBb U`û;BQMb
7`�MÏ�Bb2bV 2M RNN3 2i THmb [m2 k `û;BQMb 7Q`i2K2Mi +QM+2Mi`û2b 2M 2KTHQB Uk `û;BQMb 2M �HH2K�;M2V 2M kyRjX
G2b `ûbmHi�ib /ûKQMi`2Mi mM T?ûMQKĕM2 /2 bTû+B�HBb�iBQM BM/mbi`B2HH2 `û;BQM�H2 K�`[mû T�` mM KQmp2K2Mi
/2 `2;`QmT2K2Mi /2b KmHiBM�iBQM�H2b 2M ;`�TT2b BM/mbi`B2HH2b 2i /QM+ /2b +?�ŗM2b /2 p�H2m`b KQM/B�H2bX

S�` �BHH2m`b- T�` HǶQ#b2`p�iBQM /2 H� `û;BQM bm/ 2i T�`iB+mHBĕ`2K2Mi bm/@2bi /2 HǶ1m`QT2- H2 T?ûMQKĕM2 /2
`�ii`�T�;2 /2b û+QMQKB2b 2i /QM+ /2 +QMp2`;2M+2 �Miû`B2m`2 ¨ mM2 T?�b2 /2 bTû+B�HBb�iBQM i2M/ �mbbB ¨ b2
+QM}`K2`X 1M 2z2i- H� +QM+2Mi`�iBQM 2M 2KTHQB 2i H� `ûT�`iBiBQM /2b b�H�B`2b KQv2Mb KQMi`2Mi mM `�ii`�T�;2
/2b û+QMQKB2b 2M pQB2 /2 /ûp2HQTT2K2Mi p2`b H� KQv2MM2 /2b û+QMQKB2b /ûp2HQTTû2b Uû+QMQKB2b 7QM/�i`B+2b
/2 HǶ1m`QT2VX G� +�`�+iû`Bb�iBQM /2 H� +Qm`#2 2M l bB;MB}�Mi mM2 T?�b2 /2 +QMp2`;2M+2 M�im`2HH2 TQm` H2
`�ii`�T�;2 û+QMQKB[m2 �K2M�Mi 2MbmBi2 ¨ H� bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2bi #B2M BHHmbi`û2X

SHmb T`û+BbûK2Mi- 2i }M�H2K2Mi- T�` pBbm�HBb�iBQM +�`iQ;`�T?B[m2 ¨ i`�p2`b H2 i2KTb /2b BM/B+�i2m`b /2 bTû@
+B�HBb�iBQM U[mQiB2Mi /2 HQ+�HBb�iBQM- bTû+B�HBb�iBQM 2i bmT2` bTû+B�HBb�iBQMV- H� /vM�KB[m2 /2 bTû+B�HBb�iBQM
`û;BQM�H2 BM/mbi`B2HH2 2tTHB+Biû2 +B@�p�Mi i2M/ ¨ b2 +QM}`K2`X 1M 2z2i- H� +�`iQ;`�T?B2 /m ZmQiB2Mi /2 GQ+�HB@
b�iBQM @ [mB `2T`ûb2Mi2 H2 `�iBQ /2 H� T�`i /2 HǶ2KTHQB `û;BQM�H iQi�H bm` H� T�`i /2 HǶ2KTHQB M�iBQM�H iQi�H TQm`
mM2 ;`�TT2 BM/mbi`B2HH2 /QMMû2 @ 2i +2HH2 /2 HǶBM/B+�i2m` /2 amT2` aTû+B�HBb�iBQM @ [mB `2T`ûb2Mi2 H2b `û;BQMb
bTû+B�HBbû2b BM/mbi`B2HH2K2Mi +Ƕ2bi@¨@/B`2 �v�Mi mM [mQiB2Mi /2 HQ+�HBb�iBQM bmTû`B2m` ¨ d8W /2 H� p�H2m` K�t@
BK�H2 TQm` mM2 �MMû2 2i mM2 ;`�TT2 BM/mbi`B2HH2 /QMMû2 @ /ûKQMi`2Mi mM2 +QM+2Mi`�iBQM /Ƕ�+iBpBiû `û;BQM�H2
MQM mMB7Q`KûK2Mi `ûT�`iB2 �m i`�p2`b /2b `û;BQMb 2m`QTû2MM2bX .2 THmb- H� +QKT�`�BbQM /2b +�`iQ;`�T?B2b
/2 RNN3 2i kyRj T2`K2i /2 K2ii`2 2M 2t2`;m2 H2 `2M7Q`+2K2Mi /2 H� `ûT�`iBiBQM MQM mMB7Q`K2 �m +Qm`b /m
i2KTb 2i �m +Qm`b /2 H� T`Q;`2bbBQM /2 HǶBMiû;`�iBQM û+QMQKB[m2 2m`QTû2MM2X S�` +QMbû[m2Mi- +2b `ûbmH@
i�ib +QM}`K2Mi H� /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 T`QpQ[mû2 T�` HǶ2z2i /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM
û+QMQKB[m2 `û;BQM�H2 2m`QTû2MM2X

SQm` i2`KBM2`- pQB+B mM2 +�`i2 `2T`ûb2Mi�Mi H� `û;BQM 2m`QTû2MM2 H� THmb bTû+B�HBbû2 TQm` +?�+mM2 /2b ;`�TT2b
BM/mbi`B2HH2b T`ûb2Miû2b /�Mb H2 /Q+mK2Mi U+7X G2b /QMMû2b- b2+iBQM Jûi?Q/QHQ;B2VX G� Kûi?Q/QHQ;B2 /Ƕ�M�Hvb2
/2 +2ii2 `2T`ûb2Mi�iBQM +QMbBbi2 ¨ Q#b2`p2` 2i +�`�+iû`Bb2` H2 MBp2�m BM7`�@M�iBQM�H Qm bmT`�@M�iBQM�H /2 H�
bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2X �BMbB- bB +?�+mM2 /m iQT j /2b `û;BQMb bTû+B�HBbû /2
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*QM+HmbBQM- /Bb+mbbBQMb 2i HBKBi2b

G� `2+?2`+?2 TQ`i�Mi bm` H� i?ûK�iB[m2 /Ƕû+QMQKB2 BMi2`M�iBQM�H2 [mǶ2bi HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2
/ûKQMi`2 HǶBKTQ`i�M+2 /m /û#�i [mB 2tBbi2 �miQm` /2 H� /vM�KB[m2 /2b T?ûMQKĕM2b /2 +QMp2`;2M+2 Qm /2
bTû+B�HBb�iBQM [mB v bQMi �bbQ+BûbX *Ƕ2bi H� T`Q#HûK�iB[m2 K�D2m`2 [m2 bQmHĕp2 HǶBMiû;`�iBQM û+QMQKB[m2
`û;BQM�H2 2M +2 [mB +QM+2`M2 H2b T2`bT2+iBp2b /2 +`QBbb�M+2 2i /2 +QKTûiBiBpBiûb /2b û+QMQKB2b /�Mb H2 #mi
mHiBK2 /Ƕ�KûHBQ`2` H2 #B2M@āi`2 ;ûMû`�H- `û/mB`2 H2b BMû;�HBiûb- 2i 2M}M Q#i2MB`fK�BMi2MB` T�BtX

Cmb[mǶ�m DQm` /Ƕ�mDQm`/Ƕ?mB- H� `2+?2`+?2 +QM+2`M�Mi H� /vM�KB[m2 /ǶBMiû;`�iBQM 2i H2b T?ûMQKĕM2b /2 +QM@
p2`;2M+2 @ Qm /2 bTû+B�HBb�iBQM @ [mB v bQMi �bbQ+Bûb- QMi T`2b[m2 iQmDQm`b ûiû /ûp2HQTTûb �m `2;�`/ /2b
û+QMQKB2b M�iBQM�H2bX .m 7�Bi /2 H� Kmi�iBQM /2 HǶ2MpB`QMM2K2Mi û+QMQKB[m2 p2`b H2b +?�ŗM2b /2 p�H2m`b
KQM/B�H2b 2i H2b T?ûMQKĕM2b /Ƕ�;;HQKû`�iBQMb BM/mbi`B2HH2b- 2mt@KāK2b T`QpQ[mûb T�` HǶBMi2MbB}+�iBQM /2
HǶQmp2`im`2 �m +QKK2`+2- +2ii2 /2`MBĕ`2 mMBiû /Ƕ�M�Hvb2 M�iBQM�H2 M2 b2K#H2 T�b b�iBb7�B`2 H2b Q#b2`p�iBQMb
2KTB`B[m2b 2M+Qm`m2bX GǶ2Mb2K#H2 /2b 2tT2`ib 2i i?ûQ`B+B2Mb û+QMQKB[m2b bǶ�++Q`/2Mi TQm` /B`2 [mǶ2MpB`QM
jyW /2b û+?�M;2b BMi2`M�iBQM�mt 2M`2;Bbi`ûb 2Mi`2 H2b M�iBQMb M2 bQMi T�b `2T`ûb2Mi�iB7b /2 H� `û�HBiû 2K@
TB`B[m2 2i pB2MM2Mi #B�Bb2` H� K2bm`2 /2 HǶQmp2`im`2 �m +QKK2`+2X
§ i`�p2`b H2b i?ûQ`B2b /ûp2HQTTû2b iQmi �m HQM; /m ss2 bBĕ+H2 +QKTi2 i2Mm /2 H� Kmi�iBQM p2`b H2b +?�ŗM2b /2
p�H2m`b KQM/B�H2b- +Ƕ2bi@¨@/B`2 /2 HǶ2tTHQbBQM /2b +?�ŗM2b /2 p�H2m`b /2b KmHiBM�iBQM�H2b ¨ i`�p2`b H� TH�Mĕi2-
/2b T?ûMQKĕM2b /Ƕ�;;HQKû`�iBQM `2bTQMb�#H2 /2 H� T`BM+BT�H2 bQm`+2 /2 +QKTûiBiBpBiû /2b 2Mi`2T`Bb2b 2i
/QM+ /2b M�iBQMb bQMi �TT�`mb , H2b ;`�TT2b BM/mbi`B2HH2bX *QKTi2 i2Mm /m T2iBi MQK#`2 /Ƕûim/2b HB�Mi /v@
M�KB[m2 /ǶBMiû;`�iBQM 2i ;`�TT2b BM/mbi`B2HH2b- BH �TT�`�Bbb�Bi /QM+ i`ĕb BMiû`2bb�Mi- 2i mMB[m2- /ǶmiBHBb2` +2b
/2`MBĕ`2b +QKK2 mMBiû /Ƕ�M�Hvb2X �BMbB- +2 KûKQB`2 +QMi`B#m2 ¨ HǶ�p�M+2K2Mi /2 HǶ�M�Hvb2 /2 H� /vM�KB[m2
/ǶBMiû;`�iBQM 2i /2b T?ûMQKĕM2b /2 +QMp2`;2M+2 2M û+QMQKB2 [mB v bQMi HBûb T�` HǶ2Mi`2KBb2 /ǶmM2 T2`bT2+iBp2
MQmp2HH2 , HǶû+QMQKB2 ;ûQ;`�T?B[m2 2i BM/mbi`B2HH2X

S�` �BHH2m`b- +2 +?QBt /ǶmMBiû /Ƕ�M�Hvb2 2bi `2M/m TQbbB#H2 /2 T�` H2b T`Q;`ĕb [mB QMi ûiû 2z2+imûb 2M i2`@
K2b /2 i2+?MB[m2 /Ƕ�M�Hvb2 , H� b+B2M+2 /2 /QMMû2b 2i H� `2+?2`+?2 `2T`Q/m+iB#H2X *2 KûKQB`2 T2`K2i /QM+
HǶûH�#Q`�iBQM 2i HǶmiBHBb�iBQM /ǶmM2 Kûi?Q/QHQ;B2 bvbiûK�iB[m2 /2 `2+?2`+?2 `2T`Q/m+iB#H2 2i /2 b+B2M+2b /2 /QM@
Mû2b T2`K2ii�Mi HǶ�M�Hvb2 THmb T`Q7QM/2 2i THmb ;`�MmH�B`2 /2 H� /vM�KB[m2 /ǶBMiû;`�iBQM 2i /2b T?ûMQKĕM2b
/ǶBMiû;`�iBQMX �BMbB- mM2 #�b2 /2 /QMMû2b mMB[m2 +QKTQ`i�Mi H2b ey ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2i H2b
k83 `û;BQMb 2m`QTû2MM2b TQm` mM2 /BK2MbBQM i2KTQ`2HH2 /2 k9 �Mb 2bi miBHBbû2 TQm` bQmi2MB` HǶ�M�Hvb2 /2 +2
KûKQB`2X *2ii2 /2`MBĕ`2 +QmTHû2 ¨ mM2 Kûi?Q/QHQ;B2 û+QMQKûi`B[m2 TQmbbû2 T2`K2i mM2 BMi2`T`ûi�iBQM THmb
Dmbi2 @ THmb ;`�MmH�B`2 @ /2 H� i?ûK�iB[m2 /2 `2+?2`+?2 , HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2i H2b T?ûMQKĕM2b
/2 +QMp2`;2M+2 2M û+QMQKB2 �bbQ+BûbX

G� T`2KBĕ`2 b2+iBQM- H2 T�MQ`�K� bm` HǶlMBQM 2m`QTû2MM2- � T2`KBb /2 +QKT`2M/`2 2M T`Q7QM/2m` H2 +QMi2ti2
/m +�b /Ƕûim/2X .2 T�` HǶûim/2 /2 bQM ?BbiQB`2 /2 +QMbi`m+iBQM- K�Bb �mbbB /2 T�` H� +QKT`û?2MbBQM /m 7QM+@
iBQMM2K2Mi /2 b2b BMbiBimiBQMb- +2HH2@+B T2`K2i /2 +�`�+iû`Bb2` H2b TQBMib 2bb2MiB2Hb /m T`Q+2bbmb /ǶBMiû;`�iBQM
H2 THmb pB2mt 2i H2 THmb �#QmiB /m KQM/2 [mǶ2bi HǶlMBQM 2m`QTû2MM2X a2HQM b� /vM�KB[m2 /ǶBMiû;`�iBQM-
HǶlMBQM 2m`QTû2MM2 b2K#H2 /QM+ āi`2 H2 `ûbmHi�i /ǶmM T`Q+2bbmb /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H T�` ûi�T2
/�Mb H2 #mi /Ƕ�#QmiB` ¨ mM2 BMiû;`�iBQM TQHBiB[m2 iQi�H2- +2 TQm` T`ûb2`p2` H� T�Bt bm` H2 +QMiBM2Mi 2m`QTû2M
2M 7�pQ`Bb�Mi H2b HB2Mb /ǶBMi2`/ûT2M/�M+2 û+QMQKB[m2b /2b /Bzû`2Mi2b M�iBQMbX SQm` +2 7�B`2- H� HQ;B[m2
/ǶBMiû;`�iBQM 2m`QTû2MM2 bǶ2bi +QMbi`mBi2 �miQm`- /ǶmM2 T�`i- /ǶmM K�`+?û UH2 ;`�M/ K�`+?û mMB[m2 /ûp2HQTTû
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T�` H2 S�+i2 lMB[m2 /2 RN3eV- 2i /Ƕ�mi`2 T�`i- �miQm` /2 H� KQMM�B2 mMB[m2 UHǶ1m`Q /ûp2HQTTû ¨ i`�p2`b H2
i`�Biû /2 J��bi`B+?i /2 RNNj 2i H2 T�+i2 /2 bi�#BHBiû 2i /2 +`QBbb�M+2 /2 RNNdVX *2b /2mt /BK2MbBQMb bQMi H2b
Kû+�MBbK2b 2bb2MiB2Hb ¨ +B#H2` /2 K�MBĕ`2 ¨ +QKT`2M/`2 H� /vM�KB[m2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 2i
�BMbB /Ƕ2M iB`2` H2b +Qm`�Mib û+QMQKB[m2b +H27bX

.�Mb H� b2+QM/2 b2+iBQM- mM2 `2pm2 /2 HBiiû`�im`2 /2b [m�i`2 i?ĕK2b i?ûQ`B[m2b +H27b /2 H� T`Q#HûK�iB[m2
/2 `2+?2`+?2 � ûiû 2z2+imû2- ¨ b�pQB` , HǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2- H2 +QKK2`+2 BMi2`M�iBQM�H 2i
HǶBMiû;`�iBQM- H� +QMp2`;2M+2 2i HǶBMiû;`�iBQM- 2i }M�H2K2Mi H2b ;`�TT2b BM/mbi`B2HH2bX �m MBp2�m /2 H� HBi@
iû`�im`2 �+�/ûKB[m2 2i û+QMQKB[m2- /2mt +Qm`�Mib T`BM+BT�mt `2bbQ`i2Mi /2 HǶûim/2 H� /vM�KB[m2 /2 +2ii2
BMiû;`�iBQM 2i /2b T?ûMQKĕM2b /2 +QMp2`;2M+2 @ Qm bTû+B�HBb�iBQM @ [mB v bQMi HBû2b- ¨ b�pQB` H2b T�`iBb�Mb
/2 H� i?ûQ`B2 /2b xQM2b KQMûi�B`2b QTiBK�H2b U2M/Q;ĕM2b Qm MQMV- 2i 2MbmBi2- H2 +Qm`�Mi /2 H� +QMp2`;2M+2
û+QMQKB[m2X G2 T`2KB2` +Qm`�Mi /ûp2HQTT2 mM2 �M�Hvb2 [mB �bbQ+B2 H� +QMp2`;2M+2 û+QMQKB[m2 ¨ HǶmiBHBb�iBQM
/2 H� KQMM�B2 mMB[m2X G2 b2+QM/ +Qm`�Mi ûim/B2 HǶQmp2`im`2 /2b û+?�M;2b 2i H2b /vM�KB[m2b /2 +QMp2`@
;2M+2 @ Qm bTû+B�HBb�iBQM @ [mB 2M `ûbmHi2Mi 2i 7�Bi T�`i- THmb T`û+BbûK2Mi- /2 HǶ2tBbi2M+2 /ǶmM T?ûMQKĕM2
/Ƕ�;;HQKû`�iBQMb BM/mbi`B2HH2b THmiƬi bvMQMvK2 /2 bTû+B�HBb�iBQMX �BMbB- bmBi2 ¨ H� KBb2 2M `2H�iBQM /2b
T?ûMQKĕM2b /Ƕ�;;HQKû`�iBQMb BM/mbi`B2HH2b 2i /2b ;`�TT2b BM/mbi`B2HH2b �BMbB [m2 }M�H2K2Mi /2 HǶBM~m2M+2
/2 +2b /2`MBĕ`2b bm` H� /vM�KB[m2 /2 +QMp2`;2M+2 2M û+QMQKB2- H� [m2biBQM /2 `2+?2`+?2 � ûiû /ûi2`KBMû2 ,
1M 1m`QT2- Q#b2`p2@i@QM mM2 /vM�KB[m2 /2 bTû+B�HBb�iBQM `û;BQM�H2 @ Qm /2 +QMp2`;2M+2 @ ¨
i`�p2`b H2 /ûp2HQTT2K2Mi /2b ;`�TT2b BM/mbi`B2HH2b \X

.�Mb H2b i`QBb b2+iBQMb [mB bmBp2Mi- mM2 Kûi?Q/QHQ;B2 bvbiûK�iB[m2 /2 b+B2M+2b /2 /QMMû2b 2i /2 `2+?2`+?2
`2T`Q/m+iB#H2 � ûiû /ûp2HQTTû2 2i 2z2+imû2X *2ii2 Kûi?Q/QHQ;B2 T2`K2i /2 +QmTH2`- /2 7�ÏQM mMB[m2- mM2 �M�H@
vb2 û+QMQKûi`B[m2 TQmbbû2 UmiBHBb�Mi 9 Kûi?Q/2b /Ƕ2biBK�iBQMb /Bzû`2Mi2b- Rj û+?�MiBHHQMb i2bib /Bzû`2Mib 2i 9
KQ/ĕH2b û+QMQKûi`B[m2b /Bzû`2MibV 2i mM2 �M�Hvb2 +�`iQ;`�T?B[m2X *2 +QmTH2 �M�HviB[m2 T2`K2i HǶQ#b2`p�iBQM
2KTB`B[m2 /2b `ûbmHi�ib û+QMQKûi`B[m2bX
.2 T�` H2b i2bib û+QMQKûi`B[m2b- BH � ûiû /ûi2`KBMû 2Mi`2 �mi`2b [mǶBH 2tBbi2- �m b2BM /2 +2ii2 #�b2 /QM@
Mû2 mMB[m2- /2b 2z2ib }t2b 2M/Q;ĕM2bX �BMbB- H� Kûi?Q/2 /Ƕ2biBK�iBQM /Bi2 /2b p�`B�#H2b BMbi`mK2Mi�H2b
/Ƕ>�mbK�MM@h�vHQ` +QKK2 Kûi?Q/2b /Ƕ�M�Hvb2 û+QMQKûi`B[m2 b2K#H2 H� THmb �/û[m�i2X �mbbB- H2b `ûbmHi�ib
+�`iQ;`�T?B[m2b b2K#H2`�B2Mi +QM}`K2` H2b `ûbmHi�ib û+QMQKûi`B[m2b 2i /QM+ DmbiB}�Mi /Ƕ�mi�Mi THmb H2m`b
`ûTQMb2bX

SHmb T`û+BbûK2Mi- /2 HǶ�M�Hvb2 /2b `ûbmHi�ib 2i /2b ?vTQi?ĕb2b /2 /ûT�`ib- MQmb �pQMb Tm iB`2` H2b +QM+HmbBQMb
bmBp�Mi2b ,

Ç >R 2bi +QM}`Kû2- ¨ b�pQB` ǳGǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 BKTHB[m2 mM2 /vM�KB[m2 /2 bTû+B�HB@
b�iBQM BM/mbi`B2HH2 M�im`2HH2 /2b û+QMQKB2b- 2i +2 bQmb 7Q`K2 /2 ;`�TT2b BM/mbi`B2HH2bǴX

Ç >k 2bi +QM}`Kû2- ¨ b�pQB` ǳGǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2 MǶ2bi T�b Mû+2bb�B`2K2Mi bvMQMvK2 @
mMB[m2K2Mi @ /2 +QMp2`;2M+2 2M û+QMQKB2- 2i +2 b2HQM HǶmMBiû /Ƕ�M�Hvb2 miBHBbûǴX

Ç >j 2bi +QM}`Kû2- ¨ b�pQB` ǳGǶmMBiû /Ƕ�M�Hvb2 /2b ǳ;`�TT2b BM/mbi`B2HH2bǴ T2`K2i mM2 K2bm`2 +Q``2+i2
2i THmb ;`�MmH�B`2 /2b `û�HBiûb û+QMQKB[m2b 2i BM/mbi`B2HH2b HBû2 ¨ H� /vM�KB[m2 /ǶBMiû;`�iBQM û+QMQKB[m2
`û;BQM�H2ǴX

Ç >9 2bi +QM}`Kû2- ¨ b�pQB` ǳG� /vM�KB[m2 /2 bTû+B�HBb�iBQM BM/mbi`B2HH2 /2b û+QMQKB2b- T`QpQ[mû2
T�` H� /vM�KB[m2 /ǶBMiû;`�iBQM û+QMQKB[m2 `û;BQM�H2- MǶ2bi T`Q#�#H2K2Mi T�b BM7`�@M�iBQM�H2 K�Bb
bm`T�@M�iBQM�H UbQmb 2Mi2M/m /2 MBp2�m `û;BQM�HVǴX
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hQmi2 7QBb- BH 2bi ¨ bQmHB;M2` [m2 +2ii2 ûim/2 T`ûb2Mi2 +2`i�BM2b HBKBi2bX 1M 2z2i- K�H;`û H� #�b2 /2 /QMMû2b
mMB[m2 2i BKT`2bbBQMM�Mi2 [mB +QKTQb2 HǶ2Mb2K#H2 /2 MQi`2 ûim/2 2i �M�Hvb2- +2ii2 /2`MBĕ`2 T`ûb2Mi2 /2b
HBKBi2b +H�B`2bX 1M T`2KB2` HB2m- H2 7�B#H2 R2 /2 MQb �M�Hvb2b /ûKQMi`2Mi mM2 7�B#H2 p`�Bb2K#H�M+2 /2 MQb
KQ/ĕH2b 2i /QM+ mM2 HBKBi2 /2 MQb `ûbmHi�ibX *2b /2`MB2`b T2mp2Mi bǶ2tTHB[m2` T�` HǶmiBHBb�iBQM- T�` +QMi`�BMi2b
/Ƕ2tBbi2M+2 2i /2 /BbTQMB#BHBiû- /2 /QMMû2b K�+`Qû+QMQKB[m2b /2 MBp2�m M�iBQM�H THmiƬi [m2 /2 MBp2�m `û;BQM�H
TQm` H2b p�`B�#H2b BM/ûT2M/�Mi2b /2 MQb KQ/ĕH2b û+QMQKûi`B[m2b UT�` 2t2KTH2 , H2 SA" M�iBQM�H TQm` H2 +�H+mH
/2 Gij,t i�M/Bb [m2 H� p�`B�#H2 /ûT2M/�Mi2 2bi /2 MBp2�m `û;BQM�HVX *2b /2`MBĕ`2b bQMi i`ĕb T`Q#�#H2K2Mi
`2bTQMb�#H2b /m #B�Bb +�`�+iû`Bb2` T�` +2 7�B#H2 R2X S�` �BHH2m`b- BH b2`�Bi bQm?�Bi�#H2 [m2 +2ii2 �M�Hvb2
û+QMQKB[m2 bQBi +QKTHûiû2 T�` mM2 �M�Hvb2 /Ƕû+QMQKB2 TQHBiB[m2 TQmp�Mi +QKTHûi2` HǶBMi2`T`ûi�iBQM /2 H�
+QMp2`;2M+2 @ Qm /Bp2`;2M+2 @ K�+`Qû+QMQKB[m2 7�+2 ¨ MQi`2 �M�Hvb2 /2b T?ûMQKĕM2b /2 +QMp2`;2M+2 @ Qm
/2 bTû+B�HBb�iBQM `û;BQM�H2X 1M 2z2i- /ǶmM2 T�`i- Q#b2`p2` mM T?ûMQKĕM2 /2 bTû+B�HBb�iBQM Qm /2 +QMp2`;2M+2
BM/mbi`B2HH2 `û;BQM�H2 �@i@BH mM BKT�+i TQbBiB7 Qm Mû;�iB7- /B`2+i Qm BM/B`2+i- bm` HǶ�KûHBQ`�iBQM 2M #B2M@āi`2
/2 H� bQ+Bûiû 2m`QTû2MM2 \ .Ƕ�m`2 T�`i- [mǶ2M 2bi@BH /2 H� `ûbBbi2M+2 /2 MQb bvbiĕK2b û+QMQKB[m2b 2i bQ+B�mt
7�+2 �mt +?Q+b ûtQ;ĕM2b 2i 2M/Q;ĕM2b \ 6BM�H2K2Mi- iB`û /2b ûim/2b 2i /2b `ûTQMb2b �TTQ`iû2b ¨ +2b /2`MBĕ`2b
[m2biBQMb- [m2HH2b K2bm`2b TQHBiB[m2 2i û+QMQKB[m2 /QBp2Mi āi`2 KBb2b 2M TH�+2 TQm` T2`K2ii`2 H2 K�BMiB2M
/2 H� T�Bt 2i H� T`Q;`2bbBQM /2 HǶ?mK�MBiû bm` H2 +QMiBM2Mi 2m`QTû2M \

SQm` +QM+Hm`2 bm` +2ii2 ûim/2- miBHBb2` H2b ;`�TT2b BM/mbi`B2HH2b +QKK2 mMBiû /Ƕ�M�Hvb2 �}M /2 +�`�+iû`Bb2` H�
`2H�iBQM +QM+2Tim2HH2 2Mi`2 /vM�KB[m2 /ǶBMiû;`�iBQM 2i T?ûMQKĕM2b /2 +QMp2`;2M+2 @ Qm bTû+B�HBb�iBQM @ b2K#H2
āi`2 i`ĕb BMbi`m+iB7X .2 T�` b� ;`�MmH�`Biû THmb }M2- HǶ2z2i /ǶmM2 THmb ;`�M/2 BMiû;`�iBQM û+QMQKB[m2 b2K#H2
+QM}`K2` mM2 /vM�KB[m2 ;ûMû`�H2 /2 bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2X *2T2M/�Mi- BH 2bi ¨ MQi2` [mǶmM2
/vM�KB[m2 /2 +QMp2`;2M+2 b2K#H2 /Ƕ�#Q`/ bǶQTû`2` TQm` H2b T�vb 2M pQB2b /2 /ûp2HQTT2K2MiX *2ii2 T`2KBĕ`2
T?�b2 b2 i`�/mBi i`ĕb T`Q#�#H2K2Mi +QKK2 mM 2z2i /2 `�ii`�T�;2 /2b û+QMQKB2b 2M pQB2 /2 /ûp2HQTT2K2Mi
p2`b H2 MBp2�m û+QMQKB[m2 /2 +2HH2b /ûD¨ /ûp2HQTTû2b U1m`QT2 Q++B/2Mi�H2 pbX 1m`QT2 Q`B2Mi�H2VX 6BM�H2K2Mi-
H� HB#û`�HBb�iBQM /2b û+?�M;2b �m b2BM /2 HǶ1m`QT2 �++QKT�;Mû2 T�` HǶmiBHBb�iBQM /ǶmM2 KQMM�B2 mMB[m2 @
bvMQMvK2 b2HQM H� HBiiû`�im`2 �+�/ûKB[m2 2i û+QMQKB[m2 /ǶmM MQmp2H 2MpB`QMM2K2Mi KQM/B�H /2 +QKTûiBiBpBiû
@ � mM 2z2i /B`2+i bm` H2b +?�ŗM2b /2 p�H2m` /2b 2Mi`2T`Bb2b KmHiBM�iBQM�H2b 2i H2m` `2;`QmT2K2Mi �m b2BM
/2 ;`�TT2b BM/mbi`B2HH2bX *2b /2`MBĕ`2b QMi /2b HQ+�HBb�iBQMb [mB bQMi H2 `ûbmHi�i /Ƕ�p�Mi�;2b +QKT�`�iB7b
BM7`�@M�iBQM�mtX �BMbB- H� bTû+B�HBb�iBQM `û;BQM�H2 BM/mbi`B2HH2 2bi mM2 /vM�KB[m2 /2 MBp2�m bmT`�@M�iBQM�H2
T2`K2ii�Mi /2 `2H�M+2` H2 ;`�M/ /û#�i [mB 2tBbi2 2M 1m`QT2 �miQm` /2 H� +QMp2`;2M+2 2i �miQm` /ǶmM2 û+QMQKB2
2m`QTû2MM2 bvMQMvK2 /2 ;`�M/2 û+QMQKB2 mMB[m2 Qm +QKK2 H� +QKTQbBiBQM /2 THmbB2m`b û+QMQKB2b #B2M
/BbiBM+i2bX
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�MM2t2 R @ .2b+`BTiBQM +QKTHûK2Mi�B`2 /2b BMbiBimiBQMb

G� *Qm` /2 CmbiB+2 /2 HǶlMBQM 2m`QTû2MM2 U*Cl1V

*`ûû2 2M RN8k- H� *Qm` /2 CmbiB+2 /2 HǶlMBQM 2m`QTû2MM2 U*Cl1V- �M+B2MM2K2Mi �TT2Hû2 H� *Qm` /2 CmbiB+2
/2b *QKKmM�miûb 1m`QTû2MM2b- � TQm` `ƬH2 T`BM+BT�H /2 p2BHH2` bm` HǶBMi2`T`ûi�iBQM 2i HǶ�TTHB+�iBQM +Q``2+i2
2i mMB7Q`K2 /2 H� Hû;BbH�iBQM 2m`QTû2MM2 2i /2b i`�Biûb �m b2BM /2b úi�ib K2K#`2b 2i /2 HǶlMBQMX SHmb
+QM+`ĕi2K2Mi- H2b �+iBpBiûb /2 H� *Cl1 +QMbBbi2 2M , URV BMi2`T`ûi2` H� Hû;BbH�iBQM /2 HǶlMBQM 1m`QTû2MM2- UkV
p2BHH2` bm` H� #QMM2 �TTHB+�iBQM /2 H� Hû;BbH�iBQM- UjV �MMmH2` /2b �+i2b Hû;BbH�iB7b 2mQ`Tû2Mb- U9V ;�`�MiB` mM2
�+iBQM /2 HǶlMBQBM 1m`QTû2MM2- U8V b�M+iBQMM2` H2b BMbiBimiBQMb /2 HǶlMBQM 2m`QTû2MM2 2M +�b /2 7�mi2 Qm /2
K�M[m2K2Mi ¨ H� HQBX �mi`2K2Mi /Bi- 2HH2 TQbbĕ/2 H2 TQmpQB` /2 bi�im2` /2b /Bzû`2M/b Dm`B/B[m2b 2Mi`2 H2b
;Qmp2`M2K2Mib /2b úi�ib K2K#`2b 2i H2b BMbiBimiBQMb 2m`QTû2MM2X 6BM�H2K2Mi- 2HH2 BMi2`pB2Mi �BMbB +QKK2
HǶQ`;�M2 ;�`�Mi /2 H� HQB �v�Mi H2 TQmpQB` /2 b�M+iBQMM2` H2b BMbiBimiBQMb 2m`QTû2MM2b- H2b úi�ib K2K#`2b- H2b
2Mi`2T`Bb2b 2i H2b T�`iB+mHB2`b �m b2BM /2 HǶlMBQM 2m`QTû2MM2X 1HH2 pB2Mi /QM+ �TTQ`i2` mM bQmiB2M T�`iB+mHB2`
¨ H� *QKKBbbBQM 1m`QTû2MM2 /�Mb bQM `ƬH2 /2 +QMi`ƬH2X

SQm` �;B`- H� *Cl1 b2 +QKTQb2 /2 /2mt Dm`B/B+�iBQMb , URV H� *Qm` /2 DmbiB+2 2i UkV H2 h`B#mM�HX G� T`2KBĕ`2
Dm`B/B+iBQM 2bi 2M +?�`;2 /2 i`�Bi2` H2b /2K�M/2b T`ûDm/B+B2HH2b �/`2bbû2b T�` H2b /Bzû`2Mi2b M�iBQMb- i�M/Bb
[m2 H� /2mtBĕK2 2bi +2HH2 [mB bi�im2 bm` H2b `2+Qm`b /Ƕ�MMm�H�iBQM BMi`Q/mBib bQBi T�` /2b T�`iB+mHB2`b- /2b
2Mi`2T`Bb2b Qm /2b T�vb K2K#`2bX G2 THmb ;ûMû`�H2K2Mi H2b �z�B`2b i`�Biû2b b2 +QM+2Mi`2Mi bm` H2 /`QBi /2
H� +QM+m``2M+2- H2 +QKK2`+2- HǶ�;`B+mHim`2- H� T`QT`Bûiû BMi2HH2+im2HH2 �BMbB [m2 H2b �B/2b �TTQ`iûb �mt úi�ibX
S�` �BHH2m`b- H2 T2`bQMM2H /2 H� *Cl1 +QKT`2M/ /2b Dm;2b 2i /2b �pQ+�ib ;ûMû`�mt /ûbB;Mûb /ǶmM +QKKmM
�++Q`/ T�` H2b /Bzû`2Mib úi�ib K2K#`2b TQm` mM K�M/�i /ǶmM2 /m`û2 /2 e �Mb `2MQmp2H�#H2X § H� *Qm` /2
DmbiB+2 BHb bQMi �m MQK#`2 /ǶmM Dm;2 T�` úi�i K2K#`2 2i /2 QMx2 �pQ+�ib ;ûMû`�mt i�M/Bb [mǶ�m h`B#mM�H BH
bQMi ¨ 9d Dm;2bX aQM bBĕ;2 2bi bBimû �m Gmt2K#Qm`;X

6BM�H2K2Mi- ¨ H� *Qm` /2 DmbiB+2 2i �m h`B#mM�H /2 H� *Cl1- +?�[m2 �z�B`2 2bi �bbB;Mû2 ¨ mM Dm;2 �BMbB [mǶmM
�pQ+�i ;ûMû`�H [mB TQm`bmBp2Mi H� T`Q+û/m`2 Dm/B+B�B`2 2M /2mt ûi�T2b , URV HǶûi�T2 û+`Bi2 Ub2`i /2 T`û�K#mH2
Qɍ +?�[m2 T�`iB2 7�Bi b2b /û+H�`�iBQMb 2i Qɍ H2 MQK#`2 /2 Dm;2b �bbB;Mûb ¨ HǶ�z�B`2 2bi 2MMQM+ûV 2i UkV HǶûi�T2
Q`�H2- bQBi HǶ�m/B2M+2 Tm#HB[m2 Ub2`i /2 TH�B/QB`B2 /2 /û72Mb2 TQm` H2b /2mt T�`iB2 2i /QMi ¨ HǶBbbm2 /2 +2HH2@+B
/ûHB#û`�iBQM �BMbB [m2 +QM+HmbBQMb 2i /û+BbBQMb bQMi `2M/m2bVX

G� *Qm` /2b +QKTi2b 2m`QTû2MM2

AMbiBimû2 T�` H2 i`�Biû /2 "`mt2HH2b URNd8V 2i 2Mi`û2 2M 7QM+iBQM 2M RNdd- H� *Qm` /2b +QKTi2b MǶ� ûiû ûH2pû2 �m
`�M; /ǶBMbiBimiBQM [mǶ2M RNNj �p2+ HǶ2Mi`û2 2M pB;m2m` /m i`�Biû /2 J��bi`B+?iX *QKK2 +?�[m2 BMbiBimiBQM /Bb@
TQb�Mi /ǶmM #m/;2i /2biBMû ¨ HǶ�++QKTHBbb2K2Mi /ǶmM2 KBbbBQM 2i /ǶQ#D2+iB7b #B2M T`û+Bb- HǶlMBQM 2m`QTû2MM2
/QBi āi`2 �m/Biû2 �}M /2 p2BHH2` ¨ H� T2`+2TiBQM 2i HǶmiBHBb�iBQM +Q``2+i2b /2b 7QM/b KBb ¨ +QMi`B#miBQM TQm` b2b
�+iBpBiûbX *Ƕ2bi H2 `ƬH2 T`BM+BT�H 2i 2t+HmbB7 /2 H� *Qm` /2b *QKTi2b 1m`QTû2MM2b , +QMi`ƬH2` H� #QMM2
2tû+miBQM /m #m/;2i 2m`QTû2MX .2 bm`+`QBi- +2ii2 /2`MBĕ`2 BMbiBimiBQM ¨ �mbbB TQm` /2pQB` /2 +QMi`B#m2` ¨
HǶ�KûHBQ`�iBQM /2 H� ;2biBQM }M�M+Bĕ`2 /2 HǶlMBQM 2M b2 T`QMQMÏ�Mi bm` H2b TQHBiB[m2b /2 /ûT2Mb2bX �mi`2K2Mi
/Bi- H� *Qm` /2b +QKTi2b 2bi /QM+ HǶ�m/Bi2m` 2ti2`M2 2i BM/ûT2M/�Mi /2 HǶmiBHBb�iBQM /2b 7QM/b 2m`QTû2Mb
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�}M /2 p2BHH2` �mt BMiû`āib 2M;�;ûb T�` H2b +QMi`B#m�#H2b 2m`QTû2Mb- bQBi T`ĕb /2 8yy KBHHBQMb /2 T2`bQMM2bX
*2T2M/�Mi- +2ii2 BMbiBimiBQM M2 /BbTQb2 /Ƕ�m+mM TQmpQB` Dm`B/B[m2X

SHmb +QM+`ĕi2K2Mi- +2ii2 BMbiBimiBQM 2t�KBM2 H2b +QKTi2b /2 HǶlMBQM TQm` bǶ�bbm`2` /2 H2m` }�#BHBiû- /2 HǶû;�HBiû
2i /2 H� `û;mH�`Biû /2b `2+2ii2b 2i /2b /ûT2Mb2b- 2i }M�H2K2Mi /2 H� #QMM2 ;2biBQM }M�M+Bĕ`2 /2 HǶlMBQMX SQm`
+2 7�B`2- 2HH2 T`Q+ĕ/2 ¨ i`QBb ivT2b /Ƕ�m/Bib , URV �m/Bib }M�M+B2`b- UkV �m/Bib /2 +QM7Q`KBiû- 2i UjV �m/Bib /2 H�
T2`7Q`K�M+2X �mi`2K2Mi /Bi- 2HH2 +QMi`ƬH2 H2b `2+2ii2b 2i H2b /ûT2Mb2b- 2HH2 +QMi`ƬH2 H2b T2`bQMM2b ;û`�Mi2b /2
7QM/b- 2HH2 T`Q/mBi /2b `�TTQ`ib /Ƕ�m/Bi- 2HH2 `�TTQ`i2 H2b bQmTÏQMb /2 7`�m/2- +Q``mTiBQMb 2i �mi`2b �+iBpBiûb
BHHû;�H2b- 2i T`Q/mBi mM `�TTQ`i �MMm2H �TTmvû T�` /2b �pBb /Ƕ2tT2`ibX *2 bQMi /2b ;`QmT2b /Ƕ�m/Bi- �TT2Hû
ǳ+?�K#`2Ǵ- [mB T`ûT�`2Mi H2b `�TTQ`ib 2i H2b �pBb bm` H� bBim�iBQM #m/;ûi�B`2X

SQm` 7QM+iBQMM2`- H� *Qm` /2b +QKTi2b b2 +QKTQb2 /ǶmM K2K#`2 2tT2`i /2 H� M�iBQM�HBiû /2 +?�[m2 T�vb
K2K#`2 /ûbB;Mû T�` H2 *QMb2BH 1m`QTû2MX *2b /2`MB2`b bQMi MQKKûb TQm` mM K�M/�i `2MQmp2H�#H2 /2 bBt UeV
�Mb 2i +?QBbBbb2Mi T�`KB 2mt mM T`ûbB/2Mi TQm` mM K�M/�i /2 j �Mb- HmB �mbbB `2MQmp2H�#H2X

G2 a2`pB+2 1m`QTû2M TQm` HǶ�+iBQM 1tiû`B2m`2 Ua1�1V

G2 a2`pB+2 2m`QTû2M TQm` HǶ�+iBQM 2tiû`B2m`2 Ua�1V 2bi H2 b2`pB+2 /BTHQK�iB[m2 /2 HǶlMBQM 2m`QTû2MM2X aQM
�+iBQM +QMbBbi2 ¨ `2M7Q`+2` H� +Q?û`2M+2 2i HǶ2{+�+Biû /2 H� TQHBiB[m2 ûi`�M;ĕ`2 /2 HǶlMBQM 2m`QTû2MM2 2i
�BMbB /Ƕ�++`Qŗi`2 bQM BM~m2M+2 /ûKQ+`�iB[m2 bm` H2 KQM/2X *2 /2`MB2` 2bi +QKTQbû /ǶmM /B`B;2�Mi- H2 >�mi
_2T`ûb2Mi�Mi TQm` H2b �z�B`2b ûi`�M;ĕ`2b 2i H� TQHBiB[m2 /2 bû+m`Biû- /Ƕ2tT2`ib ¨ "`mt2HH2b Bbbm2 /m *QMb2BH
/2 HǶlMBQM 2m`QTû2MM2- /2 H� *QKKBbbBQM 2m`QTû2MM2 2i /2b b2`pB+2b /BTHQK�iB[m2b /2b T�vb /2 HǶl1- 2i
}M�H2K2Mi /ǶmM `ûb2�m /Ƕ�K#�bb�/2b Qm /ûHû;�iBQMb /2 HǶlMBQM 2m`QTû2MM2 /�Mb H2 KQM/2 2MiB2`X

SHmb T`û+BbûK2Mi- HǶ1m`QT2 BMbiBimiBQMM�HBbû2 TQbbĕ/2 mM TQmpQB` i`B�M;mH�B`2 /Ƕ�+iBQM [mB b2 +QKTQb2 /QM+
/m T`ûbB/2Mi /m S�`H2K2Mi 2m`QTû2M- /m T`ûbB/2Mi /m *QMb2BH 2m`QTû2M- 2i /m T`ûbB/2Mi /2 H� *QKKBbbBQM
2m`QTû2MM2X J�Bb TQm` +2 [mB 2bi /2b �z�B`2b ûi`�M;ĕ`2b /2 HǶ1m`QT2- H2 TQmpQB` 2bi /û+2Mi`�HBbû 2i b2 +QM+2Mi`2
�m b2BM /m a1�1X .2TmBb H� `�iB}+�iBQM /m i`�Biû /2 GBb#QMM2 2M kyyN- +2 b2`pB+2 BMbiBimiBQMM2H 2bi K2Mû T�` H2
>�mi _2T`ûb2Mi�Mi TQm` H2b �z�B`2b ûi`�M;ĕ`2b 2i H� SQHBiB[m2 /2 aû+m`BiûX *2 TQbi2- 2M bm+`Qŗi /2 `2T`ûb2Mi2`
HǶlMBQM 2m`QTû2MM2 /�Mb H2 KQM/2 TQm` +2 [mB 2bi /2b [m2biBQMb ûi`�M;ĕ`2b 2i BMi2`M�iBQM�H2b- +QM7ĕ`2 H2 TQbi2
/2 oB+2@S`ûbB/2Mi /2 H� *QKKBbbBQM 2m`QTû2MM2 ¨ +2HmB [mB HǶ2t2`+2X �BMbB- H2 >�mi _2T`ûb2Mi�Mi 2bi /QM+
2M +?�`;2 /2 K2ii`2 2M TH�+2 2i /û72M/`2 H� TQHBiB[m2 ûi`�M;ĕ`2 2i /2 bû+m`Biû /2 HǶlMBQM 2m`QTû2MM2 bm` H�
b+ĕM2 BMi2`M�iBQM�H2- K�Bb �mbbB /2 +QQ`/QMM2` H2b i`�p�mt /2 H� *QKKBbbBQM 2m`QTû2MM2 bm` H2b `2H�iBQMb
2tiû`B2m`2b /2 HǶlMBQM 2i /2 T`ûbB/2` H2b `ûmMBQMb /2b KBMBbi`2b /2b �z�B`2b ûi`�M;ĕ`2b �BMbB [m2 +2mt /2 H�
/û72Mb2 2i /m /ûp2HQTT2K2Mi �m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2X *2 bvbiĕK2 +QMi`B#m2 bm`iQmi ¨ K�BMi2MB`
2i ;�`�MiB` H� +Q?û`2M+2 /2b �+iBQMb ûi`�M;ĕ`2 /2 HǶlMBQMX

6BM�H2K2Mi- H2 a�1 2bi /QM+ 2M +?�`;2 /2 T`ûp2MB` 2i /ǶûpBi2` H2b MQmp2HH2b +`Bb2b 2M bmb /Ƕ�B/2` ¨ `ûbQm/`2
+2HH2b T`ûb2Mi2Mi �miQm` /2 MQmb- [m2HH2b bQB2Mi û+QMQKB[m2b- bQ+B�H2b Qm 2MpB`QMM2K2Mi�H2bX .ǶmM �mi`2
+Ƭiû- H2 `ƬH2 /m a�1 2bi �mbbB /Ƕ�++`QBi`2 H2b HB2Mb �p2+ /2b T�`i2M�B`2b- ûHQB;Mûb Qm MQM /ǶmM TQBMi /2 pm2
;ûQ;`�T?B[m2 Qm +mHim`2H- K�Bb +`m+B�mt TQm` K�BMi2MB` H� T�Bt 2i H2 /ûp2HQTT2K2Mi ?mK�BM /�Mb H2 KQM/2
;HQ#�HBbû /Ƕ�mDQm`/Ƕ?mBX S�`@/2H¨ b2b 7`QMiBĕ`2b- HǶlMBQM 2m`QTû2MM2 /BbTQb2 /�Mb /2 MQK#`2mt T�vb /2
#m`2�mt- �TT2Hûb /ûHû;�iBQMb /2 HǶl1- [mB DQm2Mi mM `ƬH2 b2K#H�#H2 ¨ +2HmB /ǶmM2 �K#�bb�/2 2i [mB T2`K2ii2
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�m a�1 /2 +QMbi`mB`2 b2b HB2Mb 2i T�`i2M�B`2b �m i`�p2`b /2 H� TH�Mĕi2X*Ƕ2bi /QM+ HǶmM /2b TQbi2b +H27b /2
HǶ1m`QT2 BMbiBimiBQMM2HH2 TmBb[mǶBH i`�MbK2i H2 THmb ;`�M/ MQK#`2 QmiBHb /Ƕ�+iBQM 2i /2 TQmpQB`X

G2 *QKBiû ú+QMQKB[m2 2i aQ+B�H 1m`QTû2M U*1a1V

G2 *QKBiû û+QMQKB[m2 2i bQ+B�H 2m`QTû2M- BMbiBimû T�` H2 i`�Biû /2 _QK2 /2 RN8d- 2bi mM Q`;�M2 +QMbmHi�iB7
/2 HǶlMBQM 2m`QTû2MM2 2M +?�`;2 /2 `2T`ûb2Mi2` H2b Q`;�MBb�iBQMb /2 i`�p�BHH2m`b 2i /Ƕ2KTHQv2m`b �BMbB [m2
/Ƕ�mi`2b ;`QmT2b /ǶBMiû`āibX �BMbB- b� T`BM+BT�H2 KBbbBQM 2bi /2 i`�MbK2ii`2 H2m`b �pBb bm` H� Hû;BbH�iBQM
2m`QTû2MM2 /B`2+i2K2Mi ¨ H� *QKBbbBQM 2m`QTû2MM2- �m *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 Qm 2M+Q`2 �m S�`H2K2Mi
2m`QTû2MX *Ƕ2bi /QM+ HǶQ`;�M2 BMbiBimiBQMM2H `2T`ûb2Mi�Mi /2 H� bQ+Bûiû +BpBH2- /2b 2KTHQv2m`b 2i /2b b�H�`Bûb
2M 7�Bb�Mi H2 HB2M /B`2+i 2Mi`2 H2b BMbi�M+2b /2 /û+BbBQMb 2m`QTû2MM2b 2i H2b +BiQv2Mb /Ƕ1m`QT2X aQM bBĕ;2 2bi
bBimû ¨ "`mt2HH2bX

SHmb T`û+BbûK2Mi- H2 *1a1 TQm`bmBi i`QBb T`BM+BT�mt �t2b /�Mb b� KBbbBQM , URV p2BHH2` ¨ +2 [m2 H2b T`QTQbBiBQMb
/2 HQB 2i H� Hû;BbH�iBQM 2m`QTû2MM2 bQB2Mi �/�Tiû2b ¨ H� bBim�iBQM û+QMQKB[m2 2i �m iBbbm bQ+B�H /2 HǶlMBQM- UkV 2M@
+Qm`�;2` H2 /ûp2HQTT2K2Mi /ǶmM2 lMBQM 2m`QTû2MM2 BMbiBimiBQMM2HH2 T�`iB+BT�iBp2 2M T2`K2ii�Mi HǶ2tT`2bbBQM
/Ƕ�pBb /B`2+i /2b Q`;�MBb�iBQMb /2 i`�p�BHH2m`b 2i /Ƕ2KTHQv2m`b- 2i }M�H2K2Mi UjV /2 T`QKQmpQB` H2b p�H2m`b /2
HǶBMiû;`�iBQM 2m`QTû2MM2 2M 7�Bb�Mi T`Q;`2bb2` H� /ûKQ+`�iB2 T�`iB+BT�iBp2 2i H2 `ƬH2 /2b Q`;�MBb�iBQMb +BpBH2b
/�Mb H� T`Q;`2bbBQM /2 HǶlMBQM 2m`QTû2MM2X �m [mQiB/B2M- H2 *1a1 2bi +QMbmHiû T�` H2 S�`H2K2Mi 1m`QTû2M-
H2 *QMb2BH /2 HǶlMBQM 2m`QTû2MM2 2i T�` H� *QKBbbBQM 1m`QTû2MM2 bm` mM i`ĕb H�`;2 ûp2Mi�BH /2 bmD2ib 2i ûK2i
mM �pBb /2 b� T`QT`2 BMBiB�iBp2X *2 /2`MB2` bmBi /2 T`ĕb H2 TBHQi�;2 /2 HǶlMBQM 2i H2b bi`�iû;B2b KBb2Mi 2M TH�+2
TQm` bQM /ûp2HQTT2K2Mi T�` HǶBMi2`Kû/B�B`2 /2 ;`QmT2b /2 `û~2tBQM- �mbbB �TT2Hû Q#b2`p�iQB`2b- �BMbB [m2 T�`
H2 +QKBiû /2 TBHQi�;2 1m`QT2 kykyX SQm` ûK2ii`2 b2b �pBb- H2b K2K#`2b /m *1a1 b2 `ûmMBbb2Mi �m KQBMb M2m7
UNV 7QBb T�` �M 2i �/QTi2Mi H2m`b �pBb T�` mM pQi2 ¨ H� K�DQ`Biû bBKTH2X �mbbB- +2 bQMi +2b /2`MB2`b [mB ûHBb2Mi
H2m` T`ûbB/2Mi �BMbB [m2 H2m`b /2mt pB+2@T`ûbB/2Mib TQm` mM K�M/�i /2 /2mt �Mb 2i /2KB `2MQmp2H�#H2X

SQm` �ii2BM/`2 b2b Q#D2+iB7b- H2 *1a1 2bi +QKTQbû /2 j8j K2K#`2b Qm +QMb2BHH2`b b+BM/ûb 2M i`QBb Q`;�M2b ,
URV mM2 �bb2K#Hû2 THûMBĕ`2- UkV mM "m`2�m 2i UjV mM a2+`ûi�`B�i ;ûMû`�HX G2b K2K#`2b- [mB H2b +QKTQb2Mi-
bQMi T`QTQbûb T�` +?�+mM /2b úi�ib K2K#`2b 2i bQMi 2MbmBi2 �TT`Qmpûb T�` H2 *QMb2BH 2m`QTû2MX lM2 7QBb
MQKKûb- BHb bQMi �HQ`b ûHmb TQm` mM K�M/�i /2 8 �Mb `2MQmp2H�#H2X G2b K2K#`2b bQMi �HQ`b Q`;�MBbûb 2M
i`QBb bQmb ;`QmT2b `2T`ûb2Mi�iB7b , URV H2b 2KTHQv2m`b- UkV H2b b�H�`Bûb- UjV H2b �+iBpBiûb /Bp2`b2bX .2 K�MBĕ`2 ¨
;�`/2` mM TQBMi /Ƕ�ii�+?2 /ûKQ+`�iB[m2 �m MQK#`2- H� `ûT�`iBiBQM /2b K2K#`2b T�` T�vb 2bi 7�Bi2 2M 7QM+iBQM
/2 H� `ûT�`iBiBQM /2 H� TQTmH�iBQM 2m`QTû2MM2X

G� "�M[m2 1m`QTû2MM2 /ǶAMp2biBbb2K2Mi U"1AV

*`ûû2 T�` H2 i`�Biû /2 _QK2 /2 RN8d- H� "�M[m2 2m`QTû2MM2 /ǶBMp2biBbb2K2Mi U"1AV 2bi HǶBMbiBimiBQM }M�M@
+Bĕ`2 /2 HǶlMBQM 2m`QTû2MM2 [mB +QMi`B#m2 }M�M+Bĕ`2K2Mi ¨ bmTTQ`i2` H2 #m/;2i 2m`QTû2M 2i /QM+ `û�HBb2`
H2b TQHBiB[m2b /2 HǶlMBQM 2M 7�Bb�Mi �TT2H �mt K�`+?ûb /2b +�TBi�mtX *Ƕ2bi mM2 BMbiBimiBQM bTû+B�HBbû2 /2
HǶlMBQM 2m`QTû2MM2 [mB }M�M+2 H2b T`QD2ib /ǶBMp2biBbb2K2Mi 2m`QTû2Mb 2i �B/2 H2b SJ1 T�` HǶBMi2`Kû/B�B`2
/m 6QM/b 2m`QTû2M /ǶBMp2biBbb2K2MiX 1HH2 2bi /Qiû2 /2 H� T2`bQMM�HBiû Dm`B/B[m2X G2b k3 úi�ib K2K#`2b /2
HǶlMBQM bQMi H2b b2mHb �+iBQMM�B`2b /2 H� "1AX G� ;Qmp2`M�M+2 bǶ�`iB+mH2 �miQm` /m +QMb2BH /2b ;Qmp2`M2m`b- /m
+QMb2BH /Ƕ�/KBMBbi`�iBQM- /m +QKBiû /2 /B`2+iBQM 2i /m +QKBiû /2 pû`B}+�iBQMX _2bT2+iBp2K2Mi- +2b /2`MB2`b
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bQMi +QKTQbûb /2b k3 KBMBbi`2b /2b 6BM�M+2b /2 +?�[m2 úi�i K2K#`2 HǶlMBQM 2m`QTû2MM2- /m +QMb2BH /2b
;Qmp2`M2m`b THmb mM `2T`ûb2Mi�Mi /2 H� *QKKBbbBQM 2m`QTû2MM2 2i Re bmTTHû�Mib- /m T`ûbB/2Mi /2 H� #�M[m2
2i 3 pB+2@T`ûbB/2Mib iQmb MQKKûb T�` H2 +QMb2BH /2b ;Qmp2`M2m`b- 2i }M�H2K2Mi- bBt T2`bQMM�HBiûb `2+QMMm2b
BMi2`M�iBQM�H2K2Mi TQm` H2m` +QKTûi2M+2b /�Mb H2b /QK�BM2b /m +QMi`ƬH2 /2b +QKTi2b Tm#HB+b 2i /2 HǶ�m/Bi
}M�M+B2`X aQM bBĕ;2 2bi ¨ Gmt2K#Qm`;X
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�MM2t2 k @ .2b+`BTiBQMb /2b MBp2�mt ;ûQ;`�T?B[m2b /2 H� #�b2 /2 /QMMû2b

*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

�h �mbi`B� 9y �hR PbiQbi2``2B+? �hRR "m`;2MH�M/
�h �mbi`B� 9y �hR PbiQbi2``2B+? �hRk LB2/2`Qbi2``2B+?
�h �mbi`B� 9y �hR PbiQbi2``2B+? �hRj qB2M
�h �mbi`B� 9y �hk am/Qbi2``2B+? �hkR EAÝ`Mi2M
�h �mbi`B� 9y �hk am/Qbi2``2B+? �hkk ai2B2`K�`F
�h �mbi`B� 9y �hj q2biQbi2``2B+? �hjR P#2`Qbi2``2B+?
�h �mbi`B� 9y �hj q2biQbi2``2B+? �hjk a�Hx#m`;
�h �mbi`B� 9y �hj q2biQbi2``2B+? �hjj hB`QH
�h �mbi`B� 9y �hj q2biQbi2``2B+? �hj9 oQ`�`H#2`;
"1 "2H;BmK 8e "1R "`mbb2Hb "1Ry "`mbb2Hb
"1 "2H;BmK 8e "1k oH��Kb :2r2bi "1kR �Mir2`T2M
"1 "2H;BmK 8e "1k oH��Kb :2r2bi "1kk GBK#m`; U"1V
"1 "2H;BmK 8e "1k oH��Kb :2r2bi "1kj PQbi@oH��M/2`2M
"1 "2H;BmK 8e "1k oH��Kb :2r2bi "1k9 oH��Kb@"`�#�Mi
"1 "2H;BmK 8e "1k oH��Kb :2r2bi "1k8 q2bi@oH��M/2`2M
"1 "2H;BmK 8e "1j _2;BQM q�HHQMM2 "1jR "`�#�Mi q�HHQM
"1 "2H;BmK 8e "1j _2;BQM q�HHQMM2 "1jk >�BM�mi
"1 "2H;BmK 8e "1j _2;BQM q�HHQMM2 "1jj GBAí;2
"1 "2H;BmK 8e "1j _2;BQM q�HHQMM2 "1j9 Gmt2K#Qm`;

U"1V
"1 "2H;BmK 8e "1j _2;BQM q�HHQMM2 "1j8 L�Km`
": "mH;�`B� Ryy ":j a2p2`M� B AxiQ+?M�

"mH;�`B�
":jR a2p2`Qx�T�/2M

": "mH;�`B� Ryy ":j a2p2`M� B AxiQ+?M�
"mH;�`B�

":jk a2p2`2M
ib2Mi`�H2M

": "mH;�`B� Ryy ":j a2p2`M� B AxiQ+?M�
"mH;�`B�

":jj a2p2`QBxiQ+?2M

": "mH;�`B� Ryy ":j a2p2`M� B AxiQ+?M�
"mH;�`B�

":j9 um;QBxiQ+?2M

": "mH;�`B� Ryy ":9 um;Qx�T�/M� B umx?M�
hb2Mi`�HM� "mH;�`B�

":9R um;Qx�T�/2M

": "mH;�`B� Ryy ":9 um;Qx�T�/M� B umx?M�
hb2Mi`�HM� "mH;�`B�

":9k umx?2M
ib2Mi`�H2M

>_ *`Q�iB� RNR >_y >`p�ibF� >_yy >`p�ibF�
*u *vT`mb RNe *uy *vT`mb *uyy *vT`mb
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*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wyR S`�?�

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wyk ai`2/MB *2+?v

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wyj CB?Qx�T�/

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wy9 a2p2`Qx�T�/

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wy8 a2p2`Qpv+?Q/

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wye CB?Qpv+?Q/

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wyd ai`2/MB JQ`�p�

*w *x2+?
_2Tm#HB+

kyj *wy *2bF� _2Tm#HBF� *wy3 JQ`�pbFQbH2xbFQ

.E .2MK�`F ky3 .Ey .�MK�`F .EyR >Qp2/bi�/2M

.E .2MK�`F ky3 .Ey .�MK�`F .Eyk aDAÆHH�M/

.E .2MK�`F ky3 .Ey .�MK�`F .Eyj aQmi?2`M
.2MK�`F

.E .2MK�`F ky3 .Ey .�MK�`F .Ey9 JB/iDvHH�M/

.E .2MK�`F ky3 .Ey .�MK�`F .Ey8 LQ`/DvHH�M/
11 1biQMB� kjj 11y 12biB 11yy 12biB
6A 6BMH�M/ k9e 6AR J�MM2`@amQKB 6ARj AiAÝ@amQKB
6A 6BMH�M/ k9e 6AR J�MM2`@amQKB 6AR3f6Aky1i2HAÝ@amQKBfAĘH�M/
6A 6BMH�M/ k9e 6AR J�MM2`@amQKB 6ARN GAÝMbB@amQKB
6A 6BMH�M/ k9e 6AR J�MM2`@amQKB 6AR� SQ?DQBb@amQKB
6_ 6`�M+2 k8y 6_R AH2 .2 6`�M+2 6_Ry AH2 /2 6`�M+2
6_ 6`�M+2 k8y 6_k "�bbBM S�`BbB2M 6_kR *?�KT�;M2@�`/2MM2
6_ 6`�M+2 k8y 6_k "�bbBM S�`BbB2M 6_kk SB+�`/B2
6_ 6`�M+2 k8y 6_k "�bbBM S�`BbB2M 6_kj >�mi2@LQ`K�M/B2
6_ 6`�M+2 k8y 6_k "�bbBM S�`BbB2M 6_k9 *2Mi`2
6_ 6`�M+2 k8y 6_k "�bbBM S�`BbB2M 6_k8 "�bb2@LQ`K�M/B2
6_ 6`�M+2 k8y 6_k "�bbBM S�`BbB2M 6_ke "Qm`;Q;M2
6_ 6`�M+2 k8y 6_j LQ`/ @ S�b@.2@*�H�Bb 6_jy LQ`/ @

S�b@/2@*�H�Bb
6_ 6`�M+2 k8y 6_9 1bi 6_9R GQ``�BM2
6_ 6`�M+2 k8y 6_9 1bi 6_9k �Hb�+2
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*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

6_ 6`�M+2 k8y 6_9 1bi 6_9j 6`�M+?2@*QKi2
6_ 6`�M+2 k8y 6_8 Pm2bi 6_8R S�vb /2 H� GQB`2
6_ 6`�M+2 k8y 6_8 Pm2bi 6_8k "`2i�;M2
6_ 6`�M+2 k8y 6_8 Pm2bi 6_8j SQBiQm@*?�`2Mi2b
6_ 6`�M+2 k8y 6_e am/@Pm2bi 6_eR �[mBi�BM2
6_ 6`�M+2 k8y 6_e am/@Pm2bi 6_ek JB/B@Sv`2M22b
6_ 6`�M+2 k8y 6_e am/@Pm2bi 6_ej GBKQmbBM
6_ 6`�M+2 k8y 6_d *2Mi`2@1bi 6_dR _?A�M2@�HT2b
6_ 6`�M+2 k8y 6_d *2Mi`2@1bi 6_dk �mp2`;M2
6_ 6`�M+2 k8y 6_3 J2/Bi2``�M22 6_3R G�M;m2/Q+@_QmbbBHHQM
6_ 6`�M+2 k8y 6_3 J2/Bi2``�M22 6_3k S`Qp2M+2@�HT2b@*A�i2

/Ƕ�xm`
6_ 6`�M+2 k8y 6_3 J2/Bi2``�M22 6_3j *Q`b2
.1 :2`K�Mv kde .1R "�/2M@qm`ii2K#2`; .1RR aimii;�`i
.1 :2`K�Mv kde .1R "�/2M@qm`ii2K#2`; .1Rk E�`Hb`m?2
.1 :2`K�Mv kde .1R "�/2M@qm`ii2K#2`; .1Rj 6`2B#m`;
.1 :2`K�Mv kde .1R "�/2M@qm`ii2K#2`; .1R9 hm#BM;2M
.1 :2`K�Mv kde .1k "�v2`M .1kR P#2`#�v2`M
.1 :2`K�Mv kde .1k "�v2`M .1kk LB2/2`#�v2`M
.1 :2`K�Mv kde .1k "�v2`M .1kj P#2`T7�Hx
.1 :2`K�Mv kde .1k "�v2`M .1k9 P#2`7`�MF2M
.1 :2`K�Mv kde .1k "�v2`M .1k8 JBii2H7`�MF2M
.1 :2`K�Mv kde .1k "�v2`M .1ke lMi2`7`�MF2M
.1 :2`K�Mv kde .1k "�v2`M .1kd a+?r�#2M
.1 :2`K�Mv kde .1j "2`HBM .1jy "2`HBM
.1 :2`K�Mv kde .19 "`�M/2M#m`; .19y "`�M/2M#m`;
.1 :2`K�Mv kde .18 "`2K2M .18y "`2K2M
.1 :2`K�Mv kde .1e >�K#m`; .1ey >�K#m`;
.1 :2`K�Mv kde .1d >2bb2M .1dR .�`Kbi�/i
.1 :2`K�Mv kde .1d >2bb2M .1dk :B2Aɺ2M
.1 :2`K�Mv kde .1d >2bb2M .1dj E�bb2H
.1 :2`K�Mv kde .13 J2+FH2M#m`;@oQ`TQKK2`M .13y J2+FH2M#m`;@oQ`TQKK2`M
.1 :2`K�Mv kde .1N LB2/2`b�+?b2M .1Ny LB2/2`b�+?b2M
.1 :2`K�Mv kde .1� LQ`/`?2BM@q2bi7�H2M .1�R .mbb2H/Q`7
.1 :2`K�Mv kde .1� LQ`/`?2BM@q2bi7�H2M .1�k EQHM
.1 :2`K�Mv kde .1� LQ`/`?2BM@q2bi7�H2M .1�j JmMbi2`
.1 :2`K�Mv kde .1� LQ`/`?2BM@q2bi7�H2M .1�9 .2iKQH/
.1 :2`K�Mv kde .1� LQ`/`?2BM@q2bi7�H2M .1�8 �`Mb#2`;
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*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

.1 :2`K�Mv kde .1" _?2BMH�M/@S7�Hx .1"y _?2BMH�M/@S7�Hx

.1 :2`K�Mv kde .1* a��`H�M/ .1*y a��`H�M/

.1 :2`K�Mv kde .1. a�+?b2M .1.R *?2KMBix

.1 :2`K�Mv kde .1. a�+?b2M .1.k .`2b/2M

.1 :2`K�Mv kde .1. a�+?b2M .1.j G2BTxB;

.1 :2`K�Mv kde .11 a�+?b2M@�M?�Hi .11y a�+?b2M@�M?�Hi

.1 :2`K�Mv kde .16 a+?H2brB;@>QHbi2BM .16y a+?H2brB;@>QHbi2BM

.1 :2`K�Mv kde .1: h?m`BM;2M .1:y h?m`BM;2M
:_ :`22+2 jyy :_R oQ`2B� 1HH�/� :_RR �M�iQHBFB

J�F2/QMB�-
h?`�FB

:_ :`22+2 jyy :_R oQ`2B� 1HH�/� :_Rk E2Mi`BFB
J�F2/QMB�

:_ :`22+2 jyy :_R oQ`2B� 1HH�/� :_Rj .viBFB
J�F2/QMB�

:_ :`22+2 jyy :_R oQ`2B� 1HH�/� :_R9 h?2bb�HB�
:_ :`22+2 jyy :_k E2Mi`BFB 1HH�/� :_kR AT2B`Qb
:_ :`22+2 jyy :_k E2Mi`BFB 1HH�/� :_kk AQMB� LBbB�
:_ :`22+2 jyy :_k E2Mi`BFB 1HH�/� :_kj .viBFB 1HH�/�
:_ :`22+2 jyy :_k E2Mi`BFB 1HH�/� :_k9 ai2`2� 1HH�/�
:_ :`22+2 jyy :_k E2Mi`BFB 1HH�/� :_k8 S2HQTQMMBbQb
:_ :`22+2 jyy :_j �iiBFB :_jy �iiBFB
:_ :`22+2 jyy :_9 LBbB� �B;�BQm- E`BiB :_9R oQ`2BQ �B;�BQ
:_ :`22+2 jyy :_9 LBbB� �B;�BQm- E`BiB :_9k LQiBQ �B;�BQ
:_ :`22+2 jyy :_9 LBbB� �B;�BQm- E`BiB :_9j E`BiB
>l >mM;�`v j93 >lR EQx2T@J�;v�`Q`bx�; >lRy EQx2T@J�;v�`Q`bx�;
>l >mM;�`v j93 >lk .mM�MimH >lkR EQx2T@.mM�MimH
>l >mM;�`v j93 >lk .mM�MimH >lkk Lvm;�i@.mM�MimH
>l >mM;�`v j93 >lk .mM�MimH >lkj .2H@.mM�MimH
>l >mM;�`v j93 >lj �H7QH/ 1b 1bx�F >ljR 1bx�F@J�;v�`Q`bx�;
>l >mM;�`v j93 >lj �H7QH/ 1b 1bx�F >ljk 1bx�F@�H7QH/
>l >mM;�`v j93 >lj �H7QH/ 1b 1bx�F >ljj .2H@�H7QH/
A1 A`2H�M/ jdk A1y A`2H�M/ A1yy A`2H�M/
Ah Ai�Hv j3y Ah* LQ`/@Pp2bi Ah*R SB2KQMi2
Ah Ai�Hv j3y Ah* LQ`/@Pp2bi Ah*k o�HH2 /Ƕ�Qbi�
Ah Ai�Hv j3y Ah* LQ`/@Pp2bi Ah*j GB;m`B�
Ah Ai�Hv j3y Ah* LQ`/@Pp2bi Ah*9 GQK#�`/B�

RNd



*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

Ah Ai�Hv j3y Ah. LQ`/@1bi Ah.RfAh.kh`2MiBMQ �HiQ
�/B;2

Ah Ai�Hv j3y Ah. LQ`/@1bi Ah.j o2M2iQ
Ah Ai�Hv j3y Ah. LQ`/@1bi Ah.9 6`BmHB@o2M2xB�

:BmHB�
Ah Ai�Hv j3y Ah. LQ`/@1bi Ah.8 1KBHB�@_QK�;M�
Ah Ai�Hv j3y Ah1 *2Mi`Q Ah1R hQb+�M�
Ah Ai�Hv j3y Ah1 *2Mi`Q Ah1k lK#`B�
Ah Ai�Hv j3y Ah1 *2Mi`Q Ah1j J�`+?2
Ah Ai�Hv j3y Ah1 *2Mi`Q Ah19 G�xBQ
Ah Ai�Hv j3y Ah6 am/ Ah6R �#`mxxQ
Ah Ai�Hv j3y Ah6 am/ Ah6k JQHBb2
Ah Ai�Hv j3y Ah6 am/ Ah6j *�KT�MB�
Ah Ai�Hv j3y Ah6 am/ Ah69 Sm;HB�
Ah Ai�Hv j3y Ah6 am/ Ah68 "�bBHB+�i�
Ah Ai�Hv j3y Ah6 am/ Ah6e *�H�#`B�
Ah Ai�Hv j3y Ah: AbQH2 Ah:R aB+BHB�
Ah Ai�Hv j3y Ah: AbQH2 Ah:k a�`/2;M�
Go G�ipB� 9k3 Goy G�ipBD� Goyy G�ipBD�
Gh GBi?m�MB� 99y Ghy GB2imp� Ghyy GB2imp�
Gl Gmt2K#Qm`;99k Gly Gmt2K#Qm`; Glyy Gmt2K#Qm`;
Jh J�Hi� 9dy Jhy J�Hi� Jhyy J�Hi�
LG L2i?2`H�M/b 8k3 LGR LQQ`/@L2/2`H�M/ LGRR :`QMBM;2M
LG L2i?2`H�M/b 8k3 LGR LQQ`/@L2/2`H�M/ LGRk 6`B2bH�M/
LG L2i?2`H�M/b 8k3 LGR LQQ`/@L2/2`H�M/ LGRj .`2Mi?2
LG L2i?2`H�M/b 8k3 LGk PQbi@L2/2`H�M/ LGkR Pp2`BDbb2H
LG L2i?2`H�M/b 8k3 LGk PQbi@L2/2`H�M/ LGkk :2H/2`H�M/
LG L2i?2`H�M/b 8k3 LGk PQbi@L2/2`H�M/ LGkj 6H2pQH�M/
LG L2i?2`H�M/b 8k3 LGj q2bi@L2/2`H�M/ LGjR li`2+?i
LG L2i?2`H�M/b 8k3 LGj q2bi@L2/2`H�M/ LGjk LQQ`/@>QHH�M/
LG L2i?2`H�M/b 8k3 LGj q2bi@L2/2`H�M/ LGjj wmB/@>QHH�M/
LG L2i?2`H�M/b 8k3 LGj q2bi@L2/2`H�M/ LGj9 w22H�M/
LG L2i?2`H�M/b 8k3 LG9 wmB/@L2/2`H�M/ LG9R LQQ`/@"`�#�Mi
LG L2i?2`H�M/b 8k3 LG9 wmB/@L2/2`H�M/ LG9k GBK#m`; ULGV
SG SQH�M/ eRe SGR *2Mi`�HMv SGRR GQ/xFB2
SG SQH�M/ eRe SGR *2Mi`�HMv SGRk J�xQrB2+FB2
SG SQH�M/ eRe SGk SQHm/MBQrv SGkR J�HQTQHbFB2
SG SQH�M/ eRe SGk SQHm/MBQrv SGkk aH�bFB2

RN3



*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

SG SQH�M/ eRe SGj qb+?Q/MB SGjR Gm#2HbFB2
SG SQH�M/ eRe SGj qb+?Q/MB SGjk SQ/F�`T�+FB2
SG SQH�M/ eRe SGj qb+?Q/MB SGjj arB2iQF`xvbFB2
SG SQH�M/ eRe SGj qb+?Q/MB SGj9 SQ/H�bFB2
SG SQH�M/ eRe SG9 SQHMQ+MQ@w�+?Q/MB SG9R qB2HFQTQHbFB2
SG SQH�M/ eRe SG9 SQHMQ+MQ@w�+?Q/MB SG9k w�+?Q/MBQTQKQ`bFB2
SG SQH�M/ eRe SG9 SQHMQ+MQ@w�+?Q/MB SG9j Gm#mbFB2
SG SQH�M/ eRe SG8 SQHm/MBQrQ@w�+?Q/MB SG8R .QHMQbH�bFB2
SG SQH�M/ eRe SG8 SQHm/MBQrQ@w�+?Q/MB SG8k PTQHbFB2
SG SQH�M/ eRe SGe SQHMQ+Mv SGeR EmD�rbFQ@SQKQ`bFB2
SG SQH�M/ eRe SGe SQHMQ+Mv SGek q�`KBMbFQ@J�xm`bFB2
SG SQH�M/ eRe SGe SQHMQ+Mv SGej SQKQ`bFB2
Sh SQ`im;�H eky ShR *QMiBM2Mi2 ShRR LQ`i2
Sh SQ`im;�H eky ShR *QMiBM2Mi2 ShR8 �H;�`p2
Sh SQ`im;�H eky ShR *QMiBM2Mi2 ShRe *2Mi`Q
Sh SQ`im;�H eky ShR *QMiBM2Mi2 ShRd GBb#Q�
Sh SQ`im;�H eky ShR *QMiBM2Mi2 ShR3 �H2Mi2DQ
Sh SQ`im;�H eky Shk �AȜQ`2b Shky �AȜQ`2b
Sh SQ`im;�H eky Shj J�/2B`� Shjy J�/2B`�
_P _QK�MB� e9k _PR J�+`Q`2;BmM2� mMm _PRR LQ`/@o2bi
_P _QK�MB� e9k _PR J�+`Q`2;BmM2� mMm _PRk *2Mi`m
_P _QK�MB� e9k _Pk J�+`Q`2;BmM2� /QB _PkR LQ`/@1bi
_P _QK�MB� e9k _Pk J�+`Q`2;BmM2� /QB _Pkk am/@1bi
_P _QK�MB� e9k _Pj J�+`Q`2;BmM2� i`2B _PjR am/ @ JmMi2MB�
_P _QK�MB� e9k _Pj J�+`Q`2;BmM2� i`2B _Pjk "m+m`2biB @ AH7Qp
_P _QK�MB� e9k _P9 J�+`Q`2;BmM2� T�i`m _P9R am/@o2bi PHi2MB�
_P _QK�MB� e9k _P9 J�+`Q`2;BmM2� T�i`m _P9k o2bi
aE aHQp�FB� dyj aEy aHQp2MbF� _2Tm#HBF� aEyR "`�iBbH�pbFv F`�D
aE aHQp�FB� dyj aEy aHQp2MbF� _2Tm#HBF� aEyk w�T�/M2

aHQp2MbFQ
aE aHQp�FB� dyj aEy aHQp2MbF� _2Tm#HBF� aEyj ai`2/M2

aHQp2MbFQ
aE aHQp�FB� dyj aEy aHQp2MbF� _2Tm#HBF� aEy9 ov+?Q/M2

aHQp2MbFQ
aA aHQp2MB� dy8 aAy aHQp2MBD� aAyy aHQp2MBD�
1a aT�BM dk9 1aR LQ`Q2bi2 1aRR :�HB+B�
1a aT�BM dk9 1aR LQ`Q2bi2 1aRk �bim`B�b
1a aT�BM dk9 1aR LQ`Q2bi2 1aRj *�Mi�#`B�

RNN



*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

1a aT�BM dk9 1ak LQ`2bi2 1akR S�Agb o�b+Q
1a aT�BM dk9 1ak LQ`2bi2 1akk L�p�``�
1a aT�BM dk9 1ak LQ`2bi2 1akj G� _BQD�
1a aT�BM dk9 1ak LQ`2bi2 1ak9 �`�;AȯM
1a aT�BM dk9 1aj J�/`B/ 1ajy J�/`B/
1a aT�BM dk9 1a9 *2Mi`Q U1aV 1a9R *�biBHH� v G2AȯM
1a aT�BM dk9 1a9 *2Mi`Q U1aV 1a9k *�biBHH�@G�

J�M+?�
1a aT�BM dk9 1a9 *2Mi`Q U1aV 1a9j 1ti`2K�/m`�
1a aT�BM dk9 1a8 1bi2 1a8R *�i�HmAǬ�
1a aT�BM dk9 1a8 1bi2 1a8k o�H2M+B�
1a aT�BM dk9 1a8 1bi2 1a8j AHH2b "�H2�`b
1a aT�BM dk9 1ae am` 1aeR �M/�Hm+Ag�
1a aT�BM dk9 1ae am` 1aek Jm`+B�
1a aT�BM dk9 1ae am` 1aej *2mi�
1a aT�BM dk9 1ae am` 1ae9 J2HBHH�
1a aT�BM dk9 1ad *�M�`B�b 1ady *�M�`B�b
a1 ar2/2M d8k a1R AĜbi`� ap2`B;2 a1RR aiQ+F?QHK
a1 ar2/2M d8k a1R AĜbi`� ap2`B;2 a1Rk AĜbi`�

J2HH�Mbp2`B;2
a1 ar2/2M d8k a1k aQ/`� ap2`B;2 a1kR aKAɾH�M/ K2/

Q�`M�
a1 ar2/2M d8k a1k aQ/`� ap2`B;2 a1kk av/bp2`B;2
a1 ar2/2M d8k a1k aQ/`� ap2`B;2 a1kj oAÝbibp2`B;2
a1 ar2/2M d8k a1j LQ``� ap2`B;2 a1jR LQ``�

J2HH�Mbp2`B;2
a1 ar2/2M d8k a1j LQ``� ap2`B;2 a1jk J2HH2`bi�

LQ``H�M/
a1 ar2/2M d8k a1j LQ``� ap2`B;2 a1jj AĜp`2 LQ``H�M/
lE lMBi2/

EBM;/QK
3ke lE* LQ`i? 1�bi lE*R h22b o�HH2v �M/

.m`?�K
lE lMBi2/

EBM;/QK
3ke lE* LQ`i? 1�bi lE*k LQ`i?mK# �M/

hvM2 �M/ q2�`
lE lMBi2/

EBM;/QK
3ke lE. LQ`i? q2bi lE.R *mK#`B�

lE lMBi2/
EBM;/QK

3ke lE. LQ`i? q2bi lE.k *?2b?B`2

kyy



*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

lE lMBi2/
EBM;/QK

3ke lE. LQ`i? q2bi lE.j :`2�i2`
J�M+?2bi2`

lE lMBi2/
EBM;/QK

3ke lE. LQ`i? q2bi lE.9 G�M+�b?B`2

lE lMBi2/
EBM;/QK

3ke lE. LQ`i? q2bi lE.8 J2`b2vbB/2

lE lMBi2/
EBM;/QK

3ke lE1 uQ`Fb?B`2 �M/ h?2
>mK#2`

lE1R 1 _B/BM; �M/ L
GBM+b

lE lMBi2/
EBM;/QK

3ke lE1 uQ`Fb?B`2 �M/ h?2
>mK#2`

lE1k L uQ`Fb

lE lMBi2/
EBM;/QK

3ke lE1 uQ`Fb?B`2 �M/ h?2
>mK#2`

lE1j a uQ`Fb

lE lMBi2/
EBM;/QK

3ke lE1 uQ`Fb?B`2 �M/ h?2
>mK#2`

lE19 q uQ`Fb

lE lMBi2/
EBM;/QK

3ke lE6 1�bi JB/H�M/b lE6R .2`#b �M/ LQiib

lE lMBi2/
EBM;/QK

3ke lE6 1�bi JB/H�M/b lE6k G2B+b- _mi �M/
LQ`i?�Mib

lE lMBi2/
EBM;/QK

3ke lE6 1�bi JB/H�M/b lE6j GBM+b

lE lMBi2/
EBM;/QK

3ke lE: q2bi JB/H�M/b lE:R >2`27- qQ`+b
�M/ q�`rb

lE lMBi2/
EBM;/QK

3ke lE: q2bi JB/H�M/b lE:k a?`QTb �M/
ai�zb

lE lMBi2/
EBM;/QK

3ke lE: q2bi JB/H�M/b lE:j q JB/H�M/b

lE lMBi2/
EBM;/QK

3ke lE> 1�bi P7 1M;H�M/ lE>R 1 �M;HB�

lE lMBi2/
EBM;/QK

3ke lE> 1�bi P7 1M;H�M/ lE>k "2/b �M/ >2`ib

lE lMBi2/
EBM;/QK

3ke lE> 1�bi P7 1M;H�M/ lE>j 1bb2t

lE lMBi2/
EBM;/QK

3ke lEA GQM/QM lEAR AMM2` GQM/QM

lE lMBi2/
EBM;/QK

3ke lEA GQM/QM lEAk Pmi2` GQM/QM

lE lMBi2/
EBM;/QK

3ke lEC aQmi? 1�bi lECR "2`Fb- "m+Fb
�M/ PtQM

kyR



*Q/2
S�vb AaP
k S�vb A.

*Q/2 1bT�+2
ú+QMQKB[m2 1bT�+2 ú+QMQKB[m2

*Q/2
`û;BQM _û;BQM

lE lMBi2/
EBM;/QK

3ke lEC aQmi? 1�bi lECk am``2v- 1 �M/ q
ambb2t

lE lMBi2/
EBM;/QK

3ke lEC aQmi? 1�bi lECj >�Mib �M/ AbH2 Q7
qB;?i

lE lMBi2/
EBM;/QK

3ke lEC aQmi? 1�bi lEC9 E2Mi

lE lMBi2/
EBM;/QK

3ke lEE aQmi? q2bi lEER :HQm+b- qBHib
�M/ L aQK

lE lMBi2/
EBM;/QK

3ke lEE aQmi? q2bi lEEk .Q`b2i �M/
aQK2`b2i

lE lMBi2/
EBM;/QK

3ke lEE aQmi? q2bi lEEj *Q`Mr�HH �M/
AbH2b Q7 a+BHHv

lE lMBi2/
EBM;/QK

3ke lEE aQmi? q2bi lEE9 .2pQM

lE lMBi2/
EBM;/QK

3ke lEG q�H2b lEGR q q�H2b �M/
h?2 o�HH2vb

lE lMBi2/
EBM;/QK

3ke lEG q�H2b lEGk 1 q�H2b

lE lMBi2/
EBM;/QK

3ke lEJ a+QiH�M/ lEJk 1 a+QiH�M/

lE lMBi2/
EBM;/QK

3ke lEJ a+QiH�M/ lEJj aq a+QiH�M/

lE lMBi2/
EBM;/QK

3ke lEJ a+QiH�M/ lEJ8 L1 a+QiH�M/

lE lMBi2/
EBM;/QK

3ke lEJ a+QiH�M/ lEJe >B;?H�M/b �M/
AbH�M/b

lE lMBi2/
EBM;/QK

3ke lEL LQ`i?2`M A`2H�M/ lELy LQ`i?2`M A`2H�M/

kyk



�MM2t2 j @ LQK2M+H�i2m`2 ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2i BM/mbi`B2 L�*1
_2pX kX

6B;m`2 j8, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URfRNV

kyj



6B;m`2 je, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UkfRNV

ky9



6B;m`2 jd, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UjfRNV

ky8



6B;m`2 j3, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V U9fRNV

kye



6B;m`2 jN, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V U8fRNV

kyd



6B;m`2 9y, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UefRNV

ky3



6B;m`2 9R, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UdfRNV

kyN



6B;m`2 9k, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V U3fRNV

6B;m`2 9j, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UNfRNV

kRy



6B;m`2 99, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URyfRNV

kRR



6B;m`2 98, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URRfRNV

kRk



6B;m`2 9e, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URkfRNV

kRj



6B;m`2 9d, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V URjfRNV

kR9



6B;m`2 93, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UR9fRNV

kR8



6B;m`2 9N, *H�bbB}+�iBQM /2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b 2M HB2M �p2+ H2b BM/mbi`B2b UL�*1 _2pXk-
AaA*V UR8fRNV

kRe
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8XkXyX8 _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b /m
KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM

8XkXyX8XR _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 i�BHH2 /2 H�
;`�TT2 U[iû /Ƕ2KTHQBbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 9j, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H�
i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH
MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R93k Red9e jR8X9jjk y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 99, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� i�BHH2
/2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R93j Red98 jedX8d3k y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 98, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2/2 H�
i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R93k Red9k jy3X8N8R y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyX8Xk _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2bV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 9e, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H %
>y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R9yk R8988 RdNX8Re8 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

kje



h�#H2 9d, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBû
/2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R9yj R8989 kyNXkNjN y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 93, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R9yk R898R RdNXeN8 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyX8Xj _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 BMi2MbBiû +QM@
+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQvûbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 9N, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶBMi2MbBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H
% >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R9NNk 9eXd9993 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 8y, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶBMi2MbBi2 +QM+m``2MiB2HH2 /m KQ/ĕH2 /m KQ/ĕH2 *QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R3ee R9NNR Rj8X3Nye y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

kjd



h�#H2 8R, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶBMi2MbBi2 +QM+m``2MiB2HH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QM@
p2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b
/Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R9N33 9eXkd883 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyX8X9 _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 [m�HBiû /2 H�
;`�TT2 Ub�H�B`2 KQv2M T�` 2KTHQvûV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 8k, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H�
[m�HBiû /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2
T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjNj R89k9 k39NXk99 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 8j, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�H@
Biû /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H %
>y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R89kj kdddX3Nj y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 89, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H�
[m�HBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R89kj kdddX3Nj y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyXe _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV /m
KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM
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8XkXyXeXR _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 i�BHH2 /2 H�
;`�TT2 U[iû /Ƕ2KTHQBbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 88, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2
/ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jRNXkR3N y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 8e, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi
MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jyjX8dke y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 8d, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QM@
p2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jR8XeRde y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

8XkXyXeXk _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2bV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 83, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2
/ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

k3NXe3ye y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

kjN



h�#H2 8N, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi
MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

k3kXy8j9 y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 ey, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QM@
p2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

k3NX8Rje y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

8XkXyXeXj _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 BMi2MbBiû +QM@
+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQvûbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 eR, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B@
�#H2 /ûT2M/�Mi2 /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2b TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû@
+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kjeX939R y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 ek, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2b TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû@
+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kjeXe8yR y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

k9y



h�#H2 ej, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`@
;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 HǶBMi2MbBiû +QM+m``2MiB2HH2
/2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b
BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kjeXk8d y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

8XkXyXeX9 _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM b�Mb BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 [m�HBiû /2 H�
;`�TT2 Ub�H�B`2 KQv2M T�` 2KTHQvûV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 e9, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2
/ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jReX3N3e y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 e8, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi
MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jR8XkRyk y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 ee, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QMp2`@
;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
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8XkXyXRk _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b /m
KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM

8XkXyXRkXR _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 i�BHH2 /2 H�
;`�TT2 U[iû /Ƕ2KTHQBbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 3j, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H�
i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH
MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R93k Red9k kNdXNRyN y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 39, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� i�BHH2
/2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R93j Red9R jekXd833 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 38, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2/2 H�
i�BHH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R93k Redj9 k3dXddNj y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyXRkXk _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2bV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 3e, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H %
>y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R9yk R898R RdeXd39j y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

k8N



h�#H2 3d, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 HǶ�+iBpBû
/2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R9yj R898y kyNX9RR y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 33, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶ�+iBpBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R9yk R899j RddX3e3N y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyXRkXj _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 BMi2MbBiû +QM@
+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQvûbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 3N, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶBMi2MbBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H
% >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R9N33 9eX88N89 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 Ny, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶBMi2MbBi2 +QM+m``2MiB2HH2 /m KQ/ĕH2 /m KQ/ĕH2 *QMp2`;2M+2 TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

R3ee R9N3d Rj8Xeky8 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

key



h�#H2 NR, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2
HǶBMi2MbBi2 +QM+m``2MiB2HH2 /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QM@
p2`;2M+2 +QK#BMûb TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b
/Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R9N3y 9eX9RNR8 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyXRkX9 _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 6Bb?2` TQm` H� T`ûb2M+2 bB;MB}+�iBp2 /Ƕ2z2ib }t2b
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 [m�HBiû /2 H�
;`�TT2 Ub�H�B`2 KQv2M T�` 2KTHQvûV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 Nk, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H�
[m�HBiû /m KQ/ĕH2 >Pa TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2
T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjNd R89ky k39NXkR3 y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 Nj, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H� [m�H@
Biû /2b ;`�TT2b /m KQ/ĕH2 *QMp2`;2M+2 TQm` HǶ2+?�MiBHHQM ;HQ#�H %
>y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R89RN kdd3Xd3e y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

h�#H2 N9, h2bi /2b 2z2ib }t2b bm` H� p�`B�#H2b 2tTHB+�iBp2 /2 H�
[m�HBiû /2b ;`�TT2b /m KQ/ĕH2 >Pa 2i *QMp2`;2M+2 +QK#BMûb TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, AH MǶ2tBbi2 T�b /Ƕ2z2ib }t2b

/7R /7k bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

RjN3 R89RN kdd3Xd3e y 6 i2bi 7Q` BM/BpB/m�H 2z2+ib bB;MB}+�Mi 2z2+ib

8XkXyXRj _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV /m
KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM

keR



8XkXyXRjXR _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 i�BHH2 /2 H�
;`�TT2 U[iû /Ƕ2KTHQBbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 N8, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2
/ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jRjXeR9N y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 Ne, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi
MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jyRX939e y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 Nd, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QM@
p2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jRyXR9e8 y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

8XkXyXRjXk _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 +QM+2Mi`�iBQM
/Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2 /Ƕ2Mi`2T`Bb2bV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 N3, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2
/ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kNyX8k9d y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

kek



h�#H2 NN, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi
MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

k3RXkjk y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 Ryy, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QM@
p2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kNyXyN3d y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

8XkXyXRjXj _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 BMi2MbBiû +QM@
+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2Mi`2T`Bb2b 2KTHQvûbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 RyR, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B@
�#H2 /ûT2M/�Mi2 /2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2b TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû@
+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kjdXdRke y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 Ryk, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 HǶBMi2MbBiû +QM+m``2MiB2HH2 /2b ;`�TT2b TQm`
HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû@
+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kj8X89kj y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

kej



h�#H2 Ryj, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2
*QMp2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 HǶBMi2MbBiû +QM+m`@
`2MiB2HH2 /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2
/2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

kjdXeRjR y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

8XkXyXRjX9 _ûbmHi�ib /m i2bi bi�iBbiB[m2 /2 H� T`ûb2M+2 /Ƕ2z2ib �Hû�iQB`2b U2M/Q;ĕM2 Qm MQMV
TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 [m�HBiû /2 H�
;`�TT2 Ub�H�B`2 KQv2M T�` 2KTHQvûV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 Ry9, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa /2 p�`B�#H2
/ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y,
G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jReX3N3e y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 Ry8, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 /2 +QMp2`;2M+2
/2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b TQm` HǶ2+?�MiBHHQM
;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b bTû+B}[m2b 2bi
MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jR9X3jNd y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

h�#H2 Rye, h2bi /2b 2z2ib �Hû�iQB`2b bm` H2 KQ/ĕH2 >Pa 2i /2 *QM@
p2`;2M+2 +QK#BMûb /2 p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G� p�`B�M+2 /2b 2``2m`b BM/BpB/m2HH2b
bTû+B}[m2b 2bi MmHH2X

bi�iBbiB+ TXp�Hm2 K2i?Q/ �Hi2`M�iBp2

jR8X338k y G�;`�M;2 JmHiBTHB2` h2bi @ U>QM/�V 7Q` mM#�H�M+2/ T�M2Hb bB;MB}+�Mi 2z2+ib

8XkXyXR9 _ûbmHi�ib /m i2bi /Ƕ2M/Q;ûMûBiû /2b 2z2ib �Hû�iQB`2b /m KQ/ĕH2 /2 `2;`2bbBQM �p2+
BMi2`�+iBQM

ke9



8XkXyXR9XR _ûbmHi�ib i2bi /Ƕ2M/Q;ûMûBiû /2b 2z2ib �Hû�iQB`2b TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+
BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 i�BHH2 /2 H� ;`�TT2 U[iû /Ƕ2KTHQBbV TQm` HǶû+?�MiBHHQM
;HQ#�H

h�#H2 Ryd, h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa ¨
2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M/�Mi2 /2 H� i�BHH2 /2b ;`�TT2b
TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b BM/BpB/mb bm`
H2b 2``2m`b bQMi 2tQ;ĕM2b

bi�iBbiB+ TXp�Hm2 T�`�K2i2` K2i?Q/ �Hi2`M�iBp2

8d9X9988 y 3 >�mbK�M h2bi QM2 KQ/2H Bb BM+QMbBbi2Mi

8XkXyXR9Xk _ûbmHi�ib /m i2bi /Ƕ2M/Q;ûMûBiû /2b 2z2ib �Hû�iQB`2b TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM
�p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 +QM+2Mi`�iBQM /Ƕ�+iBpBi2 /2 H� ;`�TT2 U[i2
/Ƕ2Mi`2T`Bb2bV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 Ry3, h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa
¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M/�Mi2 /2 HǶ�+iBpBiû /2b
;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b
BM/BpB/mb bm` H2b 2``2m`b bQMi 2tQ;ĕM2b

bi�iBbiB+ TXp�Hm2 T�`�K2i2` K2i?Q/ �Hi2`M�iBp2

dNX3j9e y 3 >�mbK�M h2bi QM2 KQ/2H Bb BM+QMbBbi2Mi

8XkXyXR9Xj _ûbmHi�ib i2bi /Ƕ2M/Q;ûMûBiû /2b 2z2ib �Hû�iQB`2b TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM �p2+
BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 BMi2MbBiû +QM+m``2MiB2HH2 /2 H� ;`�TT2 U`�iBQ 2M@
i`2T`Bb2b 2KTHQvûbV TQm` HǶû+?�MiBHHQM ;HQ#�H

h�#H2 RyN, h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa
¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M/�Mi2 /2 HǶBMi2MbBiû +QM@
+m``2MiB2HH2 /2b ;`�TT2bTQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib
�Hû�iQB`2b /2b BM/BpB/mb bm` H2b 2``2m`b bQMi 2tQ;ĕM2b

bi�iBbiB+ TXp�Hm2 T�`�K2i2` K2i?Q/ �Hi2`M�iBp2

dNX3j9e y 3 >�mbK�M h2bi QM2 KQ/2H Bb BM+QMbBbi2Mi

8XkXyXR9X9 _ûbmHi�ib /m i2bi /Ƕ2M/Q;ûMûBiû /2b 2z2ib �Hû�iQB`2b TQm` H2 KQ/ĕH2 /2 `2;`2bbBQM
�p2+ BMi2`�+iBQM �bbQ+Bû ¨ H� p�`B�#H2 /ûT2M/�Mi2 [m�HBiû /2 H� ;`�TT2 Ub�H�B`2 KQv2M T�`
2KTHQvûV TQm` HǶû+?�MiBHHQM ;HQ#�H

ke8



h�#H2 RRy, h2bi /Ƕ2M/Q;ûMûBiû /2 >�mbK�M TQm` H2 KQ/ĕH2 >Pa
¨ 2z2ib �Hû�iQB`2b TQm` H� p�`B�#H2 /ûT2M/�Mi2 /2 H� [m�HBiû /2b
;`�TT2b TQm` HǶ2+?�MiBHHQM ;HQ#�H % >y, G2b 2z2ib �Hû�iQB`2b /2b
BM/BpB/mb bm` H2b 2``2m`b bQMi 2tQ;ĕM2b

bi�iBbiB+ TXp�Hm2 T�`�K2i2` K2i?Q/ �Hi2`M�iBp2

98X3ye9j j2@yd 3 >�mbK�M h2bi QM2 KQ/2H Bb BM+QMbBbi2Mi

kee



�MM2t2 8 @ *�`iQ;`�T?B2

*QKTi2 i2Mm /2 H� M�im`2 bi�iB[m2 /m KûKQB`2 2i /m MQK#`2 BKK2MbûK2Mi +QMbB/û`�#H2 /2 +�`iQ;`�T?B2b
/BbTQMB#H2b U1.008 × 104 +�`iQ;`�T?B2b- bQBi ey ;`�TT2b BM/mbi`B2HH2b bm` k9 �Mb 2i b2HQM d BM/B+�i2m`bV- +2ii2
T�`iB2 T`ûb2Mi2 mM2 T�`iB2 2t?�mbiBp2 /2b `ûbmHi�ib /BbTQMB#H2b Mû+2bb�B`2 ¨ H� #QMM2 +QKT`û?2MbBQM /m H2+i2m`
2i ¨ HǶBMi2`T`ûi�iBQM +Q``2+i2 /2b `ûbmHi�ibX SQm` `�TT2H- pQmb i`Qmp2`2x �m HB2M bmBp�Mi HǶ�TTHB+�iBQM BMi2`�+iBp2
/2b ;`�TT2b BM/mbi`B2HH2b 2m`QTû2MM2b ûi2M/m2 ¨ HǶúi�ib@lMBb 2i �m *�M�/� +QKTi2 i2Mm /2 H� +`û�iBQM /2 H�
#�b2 /2 /QMMû2b mMB[m2 bm` H2b ;`�TT2b BM/mbi`B2HH2b /2 +2b i`QBb `û;BQMb /m KQM/2 2i `2T`ûb2Mi�Mi �BMbB T`ĕb
/2 98W /m SA" KQM/B�H , *�`iQ;`�T?B2 BMi2`�+iBp2 /2b ;`�TT2b BM/mbi`B2HH2b ?iiT,ffKQM/QBMiHX+B`�MQX[+X+�f
+Hmbi2`@K�TTBM;@iQQHfX

*�`iQ;`�T?B2 /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2

8XkXyXR8 *�`iQ;`�T?B2 @ h�BHH2 /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2

ked
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ke3



keN



kdy



8XkXyXRe *�`iQ;`�T?B2 @ Zm�HBiû /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2

kdR



kdk



kdj



kd9



8XkXyXRd *�`iQ;`�T?B2 @ ZmQiB2Mi /2 HQ+�HBb�iBQM /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2

kd8



kde



kdd



kd3



8XkXyXR3 *�`iQ;`�T?B2 @ aTû+B�HBb�iBQM /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2

kdN



k3y



k3R



k3k



8XkXyXRN *�`iQ;`�T?B2 @ amT2`bTû+B�HBb�iBQM /2 H� ;`�TT2 /2 HǶ�miQKQ#BH2

k3j



k39



k38



k3e



*�`iQ;`�T?B2 /2 H� ;`�TT2 /2b h2+?MQHQ;B2b /2 T`Q/m+iBQM 2i K�+?BM2`B2b HQm`/2b

8XkXyXky *�`iQ;`�T?B2 @ h�BHH2 /2 H� ;`�TT2 /2b h2+?MQHQ;B2b /2 T`Q/m+iBQM 2i K�+?BM2`B2b
HQm`/2b

k3d



k33



k3N



kNy



8XkXyXkR *�`iQ;`�T?B2 @ Zm�HBiû /2 H� ;`�TT2 /2b h2+?MQHQ;B2b /2 T`Q/m+iBQM 2i K�+?BM2`B2b
HQm`/2b

kNR



kNk



kNj



kN9



8XkXyXkk *�`iQ;`�T?B2 @ ZmQiB2Mi /2 HQ+�HBb�iBQM /2 H� ;`�TT2 /2b h2+?MQHQ;B2b /2 T`Q/m+iBQM
2i K�+?BM2`B2b HQm`/2b

kN8



kNe



kNd



kN3



8XkXyXkj *�`iQ;`�T?B2 @ aTû+B�HBb�iBQM /2 H� ;`�TT2 /2b h2+?MQHQ;B2b /2 T`Q/m+iBQM 2i K�@
+?BM2`B2b HQm`/2b

kNN



jyy



jyR



jyk



8XkXyXk9 *�`iQ;`�T?B2 @ amT2` aTû+B�HBb�iBQM /2 H� ;`�TT2 /2b h2+?MQHQ;B2b /2 T`Q/m+iBQM 2i
K�+?BM2`B2b HQm`/2b

jyj



jy9



jy8



jye



*�`iQ;`�T?B2 /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b

8XkXyXk8 *�`iQ;`�T?B2 @ h�BHH2 /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b

jyd



jy3



jyN



jRy



8XkXyXke *�`iQ;`�T?B2 @ Z�mHBiû /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b

jRR



jRk



jRj



jR9



8XkXyXkd *�`iQ;`�T?B2 @ ZmQiB2Mi /2 HQ+�HBb�iBQM /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b

jR8



jRe



jRd



jR3



8XkXyXk3 *�`iQ;`�T?B2 @ aTû+B�HBb�iBQM /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b

jRN



jky



jkR



jkk



8XkXyXkN *�`iQ;`�T?B2 @ amT2` aTû+B�HBb�iBQM /2 H� ;`�TT2 /2b a2`pB+2b �mt 2Mi`2T`Bb2b

jkj



jk9



jk8



jke



*�`iQ;`�T?B2 /2 H� ;`�TT2 /2b .Bbi`B#miBQM 2i /m +QKK2`+2 ûH2+i`QMB[m2

8XkXyXjy *�`iQ;`�T?B2 @ h�BHH2 /2 H� ;`�TT2 /2 H� .Bbi`B#miBQM 2i /m +QKK2`+2 ûH2+i`QMB[m2

jkd



jk3



jkN



jjy



8XkXyXjR *�`iQ;`�T?B2 @ Zm�HBiû /2 H� ;`�TT2 /2 H� .Bbi`B#miBQM 2i /m +QKK2`+2 ûH2+i`QMB[m2

jjR



jjk



jjj



jj9



8XkXyXjk *�`iQ;`�T?B2 @ ZmQiB2Mi /2 HQ+�HBb�iBQM /2 H� ;`�TT2 /2 H� .Bbi`B#miBQM 2i /m +QK@
K2`+2 ûH2+i`QMB[m2

jj8



jje



jjd



jj3



8XkXyXjj *�`iQ;`�T?B2 @ aTû+B�HBb�iBQM /2 H� ;`�TT2 /2 H� .Bbi`B#miBQM 2i /m +QKK2`+2 ûH2+@
i`QMB[m2

jjN



j9y



j9R



j9k



8XkXyXj9 *�`iQ;`�T?B2 @ amT2` aTû+B�HBb�iBQM /2 H� ;`�TT2 /2 H� .Bbi`B#miBQM 2i /m +QKK2`+2
ûH2+i`QMB[m2

j9j



j99



j98



j9e



j9d



j93



"B#HBQ;`�T?B2

�`K�;�M- A#`�?BKX MX/X ǳG� h?ûQ`B2 h`�/BiBQMM2HH2 /2 GǶBMiû;`�iBQM û+QMQKB[m2 AMi2`M�iBQM�H2 2i a2b
AMbm{b�M+2b �m LBp2�m .2b S�vb 1M oQB2 /2 .ûp2HQTT2K2MiǴ oQHmK2 RR, RRNĜ98X

"�H�bb�- "2H�X RNedX ǳh`�/2 *`2�iBQM �M/ h`�/2 .Bp2`bBQM BM i?2 1m`QT2�M *QKKQM J�`F2iXǴ h?2 1+QMQKB+
CQm`M�H dd Ujy8V, RX /QB,RyXkjydfkkkNj99X

ěěěX kyRjX ǳh?2 h?2Q`v Q7 1+QMQKB+ AMi2;`�iBQM U_QmiH2/;2 _2pBp�HbV-Ǵ J�vX

"�H�bb�- "2H� �X RNe9X h`�/2 S`QbT2+ib 7Q` .2p2HQTBM; *QmMi`B2bX Sm#HB+�iBQMb Q7 i?2 1+QMQKB+ :`Qri?
*2Mi2`X >QK2rQQ/- AHHX- _X .X A`rBMX

"�H�bb�- "ûH� �X- �M/ *QmM+BH QM 6Q`2B;M _2H�iBQMbX RNedX h`�/2 GB#2`�HBx�iBQM �KQM; AM/mbi`B�H *QmMi`B2b,
P#D2+iBp2b �M/ �Hi2`M�iBp2bX Sm#HBb?2/ 7Q` i?2 *QmM+BH QM 6Q`2B;M _2H�iBQMb #v J+:`�r@>BHHX

"�H/rBM- _B+?�`/ 1X- �M/ S�mH E`m;K�MX RN3eX ǳJ�`F2i �++2bb �M/ AMi2`M�iBQM�H *QKT2iBiBQM, � aBK@
mH�iBQM aim/v Q7 ReE _�M/QK �++2bb J2KQ`B2bXǴ RNjeX L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?- AM+X
?iiTb,ffB/2�bX`2T2+XQ`;fTfM#`fM#2`rQfRNjeX?iKHX

"�TiBbi�- _mB- �M/ :�pBM ar�MMX RNN3X ǳ.Q 6B`Kb BM *Hmbi2`b AMMQp�i2 JQ`2\Ǵ _2b2�`+? SQHB+v kd
U8V, 8k8Ĝ9yX ?iiT,ff2+QMT�T2`bX`2T2+XQ`;f�`iB+H2f222`2bTQHfpnj�kdnj�vnj�RNN3nj�Bnj�8nj�Tnj�8k8@89yX
?iKX

"�``Q- _Q#2`i CX RN3eX ǳ_2Tmi�iBQM BM � JQ/2H Q7 JQM2i�`v SQHB+v rBi? AM+QKTH2i2 AM7Q`K�iBQMXǴ CQm`M�H
Q7 JQM2i�`v 1+QMQKB+b Rd, RĜkyX

"�``Q- _Q#2`i CX kyRkX ǳ*QMp2`;2M+2 �M/ JQ/2`MBx�iBQM _2pBbBi2/XǴ R3kN8X L�iBQM�H "m`2�m Q7 1+QMQKB+
_2b2�`+?- AM+X ?iiTb,ffB/2�bX`2T2+XQ`;fTfM#`fM#2`rQfR3kN8X?iKHX

"�``Q- _Q#2`i CX- �M/ s�pB2` a�H�@B@J�`iBMX RNNkX ǳ*QMp2`;2M+2XǴ CQm`M�H Q7 SQHBiB+�H 1+QMQKv Ryy UkV,
kkjĜ8RX ?iiTb,ffB/2�bX`2T2+XQ`;f�fm+TfDTQH2+fpRyyvRNNkBkTkkj@8RX?iKHX

"�vQmKB- h�KBK- �M/ "�``v 1B+?2M;`22MX RNNjX ǳa?Q+FBM; �bT2+ib Q7 1m`QT2�M JQM2i�`v lMB}+�iBQMXǴ AM
h?2 h`�MbBiBQM iQ 1+QMQKB+ �M/ JQM2i�`v lMBQM BM 1m`QT2- 2/Bi2/ #v 6`�M+2b+Q :B�p�xxB �M/ 6 hQ``2bX
L2r uQ`F, *�K#`B/;2 lMBp2`bBiv S`2bbX

ěěěX RNNeX ǳPT2`�iBQM�HBxBM; i?2 h?2Q`v Q7 PTiBKmK *m``2M+v �`2�bXǴ *1S_ .Bb+mbbBQM S�T2` R939X
*X1XSX_X .Bb+mbbBQM S�T2`bX ?iiTb,ffB/2�bX`2T2+XQ`;fTf+T`f+2T`/TfR939X?iKHX

"`�M/2`- C�K2b- �M/ S�mH E`m;K�MX RN3jX ǳ� Ƕ_2+BT`Q+�H .mKTBM;Ƕ JQ/2H Q7 AMi2`M�iBQM�H h`�/2XǴ CQm`M�H
Q7 AMi2`M�iBQM�H 1+QMQKB+b R8 Uj@9V, jRjĜkRX ?iiTb,ffB/2�bX`2T2+XQ`;f�f222fBM2+QMfpR8vRN3jBj@9TjRj@jkRX
?iKHX

"vû- J�m`B+2X RNe8X _2H�iBQMb û+QMQKB[m2b AMi2`M�iBQM�H2bX .�HHQxX

.�pBb- *?�`H2b >X- .�pB/ �`i?m`b- 1`BM *�bbB/v- �M/ .�pB/ qQH72X kyyeX ǳq?�i AM/B+�iQ`b 7Q` i?2 *Hmbi2`
SQHB+B2b BM i?2 kRi? *2Mim`v \Ǵ P1*. 1+QMQKB+ aim/B2bX
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.2 :`�mr2- S�mHX RNNkX h?2 1+QMQKB+b Q7 JQM2i�`v AMi2;`�iBQMX 6B`bi 2/BiBQMX Pt7Q`/, Pt7Q`/ lMBp2`bBiv
S`2bbX ěěěX RNNdX h?2 1+QMQKB+b Q7 JQM2i�`v AMi2;`�iBQMX h?B`/ 2/BiBQMX *�K#`B/;2, Pt7Q`/ lMBp2`bBiv
S`2bbX

.2 :`�mr2- S�mH- �M/ 6`�M+2b+Q S�QHQ JQM;2HHBX kyy8X ǳ1M/Q;2M2BiB2b Q7 PTiBKmK *m``2M+v �`2�b, q?�i
"`BM;b *QmMi`B2b a?�`BM; � aBM;H2 *m``2M+v *HQb2` hQ;2i?2`\Ǵ qQ`FBM; S�T2`b /2 1+QMQKB� U1+QMQKB+b
qQ`FBM; S�T2`bV kNX .2T�`i�K2MiQ /2 1+QMQKB�- :2bi½Q 2 1M;2M?�`B� AM/mbi`B�H- lMBp2`bB/�/2 /2 �p2B`QX
?iiTb,ffB/2�bX`2T2+XQ`;fTf�p2frT�T2`fkNkyy8X?iKHX

.2H;�/Q- J2`+2/2b- JB+?�2H 1X SQ`i2`- �M/ a+Qii ai2`MX kyRkX ǳ*Hmbi2`b- *QMp2`;2M+2- �M/ 1+QMQKB+
S2`7Q`K�M+2XǴ qQ`FBM; S�T2` R3k8yX L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?X ?iiT,ffrrrXM#2`XQ`;fT�T2`bf
rR3k8yX

ěěěX kyR9X ǳ.2}MBM; *Hmbi2`b Q7 _2H�i2/ AM/mbi`B2bXǴ qQ`FBM; S�T2` kyjd8X L�iBQM�H "m`2�m Q7 1+QMQKB+
_2b2�`+?X ?iiT,ffrrrXM#2`XQ`;fT�T2`bfrkyjd8X

.BtBi- �pBM�b? EX- �M/ CQb2T? 1X aiB;HBixX RNddX ǳJQMQTQHBbiB+ *QKT2iBiBQM �M/ PTiBKmK S`Q/m+i .Bp2`bBivXǴ
�K2`B+�M 1+QMQKB+ _2pB2r ed UjV, kNdĜjy3X ?iiTb,ffB/2�bX`2T2+XQ`;f�f�2�f�2+`2pfpedvRNddBjTkNd@jy3X
?iKHX

1B+?2M;`22M- "X RNNkX ǳa?QmH/ i?2 J��bi`B+?i h`2�iv "2 a�p2/\Ǵ S`BM+2iQM aim/B2b BM AMi2`M�iBQM�H
1+QMQKB+b d9X AMi2`M�iBQM�H 1+QMQKB+b a2+iBQM- .2T�`i2K2Mi Q7 1+QMQKB+b S`BM+2iQM lMBp2`bBiv- ?iiTb,
ffB/2�bX`2T2+XQ`;fTf7i?fT`BM7Bfd9X?iKHX

1B+?2M;`22M- "�``vX RNNyX ǳPM2 JQM2v 7Q` 1m`QT2\ G2bbQMb 7`QK i?2 la *m``2M+v lMBQMXǴ .2T�`iK2Mi Q7
1+QMQKB+b- qQ`FBM; S�T2` a2`B2b [ieFbRF3jRX .2T�`iK2Mi Q7 1+QMQKB+b- AMbiBimi2 7Q` "mbBM2bbc 1+QMQKB+
_2b2�`+?- l* "2`F2H2vX ?iiTb,ffB/2�bX`2T2+XQ`;fTf+/Hf2+QMrTf[ieFbRF3jRX?iKHX

1B+?2M;`22M- "�``v- �M/ C2z`v 6`B2/2MX RNNjX ǳh?2 SQHBiB+�H 1+QMQKv P7 1m`QT2�M JQM2i�`v lMB}+�iBQM,
�M �M�HviB+�H AMi`Q/m+iBQMXǴ 1+QMQKB+b �M/ SQHBiB+b 8 UkV, 38ĜRy9X ?iiTb,ffB/2�bX`2T2+XQ`;f�f#H�f2+QTQHf
p8vRNNjBkT38@Ry9X?iKHX

1H@�;`��- �HB JX RN33X ǳh?2 h?2Q`v Q7 1+QMQKB+ AMi2;`�iBQMXǴ AM AMi2`M�iBQM�H 1+QMQKB+ AMi2;`�iBQM-
2/Bi2/ #v �HB JX 1H@�;`��- ReĜ9RX S�H;`�p2 J�+KBHH�M lEX ?iiT,ffHBMFXbT`BM;2`X+QKf+?�Ti2`fRyXRyydf
Nd3@R@j9N@yNRej@3nkX

1m`QT2�M *QKKBbbBQMX RNNyX ǳPM2 J�`F2i PM2 JQM2vXǴ 1m`QT2�M 1+QMQKv 99 UP+iQ#2`VX

ěěěX MX/X ǳh`2�iv 1bi�#HBb?BM; i?2 1m`QT2�M *QKKmMBivXǴ P{+B�H CQm`M�H *, RĜR8kX

1m`QT2�M *QmM+BHX MX/X ǳ_2bQHmiBQM Q7 i?2 1m`QT2�M *QmM+BH QM i?2 ai�#BHBiv �M/ :`Qri? S�+iXǴ P{+B�H
CQm`M�H *, yyyRĜyyykX

6�m;ĕ`2- C2�M@SB2``2X RNNNX ú+QMQKB2 1m`QTû2MM2X S`2bb2b /2 H� 6QM/�iBQM M�iBQM�H2 /2b b+B2M+2b TQHBiB[m2bX

6`�MF2H- C2z`2v �- �M/ �M/`2r E _Qb2X RNN3X ǳh?2 1M/Q;2M2Biv Q7 i?2 PTiBKmK *m``2M+v �`2� *`Bi2`B�XǴ
1+QMQKB+ CQm`M�H Ry3, RyyNĜk8X ěěěX kyykX ǳ�M 1biBK�i2 Q7 i?2 1z2+i Q7 *QKKQM *m``2M+B2b QM h`�/2
�M/ AM+QK2XǴ h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b *soAA, 9jdĜeeX
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:�KK�/B;#û- oB;MBMQmX kyRjX ǳ1M/Q;ûMûBiû .2b *`Biĕ`2b /ǶmM2 wQM2 JQMûi�B`2 PTiBK�H2, lM _û2t�@
K2M(1M/Q;2M2Biv Q7 i?2 PTiBKmK *m``2M+v �`2� *`Bi2`B�, � _2@1t�KBM�iBQM)XǴ 9edkdX lMBp2`bBiv GB#`�`v
Q7 JmMB+?- :2`K�MvX ?iiTb,ffB/2�bX`2T2+XQ`;fTfT`�fKT`�T�f9edkdX?iKHX

:H�2b2`- 1/r�`/ GX- �M/ qBHHB�K _X E2``X kyy3X ǳGQ+�H AM/mbi`B�H *QM/BiBQMb �M/ 1Mi`2T`2M2m`b?BT, >Qr
Jm+? Q7 i?2 aT�iB�H .Bbi`B#miBQM *�M q2 1tTH�BM\Ǵ aa_L a+?QH�`Hv S�T2` A. Rk3e9RRX _Q+?2bi2`- Lu,
aQ+B�H a+B2M+2 _2b2�`+? L2irQ`FX ?iiTb,ffT�T2`bXbb`MX+QKf�#bi`�+i4Rk3e9RRX

:Q`/QM- A�M _X- �M/ S?BHBT J+*�MMX kyyyX ǳAM/mbi`B�H *Hmbi2`b, *QKTH2t2b- �;;HQK2`�iBQM �M/fQ` aQ+B�H
L2irQ`Fb\Ǵ l`#�M aim/B2b jd UjV, 8RjĜjkX /QB,RyXRy3yfyy9kyN3yykyNeX

>X- /2 h`B+Q`MQiX RNdNX ǳ"v2 UJ�m`B+2V- .2bi�MM2 .2 "2`MBb U:û`�`/V @ _2H�iBQMb û+QMQKB[m2b AMi2`M�@
iBQM�H2bXǴ ?iiT,ffrrrXT2`b22X7`f/Q+f`2+Qnyyj8@kde9nRNdNnMmKnjynjn9y39d9niRny8eRnyyyynyyyX

>�/2M;m2- J�`BM2- �M/ h?B2``v q�`BMX kyR9X ǳS�ii2`Mb Q7 aT2+B�HBx�iBQM �M/ UlMV+QM/BiBQM�H *QMp2`;2M+2,
h?2 *�b2b Q7 "`�xBH- *?BM� �M/ AM/B�XǴ J�M�;2K2Mi AMi2`M�iBQM�H f AMi2`M�iBQM�H J�M�;2K2Mi f :2biBǁM
AMi2`M�+BQM�H R3, RkjĜ9RX /QB,RyXdkykfRykd3eN�`X

>�MB- aQm#`�X kyy3X ǳwQM2 JQMûi�B`2 PTiBK�H2 , _2pm2 2i �TTHB+�iBQM �mt S�vb .m *QMb2BH /2 *QQTû`�iBQM
.m :QH72XǴ >1* JQMi`û�H- JûKQB`2-X

>2HTK�M- 1X RN3dX ǳAKT2`72+i *QKT2iBiBQM �M/ AMi2`M�iBQM�H h`�/2, 1pB/2M+2 7`QK 6Qm`i22M AM/mbi`B�H
*QmMi`B2bXǴ CQm`M�H Q7 i?2 C�T�M2b2 �M/ AMi2`M�iBQM�H 1+QMQKB2b R, ekĜ3RX

>2HTK�M- 1- �M/ S�mH E`m;K�MX RN38X ǳJ�`F2i ai`m+im`2 �M/ 6Q`2B;M h`�/2XǴ

E2M2M- S2i2` "X RNeNX ǳh?2 h?2Q`v Q7 PTiBKmK *m``2M+v �`2�b, �M 1+H2+iB+ oB2rXǴ AM JQM2i�`v S`Q#H2Kb
BM i?2 AMi2`M�iBQM�H 1+QMQKv- 2/Bi2/ #v _Q#2`i JmM/2HH �M/ � arQ#Q/�X *?B+�;Q, lMBp2`bBiv Q7 *?B+�;Q
S`2bbX

E2i2Hb- *?`BbiB�M- �M/ a2`;Bv S`QibBpX kyRjX ǳ*Hmbi2`b �M/ i?2 L2r :`Qri? S�i? 7Q` 1m`QT2-Ǵ CmHvX ?iiT,
ffrrrX?#bX2/mf7�+mHivfS�;2bfBi2KX�bTt\MmK498R38X

EBM/H2#2`;2`- *?�`H2b SX RN3eX ǳAMi2`M�iBQM�H Sm#HB+ :QQ/ qBi?Qmi AMi2`M�iBQM�H :Qp2`MK2MiXǴ �K2`B+�M
1+QMQKB+ _2pB2r de URV, RĜRjX ?iiT,ff2+QMT�T2`bX`2T2+XQ`;f�`iB+H2f�2��2+`2pfpnj�denj�vnj�RN3enj�Bn
j�Rnj�Tnj�R@RjX?iKX

E`m;K�MX RNNj�X ǳG2bbQMb Q7 J�bb�+?mb2iib 7Q` 1JlXǴ ?iiT,ff+Bi2b22`tXBbiXTbmX2/mfpB2r/Q+f/QrMHQ�/\
/QB4RyXRXRXjN9XNddR�`2T4`2TR�ivT24T/7X

E`m;K�M- S�mHX RNNRX ǳAM+`2�bBM; _2im`Mb �M/ 1+QMQKB+ :2Q;`�T?vXǴ CQm`M�H Q7 SQHBiB+�H 1+QMQKv NN UjV,
93jĜNNX /QB,RyXRy3efkeRdejX

ěěěX RNNj#X ǳAMi2;`�iBQM- aT2+B�HBx�iBQM �M/ _2;BQM�H :`Qri?, LQi2b QM RNNkXǴ AM �/DmbiK2Mi �M/
:`Qri? BM i?2 1m`QT2�M JQM2i�`v lMBQM- 2/Bi2/ #v 6 hQ``2b �M/ 6`�M+2b+Q :B�p�xxBX *�K#`B/;2, *�K@
#`B/;2 lMBp2`bBiv S`2bbX

E`m;K�M- S�mH _X RNdNX ǳAM+`2�bBM; _2im`Mb- JQMQTQHBbiB+ *QKT2iBiBQM- �M/ AMi2`M�iBQM�H h`�/2XǴ CQm`M�H
Q7 AMi2`M�iBQM�H 1+QMQKB+b N U9V, 9eNĜdNX /QB,RyXRyRefyykk@RNNeUdNVNyyRd@8X
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ěěěX RN3RX ǳAMi`�BM/mbi`v aT2+B�HBx�iBQM �M/ i?2 :�BMb 7`QK h`�/2XǴ CQm`M�H Q7 SQHBiB+�H 1+QMQKv 3N U8V,
N8NĜdjX /QB,RyXRy3efkeRyR8X

E`m;K�M- S�mH- �M/ J�m`B+2 P#bi72H/X RN33X AMi2`M�iBQM�H 1+QMQKB+b, h?2Q`v �M/ SQHB+vX a+Qii- 6Q`2bK�MX

E`m;K�M- S�mH- �M/ �H�b/�B` aKBi?X RNN9X 1KTB`B+�H aim/B2b Q7 ai`�i2;B+ h`�/2 SQHB+vX L�iBQM�H "m`2�m
Q7 1+QMQKB+ _2b2�`+?- AM+X ?iiTb,ffB/2�bX`2T2+XQ`;f#fM#`fM#2`#FfF`m;N9@RX?iKHX

E`m;K�M- S�mH- �M/ �Mi?QMv o2M�#H2bX RNNj�X ǳAMi2;`�iBQM- aT2+B�HBx�iBQM- �M/ i?2 �/DmbiK2MiXǴ L"1_
qQ`FBM; S�T2` 988NX L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?- AM+X ?iiTb,ffB/2�bX`2T2+XQ`;fTfM#`fM#2`rQf
988NX?iKHX

ěěěX RNNj#X ǳAMi2;`�iBQM- aT2+B�HBx�iBQM- �M/ i?2 �/DmbiK2MiXǴ 988NX L�iBQM�H "m`2�m Q7 1+QMQKB+
_2b2�`+?- AM+X ?iiTb,ffB/2�bX`2T2+XQ`;fTfM#`fM#2`rQf988NX?iKHX

E`m;K�M- S�mH- �M/ �Mi?QMv CX o2M�#H2bX RNNyX ǳAMi2;`�iBQM �M/ i?2 *QKT2iBiBp2M2bb Q7 S2`BT?2`�H AM/mb@
i`vXǴ *1S_ .Bb+mbbBQM S�T2` jejX *X1XSX_X .Bb+mbbBQM S�T2`bX ?iiTb,ffB/2�bX`2T2+XQ`;fTf+T`f+2T`/TfjejX
?iKHX

ěěěX RNNj+X ǳAMi2;`�iBQM- aT2+B�HBx�iBQM �M/ �/DmbiK2MiXǴ *1S_ .Bb+mbbBQM S�T2` 33eX *X1XSX_X .Bb@
+mbbBQM S�T2`bX ?iiTb,ffB/2�bX`2T2+XQ`;fTf+T`f+2T`/Tf33eX?iKHX

ěěěX RNN9X ǳ:HQ#�HBx�iBQM �M/ i?2 AM2[m�HBiv Q7 L�iBQMbXǴ RyR8X *X1XSX_X .Bb+mbbBQM S�T2`bX ?iiTb,
ffB/2�bX`2T2+XQ`;fTf+T`f+2T`/TfRyR8X?iKHX G2QMiB27- q�bbBHvX RN88X ǳaQK2 "�bB+ S`Q#H2Kb Q7 1KTB`B+�H
AMTmi@PmiTmi �M�HvbBbXǴ L"1_ *?�Ti2`bX L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?- AM+X ?iiTb,ffB/2�bX`2T2+X
Q`;f?fM#`fM#2`+?fk3e9X?iKHX
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