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A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR 1/BiQ`B�H

6`QK i?2 1/BiQ`
JBM; q�M;

.2�` A*a� J2K#2`b,
q2H+QK2 iQ Qm` }`bi Bbbm2 Q7 i?2 kykR A*a� "mH@

H2iBM5 >�TTv L2r u2�`5
.m`BM; i?Bb bT2+B�H T2`BQ/- Bi Bb Kv ;`2�i TH2�bm`2

�M/ ?QMQ` iQ b2`p2 �b i?2 M2r 2/BiQ`@BM@+?B27 Q7 i?2
A*a� "mHH2iBM 7Q` kykR@kykjX 6B`bi- A rQmH/ HBF2 iQ
i?�MF .`X uB >m�M;’b ?�`/ rQ`F QM T`2pBQmb Bbbm2b-
�M/ �TT`2+B�i2 ?2` ;2M2`Qmb bmTTQ`i iQ ?2HT K2 ;2i
7�KBHB�` rBi? i?2 +QMi2Mib �M/ i?2 ;2M2`�iBQM T`Q+2@
/m`2 Q7 Qm` A*a� #mHH2iBM5 �HbQ- rBi? i?2 ;mB/�M+2
Q7 i?2 kykR S`2bB/2Mi .`X *QHBM qm �M/ 1t2+miBp2
.B`2+iQ` .`X J2M;HBM; GBm- i?Bb i`�MbBiBQM T2`BQ/
r2Mi bKQQi?HvX A ?�p2 � /2Ti? H2�`MBM; �#Qmi i?2
7QmM/�iBQM Q7 A*a� �M/ Bib `2pQHmiBQM- `2K�`F�#H2
H2�/2`b �M/ K�Mv 2t+2HH2Mi K2K#2`b r?Q K�F2 Qm`
�bbQ+B�iBQM H�`;2` �M/ KQ`2 BKT�+i7mH iQ i?2 bQ+B2ivX
A rBHH 2M/2�pQ` iQ /Q Kv #2bi iQ K�BMi�BM Qm` A*a�
#mHH2iBM [m�HBiv �b ?B;? �b A +�MX

AM i?Bb Bbbm2 Q7 i?2 A*a� "mHH2iBM- i?2`2 �`2 irQ
�`iB+H2b- QM2 K2KQ`B�H �`iB+H2 �M/ 7Qm` +QHmKM �`iB@
+H2b �HQM; rBi? T`BQ` #mHH2iBMbǶ i`�/BiBQMX h?2 }`bi
BMpBi2/ �`iB+H2 Bb �M BMi2`pB2r �`iB+H2 7`QK S`Q72bbQ`
"BM um- r`Bii2M #v CQM "�b?Q` U`2T`BMi2/ rBi? T2`@
KBbbBQM 7`QK i?2 r2#bBi2 Q7 lMBp2`bBiv Q7 *�HB7Q`MB�
"2`F2H2v .BpBbBQM Q7 *QKTmiBM;- .�i� a+B2M+2 �M/
aQ+B2ivVX �b i?2 *?�M+2HHQ`Ƕb S`Q72bbQ` BM i?2 .2@
T�`iK2Mib Q7 ai�iBbiB+b �M/ Q7 1H2+i`B+�H 1M;BM22`BM;
�M/ *QKTmi2` a+B2M+2b �i i?2 lMBp2`bBiv Q7 *�HB7Q`@
MB� �i "2`F2H2v- .`X um T`QpB/2b � MQp2H BMbB;?i
QM � #2ii2` 7`�K2rQ`F 7Q` KQ`2 `Q#mbi- i`mbirQ`@
i?v /�i� b+B2M+2X 6m`i?2`KQ`2- BM i?2 b2+QM/ �`@
iB+H2- .`X um T`2b2Mi2/ i?2 KQbi 2t+BiBM; Ry +?�H@
H2M;2b BM /�i� b+B2M+2 iQ bQHp2 `2�H@rQ`H/ /�i� T`Q#@
H2Kb rBi? TQbBiBp2 BKT�+ibX h?Bb �`iB+H2 Bb `2T`BMi2/
7`QK i?2 >�`p�`/ .�i� a+B2M+2b _2pB2r rBi? T2`@
KBbbBQM U?iiTb,ff?/b`XKBiT`2bbXKBiX2/mfTm#f2
F`?bmB3f`2H2�b2fRVX .`X um �M/ ?2` ;`QmT �i
"2`F2H2v Bb 2M;�;2/ BM BMi2`/Bb+BTHBM�`v `2b2�`+? #v
2KTHQvBM; [m�MiBi�iBp2 +`BiB+�H i?BMFBM; �M/ /2p2H@
QTBM; bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; �H;Q`Bi?Kb
�M/ i?2Q`vX LQr i?2v �`2 �+iBp2Hv BMpQHp2/ BM `2@
b2�`+? 7Q` };?iBM; i?2 *PoA.@RN T�M/2KB+- �M/
HQQF 7Q`r�`/ iQ i?2B` BKTQ`i�Mi }M/BM;b5 AM �/@
/BiBQM- r2 BM+Hm/2 QM2 K2KQ`B�H �`iB+H2 �bb2K#HBM;
K2KQ`B2b �M/ biQ`B2b 7Q` `2K2K#2`BM; .`X sB�M@
;`QM; uBMX q2 722H b�/ iQ HQb2 bm+? � ;`2�i K2K#2`
�M/ 7`B2M/- �M/ i?�MF 7Q` ?Bb DQv7mH bTB`Bi �M/ BMbTB@
`�iBQM #`Qm;?i iQ 2p2`vQM2 i?�i FM2r ?BK5

AM i?2 +QHmKM ǳ>BMib 7`QK >�Mb-Ǵ S`Q72bbQ`

>�Mb _m/QH7 EɃMb+? i�HFb �#Qmi bQK2 biQ`B2b /m`@
BM; i?2 T�M/2KB+ iQ 2t2KTHB7v � /BH2KK� Q7 b+B@
2M+2- �M/ 2KT?�bBx2 i?2 �r�`2M2bb Q7 bQK2 Bbbm2b
BM i?2 +QKKmMB+�iBQM Q7 b+B2MiB}+ 2pB/2M+2 �M/ mM@
+2`i�BMivX AM i?2 +QHmKM Q7 ǳuBǶb 6.� aiQ`B2b-Ǵ .`X
uB hbQM; b?�`2/ rBi? mb BKTQ`i�Mi ?BbiQ`B+�H 2p2Mib
?�TT2M2/ BM RNN9- �M/ K2MiBQM2/ ?Bb 2tT2`B2M+2 BM
�M�HvxBM; i?2 lTT2` ;�bi`QBMi2biBM�H #H22/BM;- T2`@
7Q`�iBQM- �M/ mH+2` UlSlV 2p2Mib 7`QK LQMbi2`QB/�H
�MiB@BM~�KK�iQ`v /`m;b BM RNNybX AM i?2 +QHmKM
ǳh2`2M+2Ƕb aimz-Ǵ S`Q72bbQ` h2``v aT22/ /Bb+mbb2b
i?2 +QM+2`Mb �M/ i?2 BKTQ`i�M+2 Q7 �bbmKTiBQMb 7Q`
bi�iBbiB+�H �M�HvbBbX >Qr r2 +�M K�F2 � `2�bQM�#H2
bi�iBbiB+�H �bbmKTiBQM- �TTHv Qm` bi�iBbiB+�H K2i?Q/b
+Q``2+iHv �M/ i?2M BM72` � p�HB/ bi�iBbiB+�H +QM+HmbBQM
�#Qmi i?2 `2�H rQ`H/ biBHH ?�b � HQM; r�v iQ ;QX h?Bb
im`Mb Qmi iQ #2 KQ`2 m`;2/ �M/ +`BiB+�H /m`BM; i?Bb
T�M/2KB+X h?Bb Bb � `2T`BMi 7`QK i?2 �mi?Q`’b +QH@
mKM ǳ�bbmKTiBQMbǴ BM i?2 AJa "mHH2iBM- LQp2K#2`
kyReX AM i?2 +QHmKM ǳsG@6BH2b-Ǵ S`Q72bbQ` sB�Q@GB
J2M; b?�`2b ?Bb QTBMBQMb QM TQHHBM;- �M/ T`QpB/2b �
;2M2`�H B/2� Q7 `2T`2b2Mi�iBp2 b�KTHBM; #v miBHBxBM;
� pBpB/ 2t�KTH2 Q7 ǳbQmTǴ 7Q` 2tTH�M�iBQMX h?Bb Bb �
`2T`BMi 7`QK i?2 �mi?Q`’b +QHmKM ǳPTBMBQM SQHHBM;,
Aib a2+`2i a�m+2 Bb �HbQ Bib aTQBH�;2 aQm`+2Ǵ BM i?2
AJa "mHH2iBM- 62#`m�`v kykRX

_2;�`/BM; iQ A*a� #mbBM2bb- i?Bb Bbbm2 Q7 i?2
"mHH2iBM BM+Hm/2b � K2bb�;2 7`QK i?2 kykR A*a�
S`2bB/2Mi- .`X *QHBM qm- �M/ �HbQ i?2 kyky A*a�
S`2bB/2Mi- .`X CB�M;mQ amMc i?2 �MMQmM+2K2Mi Q7
A*a� kykR Q{+B�H 2H2+iBQM `2bmHibc i?2 +�HH 7Q` LQK@
BM�iBQMb Q7 *�M/B/�i2b 7Q` kykk A*a� P{+2`bc i?2
+�HH 7Q` LQKBM�iBQMb Q7 i?2 kykR A*a� �r�`/bc `2@
TQ`i 7`QK i?2 A*a� aT`BM;2` "QQF a2`B2b BM ai�iBb@
iB+bX h?Bb Bbbm2 �HbQ +QMi�BMb kyky A*a� 6BM�M@
+B�H _2TQ`i- �M/ �HbQ bmKK�`v `2TQ`i Q7 i?2 kyky
A*a� �TTHB2/ ai�iBbiB+b avKTQbBmK T`QpB/2/ #v
.`X >mHBM qmX h?2 +QKBM; A*a� bTQMbQ`2/ Q` +Q@
bTQMbQ`2/ K22iBM;b �M/ +QM72`2M+2b �`2 �MMQmM+2/
�i i?2 2M/ Q7 i?Bb Bbbm2X P7 MQi Bb i?�i r2 �HbQ ?�p2
� irQ@T�;2 BMi`Q/m+iBQM QM >�`p�`/ .�i� a+B2M+2b
_2pB2r U>.a_V- �M QT2M �++2bb `2bQm`+2 7Q` H2�/@
BM; �M/ �/p�M+2/ +QMi2Mi BM /�i� b+B2M+2- rBi? i?2
7QmM/BM; 2/BiQ`@BM@+?B27 Q7 S`Q72bbQ` sB�Q@GB J2M;X
AM Qm` 7mim`2 Bbbm2b Q7 A*a� "mHH2iBM- r2 +�M `2T`BMi
�Mv >.a_ �`iB+H2 Q7 BMi2`2bi iQ Qm` K2K#2`bX �T@
T`2+B�i2 .`X J2M;Ƕb ;2M2`QbBiv �M/ bi`QM; bmTTQ`i
QM Qm` A*a�5 AM i?2 K2�MiBK2- Qm` A*a� K2K#2`b
�`2 �HbQ 2M+Qm`�;2/ iQ +QMi`B#mi2 vQm` rQ`F Q` B/2�b
iQ i?2 >.a_ BM 7mim`2X

AM i?2 2M/- A rQmH/ HBF2 iQ i?�MF �HH i?2 +QM@

Ü rrrXB+b�XQ`; R
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i`B#miQ`b- A*a� 2t2+miBp2b �M/ +QKKBii22 K2K#2`b
7Q` i?2B` bmTTQ`i QM Qm` #mHH2iBM rQ`FX AM T�`iB+m@
H�`- A rQmH/ HBF2 iQ i?�MF .`X sB�Qvm *�B 7Q` ?2`
iBK2 ?2HTBM; mb iQ };m`2 Qmi i?2 G�h2s #�``B2`b BM
i?2 +QMbi`m+iBQM Q7 A*a� #mHH2iBM 7Q` i?2 }`bi iBK2X
�HbQ- A r�Mi iQ i?�MF .`X *?BtB�M; *?2M iQ b2`p2
Kv �bbBbi�Mi �M/ ?2HTBM; K2 QM b2M/BM; 7QHHQr@mT
2K�BHb �M/ }H2 ;2M2`�iBQMX h?2B` ?2HT- bmTTQ`i �M/
2Mi?mbB�bK �`2 +`BiB+�H iQ 2Mbm`2 i?Bb Bbbm2 +QK2 Qmi
QM iBK2X G�biHv- A ?�p2 iQ b�v i?�i K�Mv Q7 mb 2t@
T2`B2M+2/ �MtB2iv �M/ /2T`2bbBQM BM i?2 T�bi v2�`-
#mi rBi? ?QT2b- A i`mHv #2HB2p2 i?�i i?2`2’b � HB;?i

�i i?2 2M/ Q7 i?2 imMM2HX G2iǶb F22T ;QBM; #v bmT@
TQ`iBM; 2�+? Qi?2` �M/ +QMi`B#miBM; Qm`b2Hp2b iQ i?2
bQ+B2iv- �M/ Qm` MQ`K�H HB72 rBHH +QK2 #�+F bQQM5

JBM; q�M;- S?X.X
1/BiQ`@BM@*?B27- A*a� "mHH2iBM
�bbQ+B�i2 S`Q72bbQ`
.BpBbBQM Q7 "BQbi�iBbiB+b �M/
"BQBM7Q`K�iB+b
*QHH2;2 Q7 J2/B+BM2
S2MMbvHp�MB� ai�i2 lMBp2`bBiv

6`QK i?2 kykR S`2bB/2Mi- A*a�
*QHBM qm

.2�` A*a� K2K#2`b �M/ 7`B2M/b-
qBi? T`B/2 �M/ `2bBHB2M+2- r2 b�B/ ;QQ/#v2 iQ

kyky �M/ 2Mi2`2/ kykRX �Hi?Qm;? i?2 T�bi v2�`
r�b imKmHimQmb �b r2 2M/m`2/ i?2 *PoA.@RN T�M@
/2KB+ �b r2HH �b bB;MB}+�Mi bQ+B�H �M/ 2+QMQKB+
+?�M;2b- i?2 A*a� +QKKmMBiv ?�b #22M ~Qm`Bb?BM;
�M/ ;`QrBM; bi`QM;X h?�MFb iQ i?2 H2�/2`b?BT Q7
i?2 kyky A*a� H2�/2`b?BT i2�K H2/ #v kyky S`2bB@
/2Mi .`X CB�M;mQ UhQMvV amM- 1t2+miBp2 .B`2+iQ`
.`X J2M;HBM; GBm- �M/ K2K#2`b Q7 i?2 "Q`/ Q7 .B@
`2+iQ`b- kyky r�b � 7`mBi7mH �M/ T`Q/m+iBp2 v2�` 7Q`
Qm` bQ+B2ivX �Hi?Qm;? r2 r2`2 7Q`+2/ iQ +�M+2H Qm`
kyky *?BM� *QM72`2M+2b /m2 iQ `2bi`B+iBQM QM BMi2`@
M�iBQM�H i`�p2H- r2 ?�/ � ǳpB`im�HHv �K�xBM;Ǵ kyky
�TTHB2/ ai�iBbiB+b avKTQbBmK- r?B+? �ii`�+i2/ Qp2`
bBt ?mM/`2/ T�`iB+BT�Mib- b?Qr+�b2/ bi�i2@Q7@i?2@�`i
b+B2MiB}+ T`2b2Mi�iBQMb- �M/ r�b ?B;?HB;?i2/ #v �
#`BHHB�Mi pB`im�H i�H2Mi b?QrX h?2 #`BHHB�M+2 2t?B#@
Bi2/ BM i?2 T`2b2Mi�iBQMb �M/ i?2 i�H2Mi b?Qr r�b �M
2v2 QT2M2` 7Q` K2 iQ Q#b2`p2 i?2 KmHiB7�+2i2/ i�H2Mib
Q7 Qm` K2K#2`b �M/ Qm` M2ti ;2M2`�iBQM Q7 T`Q/m+@
iBp2 +BiBx2MbX AiǶb � /2KQMbi`�iBQM i?�i A*a� Bb �
#B; r�`K 7�KBHv i?�i +QMM2+ib mb #Qi? T`Q72bbBQM@
�HHv �M/ bQ+B�HHvX A rQmH/ HBF2 iQ ;Bp2 � #B; i?�MFb
iQ .`X >mHBM qm �M/ �HH i?2 K2K#2`b Q7 i?2 kyky
�TTHB2/ ai�iBbiB+b avKTQbBmK Q`;�MBxBM; +QKKBi@
i22X h?2B` /2/B+�iBQM �M/ +`2�iBpBiv 2Mbm`2/ mb �
T`Q/m+iBp2 �M/ 2MDQv�#H2 2p2Mi /m`BM; i?2 *PoA.@
RN HQ+F/QrM 2p2M i?Qm;? r2 r2`2 MQi �#H2 iQ 2M@
DQv Qm` �MMm�H ;�i?2`BM;b �b mbm�HX P7 +Qm`b2- i?2
bm++2bb Q7 Qm` bQ+B2iv BM kyky r2Mi 7�` #2vQM/ i?2
�TTHB2/ ai�iBbiB+b avKTQbBmKX Pm` K2K#2`b ?�p2

#22M ?B;?Hv T`Q/m+iBp2 BM �HH FBM/b Q7 b+B2MiB}+ �M/
T`Q72bbBQM�H �+iBpBiB2b- r?B+? K�F2b Qm` bQ+B2iv �
?B;?Hv `2Tmi�#H2 �M/ `2bT2+i�#H2 2MiBiv rBi?BM i?2
bi�iBbiB+�H +QKKmMBivX �Hi?Qm;? r2 bi�iBbiB+B�Mb �`2
Q7i2M MQi i?2 Tm#HB+ 7�+2b Q7 ?B;? T`Q}H2 b+B2MiB}+
T`QD2+ib- BM i?Bb 2`� Q7 ǳ#B; /�i� �M/ �`iB}+B�H U�+im@
�HHv ?mK�MV BMi2HHB;2M+2-Ǵ Qm` T`2b2M+2 �M/ +QMi`B@
#miBQMb �`2 i?2 #�+F#QM2 7Q` DmbiB7vBM; i?2 b+B2M+2
#2?BM/ i?2b2 T`QD2+ibX aT2+B}+�HHv- A rQmH/ HBF2 iQ
i?�MF i?Qb2 A*a� K2K#2`b r?Q ?�p2 #22M �+iBp2Hv
�M/ /B`2+iHv T�`iB+BT�i2/ BM p�`BQmb T`QD2+ib `2H�i2/
iQ i?2 };?i �;�BMbi *PoA.@RNX h?2B` /2/B+�iBQM- BM@
;2MmBiv- �M/ b�+`B}+2 �`2 F2v +QKTQM2Mib i?�i b�p2
+QmMiH2bb HBp2b �M/ T`QpB/2 mb ?QT2 7Q` rBMMBM; i?2
};?i �;�BMbi i?2 T�M/2KB+X

6`QK i?2 7QmM/BM; Q7 A*a� BM RN33- A ?�p2 T2`@
bQM�HHv rBiM2bb2/ Bib ;`Qri? 7`QK � bK�HH ;`QmT Q7
bi�iBbiB+B�Mb iQ � K�DQ` 7Q`+2 rBi? KQ`2 i?�M Ryyy
�+iBp2 K2K#2`bX LQr�/�vb vQm +�MMQi KBbb i?2
bB;?i Q7 Qm` K2K#2`b �i �HH FBM/b Q7 bi�iBbiB+�H K22i@
BM;b- bm+? �b i?2 CaJ- 1L�_- qL�_ �M/ AJa
K22iBM;bX �7i2` � v2�` Q7 H2�`MBM; i?2 DQ# �b i?2
A*a� S`2bB/2Mi@1H2+i- A �K ?QMQ`2/ iQ �bbmK2 i?2
`2bTQMbB#BHBiv Q7 A*a� T`2bB/2M+v i?Bb v2�`X �i i?2
b�K2 iBK2- A �K ?mK#H2/ #v i?2 bmTTQ`i 7`QK i?2
A*a� 7�KBHv- T�`iB+mH�`Hv i?Qb2 r?Q ?�/ b2`p2/ Q`
�`2 +m``2MiHv b2`pBM; QM p�`BQmb A*a� +QKKBii22bX
hQ 2Mbm`2 i?2 +QMiBMm2/ bm++2bb Q7 Qm` bQ+B2iv- r2
M22/ i?2 T�`iB+BT�iBQM �M/ +mKmH�iBp2 2zQ`i 7`QK �HH
Qm` K2K#2`bX hQ #2ii2` b2`p2 Qm` 2tBbiBM; K2K#2`b
�M/ �ii`�+i M2r K2K#2`b- r2 M22/ iQ ?�p2 7Q`r�`/
pBbBQMb QM r?�i i?2 7mim`2 K�v #2biQr mTQM Qm` T`Q@
72bbBQM �M/ Qm` bQ+B2ivX q2 M22/ iQ #2 T`Q�+iBp2 �M/
i�F2 [mB+F �+iBQMb BM i?Bb `�TB/Hv +?�M;BM; rQ`H/X A
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rBHH 7QHHQr i?2 iBK2@?QMQ`2/ i`�/BiBQM Q7 Qm` T�bi
A*a� H2�/2`b �M/ +QMbi�MiHv b22F vQm` +QKK2Mib
�M/ bm;;2biBQMbX q2 +QmH/ �+i mTQM vQm` ;QQ/ bm;@
;2biBQMb iQ 7m`i?2` BKT`Qp2 Qm` bQ+B2ivX qBi? i?2
H2�/2`b?BT Q7 Qm` 1t2+miBp2 *QKKBii22 �M/ "Q�`/ Q7
.B`2+iQ`b �M/ i?2 ?�`/ rQ`F Q7 Qm` +QKKBii22 K2K@
#2`b- r2 +�M 7m`i?2` 2M?�M+2 Qm` `2Tmi�iBQM rBi?BM
i?2 bi�iBbiB+�H +QKKmMBiv �M/ K�F2 Qm` bQ+B2iv �
72`iBH2 ;`QmM/ Q7 T`Q72bbBQM�H ;`Qri? 7Q` #Qi? vQmM;
�M/ ǳvQmM;@�i@?2�`iǴ K2K#2`bX

GQQFBM; 7Q`r�`/ iQ kykR- A �K bm`2 i?�i- rBi?
i?2 ?2HT Q7 Qm` K2K#2`b- r2 +�M #2 � KQ`2 BM+Hm@
bBp2 T`Q72bbBQM�H bQ+B2iv �M/ 2tT�M/ Qm` BM~m2M+2
BMiQ � MmK#2` Q7 M2r �`2�b Q7 /�i� b+B2M+2X AM T�`@
iB+mH�`- r2 +�M mb2 i?2 A*a� �+iBpBiB2b- bm+? �b Qm`
H�`;2 K22iBM;b- HQ+�H rQ`Fb?QTb- r2#BM�`b �M/ QM@
HBM2 +QM72`2M+2b- iQ 2t+?�M;2 T`QKBbBM; B/2�b BM M2r
7`QMiB2`b- 7�+BHBi�i2 +QHH�#Q`�iBQM �KQM; `2b2�`+?2`b
BM �+�/2KB�- BM/mbi`v �M/ ;Qp2`MK2Mi- �M/ T`Q@
KQi2 vQmM; `2b2�`+?2`b BM Qm` T`Q72bbBQMX A �K
T`Qm/ Q7 i?2 7�+i i?�i K�Mv Q7 Qm` A*a� K2K@
#2`b �`2 rQ`H/@`2MQrM2/ 2tT2`ib Q7 bi�iBbiB+�H K�@
+?BM2 H2�`MBM; �M/ �`iB}+B�H BMi2HHB;2M+2 UJGf�AVX
AM i?Bb 2`� Q7 ǳ_2�H qQ`H/ .�i�f_2�H qQ`H/ 1pB@
/2M+2Ǵ U_q.f_q1V- A*a� ?�b i?2 mMB[m2 QTTQ`@
imMBiv iQ TH�v � H2�/2`b?BT `QH2 BM T`QKQiBM; i?2
mb2 Q7 bi�iBbiB+�H JGf�A K2i?Q/b iQ Qi?2` �`2�b
Q7 /�i� b+B2M+2 �M/ #2vQM/X :Bp2M i?2 2tT�M/BM;
DQ# K�`F2i 7Q` bi�iBbiB+B�Mb BM b+B2MiB}+ }2H/b miB@
HBxBM; JGf�A- pBbB#BHBiv Q7 A*a� �+iBpBiB2b rBHH #2
i`2K2M/QmbHv ?2HT7mH 7Q` Qm` vQmM; `2b2�`+?2`bX Jv
QrM 2tT2`B2M+2 �b � T`Qm/ `2b2�`+?2` �i i?2 L�@
iBQM�H AMbiBimi2b Q7 >2�Hi? ULA>V Bb i?�i K�Mv Q7
i?2 �p�BH�#H2 `2bQm`+2b 7Q` /�i�- bi�iBbiB+�H K2i?Q/b
�M/ +QKTmi�iBQM�H iQQHb �`2 biBHH mM/2`@miBHBx2/ �M/
i?Bb Bbbm2 ?�b #22M r2HH@`2+Q;MBx2/ #v i?2 ;2M2`�H
b+B2MiB}+ +QKKmMBivX �b � `2bmHi- i?2 LA> ?�b #22M
BM+`2�bBM; Bib 2zQ`ib i?`Qm;? 7mM/BM; �M/ +QHH�#Q@
`�iBp2 QTTQ`imMBiB2b BM /�i� b+B2M+2X A #2HB2p2 i?�i
A*a� +�M �M/ b?QmH/ T�`iB+BT�i2 BM i?2b2 �+iBpBiB2b
i?`Qm;? Qm` DQm`M�Hb- +QM72`2M+2b- rQ`Fb?QTb �M/
Qi?2` MQp2H B/2�bX Pm` `2Tmi�iBQM �b � H2�/BM; bi�@

iBbiB+�H bQ+B2iv rBHH �HbQ #2 i`2K2M/QmbHv ?2HT7mH iQ
T`QKQi2 A*a� K2K#2`b iQ H2�/2`b?BT TQbBiBQMb BM
i?2 �K2`B+�M ai�iBbiB+�H �bbQ+B�iBQM U�a�VX :Bp2M
i?�i �bB�M �K2`B+�Mb �`2 biBHH mM/2`@`2T`2b2Mi2/ BM
K�Mv H2�/2`b?BT TQbBiBQMb Q7 �a�- QM2 Q7 Kv ;Q�H
BM kykR Bb iQ MQKBM�i2 Qm` T`QKBM2Mi K2K#2`b iQ
b2`p2 QM p�`BQmb H2�/2`b?BT TQbBiBQMb �i �a� �M/ Bib
+QKKBii22bX

�b �M 2t�KTH2 Q7 BMMQp�iBp2 B/2�b- BM i?Bb Bbbm2
Q7 i?2 "mHH2iBM- vQm +�M }M/ �M BMi2`2biBM; BMi2`pB2r
Q7 S`Q72bbQ` "BM um iQ;2i?2` rBi? QM2 Q7 ?2` �`iB+H2b
QM i?2 M2r 7`QMiB2`b Q7 /�i� b+B2M+2X AM i?2b2 TB2+2b-
S`Q72bbQ` "BM um b?�`2/ ?2` 2tT2`B2M+2 Qp2` i?2 T�bi
jy v2�`b Tmb?BM; i?2 #QmM/�`v Q7 bi�iBbiB+�H `2b2�`+?
iQ T`2pBQmbHv mMFMQrM i2``BiQ`B2bX h?2b2 BMMQp�@
iBp2 `2b2�`+? �M/ /Bb+Qp2`B2b H2/ mb iQ i?2 iQQHb 7Q`
};?iBM; i?2 *PoA.@RN T�M/2KB+- �/p�M+BM; b+B2M+2
�M/ #2BM; T�`i Q7 i?2 BM7Q`K�iBQM `2pQHmiBQMX A �K
bm`2 i?�i vQm rBHH }M/ i?2b2 �M/ �HH Qi?2` �`iB+H2b BM
i?Bb Bbbm2 BMi2`2biBM; `2�/bX A ?QT2 i?2b2 i?Qm;?i@
T`QpQFBM; �`iB+H2b rBHH H2�/ mb iQ �+iBQM�#H2 Bi2Kb
7Q` A*a� BM i?2 M2r v2�`X

6BM�HHv- A rQmH/ HBF2 iQ 2tT`2bb Kv /22T2bi bvK@
T�i?B2b iQ .`X sB�M;`QM; uBMǶb 7�KBHvX .`X sB�M;@
`QM; uBM- T`Q72bbQ` Q7 bi�iBbiB+b �i i?2 lMBp2`bBiv
Q7 E2Mim+Fv- T�bb2/ �r�v bm//2MHv QM �m;mbi RR-
kyky- �i i?2 �;2 Q7 89X >2 r�b � T`QHB}+ �M/ r2HH@
`2+Q;MBx2/ `2b2�`+?2` �M/ i2�+?2`X q2 KBbb ?BK
/2�`HvX uQm +�M }M/ BM i?Bb Bbbm2 Q7 i?2 "mHH2iBM
� K2KQ`B�H �`iB+H2 �#Qmi .`X uBM r`Bii2M #v .`X
CQ?M aim7F2M- "�MF Q7 �K2`B+� 1t+2HH2M+2 S`Q72bbQ`
�i lL* :`22Mb#Q`QX h?2`2 rBHH �HbQ #2 �M BMpBi2/
K2KQ`B�H T�M2H 7Q` .`X sB�M;`QM; uBM BM i?2 kykR
CaJX

*QHBM qm S?X.X
kykR S`2bB/2Mi- A*a�
J�i?2K�iB+�H ai�iBbiB+B�M L�@
iBQM�H >2�`i- GmM; �M/ "HQQ/
AMbiBimi2
L�iBQM�H AMbiBimi2b Q7 >2�Hi?
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6`QK i?2 kyky S`2bB/2Mi- A*a�
CB�M;mQ UhQMvV amM

.2�` A*a� J2K#2`b �M/
6`B2M/b-

>�TTv L2r u2�`5 Ai ?�b
#22M Kv ;`2�i TH2�bm`2 �M/
?QMQ` iQ b2`p2 �b i?2 T`2bB@
/2Mi Q7 i?2 A*a� BM kyky �M/
r?�i � v2�` r2 ?�/X �H@
i?Qm;? *PoA.@RN K�/2 K�Mv
i?BM;b /B{+mHi �M/ +?�M;2/

K�Mv i?BM;b- A �K ?�TTv i?�i Qm` �bbQ+B�iBQM ?�b
#22M /QBM; r2HH BM i?2 T�bi v2�` H�`;2Hv /m2 iQ
vQm` BMpQHp2K2Mi �M/ ;`2�i bmTTQ`i �M/ �HbQ A 722H
bQ ;`�i27mH iQ bQ K�Mv T2QTH2 �M/ K�Mv i?BM;bX
�KQM; i?2K- A �TT`2+B�i2 bQ Km+? i?2 QTTQ`im@
MBiv Q7 rQ`FBM; +HQb2Hv rBi? Qi?2` A*a� 1* K2K@
#2`b- .`bX _Q+?2HH2 6m- J2M;HBM; GBm- *QHBM qm
�M/ >2TBM; w?�M;- �M/ i?2 +?�B`b Q7 p�`BQmb A*a�
*QKKBii22b �M/ H2�`M2/ � ;`2�i /2�H 7`QK 2�+? Q7
i?2KX AM T�`iB+mH�`- A H2�`M2/ bQ Km+? 7`QK .`X
>2TBM; w?�M;- r?Q b2`p2/ 1* 7Q` H�bi i?`22 v2�`b
�M/ K�/2 i`2K2M/Qmb +QMi`B#miBQMb iQ Qm` A*a�X

A �K bm`2 i?�i r2 �HH �;`22 i?�i kyky r�b � /B{@
+mHi �M/ +?�HH2M;BM; v2�` #mi �HbQ ;QQ/ BM i?2 b2Mb2
i?�i Bi ;�p2 mb i?2 QTTQ`imMBiv 7Q` A*a� K2K#2`b iQ
b?Qr i?2B` +�`2 �M/ HQp2 �#Qmi Qm` T`Q72bbBQM �M/ bQ@
+B2ivX AM T�`iB+mH�`- A �K p2`v ;H�/ iQ b22 i?�i K�Mv
Q7 Qm` K2K#2`b BM �HH }2H/b- BM+Hm/BM; �+�/2KB�-
;Qp2`MK2Mib �M/ BM/mbi`v- ?�p2 #22M /QBM; +miiBM;@
2/;2 �M/ iBK2Hv rQ`F iQ ?2HT iQ };?i *PoA.@RNX
hQ TB+F � +QmTH2 Q7 2t�KTH2b- .`X sB?QM; GBM 7`QK
>�`p�`/ lMBp2`bBiv �HQM; rBi? ?2` +QHH�#Q`�iQ`b ?�b
/2p2HQT2/ �M �TT i?�i mb2b i?2 +QKKmMBiv’b ?2HT
iQ i`�+F *PoA.@RN �M/ ?2` rQ`F QM *PoA.@RN ?�b
K�/2 BKT�+i QM T2QTH2 7`QK K�Mv }2H/b- BM+Hm/@
BM; ;Qp2`MK2Mi �;2M+B2b- �M/ #22M +Qp2`2/ #v p�`B@
Qmb M2rb K2/B�X .`X CmM u�M 7`QK i?2 lMBp2`bBiv
Q7 *QMM2+iB+mi �HQM; rBi? Qi?2` A*a� K2K#2`b Q`@
;�MBx2/ � q2#BM�` a2`B2b, .�i� a+B2M+2 BM �+iBQM
BM _2bTQMb2 iQ i?2 Pmi#`2�F Q7 *PoA.@RN �M/ �
bT2+B�H Bbbm2 QM i?2 b�K2 iQTB+ BM CQm`M�H Q7 .�i�
a+B2M+2X �HbQ A*a� +Q@bTQMbQ`2/ DQm`M�H- ai�iBbiB+b
�M/ Aib AMi2`7�+2- rBHH ?�p2 � bT2+B�H Bbbm2 QM 2K2`;@
BM; Bbbm2b Q7 *Po.@RN iQQX A �TTH�m/ �HH Q7 vQm`
bB;MB}+�Mi +QMi`B#miBQMb QM i?Bb �M/ ?QT2 i?�i 2p2`v
A*a� K2K#2` rBHH +QMiBMm2 iQ K�F2 +QMi`B#miBQMb
BM i?2B` QrM r�vbX

1�+? v2�` A*a� ?QH/b irQ K�DQ` 2p2Mib- A*a�
*?BM� *QM72`2M+2 �M/ A*a� �TTHB2/ ai�iBbiB+b avK@
TQbBmKX �b vQm ?�p2 �H`2�/v FMQrM �M/ A K2M@

iBQM2/ �i i?2 b2+QM/ Bbbm2 Q7 kyky A*a� "mHH2iBM-
mM7Q`imM�i2Hv- r2 ?�/ iQ +�M+2H kyky A*a� *?BM�
*QM72`2M+2 /m2 iQ *PoA.@RN i?�i r�b Q`B;BM�HHv
b+?2/mH2/ iQ #2 ?2H/ �i w?QM;M�M lMBp2`bBiv Q7 1+Q@
MQKB+b �M/ G�r- qm?�M- *?BM� /m`BM; CmM2 ke@kN-
kykyX "27Q`2 i?2 +�M+2H�iBQM- � ;`2�i /2�H Q7 2zQ`i
�M/ rQ`F 7`QK #Qi? A*a� bB/2 �M/ HQ+�H bB/2 ?�/
#22M Tmi BMiQ Bi �M/ �KQM; Qi?2`b- �;�BM A rBb? iQ
i?�MF i?2 S`Q;`�K *Q@*?�B`b .`bX uBM; w?�M; �M/
>mB w?�Q- r?Q ?�/ Q`;�MBx2/ �M 2t+2HH2Mi T`Q;`�K-
�M/ i?2 GQ+�H P`;�MBxBM; *QKKBii22 *?�B`b- .`bX
>m w?�M; �M/ ZBM;HQM; u�M;- r?Q ?�/ TH�MM2/ �M/
#QQF2/ �HKQbi 2p2`vi?BM; M22/2/ 7Q` � ;`2�i +QM72`@
2M+2X �Hi?Qm;? r2 ?�/ iQ +?�M;2 i?2 kyky �TTHB2/
ai�iBbiB+b avKTQbBmK iQ � pB`im�H K22iBM;- A #2HB2p2
i?�i K�Mv Q7 vQm �;`22 rBi? K2 i?�i r2 /B/ ?�p2
� p2`v bm++2bb7mH QM2- ?2H/ /m`BM; .2+2K#2` Rj@Re-
kyky- H�`;2Hv /m2 iQ i?2 H2�/2`b?BT �M/ /2/B+�iBQMb
Q7 .`X >mHBM qm- i?2 1t2+miBp2 *QKKBii22 *?�B`-
�M/ ?Bb �K�xBM; i2�KX "2+�mb2 Q7 i?2 +?�M;2b #Qi?
BM iBKBM; �M/ 7Q`K�i- i?2v 2bb2MiB�HHv T`2T�`2/ irQ
+QM72`2M+2bX AM �//BiBQM iQ i?`22 r2HH �ii2M/2/- 2t@
+2HH2Mi F2vMQi2 b2bbBQMb- i?2 bvKTQbBmK ?�/ Nk BM@
pBi2/ b2bbBQMb- 8y TQbi2`b �M/ k T�M2H /Bb+mbbBQM
b2bbBQMbX �HbQ Bi `2+2Bp2/ Qp2` dy bm#KBbbBQMb 7Q`
bim/2Mi T�T2` �r�`/b- Qz2`2/ N b?Q`i +Qm`b2b- �M/
�ii`�+i2/ Qp2` Ryy �ii2M/22b 7Q` i?2 A*a� ;2M2`�H
K2K#2` K22iBM;- �r�`/ +2`2KQMv �M/ i�H2Mi b?Qr
�i i?2 2p2MBM; Q7 .2+2K#2` R8- kykyX q?�i �M �+@
+QKTHBb?K2Mi5

�KQM; i?2 i?BM;b i?�i ?�TT2M2/ BM A*a� BM
kyky- vQm ?�/ 2H2+i2/ .`X w?2x?2M CBM 7`QK
*QHmK#B� lMBp2`bBiv �b kykR A*a� S`2bB/2Mi@1H2+i-
�M 2t+2HH2Mi +?QB+2X .`X CBM ?�b b2`p2/ A*a� 7Q`
K�Mv v2�`b BM p�`BQmb Qi?2` `QH2b �M/ A �K bQ ?�TTv
�M/ �TT`2+B�iBp2 i?�i ?2 rBHH +QMiBMm2 iQ b2`p2 A*a�X
qBi? i?2 DQBMBM; Q7 .`X w?2x?2M CBM iQ i?2 1* BM
kykR- A �K bm`2 i?�i A*a� rBHH +QMiBMm2 iQ /Q r2HH
�M/ T`QpB/2 #2ii2` b2`pB+2b iQ Qm` K2K#2`bX .m`@
BM; i?2 v2�`- i?`22 M2r *Q@1/BiQ`b- .`X _QM; *?2M-
am@umM >m�M; �M/ sB�QiQM; a?2M- 7Q` A*a� DQm`@
M�H ai�iBbiB+� aBMB+� bi�`i2/ i?2B` rQ`F- `2TH�+BM;
i?2 i?`22 `2iB`2/ *Q@1/BiQ`b .`bX um�M@*?BM Ap�M
*?�M;- >�Mb@:2Q`; JmHH2` �M/ u�x?2M q�M;X �HbQ
/m`BM; i?2 v2�`- .`bX CQ�M >m �M/ JBM; q�M; r2`2
b2H2+i2/ iQ `2TH�+2 .`bX J2B@*?2M; q�M; �M/ uB
>m�M; �b i?2 M2r 1/BiQ`@BM@*?B27 7Q` �MQi?2` A*a�
DQm`M�H ai�iBbiB+b BM "BQb+B2M+2b �M/ i?2 M2r A*a�
"mHH2iBM 2/BiQ`- `2bT2+iBp2HvX A i`mHv #2HB2p2 i?�i �HH
M2r 2/BiQ`b rBHH +QMiBMm2 Qmibi�M/BM; rQ`F i?�i i?2
7Q`K2` 2/BiQ`b ?�/ /QM2 �M/ K�F2 Qm` DQm`M�Hb �M/
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#mHH2iBM #2ii2`X *QM;`�imH�iBQMb iQ �HH M2r 2/BiQ`b
�M/ � #B; i?�MF iQ �HH `2iB`2/ 2/BiQ`b 7Q` vQm` 2t+2H@
H2Mi �M/ ?�`/ 7Q` A*a�X �b mbm�H- r2 �HbQ ?�M/H2/
Qmi � MmK#2` Q7 A*a� �r�`/b- BM+Hm/BM; kyky A*a�
.BbiBM;mBb?2/ �+?B2p2K2Mi �r�`/ iQ .`X JBM;@>mB
*?2M �M/ kyky A*a� Pmibi�M/BM; a2`pB+2 �r�`/b
iQ .`bX >QM;x?2 G22- :�M; GB �M/ �BvB GBmX *QM@
;`�imH�iBQMb iQ .`bX *?2M- G22- GB �M/ GBm �M/ Qi?2`
�r�`/22b 7Q` vQm` Qmibi�M/BM; rQ`FX

�b K2MiBQM2/ �#Qp2- A ?�/ � p2`v TH2�b�Mi v2�`
iQ b2`p2 A*a� BM kyky K�BMHv #2+�mb2 A ?�/ bQ K�Mv
;`2�i T2QTH2 iQ H2�`M �M/ iQ `2Hv QM �M/ rQ`F rBi?
7Q` �HH A*a� �+iBpBiB2bX AM T�`iB+mH�`- Bi ?�b #22M
Kv T`BpBH2;2 �M/ ;`2�i ?QMQ` iQ +HQb2Hv rQ`F rBi?
.`X J2M;HBM; GBm- A*a� 1t2+miBp2 .B`2+iQ` r?Q
H2�/b i?2 A*a� /�BHv QT2`�iBQMb �M/ K�F2b bm`2 2p@
2`vi?BM; QM i`�+F- �M/ �HH A*a� +QKKBii22 +?�B`bX
�KQM; i?2K- .`X CQ�M >m +?�B`2/ i?2 LQKBM�@
iBQM *QKKBii22 i?�i B/2MiB}2/ �M/ `2+QKK2M/2/
Qmibi�M/BM; �M/ r2HH@[m�HB}2/ +�M/B/�i2b 7Q` i?2
7mim`2 H2�/2`b?BT Q7 A*a�- �M/ .`X w?2x?2M CBM
H2/ i?2 S`Q;`�K *QKKBii22 i?�i +QQ`/BM�i2/ �HH
A*a� K22iBM;b BM kyky �M/ rQ`F2/ `2�HHv ?�`/ iQ
K�F2 2t+2HH2Mi TH�Mb 7Q` b2p2`�H 7mim`2 A*a� K22i@
BM;bX �HbQ- .`X sB�M;`QM; uBM- r?Q mM7Q`imM�i2Hv
T�bb2/ �r�v BM �m;mbi- �M/ .`X uB+?m�M w?�Q H2/
i?2 �r�`/ *QKKBii22 �M/ i?2 Sm#HB+�iBQM *QK@
KBii22 i?�i +�K2 mT 2t+2HH2Mi +�M/B/�i2b 7Q` i?2

A*a� �r�`/b �M/ i?2 M2r 2/BiQ`b 7Q` ai�iBbiB+b BM
"BQb+B2M+2b �M/ i?2 A*a� "mHH2iBM- `2bT2+iBp2HvX A
�K /22THv ;`�i27mH iQ vQm �M/ Qi?2` +QKKBii22
+?�B`b- .`bX Ap�M *?�M UGBM;xB Gm �r�`/V- CQv+2
*?�M; U�`+?Bp2V- CB�M[BM; 6�M UaT2+B�H G2+im`2bV-
_mB 62M; U6BM�M+B�H �/pBbQ`vV- "Q 6m UJ2K#2`@
b?BTV- _Q+?2HH2 6m U6BM�M+2V �M/ *?2M;b?2M; CB�M;
UAhVX qBi?Qmi vQm` bmTTQ`i �M/ BMpQHp2K2Mi- i?2
bm++2bb Q7 A*a� rQmH/ MQi #2 TQbbB#H2X

hQ +QM+Hm/2- A rBb? iQ i?�MF �HH Q7 vQm 7Q` #2@
BM; �M A*a� K2K#2` Q` 7`B2M/- 7Q` vQm` Qmibi�M/BM;
�M/ /2/B+�i2/ +QMi`B#miBQMb iQ A*a�- �M/ 7Q` vQm`
+QMiBMmQmb bmTTQ`i- T�`iB+BT�iBQM Q7 p�`BQmb A*a�
�+iBpBiB2b �M/ pQHmMi22` rQ`FX qBi? vQm` bmTTQ`i
�M/ BMpQHp2K2Mi �M/ i?2 H2�/2`b?BT Q7 .`X *QHBM
qm- kykR A*a� S`2bB/2Mi- Qm` �bbQ+B�iBQM rBHH #2
bi`QM;2` �M/ bm++22/ BM Bib KBbbBQMbX A ?QT2 i?�i
r2 �HH rBHH bi�v +QMM2+i2/ BM Qm` #B; A*a� 7�KBHv
�M/ i?BMF Q7 Qi?2`b �b #Qi? A*a� �M/ 2�+? Q7 vQm
;2i #2ii2` �M/ bi`QM;2`X A rBb? �HH Q7 vQm �M/ vQm`
HQp2/ QM2b bi�vBM; b�72 �M/ ?2�Hi?v �M/ ?�pBM; �
;`2�i- T`Q/m+iBp2 �M/ bm++2bb7mH kykR5

CB�M;mQ UhQMvV amM- S?.
kyky A*a� S`2bB/2Mi
S`Q72bbQ`- .2T�`iK2Mi Q7 ai�iBbiB+b
lMBp2`bBiv Q7 JBbbQm`B

6`QK i?2 kykR S`2bB/2Mi@1H2+i- A*a�
w?2x?2M CBM

.2�` A*a� J2K#2`b-
A �K ?QMQ`2/ �M/ T`BpB@

H2;2/ iQ #2 2H2+i2/ �b kykk
A*a� S`2bB/2MiX h?2 ;`Qri?
�M/ bm++2bb Q7 A*a� rQmH/
MQi ?�p2 #22M TQbbB#H2 rBi?@
Qmi i?2 pBbBQM- 2Mi?mbB�bK �M/
?�`/ rQ`F Q7 Qm` K2K#2`b-
�M/ bi`QM; H2�/2`b?BT Q7 Qm`

T�bi �M/ +m``2Mi T`2bB/2Mib- 2t2+miBp2 /B`2+iQ`b-
#Q�`/ Q7 /B`2+iQ`b �M/ p�`BQmb +QKKBii22 K2K#2`bX
�b r2 KQp2 BMiQ � M2r 2`� Q7 #B; /�i� rBi? /�i�
b+B2M+2- �`iB}+B�H BMi2HHB;2M+2- �M/ /�i� �M�HviB+b-
Bi #2+QK2b BM+`2�bBM;Hv +`BiB+�H iQ ?�p2 Qm` �bbQ+B@
�iBQM T`QpB/2 #2ii2` TH�i7Q`Kb 7Q` Qm` K2K#2`b iQ
�/�Ti iQ M2r +?�HH2M;2b �M/ +�TBi�HBx2 QTTQ`imMBiB2b

7Q` Qm` T`Q72bbBQM r?BH2 +QMiBMmBM; 2bi�#HBb?2/ bm+@
+2bb2bX h?2 /2p2HQTK2Mi Q7 QMHBM2 H2�`MBM; �M/ /B;@
Bi�H K2/B� Bb 2bb2MiB�H 7Q` pB`im�H �+iBpBiB2b �b b?QrM
i?`Qm;? i?2 *PoA.@RN T�M/2KB+X A rBHH +HQb2Hv
rQ`F rBi? A*a� 2t2+miBp2b- #Q�`/ Q7 /B`2+iQ`b �M/
K2K#2`b iQ +QMiBMm2 iQ Tm`bm2 A*a� 2/m+�iBQM�H-
+?�`Bi�#H2- �M/ b+B2MiB}+ Q#D2+iBp2b QmiHBM2/ BM i?2
A*a� +QMbiBimiBQM �M/ #v@H�rbX SH2�b2 722H 7`22
iQ 2K�BH K2 UxDd!+mK+X+QHmK#B�X2/mV rBi? vQm`
B/2�b �M/ bm;;2biBQMb 7Q` ?Qr Qm` �bbQ+B�iBQM +�M
#2ii2` K22i vQm` M22/b �M/ BMi2`2bibX

w?2x?2M CBM- S?X.X
kykR S`2bB/2Mi@2H2+i
S`Q72bbQ`- .2T�`iK2Mi Q7 "BQbi�iBbiB+b
J�BHK�M a+?QQH Q7 Sm#HB+ >2�Hi?
*QHmK#B� lMBp2`bBiv

Ü rrrXB+b�XQ`; 8
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6`QK i?2 1t2+miBp2 .B`2+iQ`
kyky@kykk
J2M;HBM; GBm

.2�` A*a� K2K#2`b-
>�TTv L2r u2�` kykR5
AM Kv }`bi v2�` �b i?2

1t2+miBp2 .B`2+iQ` Q7 A*a�-
Bi ?�b #22M 2t?BH�`�iBM; 2t@
T2`B2M+2 7Q` K2 iQ rQ`F rBi?
i?2 A*a� 2t2+miBp2 K2K#2`b-
#Q�`/ Q7 /B`2+iQ`b- �HH bi�M/BM;

�M/ �/@?Q+ +QKKBii22b’+?�B`b �M/ K2K#2`b- �M/
Q{+2 K�M�;2`- �M/ iQ rBiM2bb i?2B` iB`2H2bb 2zQ`ib
�M/ /2/B+�iBQM ;Bp2M iQ A*a�X .m`BM; kyky- 2p2`v@
QM2 r�b bi`2i+?2/ p2`v i?BM BM 2p2`v /BK2MbBQM v2i
biBHH THQr2/ i?`Qm;? K�Mv +?�HH2M;2b �M/ K�/2 i?2
A*a� � bi`QM;2` +QKKmMBivX h?2 2t2+miBp2 +QK@
KBii22 ?2H/ KQMi?Hv K22iBM;b iQ 2Mbm`2 i?2 A*a�
MQ`K�H #mbBM2bb �M/ 7mM+iBQM�HBiv- �M/ i?2 +QKKBi@
i22b +�``B2/ Qmi �HH i?2B` i�bFb BM 2{+B2Mi �M/ T`Q@
72bbBQM�H K�MM2`bX q2 ?2H/ irQ #Q�`/ K22iBM;b �M/
QM2 ;2M2`�H K2K#2` K22iBM; pB`im�HHvX AM .2+2K@
#2` kyky- �7i2` irQ `QmM/b Q7 +?�M;BM; b+?2/mH2b �M/
BMi2MbBp2 `2@TH�MMBM;- i?2 kyky �TTHB2/ avKTQbBmK

P`;�MBxBM; *QKKBii22 �M/ i?2B` K2K#2`b- H2/ #v
.`X >mHBM qm- bm++2bb7mHHv ?2H/ i?2 pB`im�H A*a�
kyky �TTHB2/ ai�iBbiB+b avKTQbBmK- r?B+? +2`i�BMHv
#`Qm;?i ?B;?HB;?ib iQ i?2 2MiB`2 A*a� +QKKmMBivX

GQQFBM; BMiQ i?2 M2r v2�` Q7 kykR- i?2 A*a�
kykR �TTHB2/ ai�iBbiB+b avKTQbBmK rBHH #2 ?2H/ pB`@
im�HHv BM a2Ti2K#2` Rk@R8- kykRX q2 rQmH/ HBF2 iQ
+�HH Qmi iQ Qm` A*a� +QKKmMBiv iQ �+iBp2Hv T�`iB+@
BT�i2 i?2 bvKTQbBmK- #v Q`;�MBxBM; b2bbBQMb- ;BpBM;
T`2b2Mi�iBQMb- b2`pBM; QM +QKKBii22b- +?�B`BM; � b2b@
bBQM- �M/ �ii2M/BM; i?2 bvKTQbBmKX 1p2M i?Qm;?
kykR Bb biBHH 7mHH Q7 mM+2`i�BMiB2b- A HQQF 7Q`r�`/ iQ Bi
rBi? ?QT2bX AM T�`iB+mH�`Hv- A HQQF 7Q`r�`/ iQ T`Q@
pB/BM; b2`pB+2 iQ i?2 A*a� �M/ rQ`FBM; rBi? i?2
A*a� +QKKmMBiv iQ K�F2 �MQi?2` T`QbT2`Qmb v2�`X

J2M;HBM; GBm- S?X.X
A*a� 1t2+miBp2 .B`2+iQ` Ukyky@kykkV
S`Q72bbQ` Q7 "BQbi�iBbiB+b
.2T�`iK2Mi Q7 SQTmH�iBQM >2�Hi?
.2T�`iK2Mi Q7 1MpB`QMK2Mi�H J2/B+BM2
Lul G�M;QM2 >2�Hi?

kykR A*a� *Q`2 J2K#2`b
1s1*lhAo1a,

Ç S`2bB/2Mi, *QHBM qm Urm+!M?H#BXMB?X;QpV
Ç S�bi@S`2bB/2Mi, CB�M;mQ UhQMvV amM UbmMD!KBbbQm`BX2/mV
Ç S`2bB/2Mi@1H2+i, w?2x?2M CBM UxDd!+QHmK#B�X2/mV
Ç 1t2+miBp2 .B`2+iQ`, J2M;HBM; GBm Ukyky@kykk- 2t2+miBp2X/B`2+iQ`!B+b�XQ`;V
Ç A*a� h`2�bm`2`, _Q+?2HH2 6m UkyRN@kykR- 7m`!Q?bmX2/mV
Ç h?2 A*a� P{+2 J�M�;2`, :`�+2 uBM; GB UQB+b�!B+b�XQ`;- S?QM2, jRd@k3d@9keRV

"P�_. Q7 .A_1*hP_a,
Ç uBM;H2B G�B UkyRN@kykR- vH�B!;rmX2/mV
Ç G2B a?2M UkyRN@kykR- b?2MnH2B!HBHHvX+QKV
Ç uB72B amM UkyRN@kykR- vbjydk!+mK+X+QHmK#B�X2/mV
Ç sBM hB�M UkyRN@kykR- iB�Mt!M?H#BXMB?X;QpV
Ç E2HHv wQm UkyRN@kykR- E2HwQm.a!;K�BHX+QKV
Ç C�bQM GB�Q Ukyky@kykk- D�bQMnHB�Q!K2`+FX+QKV
Ç "BM L�M Ukyky@kykk- M�M#!m+BX2/mV

e Ü rrrXB+b�XQ`;
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Ç S2B?m� ZBm Ukyky@kykk- T[Bm!T??TXm7HX2/mV
Ç C�M2 w?�M; Ukyky@kykk- w?�M;nC�M2!�HH2`;�MX+QKV
Ç uB+?m�M w?�Q Ukyky@kykk- vB+?m�M!;bmX2/mV
Ç a?m@>mB *?�M; UkykR@kykj- b?m?mB!MimX2/mXirV
Ç uQM; *?2M UkykR@kykj- v+?2MRkj!K�BHXK2/XmT2MMX2/mV
Ç *?2MH2B G2M; UkykR@kykj- +XH2M;!r�`rB+FX�+XmFV
Ç sB�Q/QM; GmQ UkykR@kykj- tB�Q/QM;XHmQ!b�MQ7BX+QKV
Ç u�M; aQM; UkykR@kykj- u�M;naQM;!p`itX+QKV

*PJJAhh11a,
S`Q;`�K *QKKBii22,

Ç *?�B`, >mHBM qm U>mHBMXqm!mi?XiK+X2/mV
Ç J2K#2`b,

Ĝ smKBM; >2 UkyRN@kykR- CaJ _2T`2b2Mi�iBp2 kyky- tK?2!mKB+?X2/mV
Ĝ �BvB GBm Ukyky@kykk- CaJ _2T`2b2Mi�iBp2 kykR- HBm�!K�BHXMB?X;QpV
Ĝ S2B q�M; UkykR@kykj- CaJ _2T`2b2Mi�iBp2 kykk- T2BXr�M;!KbbKX2/mV
Ĝ :mQ[BM; .B�Q Ukyky@kykk- A*a� avKTQbBmK kykR- ;/B�Q!2K�BHX;rmX2/mV
Ĝ a�Km2H qm UkykR@kykj- A*a� avKTQbBmK kykk- b�Krm!#BQbi�iXm7HX2/mV
Ĝ >QM;x?2 GB UkykR@kykk- A*a� AMi2`M�iBQM�H *QM72`2M+2 kyRN- ?QM;x?2!K�BHXK2/XmT2MMX2/mV
Ĝ sBM@um�M aQM; UkykR@kykk- A*a� AMi2`M�iBQM�H *QM72`2M+2 kykk- tvbQM;!bi�X+m?FX2/mX?FV
Ĝ �H�M u *?B�M; UkyRN@kykR- �+?B�M;!+2H;2M2X+QKV
Ĝ "BM L�M UkyRN@kykR- M�M#!m+BX2/mV
Ĝ CB w?m UkyRN@kykR- DBx?m!mKB+?X2/mV
Ĝ ZBM;MBM; w?Qm Ukyky@kykk- [x?Qm3!mM++X2/mV
Ĝ GB�M; w?m Ukyky@kykk- GB�M;Xw?m!mi?XiK+X2/mV
Ĝ CB2 *?2M Ukyky@kykk- DB2+?2MydRj!;K�BHX+QKV

�r�`/b *QKKBii22,
Ç *?�B`, Cm/v q�M; UDm/vr�M;!;rmX2/mV
Ç J2K#2`b,

Ĝ CB2 *?2M UkyRN@kykR- DB2+?2MydRj!;K�BHX+QKV
Ĝ LBM; >�Q UkyRN@kykR- M?�Q!K�i?X�`BxQM�X2/mV
Ĝ >QM;vm�M *�Q Ukyky@kykk- ?+�Q!7bmX2/mV
Ĝ sB�Q72M; a?�Q Ukyky@kykk- tb?�Q!BHHBMQBbX2/mV
Ĝ sB�Q;�M; am Ukyky@kykk- tbm!mi2TX2/mV
Ĝ uB+?�Q qm Ukyky@kykk- vB+?�Qrm!mB+X2/mV
Ĝ JBM;tBm >m UkykR@kykj- K?m!M2Fi�`X+QKV
Ĝ CB�MtBM a?B UkykR@kykj- DB�MtBMXb?B!MB?X;QpV
Ĝ uBM; q2B UkykR@kykj- vrkR93!+mK+X+QHmK#B�X2/mV
Ĝ CB w?m UkykR@kykj- DBx?m!mKB+?X2/mV

LQKBM�iBM; �M/ 1H2+iBQM *QKKBii22,
Ç *?�B`, JBM; h�M UJBM;Xh�M!;2Q`;2iQrMX2/mV
Ç J2K#2`b,

Ĝ "Q >m�M; UkyRN@kykR- "QX>m�M;!T7Bx2`X+QKV
Ĝ *?mMHBM; GBm UkyRN@kykR- +�i?2`BM2X+?mMHBM;XHBm!TQHvmX2/mX?FV
Ĝ uBvm�M a?2 UkyRN@kykR- vb?2!bi�iX7bmX2/mV
Ĝ CB�v�M; amM UkyRN@kykR- DbmM!+�b2X2/mV
Ĝ >�BHQM; *?2M; Ukyky@kykk- ?�BHQM;X+?2M;!bmMQpBQMX+QKV
Ĝ "BM w?�M; Ukyky@kykk- "BMXw?�M;!++?K+XQ`;V

Ü rrrXB+b�XQ`; d
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aT2+B�H G2+im`2 *QKKBii22,

Ç *?�B`, :�M; GB UkykR- pHB!m+H�X2/mV
Ç J2K#2`b,

Ĝ >�B[mM GBM UkyRN@kykR- ?�B[mMXHBM!v�H2X2/mV
Ĝ >m�x?2M GBM UkyRN@kykR- HBM?x!brm72X2/mX+MV
Ĝ �BvB GBm UkykR@kykj- HBm�!K�BHXMB?X;Qp V
Ĝ :�M; GB UkykR@kykj- :GB!BibXDMDX+QK V

Sm#HB+�iBQM *QKKBii22,

Ç *?�B`, JBM;@>mB *?2M UkykR- KBM;@?mBX+?2M!m+QMMX2/m V
Ç J2K#2`b,

Ĝ >QM;x?2 GB U*Q@1/BiQ`b Q7 aA"- ?QM;x?2!K�BHXK2/XmT2MMX2/mV
Ĝ CQ�M >m U*Q@1/BiQ`b Q7 aA"- DQ�Mn?m!b7mX+� V
Ĝ _QM; *?2M U*Q@1/BiQ`b Q7 ai�iBbiB+� aBMB+�- `QM;+?2M!bi�iX`mi;2`bX2/m V
Ĝ am@umM >m�M; U*Q@1/BiQ`b Q7 ai�iBbiB+� aBMB+�- bv?m�M;!bi�iXbBMB+�X2/mXir V
Ĝ sB�QiQM; a?2M U*Q@1/BiQ`b Q7 ai�iBbiB+� aBMB+�- tb?2M!mKMX2/m V
Ĝ .BM;@:2M; U.BMV *?2M U1/BiQ` Q7 A*a� #QQF b2`B2b- /BM+?2M!2K�BHXmM+X2/m V
Ĝ JBM; q�M; U1/BiQ` 7Q` A*a� "mHH2iBM- Kr�M;!T?bXTbmX2/m V
Ĝ J2M;HBM; GBm U1t2+miBp2 .B`2+iQ` Q7 A*a�- 2t2+miBp2X/B`2+iQ`!B+b�XQ`; V

J2K#2`b?BT *QKKBii22,

Ç *?�B`, "Q 6m UkykR- #QX7m!�##pB2X+QKV
Ç *Q@*?�B`, GBm[m�M amM UkykR- bH[!�KiX�+X+M V
Ç J2K#2`b,

Ĝ LB�Mb?2M; h�M; UkyRN@kykR- Mbi�M;!vMmX2/mX+MV
Ĝ G2B a?2M UkyRN@kykR- b?2MnH2B!HBHHvX+QKV
Ĝ a?mr2B GB Ukyky@kykk- HBb?mrbi�i!RejX+QK V
Ĝ uB72B amM UkykR@kykj- vbjydk!+mK+X+QHmK#B�X2/m V

Ah *QKKBii22,

Ç *?�B`, *?2M;b?2M; CB�M; UkykR- r2#bBi2!B+b�XQ`;V

�`+?Bp2 *QKKBii22Ƕ,

Ç *?�B`, sBM hB�M UkyRN@kykR- iB�Mt!M?H#BXMB?X;QpV
Ç J2K#2`b,

Ĝ sBM U>2M`vV w?�M; UkykR@kykj- ?2M`v!bi�iX7bmX2/m V
Ĝ L�Bi22 hBM; UkykR@kykj- M�Bi22XiBM;!#Q2?`BM;2`@BM;2H?2BKX+QKV

6BM�M+2 *QKKBii22,

Ç *?�B`, _Q+?2HH2 6m UkyRN@kykR- 7m`!Q?bmX2/mV
Ç J2K#2`b,

Ĝ >QM;HB�M; a?B U?QM;HB�M;b?BR8!;K�BHX+QKV
Ĝ _mB 62M; U`mB72M;!T2MMK2/B+BM2XmT2MMX2/mV
Ĝ sBM >2 UkykR A*a� �TTHB2/ ai�iBbiB+b avKTQbBmK i`2�bm`2`- tBM?2!mK/X2/m V

3 Ü rrrXB+b�XQ`;
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A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR A*a� _2TQ`ib

6BM�M+B�H �/pBbQ`v *QKKBii22,

Ç *?�B`, _mB 62M; U`mB72M;!mT2MMX2/mV
Ç J2K#2`b,

Ĝ >QM;HB�M; a?B U?QM;HB�M;b?BR8!;K�BHX+QKV
Ĝ LB�MDmM GBm- UHBmMB�M!BM/B�M�X2/mV
Ĝ sB�M;[BM *mB UtB�M;[BMX+mB!2KQ`vX2/mV
Ĝ 6�M; *?2M U6�M;EX*?2M!b�bX+QKV
Ĝ _Q+?2HH2 6m U7m`!Q?bmX2/mV

GBM;xB Gm �r�`/ *QKKBii22 U�a�fA*a�V,

Ç *?�B`, *?�M- Ap�M UkyRN@kykR- Bp�MX+?�M!�##pB2X+QKV
Ç J2K#2`b,

Ĝ CB+?mM sB2 UkyR3@kyky- DB+?mMXtB2!/mF2X2/mV
Ĝ a?2HHv >m`rBix UkyRd@kykk- ?m`rBix!?KbX?�`p�`/X2/mV
Ĝ G�m`� C J2v2`bQM Ukyky@kykk- H�m`�K2v2`bQM!KbMX+QKV

A*a� _2T`2b2Mi�iBp2 iQ CaJ S`Q;`�K *QKKBii22,

Ç �BvB GBm UkykR- HBm�!K�BHXMB?X;QpV
Ç S2B q�M; Ukykk- T2BXr�M;!KbbKX2/mV

�. >P* *PJJAhh11a,
Ç kykR A*a� �TTHB2/ ai�iBbiB+b avKTQbBmK, :mQ[BM; .B�Q U*?�B`- ;/B�Q!2K�BHX;rmX2/mV

Ç kykR A*a� *?BM� *QM72`2M+2, uBM;vBM; 6�M U*?�B`- 7�MvBM;v!mb+X2/m Vc *?mMDB2 q�M; U*Q@*?�B`-
r�M;+?mMDB2!++miX2/mX+MV

Ç kykk A*a� �TTHB2/ ai�iBbiB+b avKTQbBmK, a�Km2H qm U*?�B`- b�Krm!#BQbi�iXm7HX2/mV

Ç *>�Sh1_a
Ĝ A*a�@*�M�/� *?�Ti2`, GB[mM q�M; U*?�B`- GB[mMXq�M;!mK�MBiQ#�X+�V
Ĝ A*a�@JB/r2bi *?�Ti2`, GB q�M; U*?�B`- HBXr�M;R!�##pB2X+QKV
Ĝ A*a�@h�Br�M *?�Ti2`, *?�Q �X >bBmM; U*?�B`- ?bBmM;!M?`BXQ`;XirV

Ü rrrXB+b�XQ`; N
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A*a� _2TQ`ib A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

A*a� 6BM�M+B�H _2TQ`i
S`Q}i �M/ GQbb, CmHv R- kyky i?`Qm;? .2+2K#2` jR- kyky

Beginning Cash Balance (Bank/Paypal accounts) 7/1/2020 627,071.28$    

Income: 9,190.87$    

Membership from Paypal Account 4,360.00$    
Membership from Institute of Mathematical Statistics 180.00$     
Springer 2,500.00$    
Job Posting 1,032.00$    
Interest 118.87$     
Donation to Peter Hall Lecture 1,000.00$    

Total Income 9,190.87$    

Expense: (8,894.38)$    

ICSA Old Website Hosting Fee from 08/2016 to 07/2020 (1,250.34)$    
IT Cost (4,556.67)$    
ICSA PO Box Reservation Fee (226.00)$    
Statistica Sinica Mailing Fee (1,073.76)$    
Tax Filing Fee (1,294.00)$    
Sympathy Spray (296.79)$    
Mailing Postage (28.35)$    
Paypal Fee (168.47)$    

Total Expense (8,894.38)$    

Net Total Income 296.49$    

Transfer 
To Vanguard Investment Account (120,000.00)$    

Ending Cash Balance (Bank/Paypal accounts) 12/31/2020 $507,367.77

ASSETS
  Main Checking/Savings/PayPal 507,367.77$    

      Vanguard Investment Balance 524,890.52$    
TOTAL ASSETS 1,032,258.29$    

LIABILITIES & EQUITY
  Equity

       Main Accounts Opening Balance July 1, 2020 627,071.28$    
            July 1 to December 31, 2020 Net Income(+)/Expense(-) 296.49$    

Transfer to Vanguard Investiment Account (120,000.00)$    
       2020 Symposium Bank Accounts Opening Balance July 1, 2020 90,550.01$    
            July 1 to December 31, 2020 Net Income(+)/Expense(-) 20,742.86$   

  Vanguard investment account opening balance on July 1, 2020 337,005.92$    
Transfer from Main Bank Account 120,000.00$   

            July 1 to December 31, 2020 Investment Profit(+)/Loss(-) 67,884.60$   
  Total Equity 1,143,551.16$    

TOTAL LIABILITIES & EQUITY 1,143,551.16$    

International Chinese Statistical Association
Profit and Loss

July 1, 2020 through December 31, 2020

_QM;r2B U_Q+?2HH2V 6m- S?.
h`2�bm`2` UkykR@kykjV- A*a�
S`Q72bbQ`
P>al@Sal a+?QQH Q7 Sm#HB+ >2�Hi?

Ry Ü rrrXB+b�XQ`;



A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR A*a� _2TQ`ib

kyky A*a� �TTHB2/ ai�iBbiB+b
avKTQbBmK, amKK�`v _2TQ`i
1t2+miBp2 P`;�MBxBM; *QKKBii22

hBK2 �M/ HQ+�iBQM, h?2 kyky A*a� �TTHB2/ ai�iBbiB+b avKTQbBmK r�b Q`B;BM�HHv TH�MM2/ �i i?2 q2biBM
:�HH2`B� >QmbiQM >Qi2H �i >QmbiQM- h2t�b QM J�v Rd@ky- kykyX Ai r�b TQbiTQM2/ iQ .2+2K#2` Rj@Re- kyky
QMHBM2 mbBM; i?2 *p2Mi pB`im�H +QM72`2M+2 TH�i7Q`KX

1t2+miBp2 P`;�MBxBM; *QKKBii22,

Ç *?�B`, >mHBM qm- lMBp2`bBiv Q7 h2t�b >2�Hi? a+B2M+2 *2Mi2` �i >QmbiQM Ulh>2�Hi?V
Ç a+B2MiB}+ S`Q;`�K *Q@*?�B`b,

JQKB�Q sBQM; - lh>2�Hi?
CB�M?m� >m�M; - h2t�b ��J lMBp2`bBiv

Ç SQbi2` a2bbBQM *QKKBii22 *?�B`, sB GmQ- lh>2�Hi?
Ç S`Q;`�K "QQF �M/ q2#bBi2 *QKKBii22 *Q@*?�B`b, umMtBM 6m �M/ �b?`�7 u�b22M- lh>2�Hi?
Ç GQ+�H *QKKBii22 *?�B`, >QM;vm JB�Q- lh>2�Hi?
Ç h`2�bm`2`, .2DB�M G�B- lh>2�Hi?
Ç aim/2Mi S�T2` *QKT2iBiBQM *QKKBii22 *Q@*?�B`b,

_mQb?� GB- lh>2�Hi?
CBM; LBM;- lMBp2`bBiv Q7 h2t�b J. �M/2`bQM *�M+2` *2Mi2` UJ.�V

Ç a?Q`i *Qm`b2 *QKKBii22 *?�B`, q2MvB q�M;- J.�
Ç 6mM/ _�BbBM; *QKKBii22 *?�B`, _mB Ua�KKBV h�M;- a2`pB2` S?�`K�+2miB+�Hb
Ç h�H2Mi a?Qr *QKKBii22 *?�B`, E2HHv >X wQm- oB�i`Bb
Ç ai`�i2;B+ �/pBbQ`b,

w?2x?2M CBM- *QHmK#B� lMBp2`bBiv
q2M#BM Gm- LQ`i? *�`QHBM� ai�i2 lMBp2`bBiv
G�MDm w?�M;- �##pB2 AM+

Ç *QM72`2M+2 a2+`2i�`v, :2M w?m- lh>2�Hi?
Ç A*a� G2�/2`b,

A*a� S`2bB/2Mi, UhQMvV CB�M;mQ amM
A*a� "Q�`/ 1t2+miBp2 .B`2+iQ`, J2M;HBM; GBm
A*a� Ah amTTQ`i, *?2M;b?2M; CB�M;

amKK�`v bi�iBbiB+b

Ç ej8 T2QTH2 `2;Bbi2`2/, 8dk �ii2M/2/ i?2 bvKTQbBmK
Ç j F2vMQi2 b2bbBQMb
Ç k T�M2H /Bb+mbbBQM b2bbBQMb /m`BM; i?2 HmM+? #`2�F
Ç j88 BMpBi2/ i�HFb BM Nk BMpBi2/ b2bbBQMb
Ç 8y TQbi2`b 8y BM d TQbi2` b2bbBQMb, j TQbi2` �r�`/b
Ç _2+2Bp2/ dj bim/2Mi T�T2`b 7Q` bim/2Mi T�T2` �r�`/b, e bim/2Mi T�T2` �r�`/b
Ç N b?Q`i +Qm`b2b U9 ?�H7@/�v b?Q`i +Qm`b2b �M/ 8 7mHH@/�v +Qm`b2bV, Re9 T2QTH2 `2;Bbi2`2/
Ç N bTQMbQ`b U9 ;QH/ bTQMbQ`b- j bBHp2` bTQMbQ`b �M/ k bT2+B�H bTQMbQ`bV, jRX8F
Ç Ryj T2QTH2 �ii2M/2/ hm2b/�v MB;?i “A*a� :2M2`�H J2K#2` J22iBM;- �r�`/ *2`2KQMv �M/ h�H2Mi

a?QrX”

aim/2Mi T�T2` �r�`/b, e �r�`/b

Ç sBMvm2 ZB- .2T�`iK2Mi Q7 "BQbi�iBbiB+b �M/ .�i� a+B2M+2- lMBp2`bBiv Q7 h2t�b >2�Hi? a+B2M+2 *2Mi2`
�i >QmbiQMX “"�v2bB�M J2i�@�M�HvbBb Q7 *2MbQ`2/ _�`2 1p2Mib rBi? aiQ+?�biB+ *Q�`b2MBM;X”

Ü rrrXB+b�XQ`; RR



A*a� _2TQ`ib A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

Ç sBMDmM q�M;- .2T�`iK2Mi Q7 "BQbi�iBbiB+b- lMBp2`bBiv Q7 SBiib#m`;?X “"_1J@a*, � "�v2bB�M
_�M/QK 1z2+ib JBtim`2 JQ/2H 7Q` CQBMi *Hmbi2`BM; aBM;H2 *2HH JmHiB@QKB+b .�i�X”

Ç w?2M;DB� q�M;- .2T�`iK2Mi Q7 ai�iBbiB+b- _B+2 lMBp2`bBivX“6mM+iBQM�H :`QmT "`B/;2 _2;`2bbBQM rBi?
�TTHB+�iBQM iQ B11: .�i�X”

Ç uBx?2M sm- .2T�`iK2Mi Q7 "BQbi�iBbiB+b- CQ?Mb >QTFBMb "HQQK#2`; a+?QQH Q7 Sm#HB+ >2�Hi?X“AM72`2M+2
7Q` "�_h rBi? JmHiBMQKB�H Pmi+QK2bX”

Ç >mBDm�M w?Qm- AMbiBimi2 Q7 ai�iBbiB+b �M/ "B; .�i�- _2MKBM lMBp2`bBiv Q7 *?BM� � .2T�`iK2Mi Q7
ai�iBbiB+b- h2t�b ��J lMBp2`bBivX “*Qp�`B�i2 �/�TiBp2 6�KBHv@rBb2 1``Q` _�i2 *QMi`QH 7Q` :2MQK2@
qB/2 �bbQ+B�iBQM aim/B2bX”

Ç S2M; CBM- .BpBbBQM Q7 "BQbi�iBbiB+b- L2r uQ`F lMBp2`bBiv :`QbbK�M a+?QQH Q7 J2/B+BM2X “:2M2`�HBx2/
J2�M _2bB/m�H GB72 JQ/2Hb 7Q` *�b2@*Q?Q`i �M/ L2bi2/ *�b2@*QMi`QH aim/B2bX”

SQbi2` �r�`/b, j �r�`/b

Ç uB+?2M CB�- .2T�`iK2Mi Q7 "BQbi�iBbiB+b- lMBp2`bBiv Q7 SBiib#m`;?X “.22T G2�`MBM; 7Q` Zm�MiBH2
_2;`2bbBQM, .22TZm�Mi`2;X”

Ç .�vm amM- .2T�`iK2Mi Q7 "BQbi�iBbiB+b，1KQ`v lMBp2`bBivX “a2KBT�`�K2i`B+ J�tBKmK GBF2HB?QQ/
1biBK�iBQM Q7 S�M2H *QmMi .�i� rBi? hBK2@/2T2M/2Mi *Qp�`B�i2bX”

Ç CBM; w?�M;- .2Ti Q7 "BQbi�iBbiB+b �M/ .�i� a+B2M+2- h?2 lMBp2`bBiv Q7 h2t�b >2�Hi? a+B2M+2 *2Mi2` �i
>QmbiQMX “PM i?2 hBK2@p�`vBM; S`2/B+iBp2 S2`7Q`K�M+2 Q7 GQM;Bim/BM�H "BQK�`F2`b, J2�bm`2 �M/
1biBK�iBQMX”

Short Courses Instructors Email 

A Short Course on Absolute Risk 
Prediction (Full Day) 

Mitchell H. Gail gailm@mail.nih.gov 

Ruth Pfeiffer pfeiffer@mail.nih.gov 

Empower Statistician with Spark, 
Machine Learning and Deep Learning 

(Full Day) 

Ming Li mli@alumni.iastate.edu 

Hui Lin hui@linhui.org 

Statistics and Machine Learning 
Methods for EHR Data: From Data 

Extraction to Data 
Analytics/Predictions (Full Day) 

Hulin Wu Hulin.Wu@uth.tmc.edu  

Vahed Maroufy Vahed.Maroufy@uth.tmc.edu  

Ashraf Yaseen ashraf.yaseen@uth.tmc.edu  

Statistical Analysis of Microbiome 
Data with R (Full Day) 

Yinglin Xia yxia@uic.edu 

Ding-Geng Chen dinchen@email.unc.edu 

Utilizing Real-World-Data and Real-
World-Evidence in Drug Development 

and Evaluation (Full Day) 

Binbing Yu binbing.yu@astrazeneca.com  

Bo Lu lu.232@osu.edu 

Qing Li qing.li2@takeda.com 

Multivariate meta-analysis methods 
(Half Day – morning) 

Haitao Chu chux0051@umn.edu 

Yong Chen ychen123@upenn.edu 

Including historical data in clinical 
trial design and analysis (Half Day – 

morning) 

Frank Fleischer frank.fleischer@boehringer-
ingelheim.com 

Martin Oliver Sailer martin_oliver.sailer@boehringer-
ingelheim.com 

Estimands and Statistical Methods for 
Missing data in Clinical Trials (Half 

Day – afternoon) 

Guanghan (Frank) Liu Guanghan_frank_liu@merck.com  

Man (Mandy) Jin manmandy.jin@abbvie.com 

Statistical Remedies for Flawed 
Conventions in Medical Research 

(Half Day – afternoon) 
Peter F. Thall rex@mdanderson.org 
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A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR A*a� _2TQ`ib

6BM�M+B�H bmKK�`v, .2DB�M G�B

Ç AM+QK2b, hQi�H 0Rj3-yyy
BX A*a� BMBiB�H /2TQbBi, 8F
BBX a?Q`i +Qm`b2 `2;Bbi`�iBQM 722, 9RX8F
BBBX *QM72`2M+2 `2;Bbi`�iBQM 722, eyF
BpX aTQMbQ`b, jRX8F

Ç 1biBK�i2/ 1tT2Mb2b, hQi�H 08k-8yy
BX oB`im�H +QM72`2M+2 TH�i7Q`K U*p2MiV *p2Mi, R8F
BBX >QMQ`�`BmK iQ b?Q`i +Qm`b2 BMbi`m+iQ`b, RRX8F
BBBX >QMQ`�`BmK iQ i?`22 F2vMQi2 bT2�F2`b, jF
BpX S�vK2Mi iQ bim/2Mi T�T2` �r�`/b �M/ TQbi2` �r�`/b, 8F\
pX *QM72`2M+2 bQ7ir�`2 Tm`+?�b2, RF
pBX *QM72`2M+2 #�;- bQmp2MB` 2i+, RRF
pBBX *QKKBii22 �M/ pQHmMi22` �TT`2+B�iBQM /BM2` U+QmTQMbV, eF
pBBBX Pi?2` 2tT2Mb2b\

Ç 1biBK�i2/ "�H�M+2, 038-8yy U+m``2Mi #�H�M+2 RR8F Y RyF 7`QK ?Qi2HV

Ü rrrXB+b�XQ`; Rj



A*a� �MMQmM+2K2Mib A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

*�HH 7Q` LQKBM�iBQMb 7Q` kykk A*a�
P{+2`b
.2�/HBM2, J�`+? jR- kykR

h?2 A*a� kykR LQKBM�iBQM 7Q` 1H2+iBQM *QKKBii22
Bb b22FBM; MQKBM�iBQMb 7Q` A*a� kykk Q{+2`b, irQ
UkV +�M/B/�i2b 7Q` A*a� S`2bB/2Mi@1H2+i kykk �M/
ir2Hp2 URkV 7Q` A*a� "Q�`/ Q7 .B`2+iQ`bX *�M/B@
/�i2b 7Q` �HH TQbBiBQMb M22/ iQ #2 �+iBp2 A*a� K2K@
#2`b BM kykR �M/ ?�p2 bi`QM; BMi2`2bib BM b2`pBM;
A*a�X �++Q`/BM; iQ i?2 A*a� "vH�rb- S`2bB/2Mi@
1H2+i b?QmH/ #2 7`QK �+�/2KB�- MQM@�+�/2KB�- Q`

MQ `2bi`B+iBQM- QM � i?`22@v2�` `Qi�iBQM�H #�bBb@QM2
v2�` 7`QK �+�/2KB�- �MQi?2` 7`QK MQM@�+�/2KB�-
�M/ i?2 i?B`/ v2�` QT2MX aQ i?2 +�M/B/�i2b rBHH
#2 7`QK �+�/2KB� i?Bb v2�`X q2 ?QT2 i?�i i?2
+�M/B/�i2b 7Q` "Q�`/ Q7 .B`2+iQ`b �`2 #�H�M+2/ BM
;2M/2`- `2;BQM- T`Q72bbBQM�H BMi2`2bib- �M/ b2+iQ` Q7
T`BK�`v 2KTHQvK2Mi U�+�/2KB�- BM/mbi`vf#mbBM2bb-
Q` ;Qp2`MK2MiVX SH2�b2 2K�BH vQm` MQKBM�iBQMb iQ
.`X JBM; h�M UKBM;Xi�M!;2Q`;2iQrMX2/mV rBi?
i?2 bm#D2+i, A*a� LQKBM�iBQM #v J�`+? jR- kykRX

*�HH 7Q` LQKBM�iBQMb 7Q` kykR A*a�
�r�`/b
.BbiBM;mBb?2/ �+?B2p2K2Mi
�r�`/
h?Bb �r�`/ Bb BM `2+Q;MBiBQM Q7 i?2 /BbiBM;mBb?2/
�+?B2p2K2Mi BM bi�iBbiB+�H `2b2�`+? �M/ mMb2H}b? bmT@
TQ`i Q7 i?2 �bbQ+B�iBQMX JQ`2 /2i�BHb rBHH #2 �M@
MQmM+2/ #v A*a� �i ?iiTb,ffrrrXB+b�XQ`;f/BbiB
M;mBb?2/@�+?B2p2K2Mi@�r�`/f

JQbi `2+2Mi rBMM2`, JBM;@>mB *?2M- lMBp2`@
bBiv Q7 *QMM2+iB+miX

Pmibi�M/BM; uQmM; _2b2�`+?2`
�r�`/
h?Bb �r�`/ Bb BM `2+Q;MBiBQM Q7 i?2 Qmibi�M/BM; `2@
b2�`+? BM bi�iBbiB+�H i?2Q`v- K2i?Q/QHQ;v- �M/fQ`
�TTHB+�iBQMbX JQ`2 /2i�BHb rBHH #2 �MMQmM+2/ #v
A*a� �i ?iiTb,ffrrrXB+b�XQ`;f�r�`/bfQmibi�
M/BM;@vQmM;@`2b2�`+?@�r�`/f

JQbi `2+2Mi rBMM2`b,

Ç :m�M um- lMBp2`bBiv Q7 "mz�HQX
Ç sBM w?�M;- 6HQ`B/� ai�i2 lMBp2`bBivX

S�Q@Gm >bm �r�`/
h?2 S�Q@Gm >bm �r�`/ Bb T`2b2Mi2/ 2p2`v i?`22
v2�`b #v i?2 AMi2`M�iBQM�H *?BM2b2 ai�iBbiB+�H �b@
bQ+B�iBQM UA*a�V- mbm�HHv �i �M A*a� +QM72`2M+2- iQ
�M BM/BpB/m�H mM/2` �;2 8y- r?Q K�F2b BM~m2MiB�H
�M/ 7mM/�K2Mi�H +QMi`B#miBQMb iQ �Mv }2H/ Q7 bi�iBb@
iB+b �M/ T`Q#�#BHBiv- �M/ 2t2KTHB}2b >bm’b /22T
BMpQHp2K2Mi BM /2p2HQTBM; bi�iBbiB+b �M/ T`Q#�#BHBiv
`2b2�`+? rBi? bB;MB}+�Mi BKT�+i QM 2/m+�iBQMX

S`Q72bbQ` >bm- #Q`M BM RNRy- r�b � TBQM22` �M/
7QmM/2` Q7 i?2 M2rHv 7Q`K2/ /Bb+BTHBM2 Q7 bi�iBb@
iB+b �M/ T`Q#�#BHBiv BM *?BM�X >2 r�b #2bi FMQrM
7Q` ?Bb `B;Q`Qmb `2b2�`+? rBi? /2Ti? �M/ #`2�/i?-
�M/ 7Q` ?Bb T`Q7QmM/ BKT�+i QM vQmM;2` ;2M2`�iBQMbX
a22 ǳS�Q@Gm >bm J2KQ`B�H *QHH2+iBQMǴ Tm#HBb?2/ #v
S2FBM; lMBp2`bBiv S`2bb 7Q` KQ`2 /2i�BHbX

h?2 T`Bx2 Bb QT2M iQ �HH M�iBQM�HBiB2bX S`BQ`BiB2b
�`2 ;Bp2M iQ i?2 +�M/B/�i2b r?Qb2 rQ`F +QMi`B#mi2b
;`2�iHv iQ i?2 `2b2�`+? �M/ 2/m+�iBQM Q7 *?BM2b2
bi�iBbiB+B�MbX h?2 �r�`/ `2+BTB2Mi rBHH bT2�F �i �M
A*a� AMi2`M�iBQM�H *QM72`2M+2X h?2 �r�`/ BM+Hm/2b
0jyyy BM +�b? T`Bx2X .2�/HBM2b rBHH #2 �MMQmM+2/ #v
i?2 A*a� �M/ KQ`2 /2i�BHb +QmH/ #2 7QmM/ �i ?iiTb,
ffrrrXB+b�XQ`;f�#Qmi@T�Q@Hm@?bm@�r�`/f

JQbi `2+2Mi rBMM2`, >QM;vm w?�Q- u�H2 a+?QQH
Q7 Sm#HB+ >2�Hi?X

R9 Ü rrrXB+b�XQ`;
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A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR A*a� �MMQmM+2K2Mib

A*a� aim/2Mi h`�p2H �r�`/b
�M/ CB�MM@SBM; >bm S?�`K�@
+2miB+�H �M/ _2;mH�iQ`v a+B@
2M+2b aim/2Mi S�T2` �r�`/
hQ 2M+Qm`�;2 bim/2Mi K2K#2`b Q7 A*a� iQ T�`iB+B@
T�i2 �M/ iQ b?�`2 i?2B` `2b2�`+? �i i?2 �MMm�H A*a�
�TTHB2/ avKTQbBmK- A*a� Qz2`b aim/2Mi h`�p2H
�r�`/b �M/ QM2 CB�MM@SBM; >bm S?�`K�+2miB+�H
�M/ _2;mH�iQ`v a+B2M+2b aim/2Mi S�T2` �r�`/ 7Q`
Qmibi�M/BM; bim/2Mi T�T2`bX

h?2 aim/2Mi i`�p2H �r�`/ Bb bTQMbQ`2/ #v i?2
�MMm�H A*a� �TTHB2/ ai�iBbiB+b bvKTQbBmKX h?2
K�BM Tm`TQb2 Q7 i?2 �r�`/ Bb iQ 2M+Qm`�;2 bim/2Mi
K2K#2`b Q7 A*a� iQ T�`iB+BT�i2 �M/ T`2b2Mi i?2B`
`2b2�`+? rQ`F �i i?2 �MMm�H bvKTQbBmKX h`�p2H
�r�`/ rBMM2`b rBHH #2 b2H2+i2/ #v i?2 �r�`/b *QK@
KBii22 �MMm�HHvX

h?2 `2+BTB2Mib Q7 i?2 ǳA*a� aim/2Mi h`�p2H
�r�`/Ǵ rBHH T`2b2Mi i?2 �r�`/ T�T2`b �i �M BM@

pBi2/ T�T2` b2bbBQM 2MiBiH2/“A*a� aim/2Mi �r�`/
a2bbBQM”/m`BM; i?2 bvKTQbBmKX 1�+? `2+BTB2Mi
rBHH �HbQ `2+2Bp2 � TH�[m2 +QKK2KQ`�iBM; i?2 2p2Mi
�M/ i?2 b�K2 KQM2i�`v bmK �b i?2 CB�MM@SBM; >bm
S?�`K�+2miB+�H �M/ _2;mH�iQ`v a+B2M+2b aim/2Mi
S�T2` �r�`/X AM MQ`K�H bBim�iBQMb- mT iQ bBt bim@
/2Mi �r�`/ rBMM2`b U}p2 aim/2Mi h`�p2H �r�`/b- QM2
CB�MM@SBM; >bm S?�`K�+2miB+�H �M/ _2;mH�iQ`v a+B@
2M+2b aim/2Mi S�T2` �r�`/V rBHH #2 b2H2+i2/X 1�+?
rBMM2` rBHH `2+2Bp2 � TH�[m2- �M �r�`/ 7Q` i`�p2H �M/
`2;Bbi`�iBQM `2BK#m`b2K2Mi mT iQ 0Ryyy Q` � +�b?
�r�`/ Q7 088y- r?B+?2p2` Bb #B;;2`- �b r2HH �b � 7`22
`2;Bbi`�iBQM 7Q` � b?Q`i +Qm`b2X JQ`2 /2i�BHb rBHH #2
�MMQmM+2/ �i
?iiTb,ffrrrXB+b�XQ`;f�r�`/bfB+b�@�r�`/b@�
M/@?QMQ`bf

JQbi `2+2Mi rBMM2`, �MMQmM+2/ �i i?2 bmK@
K�`v `2TQ`i Q7 kyky A*a� �TTHB2/ ai�iBbiB+b avK@
TQbBmKX

_2TQ`i 7`QK i?2 A*a� aT`BM;2` "QQF
a2`B2b BM ai�iBbiB+b
.BM;@:2M; *?2M

A*a� "QQF a2`B2b BM ai�iBbiB+b UAaaL,kRNN@yN3yV
r�b 2bi�#HBb?2/ BM i?2 v2�` kyRk #2ir22M A*a�
�M/ aT`BM;2`X qBi? i?Bb BMBiB�iBp2- S`Q72bbQ` CB�?m�
*?2M r�b �TTQBMi2/ �b i?2 2/BiQ` Q7 i?Bb #QQF b2@
`B2bX AM kyR9- S`Q72bbQ` .BM;@:2M; *?2M DQBM2/ rBi?
S`Q72bbQ` CB�?m� *?2M �b +Q@2/BiQ`b?BT 7Q` i?Bb #QQF
b2`B2bX

6`QK kyRk iQ kyky- i?Bb #QQF b2`B2b ?�b Tm#@
HBb?2/ ir2Miv@irQ UkkV #QQFb BM bi�iBbiB+b- #BQbi�iBb@
iB+b- #BQBM7Q`K�iB+b- #BQT?�`K�+2miB+�H #BQbi�iBbiB+b-
/�i� b+B2M+2b- �M/ Tm#HB+ ?2�Hi?- �b HBbi2/ QMHBM2
�i ?iiTb,ffrrrXbT`BM;2`X+QKfb2`B2bfRj9ykX AM
kyky- S`Q72bbQ` CB�?m� *?2M bi2TT2/ /QrM �b i?2
2/BiQ` �7i2` ?Bb bm++2bb7mH }p2@v2�` 2/BiQ`b?BT- �M/
S`Q72bbQ` .BM;@:2M; *?2M Bb i?2 +m``2Mi 2/BiQ` Q7
i?2 A*a� "QQF a2`B2b BM ai�iBbiB+bX

h?2 A*a� "QQF a2`B2b BM ai�iBbiB+b Bb �BK2/
iQ b?Qr+�b2 `2b2�`+? 7`QK i?2 AMi2`M�iBQM�H *?B@

M2b2 ai�iBbiB+�H �bbQ+B�iBQM i?�i ?�b �M BMi2`M�@
iBQM�H `2�+?X Ai Tm#HBb?2b #QQFb QM bi�iBbiB+�H i?2@
Q`v- �TTHB+�iBQMb- �M/ bi�iBbiB+�H 2/m+�iBQMX �HH
#QQFb �`2 �bbQ+B�i2/ rBi? i?2 A*a� Q` �`2 �mi?Q`2/
#v BMpBi2/ +QMi`B#miQ`bX "QQFb K�v #2 KQMQ;`�T?b-
2/Bi2/ pQHmK2b- i2ti#QQFb- �M/ T`Q+22/BM;bX

hQ �HH A*a� K2K#2`b- vQm �M/ vQm` +QHH2�;m2b
�`2 T`Q72bbBQM�HHv r2H+QK2 iQ +QMi`B#mi2 iQ i?Bb
#QQF b2`B2b iQ K�F2 Bi bm++2bb7mH iQ Qm` AMi2`M�iBQM�H
*?BM2b2 ai�iBbiB+�H �bbQ+B�iBQMX SH2�b2 +QMi�+i S`Q@
72bbQ` .BM;@:2M; *?2M �i /BM+?2M!2K�BHXmM+X2/m
7Q` vQm` BMi2`2biX

.BM;@:2M; *?2M - S?.
�a� 62HHQr- q�HH�+2 >X Em`�Hi
.BbiBM;mBb?2/ S`Q72bbQ`-
lMBp2`bBiv Q7 LQ`i? *�`QHBM�-
*?�T2H >BHH- L* kd8Rd- la�X

Ü rrrXB+b�XQ`; R8
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J2KQ`B�H �`iB+H2 A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

� J2KQ`B�H �`iB+H2 7Q` .`X
sB�M;`QM; uBM
CQ?M aim7F2M-
.B`2+iQ` Q7 AM7Q`K�iB+b �M/ �M�HviB+b-
"�MF Q7 �K2`B+� 1t+2HH2M+2 S`Q72bbQ`-
lL* :`22Mb#Q`QX

q?BH2 �#Qmi 9 KQMi?b ?�p2 T�bb2/ bBM+2 i?2 b�/
M2rb- Bi Bb biBHH ?�`/ iQ #2HB2p2 i?�i sB�M;`QM; Bb MQ
HQM;2` rBi? mbX h?2 QMHv i?BM; i?�i ?2HTb � HBiiH2 Bb
i?�i A ?�p2 K�Mv 7QM/ K2KQ`B2b Q7 sB�M;`QM;X

RX q2 K2i BM kyyj r?2M A DQBM2/ i?2 lMBp2`bBiv Q7
:2Q`;B� �b >2�/ Q7 i?2 .2T�`iK2Mi Q7 ai�iBb@
iB+b �M/ r2`2 +QHH2�;m2b 7Q` RR v2�`b mMiBH r2
#Qi? H27i l:� BM kyR9X

kX sB�M;`QM; HBF2/ iQ +�HH K2 ?Bb #Qbb- #mi BM
bQK2 r�vb- i?`Qm;? i?2 B/2�b i?�i ?2 TH�Mi2/
BM K2- ?2 r�b K�v#2 Kv #Qbb5

jX qBi? sB�M;`QM; vQm /B/M’i ?�p2 iQ ;m2bb
r?�i ?2 i?Qm;?i �#Qmi �M Bbbm2c ?2 rQmH/
H2i vQm FMQrX >2 rQ`2 ?Bb 2KQiBQMb QM ?Bb
bH22p2X >2 HQp2/ iQ 2M;�;2 BM T�bbBQM�i2 /Bb@
+mbbBQMb �#Qmi bi�iBbiB+b- `2b2�`+?- �M/ T`Q72b@
bBQM�H Bbbm2bX >2 ?�/ bi`QM; QTBMBQMb �#Qmi
K�Mv i?BM;b- �M/ r2 /B/MǶi �Hr�vb �;`22- #mi
i?�i K�/2 i?2 /Bb+mbbBQMb BMi2`2biBM;X

9X A ?�/ K�Mv QTTQ`imMBiB2b iQ ?�p2 bm+? /Bb@
+mbbBQMb rBi? ?BK- bm+? �b �i i?2 K�Mv T�`@
iB2b i?�i sB�M;`QM; �M/ ?Bb rB72- sB�Q7�M;-
?2H/ �i i?2B` ?QK2- Q` r?BH2 TH�vBM; `�+[m2i@
#�HH- Q` /m`BM; Qm` DQBMi i`BT iQ *?BM� BM kyyd
iQ a?�M;?�B- >�M;x?Qm- �M/ ?Bb ?QK2iQrM Q7
*?�M;tBM;@�M mM7Q`;2ii�#H2 i`BTX

8X S`Q72bbBQM�HHv- ?2 r�b p2`v T�bbBQM�i2 �#Qmi
?Bb `2b2�`+?- rQ`FBM; BM+`2/B#Hv ?�`/- b2p2M
/�vb T2` r22FX �M/ ?2 #mBHi � ;`2�i `2@
b2�`+? `2+Q`/- r?B+? Bb r?v ?2 r�b 2H2+i2/
iQ �a� �M/ AJa 62HHQrb?BT H�bi v2�`X A T`2@
T�`2/ i?2 MQKBM�iBQMb �M/ i?2 H2ii2`b i?�i A
+QHH2+i2/ 7`QK T`QKBM2Mi `2b2�`+?2`b bTQF2 iQ
i?2 ;`QmM/#`2�FBM; BKT�+i Q7 sB�M;`QM;Ƕb `2@
b2�`+?X

eX >2 r�b 2bT2+B�HHv T�bbBQM�i2 �#Qmi ?Bb bim@
/2Mib �M/ #mBHi �M BM+`2/B#Hv bi`QM; `2+Q`/ Q7
bmT2`pBbBM; bim/2MibX >2 +QmH/ #2 iQm;? QM

i?2K #mi r�b �HbQ p2`v bmTTQ`iBp2 �M/ T`Qm/
Q7 i?2KX

dX >Bb T�bbBQM r�b �HbQ pBbB#H2 �M/ �m/B#H2 BM i?2
+H�bb`QQKX Ai r�b ?�`/ iQ ?�p2 � K22iBM; M2ti
iQ � +H�bb`QQK r?2`2 sB�M;`QM; r�b i2�+?BM;5

Jv H�bi +Q``2bTQM/2M+2 rBi? sB�M;`QM; r�b
�#Qmi � r22F #27Q`2 ?2 /B2/X >2 ?�/ Dmbi �++2Ti2/
iQ ;Bp2 �M QMHBM2 b2KBM�` 7Q` mb �i lL*:- �M/ ?2
i?�MF2/ K2 7Q` i?2 BMpBi�iBQMX A r`Qi2 iQ ?BK i?�i
?2 �M/ sB�Q7�M; r2`2 r2H+QK2 iQ pBbBi GBHB �M/ K2-
#mi ?2 r`Qi2 #�+F i?�i i`�p2HBM; r�b MQ HQM;2` 7mM
#2+�mb2 ?2 r�b #2+QKBM; QH/X q2 ?�p2 HQbi � p2`v
bT2+B�H �M/ HQv�H 7`B2M/- 7�` iQQ 2�`HvX q2 Kmbi `2@
K2K#2` sB�M;`QM; 7Q` i?2 BM72+iBQmb T�bbBQM i?�i ?2
#`Qm;?i iQ 2p2`vi?BM; ?2 /B/ BM HB72- �M/ i?�i Bb i?2
#2bi r�v iQ ?QMQ` ?BKX >2 r�b i`mHv �M BMbTB`�iBQM
7Q` K2 �M/- A FMQr- 7Q` K�Mv Qi?2`bX

G�biHv- B7 vQm ;Q iQ CaJ BM kykR- i?2`2 Bb �M
BMpBi2/ K2KQ`B�H T�M2H 7Q` sB�M;`QM;- r?B+? Bb Q`@
;�MBx2/ #v ?Bb 7Q`K2` lMBp2`bBiv Q7 E2Mim+v bim@
/2Mi- CB�vBM; q2M;X h?2 b+?2/mH2/ T�M2HBbib BM@
+Hm/2, *QQF- .2MMBb UlMBp2`bBiv Q7 JBMM2bQi�Vc
aim7F2M- CQ?M UlL* :`22Mb#Q`QVc GB- "BM; US2MM
ai�i2 lMBp2`bBivVc ai`QK#2`;- �`MQH/ UlMBp2`bBiv
Q7 E2Mim+FvVc >�``�`- aQHQKQM UlMBp2`bBiv Q7 E2M@
im+FvVX

h?2`2 Bb � TQ2K i?�i .`X sB�Q;�M; am- S`Q@
72bbQ` BM i?2 .2T�`iK2Mi Q7 J�i?2K�iB+�H a+B2M+2b
7`QK lMBp2`bBiv Q7 h2t�b �i 1H S�bQ- r`Qi2 7Q` K2K@
Q`BxBM; .`X uBMX
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A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR "BM umǶb AMi2`pB2r �M/ �`iB+H2

"BM umǶb AMi2`pB2r
CQM "�b?Q`

1/BiQ`B�H, h?Bb BMi2`pB2r r`Bii2M #v CQM "�b?Q`
Bb `2T`BMi2/ rBi? T2`KBbbBQM 7`QK i?2 r2#bBi2 Q7 l*
"2`F2H2v .BpBbBQM Q7 *QKTmiBM;- .�i� a+B2M+2 �M/ aQ@
+B2iv U*.aaV, ?iiTb,ff/�i�X#2`F2H2vX2/mfT2QTH
2f#BM@vmX JQ`2 BM7Q`K�iBQM �#Qmi i?2 S*a 7`�K2@
rQ`F K2MiBQM2/ BM i?Bb �`iB+H2 +�M #2 7QmM/ 7`QK

Ç o2`B/B+�H /�i� b+B2M+2 US*a 7`�K2rQ`F- ?iiT
b,ffrrrXTM�bXQ`;f+QMi2MifRRdf3fjNkyV-
SL�a- kykyX UZM�b rBi? "BM um- ?iiTb,
ffrrrXTM�bXQ`;f+QMi2MifRRdf3fj3NjVX

Ç "`2BK�M G2+im`2 UpB/2QV �i L2m`ASa ǳo2`B/B+�H
/�i� a+B2M+2Ǵ US*a 7`�K2rQ`F �M/ B_6- ?iiTb,
ffbHB/2bHBp2X+QKfj3Nkk8NNfp2`B/B+�H@/
�i�@b+B2M+2V- kyRNc mT/�i2/ bHB/2b U?iiTb,
ffrrrXbi�iX#2`F2H2vX2/mf�#BMvmfTbfT�T2
`bkykyf"`2BK�MRN@L2m`ASa@vmXT/7V- kykyX

Pp2` i?2 T�bi jy v2�`b- l* "2`F2H2v bi�iBbiB+b
S`Q72bbQ` "BM um ?�b +Qp2`2/ � HQi Q7 i2``BiQ`v- #Qi?
BM ?2` `2b2�`+? }2H/ �M/ BM b?�`BM; ?2` FMQrH2/;2
rBi? Qi?2`bX �M/ MQr b?2 ?�b mb2/ Bi iQ +`2�i2 �
7`�K2rQ`F i?�i b?2 #2HB2p2b rBHH H2�/ iQ � KQ`2 `B;@
Q`Qmb �M/ i`mbirQ`i?v /�i� b+B2M+2 T`Q+2bb- BM+Hm/@
BM; i?2 mb2 Q7 K2i?Q/b bm+? �b K�+?BM2 H2�`MBM;X

um �M/ ?2` i2�K �i "2`F2H2v ?�p2 /2p2HQT2/
MQp2H bi�iBbiB+�H K�+?BM2 H2�`MBM; �TT`Q�+?2b �M/
�`2 +QK#BMBM; i?2B` rQ`F rBi? i?2 /QK�BM 2tT2`@
iBb2 Q7 +QHH�#Q`�iQ`b iQ bQHp2 BKTQ`i�Mi T`Q#H2Kb BM
i?2 }2H/b Q7 M2m`Qb+B2M+2- ;2MQKB+b �M/ T`2+BbBQM
K2/B+BM2X

ǳ�`iB}+B�H BMi2HHB;2M+2 ?�b ?m;2 TQi2MiB�H iQ ?2HT
mb bQHp2 +`BiB+�H T`Q#H2Kb-Ǵ b�B/ um- r?Q Bb �HbQ �
T`Q72bbQ` BM l* "2`F2H2vǶb .2T�`iK2Mi Q7 1H2+i`B+�H
1M;BM22`BM; �M/ *QKTmi2` a+B2M+2 �M/ i?2 .BpBbBQM
Q7 *QKTmiBM;- .�i� a+B2M+2- �M/ aQ+B2iv U*.aaVX
ǳ"mi i?2`2 Bb � HQi Q7 KBbmM/2`bi�M/BM; �b r2HHX q2
M22/ iQ ?�p2 `2�HBbiB+ QTiBKBbKXǴ

um TQBMib iQ �TTHB+�iBQMb `�M;BM; 7`QK b2H7@
/`BpBM; p2?B+H2b iQ T`2+BbBQM K2/B+BM2 iQ K2/B+�H
BK�;BM; r?2`2 �A Bb b22M #v K�Mv �b i?2 �Mbr2`
iQ i?2 T`Q#H2KbX h?2 +?�HH2M;2 Q7 +`2�iBM; b�72 b2H7@
/`BpBM; +�`b +�M #2 b22M BM i?2 MmK#2` Q7 bi�`imTb
BM i?2 }2H/ i?�i ?�p2 7QH/2/- b?2 �//2/X

"2?BM/ �HH Q7 i?2b2 2zQ`ib Bb i?2 /Bb+BTHBM2 Q7 /�i�
b+B2M+2- r?B+? um /2b+`B#2b �b � ǳ}2H/ Q7 2pB/2M+2
b22FBM; i?�i +QK#BM2b /�i� rBi? BM7Q`K�iBQM 7`QK �
`2b2�`+? /QK�BM BM7Q`K�iBQM iQ ;2M2`�i2 M2r FMQrH@

2/;2-Ǵ um r`Qi2X Ai’b i?Bb T`Q+2bb i?�i b?2 r�Mib
iQ K�F2 KQ`2 +QMbBbi2Mi �M/ i`mbirQ`i?vX

um H�B/ Qmi ?2` 7`�K2rQ`F 7Q` BMi2;`�iBM; T`2@
/B+i�#BHBiv- +QKTmi�#BHBiv �M/ bi�#BHBiv- r?B+? b?2
+�HHb S*a- BM ?2` T�T2` ǳo2`B/B+�H /�i� b+B2M+2Ǵ UHBMF
Bb 2ti2`M�HV +Q@�mi?Q`2/ rBi? ?2` 7Q`K2` bim/2Mi
E�`H EmK#B2` UMQr � TQbi/Q+ �i l*a6V �M/ Tm#@
HBb?2/ BM i?2 S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv
Q7 a+B2M+2b BM 62#`m�`v kykyX

a?2 �M/ _2#2++� "�`i2`- um’b 7Q`K2` bim/2Mi
�M/ +m``2Mi TQbi/Q+- �`2 MQr �/�TiBM; i?2 K�i2`B�H
BMiQ � i2ti#QQF iQ #2 Tm#HBb?2/ #v i?2 JAh S`2bb BM
kykRX h?2v �HbQ TH�M iQ K�F2 i?2 K�i2`B�H �p�BH�#H2
QMHBM2 �i MQ +QbiX a?2 �//b i?�i Ǵp2`B/B+�HǴ `272`b iQ
bQK2i?BM; i?�i Bb i`mi?7mH Q` +QBM+B/2b rBi? `2�HBivX

um r�b BMbTB`2/ iQ /2p2HQT i?2 S*a 7`�K2rQ`F
�b � `2bmHi Q7 ?2` BMi2`/Bb+BTHBM�`v `2b2�`+? T`QD2+ib
rBi? i?2 :�HH�Mi G�# BM M2m`Qb+B2M+2 QM i?2 "2`F2@
H2v +�KTmb �M/ i?2 *2HMBF2` �M/ "`QrM G�#b BM
;2MQKB+b �i G�r`2M+2 "2`F2H2v L�iBQM�H G�#Q`�@
iQ`vX _2+2MiHv- i?2 S*a 7`�K2rQ`F bm++2bb7mHHv
;mB/2/ i?2 /2p2HQTK2Mi Q7 MQp2H bi�iBbiB+�H TBT2HBM2b
2TBh`22 �M/ bi�.Aa* #v i?2 um :`QmT �M/ +QHH�#Q@
`�iQ`b iQ `2+QKK2M/ TQbbB#H2 ;2M2iB+ /`Bp2`b Q7 /Bb@
2�b2 �M/ bm#;`QmTb Q7 T2QTH2 7Q` r?B+? � T�`iB+m@
H�` i`2�iK2Mi Bb 2z2+iBp2- `2bT2+iBp2HvX h?2 T`QD2+ib
�`2 T�`i Q7 � `2b2�`+? T`Q;`�K iQ �/p�M+2 T`2+BbBQM
K2/B+BM2X

h?2 F2v- b?2 b�vb- Bb iQ HQQF �i i?2 mb2 Q7 /�i�
b+B2M+2 �b � +v+H2- MQi � b2i Q7 HBM2�` bi2TbX AM i?Bb
b+2M�`BQ- i?2 +v+H2 Q7 bi2Tb #2;BMb rBi? i?2 TQbBM;
Q7 � b+B2M+2 [m2biBQM BM � T�`iB+mH�` /QK�BM- �M/
T`Q+22/b i?`Qm;? +QHH2+iBM;- K�M�;BM;- T`Q+2bbBM;
UQ` +H2�MBM;V- 2tTHQ`BM;- KQ/2HBM;- �M/ BMi2`T`2iBM;
/�i� `2bmHib iQ ;mB/2 M2r �+iBQMbX

ǳq2 M22/ iQ HQQF �i i?2 r?QH2 /�i� b+B2M+2 HB72
+v+H2 �M/ K�F2 bm`2 Bi Bb i`mbirQ`i?v-Ǵ um b�B/X ǳ1p@
2`v bi2T M22/b iQ #2 p2ii2/XǴ

�++Q`/BM; iQ um- bBM+2 /�i� b+B2M+2 ivTB+�HHv
+`Qbb2b Qp2` KmHiBTH2 `2b2�`+? /Bb+BTHBM2b- Bi `2[mB`2b
?mK�M BMpQHp2K2Mi 7`QK 2tT2`ib r?Q mM/2`bi�M/
#Qi? i?2 /QK�BM �M/ i?2 iQQHb mb2/ iQ +QHH2+i- T`Q@
+2bb- �M/ KQ/2H /�i�X

ǳh?2b2 BM/BpB/m�Hb K�F2 BKTHB+Bi �M/ 2tTHB+Bi
Dm/;K2Mi +�HHb i?`Qm;?Qmi i?2 /�i� b+B2M+2 HB72 +v@
+H2-Ǵ b?2 b�B/X ǳaBM+2 i?2`2 Bb HBKBi2/ i`�MbT�`2M+v BM
`2TQ`iBM; i?2b2 Dm/;K2Mi +�HHb- i?2 2pB/2M+2 #2?BM/
K�Mv �M�Hvb2b Bb #Hm``2/ �M/ r2 �`2 b22BM; KQ`2
7�Hb2 /Bb+Qp2`B2b i?�M KB;?i Qi?2`rBb2 Q++m`XǴ

a?2 /2b+`B#2b S*a �b � +QM+2Tim�H 7`�K2rQ`F 7Q`
�bFBM; +`BiB+�H [m2biBQMb �M/ /Q+mK2MiBM; i?2K �i

Ü rrrXB+b�XQ`; Rd
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2p2`v bi2T Q7 i?2 /�i� b+B2M+2 HB72 +v+H2X AM 7�+i- b?2
b22b �M BKTQ`i�Mi `QH2 BM /�i� b+B2M+2 7Q` i?2 `QH2 Q7
+`BiB+�H i?BMFBM; �b Bi Bb i�m;?i BM i?2 HB#2`�H �`ibX

ǳh?2 }`bi bi2T Bb iQ K�F2 �M �`;mK2Mi iQ vQm`@
b2H7- i?2M K�F2 �M �`;mK2Mi iQ i?2 `2�/2` �b iQ r?v
vQm` i?BMFBM; Bb bQmM/- K�FBM; i?2 T`Q+2bb i`�MbT�`@
2Mi-Ǵ um b�B/X ǳ.Q+mK2MiBM; i?2b2 bi2Tb Bb BMi2;`�H
iQ i?2 T`Q+2bbX uQm M22/ iQ K�F2 � +QM+Bb2 bmKK�`v
Q7 r?v i?2 rQ`F Bb `2bTQMbB#H2- `2HB�#H2- `2T`Q/m+B#H2
�M/ i`�MbT�`2MiXǴ

h?2 +Q`2 T`BM+BTH2b Q7 T`2/B+i�#BHBiv- +QKTmi�#BH@
Biv- �M/ bi�#BHBiv �`2 i?2 #�bBb 7Q` bm+? � mMB}2/ /�i�
�M�HvbBb 7`�K2rQ`F- r?B+? #mBH/b �M/ 2tT�M/b QM
T`BM+BTH2b Q7 bi�iBbiB+b- K�+?BM2 H2�`MBM;- �M/ b+B2M@
iB}+ BM[mB`vX um TQBMib Qmi i?�i K�Mv Q7 i?2 B/2�b
2K#2//2/ BM S*a ?�p2 #22M rB/2Hv mb2/ �+`Qbb p�`@
BQmb �`2�b Q7 /�i� b+B2M+2 �M/ b22b i?2K �b i?2 KBMB@
KmK `2[mB`2K2Mib 7Q` �+?B2pBM; ?2` ;Q�H Q7 p2`B/B+�H
/�i� b+B2M+2X

AM Qi?2` rQ`/b- S*a bvMi?2bBx2b- bi`2�KHBM2b �M/
2tT�M/b QM i?2b2 B/2�b �b �M �++2bbB#H2 T`QiQ+QH
Q` TBT2HBM2 iQ b?�`2 #2bi T`�+iB+2b 7Q` � [m�HBiv@
+QMi`QHH2/ /�i� b+B2M+2 HB72 +v+H2X �i i?2 b�K2 iBK2-
Bi 2KT?�bBx2b i?2 BKTQ`i�M+2 Q7 /QK�BM FMQrH2/;2
�M/ +`BiB+�H i?BMFBM; �M/ +QKKmMB+�iBQM bFBHHb Q7 �
/�i� b+B2MiBbiX

1p2M i?Qm;? K�Mv `2b2�`+? }2H/b ?�p2 bm++2bb@
7mHHv 2K#`�+2/ �`iB}+B�H BMi2HHB;2M+2 U�AV- um MQi2b
i?�i i?2`2 Bb biBHH � HQi �#Qmi �A �M/ K�+?BM2 H2�`M@
BM; i?�i Bb MQi mM/2`biQQ/X a?2 Bb � +Q@T`BM+BT�H
BMp2biB;�iQ` QM � "2`F2H2v@H2/ �� KBHHBQM T`QD2+i

7mM/2/ #v i?2 L�iBQM�H a+B2M+2 6QmM/�iBQM �M/ aB@
KQMb 6QmM/�iBQM iQ ;�BM � i?2Q`2iB+�H mM/2`bi�M/@
BM; Q7 /22T H2�`MBM;Ĝ?Qr Bi rQ`Fb �M/ r?v Bi rQ`FbX

q?v MQr\ um b�B/ b?2 K�/2 i?2 /2+BbBQM iQ
Tmb? 7Q`r�`/ ?2` S*a 7`�K2rQ`F 7Q` #Qi? T2`bQM�H
�M/ T`Q72bbBQM�H `2�bQMbX �#Qmi i?2 b�K2 iBK2 b?2
?Bi � KBH2biQM2 �;2 Q7 8y v2�`b- ?2` KQi?2` #2+�K2
b2`BQmbHv BHHX aQ- b?2 r�Mi2/ iQ K�F2 � bi�i2K2Mi
�#Qmi �M Bbbm2 b?2 722Hb bi`QM;Hv �#QmiX �Hi?Qm;?
b?2 r�b 2HB;B#H2 iQ bm#KBi � T�T2` iQ i?2 S`Q+22/@
BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b mTQM ?2`
2H2+iBQM BM kyR9- b?2 /2HB#2`�i2Hv iQQF ?2` iBK2 iQ
`2}M2 �M/ TQHBb? ?2` B/2�b #27Q`2 Tm#HBb?BM; i?2KX

>2` rQ`F /`�rb QM � rB/2 `�M;2 Q7 T2`bT2+iBp2b
b?2 ?�b ;�BM2/X aBM+2 2�`MBM; ?2` #�+?2HQ`Ƕb /2;`22
BM K�i?2K�iB+b �i S2FBM; lMBp2`bBiv- um r2Mi QM iQ
2�`M ?2` JXaX �M/ S?X.X /2;`22b BM bi�iBbiB+b 7`QK
l* "2`F2H2vX AM �//BiBQM iQ rQ`FBM; 7Q` irQ v2�`b
�i i?2 "2HH G�#b #�b2/ BM L2r C2`b2v- b?2 ?�b #22M
� T`Q72bbQ` �i i?2 lMBp2`bBiv Q7 qBb+QMbBM@J�/BbQM-
pBbBiBM; T`Q72bbQ` �i u�H2 lMBp2`bBiv �M/ � pBbBiBM;
7�+mHiv K2K#2` �i JAh- 1h> Ui?2 arBbb 62/2`�H
AMbiBimi2 Q7 h2+?MQHQ;v BM wm`B+?V- SQBM+�`2 AMbiB@
imi2 BM S�`Bb- S2FBM; lMBp2`bBiv- AM`B�@S�`Bb Ui?2
6`2M+? AMbiBimi2 7Q` _2b2�`+? BM *QKTmi2` a+B2M+2
�M/ �miQK�iBQMV- 6B2H/b AMbiBimi2 �i lMBp2`bBiv Q7
hQ`QMiQ- L2riQM AMbiBimi2 �i *�K#`B/;2 lMBp2`bBiv-
�M/ 6H�iB`QM AMbiBimi2 BM L2r uQ`FX um Bb �M BMp2b@
iB;�iQ` rBi? i?2 *?�M@wm+F2`#2`; "BQ?m# �M/ i?2
q2BHH L2m`Q?m#X a?2 Bb �HbQ � K2K#2` Q7 i?2 �K2`@
B+�M �+�/2Kv Q7 �`ib �M/ a+B2M+2bX

ai�#BHBiv 1tT�M/2/- BM _2�HBiv
"BM um

1/BiQ`B�H, h?Bb �`iB+H2 Bb `2T`BMi2/ rBi? T2`KBbbBQM
7`QK i?2 >�`p�`/ .�i� a+B2M+2 _2pB2r ?iiTb,ff?/b`
XKBiT`2bbXKBiX2/mfTm#f2F`?bmB3f`2H2�b2fRX Ü
kykR #v .`X "BM um mM/2` � *`2�iBp2 *QK@
KQMb �ii`B#miBQM U** "u 9XyV AMi2`M�iBQM�H HB@
+2Mb2 U?iiTb,ff+`2�iBp2+QKKQMbXQ`;fHB+2Mb2bf
#vf9XyfH2;�H+Q/2VX

Ai Bb i?Qm;?i@T`QpQFBM; iQ `2�/ i?2 T�B` Q7 �`iB@
+H2b QM Ry +?�HH2M;2b BM /�i� b+B2M+2 #v smKBM; >2
�M/ sB?QM; GBM 7`QK � bi�iBbiB+b T2`bT2+iBp2 �M/
C2�MM2ii2 qBM; 7`QK � +QKTmi2` b+B2M+2 T2`bT2+@
iBp2X lMbm`T`BbBM;Hv- i?2`2 Bb � ;QQ/ Qp2`H�T Q7 BK@
TQ`i�Mi iQTB+b BM+Hm/BM; KmHiBKQ/�H �M/ ?2i2`Q;2@
MQmb /�i�- /�i� T`Bp�+v- 7�B`M2bb �M/ BMi2`T`2i�#BH@

Biv- �M/ +�mb�H BM72`2M+2 Q` `2�bQMBM;X h?Bb Qp2`H�T
`2~2+ib �M/ +QM}`Kb i?2 7QmM/�iBQM�H �M/ b?�`2/
`QH2b Q7 bi�iBbiB+b �M/ +QKTmi2` b+B2M+2 BM /�i� b+B@
2M+2- r?B+? Bb i?2 K2`;BM; Q7 bi�iBbiB+�H �M/ +QKTmi@
BM; i?BMFBM; BM i?2 +QMi2ti Q7 bQHpBM; /QK�BM T`Q#@
H2KbX h?2 +?�HH2M;2b BM #Qi? �`iB+H2b �`2 T`2b2Mi2/
�b b2T�`�i2- MQi BMi2;`�i2/- iQTB+b- �M/ KQbiHv /2@
+QmTH2/ 7`QK /QK�BM T`Q#H2Kb- TQbbB#Hv #2+�mb2 Q7
i?2 K�M/�i2 Q7 ǳRy +?�HH2M;2bX”

AM Kv KBM/- i?2 KQbi 2t+BiBM; Ry +?�HH2M;2b BM
/�i� b+B2M+2 �`2 iQ bQHp2 Ry T`2bbBM; `2�H@rQ`H/ /�i�
T`Q#H2Kb rBi? TQbBiBp2 BKT�+ibX 6Q` 2t�KTH2- ?Qr
Bb /�i� b+B2M+2 ;QBM; iQ ?2HT +QMi`QH +QpB/@RN bT`2�/
r?BH2 �HHQrBM; � ?2�Hi?v 2+QMQKv\ hQ KBiB;�i2 +HB@
K�i2 +?�M;2 bQ i?�i Bib M2;�iBp2 BKT�+i QM ?mK�M
�M/ 2+QMQKB+b +�M #2 KBMBKBx2/ �M/ BM iBK2\ hQ
#`BM; T`2+BbBQM K2/B+BM2 iQ 2p2`v T�iB2Mi b�72Hv �M/

R3 Ü rrrXB+b�XQ`;
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iBK2Hv\ hQ mMHQ+F i?2 Kvbi2`B2b Q7 i?2 mM+QMb+BQmb
#`�BM\ hQ /2bB;M ;2MQKB+ i?2`�TB2b 7Q` �Hx?2BK2`’
b\ hQ /2bB;M r2�`�#H2b i?�i BMi2`�+i rBi? KmHiB@
TH2 b+H2`QbBb T�iB2Mib iQ F22T i?2K b�72\ hQ ?2HT
/Bb+Qp2` +?BT K�i2`B�Hb 7Q` i?2 M2ti ;2M2`�iBQM Q7
+QKTmi2`b\ hQ mM/2`bi�M/ i?2 Q`B;BMb Q7 mMBp2`b2\
hQ T`2p2Mi +v#2`�ii�+Fb QM /2KQ+`�+B2b �HH Qp2` i?2
rQ`H/\ hQ b2H7@`2;mH�i2 BMi2`�+iBQMb Q7 /B;Bi�H K2/B�
rBi? FB/b\ hQ ?2HT T2QTH2 `2iQQH bFBHHb M22/2/ #v
i?2 `�TB/Hv +?�M;BM; 2+QMQKv r?BH2 �HHQrBM; i?2K
iQ bi�v BM 7�KBHB�` T?vbB+�H 2MpB`QMK2Mib Q7 7`B2M/b-
7�KBHB2b- KQmMi�BMb- �M/ `Bp2`b\ am+? `2�H@rQ`H/
T`Q#H2Kb ?�p2 iQ #2 i?2 KBbbBQM- i?2 �M+?Q`- �M/
i?2 ;Q�H Q7 /�i� b+B2M+2- r?BH2 K2i?Q/QHQ;B2bf�H;Q@
`Bi?Kb- �TT`Q�+?2b- �M/ i?2Q`B2b ?�p2 iQ #2 �i i?2B`
b2`pB+2 �M/ �TT`�Bb2/ `2H�iBp2 iQ ?Qr r2HH i?2v ?2HT
bQHp2 i?2KX

hQ bQHp2 �Mv Q7 i?2b2 Ry `2�H@rQ`H/ +?�HH2M;2b
�M/ KQ`2- �M BMi2;`�i2/@ �M/ bvbi2K@7`�KBM; Q7
/�i� b+B2M+2 M22/b iQ #2 2K#`�+2/X _2�H@rQ`H/ /�i�
b+B2M+2 T`Q#H2Kb �`2 KmHiB/Bb+BTHBM�`v- KmHiB/BK2M@
bBQM�H- �M/ KmHiBT?�b2/X 1�+? /�i� b+B2M+2 HB72 +v@
+H2 U.aG*V +QMbBbib Q7 /QK�BM T`Q#H2K 7Q`KmH�iBQM-
/�i� +QHH2+iBQM- /�i� +H2�MBM;fT`2T`Q+2bbBM;- pBbm@
�HBx�iBQM- �M�HviB+�H T`Q#H2K 7Q`KmH�iBQMfKQ/2HBM;-
BMi2`T`2i�iBQM- 2p�Hm�iBQMfp�HB/�iBQM- /�i� +QM+Hm@
bBQMb �M/ /2+BbBQMb- �M/ +QKKmMB+�iBQM Q7 /2+BbBQMb
�M/ +QM+HmbBQMbX h?2 bi2Tb �`2 MQi �i �HH HBM2�` #mi
MQMHBM2�` �M/ Bi2`�iBp2X h?2 +?�HH2M;2b BM >2 �M/
GBM Ui?Bb Bbbm2V 7�HH KQbiHv BM i?2 �M�HviB+�H T`Q#H2K@
7Q`KmH�iBQM Q` KQ/2HBM; bi�;2 �M/ bQK2 QM /�i�
T`2T`Q+2bbBM; �M/ QM2 QM Bbbm2b BM /2+BbBQM K�FBM;X
h?2v /Q MQi iQm+? Qi?2` BKTQ`i�Mi bi2Tb bm+? �b
/�i� +H2�MBM;- T`Q#H2K 7Q`KmH�iBQM- �M/ +QKKmMB@
+�iBQM Q7 /2+BbBQMbX qBM; Ui?Bb Bbbm2V +Qp2`b 2K2`;@
BM; +QM+2Tim�H iQTB+b bm+? �b i`mbirQ`i?v �A �M/
�miQK�iBM; /�i� T`2T�`�iBQMfT`2T`Q+2bbBM;X 1p2M
i?Qm;? A #2HB2p2 bQK2 �miQK�iBQM BM i?2 /�i� +H2�M@
BM; bi2T Bb M2+2bb�`v- A #2HB2p2 ?mK�Mb ?�p2 iQ #2 BM
i?2 HQQT iQ KQMBiQ`- +?2+F- �M/ K�F2 Dm/;K2Mi +�HHb
BM �K#B;mQmb bBim�iBQMb ~�;;2/ #v K�+?BM2bX h?�i
Bb- A b22 � ?mK�M–K�+?BM2 +QHH�#Q`�iBQM 7mim`2- MQi
�miQK�iBQM- 7Q` “7`QMi@2M/ bi�;2b Q7 i?2 /�i� HB72
+v+H2”UqBM; kykyVX

h?2 +?�HH2M;2b BM #Qi? �`iB+H2b �`2 BKTQ`i�Mi-
v2i BM+QKTH2i2- +QKTQM2Mib Q7 � /�i� b+B2M+2 HB72
+v+H2 Q` bvbi2KX lMH2bb i?2 2MiB`2 bvbi2K Q` �HH
i?2 +QKTQM2Mib �`2 BMi2;`�i2/ �M/ +QMM2+i2/ iQ@
;2i?2` �M/ QrM2/ �b i?2 i`�/BiBQM�H iQTB+b- i?2`2 Bb
MQ BMbm`�M+2 i?�i `2�H@rQ`H/ T`Q#H2Kb bm+? �b i?2
Ry +?�HH2M;2b �#Qp2 rBHH #2 bQHp2/ rBi? TQbBiBp2 BK@
T�+ibX AM T�`iB+mH�`- M2Bi?2` �`iB+H2 `2+Q;MBx2b i?2
K�Mv ?mK�M Dm/;K2Mi +�HHb BM .aG* Q` /Bb+mbb2b
i?2 bi�#BHBiv Q` `Q#mbiM2bb Q` `2T`Q/m+B#BHBiv Bbbm2b

BM- b�v- i?2 +?QB+2b Q7 /�i� H2�MBM; �M/ �H;Q`Bi?K
BM bQHpBM; � /�i� T`Q#H2KX .�i� +H2�MBM;fT`2T`Q@
+2bbBM; �M/ +Q/BM; B``2T`Q/m+B#BHBiv ?�b H2/ iQ ;`�p2
+QMb2[m2M+2b BM i?2 T�biX �M �`iB+H2 +�HH2/ ǳ:`Qri?
BM � hBK2 Q7 .2#i”r�b Tm#HBb?2/ #v 2+QMQKBbib
*�`K2M _2BM?�`i �M/ E2MM2i? _Q;Qz UkyRyVX h?2v
+QM+Hm/2/ i?�i Tm#HB+ /2#i Bb MQi ;QQ/ 7Q` ;`Qri?X
am+? � +QM+HmbBQM r�b rB/2Hv mb2/ �b 2pB/2M+2 iQ �`@
;m2 7Q` �mbi2`Biv TQHB+B2b BM 1m`QT2 �M/ i?2 lMBi2/
ai�i2b �7i2` i?2 kyy3 }M�M+B�H +`BbBbX 6Qm` v2�`b
H�i2`- h?QK�b >2`M/QM- JB+?�2H �b?- �M/ _Q#2`i
SQHHBM UkyR9V BMp�HB/�i2/ i?Bb +QM+HmbBQM r?2M i?2v
BM+Hm/2/ i?2 72r /�i� TQBMib 7`QK L2r w2�H�M/ �M/
+Q``2+i2/ i?2 +Q/BM; 2``Q`bX UAi Bb MQi +H2�` r?v
i?2b2 /�i� TQBMib r2`2 QKBii2/ BM i?2 }`bi TH�+2XV

q?2M r2 2K#`�+2 i?2 /�i� b+B2M+2 HB72 +v+H2 �b
� bvbi2K- Bi Bb +H2�` i?�i i?2 2H2T?�Mi BM i?2 `QQK Bb
i?2 ?mK�M Dm/;K2Mi +�HHb K�/2 BM 2p2`v bi2TX h?�i
Bb- bi�#BHBiv UQ` `Q#mbiM2bbV `2H�iBp2 iQ `2�bQM�#H2 Q`
�TT`QT`B�i2 T2`im`#�iBQMb iQ i?2 bvbi2K- BM+Hm/BM;
?mK�M Dm/;K2Mi +�HHb QM /�i�@+H2�MBM; +?QB+2b- /�i�
T2`im`#�iBQM- �M/ KQ/2H +?QB+2b- ?�b iQ #2 �KQM;
i?2 +Q`2 +QMbB/2`�iBQMb �M/ � F2v K2i`B+ 7Q` bm++2bbX
h?Bb Bb iQ K�F2b bm`2 i?�i i?2b2 T2`im`#�iBQMb �M/
Dm/;K2Mi +�HHb �`2 MQi /`BpBM; i?2 /�i� +QM+HmbBQMb
�M/ /2+BbBQMb- mMH2bb DmbiB}2/ rBi? r2HH@2tTH�BM2/
/Q+mK2MibX 1[m�HHv BKTQ`i�Mi Bb iQ 2Mbm`2 � `2�HBiv
+?2+F i?`Qm;? T`2/B+iBQM BMiQ i?2 7mim`2 UQ` Bib ;QQ/
bm``Q;�i2VX ai�#BHBiv Bb � 7mM/�K2Mi�H �M/ +QKKQM@
b2Mb2 T`BM+BTH2 BM FMQrH2/;2 b22FBM; �M/ /2+BbBQM
K�FBM;X AM 7�+i- r?2M A �bF2/ T?BHQbQT?2` +QHH2�;m2
"`�M/2M 6Bi2HbQM �i LQ`i?2�bi2`M r?2i?2` +QMbB/@
2`�iBQMb Q7 bi�#BHBiv Q7 #2HB27fDm/;K2Mi ;Q #�+F iQ
i?2 :`22Fb- ?Bb �Mbr2` r�b �M �{`K�iBp2 v2b �M/
?2 TQBMi2/ K2 iQ SH�iQ’b [mQi2b- ?2`2X

AM i?2 J2MQ- SH�iQ r`Bi2b,

6Q` i`m2 QTBMBQMb- �b HQM; �b i?2v `2K�BM- �`2 �
}M2 i?BM; �M/ �HH i?2v /Q Bb ;QQ/- #mi i?2v �`2 MQi
rBHHBM; iQ `2K�BM HQM;- �M/ i?2v 2b+�T2 7`QK � K�M’
b KBM/- bQ i?�i i?2v �`2 MQi rQ`i? Km+? mMiBH QM2
iB2b i?2K /QrM w h?�i Bb r?v FMQrH2/;2 Bb T`Bx2/
?B;?2` i?�M +Q``2+i QTBMBQM- �M/ FMQrH2/;2 /Bz2`b
7`QK +Q``2+i QTBMBQM BM #2BM; iB2/ /QrMX

�M/- BM S`Qi�;Q`�b- SH�iQ r`Bi2b,

(E)MQrH2/;2 Bb bQK2i?BM; MQ#H2 �M/ �#H2 iQ ;Qp@
2`M K�M- �M/ i?�i r?Q2p2` H2�`Mb r?�i Bb ;QQ/ �M/
r?�i Bb #�/ rBHH M2p2` #2 br�v2/ #v �Mvi?BM; iQ �+i
Qi?2`rBb2 i?�M �b FMQrH2/;2 #B/b- �M/ i?�i BMi2HHB@
;2M+2 Bb � bm{+B2Mi bm++Q` 7Q` K�MFBM/X

6Bi2HbQM �HbQ iQH/ K2- ǳ>mK2 r�b QM2 Q7 i?2 }`bi

Ü rrrXB+b�XQ`; RN
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iQ 2KT?�bBx2 i?�i 2p2M UK2`2V #2HB27 M22/b iQ #2 bi�@
#H2 UB7 Bi Bb iQ ;mB/2 �+iBQM BM i?2 `B;?i r�vb- 2i+XVX
Jm+? Q7 i?2 +QMi2KTQ`�`v rQ`F ?�b b?B7i2/ iQ �`@
;mBM; i?�i 2p2M UK2`2V #2HB27 Kmbi �HbQ #2 bi�#H2
BM p�`BQmb r�vb- BM Q`/2` iQ T2`7Q`K Bib 7mM+iBQMbX”
U6Q` KQ`2 BM7Q`K�iBQM QM bi�#BHBiv Q7 #2HB27- TH2�b2
b22 G2Bi;2#- kyRdVX

AM Q`/2` 7Q` � /�i� b+B2M+2 HB72 +v+H2 iQ ǳT2`7Q`K
Bib 7mM+iBQMb”�M/ ǳ;mB/2 �+iBQM BM i?2 `B;?i r�vb-”
b�v- iQ }M/ � ;2M2 i?2`�Tv 7Q` �Hx?2BK2`’b- i?2
.aG* T`Q+2bb ?�b iQ #2 bi�#H2 �M/ +�Tim`2 `2�HBiv
BM i?2 /�i� �M/ M2m`Qb+B2M+2X S`2/B+i�#BHBiv U`2�HBiv
+?2+FV- bi�#BHBiv- �M/ +QKTmi�#BHBiv r2`2 �`;m2/ �b
i?2 i?`22 TBHH�`b iQ bmTTQ`i i?2 S*a UT`2/B+i�#BH@
Biv- +QKTmi�#BHBiv- bi�#BHBivV 7`�K2rQ`F 7Q` p2`B/B@
+�H /�i� b+B2M+2 Uum- kyRjc um � EmK#B2`- kykyVX
h?2 S*a 7`�K2rQ`F #`B/;2b "`2BK�M’b irQ +mH@
im`2bX Ai mMB}2b �M/ 2tT�M/b QM B/2�b 7`QK K�@
+?BM2 H2�`MBM; US �M/ *V �M/ bi�iBbiB+b US �M/ aVX
ai�#BHBiv BM S*a Bb � bB;MB}+�Mi 2tT�MbBQM QM i?2
+QM+2Ti Q7 b�KTH2@iQ@b�KTH2 p�`B�#BHBiv BM bi�iBbiB@
+�H mM+2`i�BMiv �bb2bbK2Mi �M/ `Q#mbi bi�iBbiB+b iQ
i?2 2MiB`2 .aG* BM+Hm/BM; HBM;mBbiB+ bi�#BHBiv Q7 i?2
b�K2 rQ`/ K2�MBM; i?2 b�K2 i?BM; 7Q` � KmHiB/Bb+B@
THBM�`v i2�KX h?2 S*a 7`�K2rQ`F +QMi�BMb S*a6
rQ`F~Qr �M/ S*a /Q+mK2Mi�iBQM QM :Bi>m# BM _
J�`F/QrM Q` CmTvi2` LQi2#QQF iQ `2+Q`/ ?mK�M
Dm/;K2Mi +�HHb �M/ +?QB+2b BM i?2 .aG*X

S*a r�b KQiBp�i2/ �M/ /2p2HQT2/ BM i?2 +QM@
i2ti Q7 KmHiB/Bb+BTHBM�`v T`QD2+ib BM M2m`Qb+B2M+2
�M/ ;2MQKB+bX Ai ?�b H2/ iQ i?2 /2p2HQTK2Mib Q7
+miiBM;@2/;2 bi�iBbiB+�H K�+?BM2 H2�`MBM; �H;Q`Bi?Kb
1a*o U2biBK�iBQM bi�#BHBiv rBi? +`Qbb@p�HB/�iBQMV
7Q` G�bbQ KQ/2H b2H2+iBQM UGBK � um- kyR8V- bi�LJ6
7Q` bi�i#BHBiv@/`Bp2M LJ6 UMQMM2;�iBp2 K�i`Bt 7�+@
iQ`Bx�iBQMV Uqm 2i �HX- kyReV- Bi2`�iBp2 `�M/QK
7Q`2bib UB_6V 7Q` T`2/B+iBp2 �M/ bi�#H2 /Bb+Qp2`v Q7
?B;?@Q`/2` "QQH2�M BMi2`�+iBQMb U"�bm 2i �HX- kyR3V-
�M/ .22ThmM2 7Q` pBbm�HHv +?�`�+i2`BxBM; o9 M2m@
`QMb U�##�bB@�bH 2i �HX- kyR3V U+Q``2bTQM/BM; +Q/2b
+�M #2 7QmM/ �i ?iiTb,ffrrrXbi�iX#2`F2H2vX2/m
f�vm;`QmTf+Q/2X?iKHVX � `2+2Mi �`iB+H2 Q7 Qm`b
U.rBp2/B 2i �HX- kykyV �`iB+mH�i2/ S*a BM i?2 +QM@
i2ti Q7 +�mb�H BM72`2M+2 iQ T`QTQb2 bi�.Aa* Ubi�@
#H2 /Bb+Qp2`v Q7 bm#;`QmTb pB� +�HB#`�iBQMVX Ai Bb
i?2 }`bi iQ T`QTQb2 � ;2M2`�H KQ/2H@+?2+FBM; /2pB+2
BM +�mb�H bim/B2b- Q` +�HB#`�iBQM �b `2�HBiv +?2+FBM;-
�b �M BKTH2K2Mi�iBQM Q7 S 7`QK S*aX aBKmHi�M2Qmb
iQ i?2 /2p2HQTK2Mi Q7 bi�i.Aa*- r2 `2�M�Hvx2/ i?2
RNNN–kyyy oA:P_ bim/v- r?B+? Bb �M 3-yde@T�iB2Mi
`�M/QKBx2/ +QMi`QHH2/ i`B�H i?�i +QKT�`2/ i?2 `BbF
Q7 �/p2`b2 :A �M/ h* 2p2Mib 7`QK � i?2M M2rHv
�TT`Qp2/ /`m;- `Q72+QtB# UoBQttV- iQ i?�i 7`QK �M
QH/2` /`m;- M�T`Qt2MX ai�.Aa* 7QmM/ � bm#;`QmT Q7

T�iB2Mib rBi? � T`BQ` ?BbiQ`v Q7 :A 2p2Mib MQi QMHv
?�b � /BbT`QTQ`iBQM�i2Hv `2/m+2/ `BbF Q7 :A 2p2Mib
#mi �HbQ /Q2b MQi 2tT2`B2M+2 �M BM+`2�b2/ `BbF Q7
h* 2p2MibX "mBH/BM; �M/ 2KTHQvBM; i?2 S*a 7`�K2@
rQ`F- Kv ;`QmT ?�b ?�/ p2`v 7`mBi7mH Qmi+QK2b BM
bQHpBM; KmHiB/Bb+BTHBM�`v /�i� T`Q#H2Kb �M/ /2p2H@
QTBM; M2r ;2M2`�H K�+?BM2 H2�`MBM; K2i?Q/QHQ;B2bX
A ?QT2 Qi?2` i2�Kb DQBM mb BM mbBM; Bi BM i?2B` /�i�
b+B2M+2 T`QD2+ib �M/ /2p2HQTBM; B7 7m`i?2` iQ;2i?2`X

6BM�HHv- A #2HB2p2 � ?2�Hi?v �M/ BKT2`�iBp2 +`B@
i2`BQM 7Q` /2bB;MBM; � M2r /�i� b+B2M+2 �H;Q`Bi?K-
+QM+2Ti- Q` 7`�K2rQ`F Bb iQ K�F2 � b2`BQmb �ii2KTi
�i bQHpBM; �i H2�bi QM2 M2r /�i� T`Q#H2K �b r2 /B/ BM
/2p2HQTBM; �H;Q`Bi?Kb bm+? �b B_6X Ai Bb � /Bbim`#@
BM; T`Q#H2K �M/ r�bi27mH Q7 ?mK�M �M/ +QKTmi@
BM; `2bQm`+2b i?�i BM bi�iBbiB+b- K�+?BM2 H2�`MBM;- Q`
/�i� b+B2M+2- r2 ?�p2 r�v iQQ K�Mv M2r �H;Q`Bi?Kb
U�M/ r�v iQQ K�Mv �`iB+H2bV `2H�iBp2 iQ i?2 M2r /�i�
T`Q#H2Kb i?�i r2 bQHp2X hQ bQHp2 `2�H@rQ`H/ T`Q#@
H2Kb KQbi 2{+B2MiHv 7`QK i?2 TQBMi Q7 pB2r Q7 bQ+B@
2iv- i?2 `2r�`/ bvbi2K BM �+�/2KB� M22/b `2p�KT@
BM; bQ i?�i `2b2�`+? [m�HBiv �M/ TQbBiBp2 BKT�+i �`2
KQ`2 p�Hm2/ �M/ #2ii2` BM+2MiBpBx2/X A #2HB2p2 i?�i-
B7 r2 rBHHBM; iQ BKT`Qp2 Qm` `2r�`/ bvbi2K- �M/ B7
r2 i�F2 QM i?2 `2�H@rQ`H/ /�i� +?�HH2M;2b- 2K#`�+2
`2�HBiv@+?2+F �M/ bi�#BHBiv +QMbB/2`�iBQMb BM i?2 2M@
iB`2 .aG*- r2 bi�M/ � Km+? ?B;?2` +?�M+2 iQ K22i
i?2 +?�HH2M;2b QmiHBM2/ BM i?2 T�B` Q7 �`iB+H2b #v >2
�M/ GBM- �M/ qBM;- `2bT2+iBp2HvX

.Bb+HQbm`2 ai�i2K2Mi
S�`iB�H bmTTQ`ib �`2 ;`�i27mHHv �+FMQrH2/;2/ 7`QK

PL_ ;`�Mi LyyyR9@Rd@R@kRde- La6 ;`�Mib .Ja@
ReRjyyk- �M/ AAa Rd9Rj9y- �M/ i?2 *2Mi2` 7Q` a+B@
2M+2 Q7 AM7Q`K�iBQM U*aQAV- � la La6 a+B2M+2 �M/
h2+?MQHQ;v *2Mi2`- mM/2` ;`�Mi �;`22K2Mi **6@
yNjNjdyX

�+FMQrH2/;K2Mib
h?2 �mi?Q` rQmH/ HBF2 iQ i?�MF .`X sB�Q@GB J2M;

7Q` ?2HT7mH +QKK2Mib QM � /`�7i Q7 i?Bb /Bb+mbbBQM
�M/ "`�M/2M 6Bi2HbQM 7Q` i?2 T2`KBbbBQM iQ [mQi2
?BKX

_272`2M+2b
RX �##�bB@�bH- _X- *?2M- uX- "HQMB�`x- �X- PHBp2`-

JX- qBHHKQ`2- "X .X "X- :�HH�Mi- CX GX- �
um- "X UkyR3VX h?2 .22ThmM2 7`�K2rQ`F 7Q`
KQ/2HBM; �M/ +?�`�+i2`BxBM; M2m`QMb BM pBbm�H
+Q`i2t �`2� o9X #BQ_tBpX ?iiTb,ff/QBXQ`;
fRyXRRyRf9e88j9

kX "�bm- aX- EmK#B2`- EX- "`QrM- CX "X- � um-
"X UkyR3VX Ai2`�iBp2 `�M/QK 7Q`2bib iQ /Bb+Qp2`

ky Ü rrrXB+b�XQ`;

https://www.stat.berkeley.edu/~yugroup/code.html
https://www.stat.berkeley.edu/~yugroup/code.html
https://doi.org/10.1101/465534
https://doi.org/10.1101/465534
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T`2/B+iBp2 �M/ bi�#H2 ?B;?@Q`/2` BMi2`�+iBQMbX
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B@
2M+2b- RR8U3V- RN9j–RN93X

jX .rBp2/B- _X- h�M- uX- S�`F- "X- q2B- JX-
>Q;�M- EX- J�/B;�M- .X- � um- "X UkykyVX
ai�#H2 /Bb+Qp2`v Q7 BMi2`T`2i�#H2 bm#;`QmTb
pB� +�HB#`�iBQM BM +�mb�H bim/B2b Ubi�.Aa*VX
�`sBpX ?iiTb,ff�`tBpXQ`;f�#bfkyy3XRyRyN

9X >2`M/QM- JX- �b?- hX- � SQHHBM- _X UkyR9VX
.Q2b ?B;? Tm#HB+ /2#i +QMbBbi2MiHv biB~2 2+Q@
MQKB+ ;`Qri?\ � +`BiB[m2 Q7 _2BM?�`i �M/ _Q@
;QzX *�K#`B/;2 CQm`M�H Q7 1+QMQKB+b- j3UkV-
k8d–kdNX

8X G2Bi;2#- >X UkyRdVX h?2 bi�#BHBiv Q7 #2HB27,
>Qr `�iBQM�H #2HB27 +Q?2`2b rBi? T`Q#�#BHBivX
Pt7Q`/ lMBp2`bBiv S`2bbX

eX GBK- *X- � um- "X UkyReVX 1biBK�iBQM bi�@
#BHBiv rBi? +`Qbb@p�HB/�iBQM U1a*oVX CQm`M�H
Q7 *QKTmi�iBQM�H �M/ :`�T?B+�H ai�iBbiB+b-
k8UkV- 9e9–9NkX

dX SH�iQX J2MQX h`�MbH�i2/ #v "2MD�KBM CQr2iiX
_2i`B2p2/ 7`QK
?iiT,ff+H�bbB+bXKBiX2/mfSH�iQfK2MQX?iK
H

3X SH�iQX S`Qi�;Q`�bX h`�MbH�i2/ #v "2MD�KBM
CQr2iiX _2i`B2p2/ 7`QK

?iiT,ff+H�bbB+bXKBiX2/mfSH�iQfT`Qi�;Q
`�bX?iKH

NX _2BM?�`i- *X- � _Q;Qz- EX UkyRyVX :`Qri? BM
� iBK2 Q7 /2#iX �K2`B+�M 1+QMQKB+ _2pB2r,
S�T2`b �M/ S`Q+22/BM;b- RyyUkV- 8dj–8d3X

RyX qm- aX- CQb2T?- �X- >�KKQM/b- �X- *2H@
MBF2`- aX- um- "X- � 6`Bb- 1X UkyReVX ai�#BHBiv
/`Bp2M MQMM2;�iBp2 K�i`Bt 7�+iQ`Bx�iBQM iQ BM@
i2`T`2i bT�iB�H ;2M2 2tT`2bbBQM �M/ #mBH/ HQ+�H
;2M2 M2irQ`FbX S`Q+22/BM;b Q7 i?2 L�iBQM�H
�+�/2Kv Q7 a+B2M+2b- RRjUReV- 9kNy–9kN8X

RRX um- "X UkyRjVX ai�#BHBivX "2`MQmHHB- RNU9V-
R939–R8yyX

RkX um- "X- � EmK#B2`- EX UkykyVX o2`B/B+�H /�i�
b+B2M+2X S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv
Q7 a+B2M+2b- RRdU3V- jNky–jNkNX

"BM um- S?.
*?�M+2HHQ`Ƕb .BbiBM;mBb?2/ S`Q@
72bbQ`-
.2T�`iK2Mi Q7 ai�iBbiB+b-
.2T�`iK2Mi Q7 1H2+i`B+�H 1M;B@
M22`BM; � *QKTmi2` a+B2M+2-
lMBp2`bBiv Q7 *�HB7Q`MB� "2`F2@
H2vX

h2`2M+2Ƕb aimz, �bbmKTiBQMb
h2``v aT22/

1/BiQ`B�H, h?Bb Bb � `2T`BMi 7`QK � h2``v aT22/Ƕb +QH@
mKM Tm#HBb?2/ BM i?2 AJa r2#bBi2 ?iiTb,ffBKbi�iXQ
`;fkyRefRRfRdfi2`2M+2b@bim77@�bbmKTiBQMbfV
rBi? AJaǶb T2`KBbbBQMX

J�Mv Q7 mb r2`2 #`Qm;?i mT iQ i?BMF i?�i r2
+�MMQi /Q � bi�iBbiB+�H �M�HvbBb rBi?Qmi K�FBM; �b@
bmKTiBQMbX q2 r2`2 i�m;?i iQ T�v �ii2MiBQM iQ �b@
bmKTiBQMb- iQ +QMbB/2` r?2i?2` Q` MQi i?2v �`2 �T@
T`QtBK�i2Hv b�iBb}2/ rBi? Qm` /�i�- �M/ iQ `2~2+i QM
i?2 HBF2Hv BKT�+i Q7 � pBQH�iBQM Q7 Qm` �bbmKTiBQMbX
Pm` �bbmKTiBQMb KB;?i +QM+2`M BM/2T2M/2M+2- B/2M@
iB+�H /Bbi`B#miBQM- MQ`K�HBiv- �//BiBpBiv- HBM2�`Biv Q`
2[m�HBiv Q7 p�`B�M+2bX UL22/H2bb iQ b�v- r2 ?�p2 bQK2
i2bib 7Q` �HH i?2b2 �bbmKTiBQMbXV

A b22 Km+? Q7 i?Bb +QM+2`M rBi? �bbmKTiBQMb �b
+QKBM; 7`QK i?2 /2bB`2 iQ `2/m+2 bi�iBbiB+b iQ bQK2@
i?BM; +HQb2 iQ K�i?2K�iB+bX � ivTB+�H K�i?2K�iB+�H
i?2Q`2K bi�`ib rBi? ?vTQi?2b2b U2X;X �tBQKbV- �M/
T`Q+22/b i?`Qm;? �M �++2Ti2/ T`Q+2bb Q7 `2�bQMBM;-
iQ � +QM+HmbBQMX A7 vQm` ?vTQi?2b2b �`2 i`m2- �M/
vQm` `2�bQMBM; Bb +Q``2+i- i?2M vQm` +QM+HmbBQMb rBHH
#2 i`m2X h?2 bi�iBbiB+�H p2`bBQM Q7 i?Bb Bb i?�i r2
?�p2 /�i� �M/ � [m2biBQM �#Qmi i?2 `2�H rQ`H/X q2
i�F2 � bi�iBbiB+�H KQ/2H BMpQHpBM; bi�iBbiB+�H �bbmKT@
iBQMb- r2 K�F2 mb2 Q7 Bi �M/ bQK2 bi�iBbiB+�H K2i?@
Q/b rBi? Qm` /�i�- �M/ r2 /`�r bi�iBbiB+�H +QM+Hm@
bBQMb �#Qmi i?2 `2�H rQ`H/X Pm` ?QT2 Bb i?�i B7 Qm`
bi�iBbiB+�H �bbmKTiBQMb �`2 i`m2- �M/ Qm` bi�iBbiB+�H
K2i?Q/b �`2 +Q``2+iHv �TTHB2/- i?2M Qm` bi�iBbiB+�H
+QM+HmbBQMb �#Qmi i?2 `2�H rQ`H/ rBHH #2 i`m2X

h?Bb �M�HQ;v #2ir22M bi�iBbiB+�H �M/ K�i?2K�i@

Ü rrrXB+b�XQ`; kR

https://arxiv.org/abs/2008.10109
http://classics.mit.edu/Plato/meno.html
http://classics.mit.edu/Plato/meno.html
http://classics.mit.edu/Plato/protagoras.html
http://classics.mit.edu/Plato/protagoras.html
https://imstat.org/2016/11/17/terences-stuff-assumptions/
https://imstat.org/2016/11/17/terences-stuff-assumptions/
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B+�H `2�bQMBM; Bb ~�r2/- �M/ MQi Dmbi #2+�mb2 bi�iBb@
iB+b BMpQHp2b mM+2`i�BMivX J�i?2K�iB+�H i`mi? �M/
`2�H rQ`H/ i`mi? �`2 p2`v /Bz2`2Mi i?BM;bX .�i� +�M@
MQi �Hr�vb #2 mM/2`biQQ/ #v K�FBM; bi�iBbiB+�H �b@
bmKTiBQMbc bQK2iBK2 r2 M22/ iQ HQQF �i Bi �M/ i?BMF
?�`/ �#Qmi Bi BM Bib +QMi2tiX PMHv `�`2Hv �`2 �HH
Qm` �bbmKTiBQMb i2bi�#H2- �M/ Q7i2M bQK2 rBHH #2
BKTHB+Bi@r2 /QMǶi 2p2M MQiB+2 r2 �`2 K�FBM; i?2KX
CXqX hmF2v ?�b ?B;?HB;?i2/ QM2, � #2HB27 BM QKMB@
+QKT2i2M+2- i?2 �#BHBiv Q7 � K2i?Q/QHQ;v iQ ?�M/H2
�Mv bBim�iBQMX �HbQ- b22FBM; `2�H rQ`H/ i`mi? rBi?
UM2�`V +2`i�BMiv Bb Dmbi QM2 ;Q�Hc i?2`2 �`2 K�Mv
Qi?2` T2`7Q`K�M+2 K2i`B+b 7Q` bi�iBbiB+�H �M�Hvb2bX
JQbi Q7 mb rBHH #2 7�KBHB�` rBi? i?2 2z2+iBp2 mb2
Q7 � bi�iBbiB+�H KQ/2H Q` K2i?Q/- 2p2M i?Qm;? i?2
bi�M/�`/ �bbmKTiBQMb i?�i ;Q rBi? Bi �`2 i`�MbT�`@
2MiHv pBQH�i2/X h?Bb rQmH/ Dmbi #2 � T�`�T?`�b2 Q7
:2Q`;2 1XSX "Qt’b �T?Q`BbK QM KQ/2Hb �M/ mb27mH@
M2bbX �bbmKTiBQMb /QMǶi �Hr�vb K�ii2`X AM i?Bb +QM@
i2ti- hmF2v bi`BFBM;Hv Q#b2`p2/ i?�i- ǳAM T`�+iB+2-
K2i?Q/QHQ;B2b ?�p2 MQ �bbmKTiBQMb �M/ /2HBp2` MQ
+2`i�BMiB2bXǴ >2 ;Q2b QM iQ b�v- ǳPM2 ?�b iQ i�F2 i?Bb
bi�i2K2Mi �b � r?QH2X aQ HQM; �b QM2 /Q2b MQi �bF
7Q` +2`i�BMiB2b QM2 +�M #2 +�`27mHHv BKT`2+Bb2 �#Qmi
�bbmKTiBQMbXǴ

"mi bQK2iBK2b �bbmKTiBQMb `2�HHv /Q K�ii2`X
J�Mv Q7 vQm rBHH FMQr L�i2 aBHp2`’b h?2 aB;M�H
�M/ i?2 LQBb2- BM r?B+? ?2 /Bb+mbb2b i?2 ;HQ#�H }@
M�M+B�H +`BbBb- �KQM; Qi?2` iQTB+bX >2 2tTH�BMb ?Qr
i?2 }M�M+B�H b2`pB+2b +QKT�Mv ai�M/�`/ �M/ SQQ`’
b +�H+mH�i2/ i?2 +?�M+2 i?�i � +QHH�i2`�HBx2/ /2#i
Q#HB;�iBQM rQmH/ 7�BH Qp2` � }p2@v2�` T2`BQ/ iQ #2
yXRkW- r?2`2�b �`QmM/ k3W Q7 i?2K 7�BH2/X �b �
`2bmHi- aBHp2` r`Bi2b- ǳi`BHHBQMb Q7 /QHH�`b BM BMp2bi@
K2Mib i?�i r2`2 `�i2/ �b #2BM; �HKQbi +QKTH2i2Hv
b�72 BMbi2�/ im`M2/ Qmi iQ #2 �HKQbi +QKTH2i2Hv mM@
b�72XǴ h?2 T`Q#H2K r�b �M BM�TT`QT`B�i2 �bbmKTiBQM
Q7 BM/2T2M/2M+2- QM2 i?�i +QmH/ ?�p2 #22M 7Q`2b22M-
?�/ i?2 K�ii2` #22M +�`27mHHv +QMbB/2`2/X

hmF2v Bb +`BiB+�H Q7 i�HF Q7 ǳ+?2+FBM; i?2 �bbmKT@
iBQMb-Ǵ b�vBM; i?�i ?2 bmbT2+ib Km+? Q7 Bi Bb #2BM;
mb2/ �b �M 2t+mb2 7Q` ǳHQQFBM; iQ b22 r?�i Bb ?�T@
T2MBM;-Ǵ bQK2i?BM; i?�i ?2 �TTH�m/bX >2 �HbQ ;Bp2b
7Qm` `Qmi2b iQ mM/2`bi�M/BM; r?2M � K2i?Q/QHQ;v
7mM+iBQMb r2HH- �M/ ?Qr r2HH Bi 7mM+iBQMb- b�vBM;-
ǳq2 /�`2 MQi M2;H2+i �Mv Q7 i?2KXǴ PM i?2 Qi?2`
?�M/- aBHp2` ;Bp2b 2t�KTH2b 7`QK r2�i?2` 7Q`2+�bi@
BM;- 2�`i?[m�F2 T`2/B+iBQM- 2TB/2KB+ �M/ +HBK�i2
KQ/2HHBM; r?2`2 �bbmKTiBQMb ?�p2 � #B; BKT�+i QM
i?2 T`2/B+iBQMbX q?2`2 /Q2b i?�i H2�p2 mb\

A i?BMF r2 �HH FMQr i?�i UrBi? aBHp2`V bQK2iBK2b
T�`iB+mH�` �bbmKTiBQMb K�ii2` � HQi- �M/ i?�i UrBi?
hmF2vV bQK2iBK2b i?2v /QM’i K�ii2` Km+? �i �HHX
G2�`MBM; ?Qr iQ /BbiBM;mBb? i?2b2 iBK2b +�M #2 +?�H@
H2M;BM;- #mi hmF2v’b 7Qm` `Qmi2b +2`i�BMHv ?2HTX A
;2i B``Bi�i2/ r?2M A 2tTH�BM r?�i A /B/ BM bQK2 bi�@
iBbiB+�H �M�HvbBb- �M/ � HBbi2M2` b�vb- ǳA b22- vQm �`2
�bbmKBM; #H�? #H�?XXXǴ A `2THv i�`iHv ǳLQ- A �K MQi
�bbmKBM; #H�? #H�?XXX A �K Dmbi /QBM; r?�i A /B/X
>2`2’b r?v A i?Qm;?i Bi KB;?i ?2HT- �M/ ?2`2’b
r?v Bi /B/ ?2HTX”

A i?BMF #2?BM/ hmF2vǶb Q#b2`p�iBQMb r�b �M BK@
T�iB2M+2 rBi? i?2 KBM/H2bb /`Bp2 iQ �miQK�i2 r?�i
?2 +�HH2/ ǳ`Qmi2b iQ b�M+iB}+�iBQM �M/ +2`i�BM i`mi?XǴ
�M 2KT?�bBb QM 2MmK2`�iBM; �bbmKTiBQMb �M/ i?2B`
+?2+FBM; +2`i�BMHv HQQFb HBF2 i?�iX >2 ;Bp2b i?2
2t�KTH2 Q7 bT2+i`mK �M�HvbBb- bQK2i?BM; mbm�HHv
�bbQ+B�i2/ QMHv rBi? bi�iBQM�`v T`Q+2bb2b- �b ?�pBM;
Bib ǳ;`2�i2bi i`BmKT?bǴ rBi? � MQM@bi�iBQM�`v b2`B2bX
>2 rQmH/ ?�p2 r2H+QK2/ aBHp2`’b #QQF- �M/ r?QH2@
?2�`i2/Hv �;`22/ rBi? ?Bb 7Q+mb QM �bbmKTiBQMbX hQ
+?�MM2H "Qt- ǳ�HH �bbmKTiBQMb �`2 r`QM; #mi bQK2
�`2 +`BiB+�HXǴ

h2``v aT22/- S?X.X
S`Q72bbQ` �M/ G�# >2�/
"BQBM7Q`K�iB+b .BpBbBQM
q�Hi2` � 1HBx� >�HH AMbiBimi2 Q7
J2/B+�H _2b2�`+?
S�`FpBHH2- oB+iQ`B�
�mbi`�HB�

kk Ü rrrXB+b�XQ`;
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hBK2Hv Q` h`mbirQ`i?v\
>�Mb _m/QH7 EɃMb+?

h?2 T�M/2KB+ ?�b /QKBM�i2/ Qm` T`Bp�i2 �M/ T`Q@
72bbBQM�H HB72 /m`BM; i?2 H�bi v2�`- �M/ A #2;BM i?Bb
+QHmKM rBi? � `2H�i2/ biQ`vX PM C�Mm�`v kd- kyky-
*�KBHH� _Qi?2 2t�KBM2/ i?2 }`bi T�iB2Mi BM :2`@
K�Mv r?Q r�b i2bi2/ TQbBiBp2 7Q` *QpB/@RNX h?2
QMHv r�v ?2 +QmH/ ?�p2 #22M BM72+i2/ r�b i?`Qm;?
� +QHH2�;m2 7`QK *?BM� r?Q ?�/ +QK2 iQ JmMB+?
7Q` � #mbBM2bb K22iBM;X .m`BM; ?2` bi�v BM :2`K�Mv
i?Bb +QHH2�;m2 /B/MǶi 722H bB+F 2t+2Ti 7Q` � HBiiH2 7�@
iB;m2 i?�i +QmH/ #2 �ii`B#mi2/ iQ D2i H�;- #mi b?2 r�b
i2bi2/ TQbBiBp2 �7i2` ?2` `2im`M iQ *?BM�X �i i?�i
iBK2 Bi r�b #2HB2p2/ i?�i QMHv T�iB2Mib rBi? bi`QM;
bvKTiQKb +QmH/ bT`2�/ *QpB/@RN- �b BM i?2 +�b2 Q7
i?2 a�`b pB`mb BM kyykX *�KBHH� _Qi?2 �M/ ?2` #Qbb
`2�HBx2/ i?2 BKTQ`i�M+2 Q7 i?2B` Q#b2`p�iBQMX h?`22
/�vb H�i2` i?2v b2Mi � b?Q`i `2TQ`i iQ h?2 L2r 1M;@
H�M/ CQm`M�H Q7 J2/B+BM2 i?�i r�b Tm#HBb?2/ QMHBM2
BKK2/B�i2HvX aBM+2 i?2 `2TQ`i +QMi`�/B+i2/ i?2 ;2M@
2`�HHv `2+Q;MBx2/ QTBMBQM Q7 KQbi 2tT2`ib- Bi #2+�K2
� K�DQ` TQHBiB+�H Bbbm2X >2` Q#b2`p�iBQM r�b /2+H�`2/
iQ #2 ~�r2/ �M/ ?2�Hi? Q{+B�Hb BM K�Mv +QmMi`B2b
+QMiBMm2/ iQ bi�i2 i?�i bT`2�/BM; rBi?Qmi bvKTiQKb
r�b 2ti`2K2Hv `�`2 �M/ i?mb B``2H2p�MiX Ai iQQF �i
H2�bi irQ KQMi?b mMiBH i?2 /�M;2` Q7 bvKTiQKH2bb
i`�MbKBbbBQM r�b rB/2Hv �++2Ti2/ �M/ K2�bm`2b HBF2
`2+QKK2M/BM; iQ r2�` K�bFb �M/ �pQB/BM; +`Qr/b
r2`2 �/QTi2/X Ai Bb MQi +H2�` ?Qr Km+? i?2 bT`2�/
Q7 i?2 2TB/2KB+ rQmH/ ?�p2 +?�M;2/ B7 i?2 K2bb�;2
Q7 *�KBHH� _Qi?2 ?�/ #22M ?2�`/ 2�`HB2`X

>Qr2p2` b+`miBMv �M/ b+2TiB+BbK �`2 2bb2MiB�H
T�`ib Q7 i?2 b+B2MiB}+ T`Q+2bbX h?Bb Bb 2t2KTHB}2/
BM 7QHHQrBM; biQ`vX AM a2Ti2K#2` kyRR- � ;`QmT Q7
T?vbB+Bbib �MMQmM+2/ BM � T`2T`BMi i?�i i?2v ?�/ Q#@
b2`p2/ M2mi`BMQb i`�p2HBM; 7�bi2` i?�M i?2 bT22/ Q7
HB;?i- i?mb pBQH�iBM; bT2+B�H `2H�iBpBiv i?2Q`vX h?2
`2TQ`i2/ T@p�Hm2 r�b k ��νX h?2 2tT2`BK2Mi ?�/
i�F2M TH�+2 bBt KQMi?b 2�`HB2` �M/ /m`BM; i?Bb T2@
`BQ/- i?2 ;`QmT ?�/ +?2+F2/ i?2 /2i�BHb Q7 i?2 2tT2`@
BK2Mi �M/ ?�/ 7QmM/ MQ BMbi`mK2Mi�H 2``Q`X PM+2
Tm#HBb?2/- i?2 `2bmHi +�mb2/ � biB` MQi QMHv BM i?2
T?vbB+b +QKKmMBiv- #mi �HbQ BM i?2 K�bb K2/B�X
�KQM; T?vbB+Bbib b+2TiB+BbK r�b T`2p�H2Mi �b i?2
i?2Q`v Q7 bT2+B�H `2H�iBpBiv ?�/ #22M +QM}`K2/ BM
b2p2`�H 2tT2`BK2Mib #27Q`2 �M/ ?�/ i?mb � Km+?
bi`QM;2` #�bBb i?�M i?2 #2HB27 i?�i QMHv T�iB2Mib rBi?
+H2�` bvKTiQKb +QmH/ bT`2�/ i?2 *QpB/@RN pB`mbX
h?2 biQ`v 2M/2/ BM bT`BM; kyRk rBi? i?2 �MMQmM+2@
K2Mi i?�i irQ 2[mBTK2Mi 2``Q`b ?�/ #22M 7QmM/-
�M/ �7i2` +Q``2+iBM; 7Q` i?2b2 i?2 bT22/ Q7 M2mi`BMQb

r�b MQ HQM;2` ?B;?2` i?�M i?2 bT22/ Q7 HB;?iX
h?2b2 irQ biQ`B2b 2t2KTHB7v � /BH2KK� Q7 b+B2M+2,

PM i?2 QM2 ?�M/- B7 �M Q#b2`p�iBQM Q` �M 2tT2`B@
K2Mi ?�b TQi2MiB�HHv b2`BQmb +QMb2[m2M+2b 7Q` ?m@
K�M #2BM;b Q` b?�F2b � rB/2Hv #2HB2p2/ /Q;K�- Bi
Bb BKTQ`i�Mi i?�i i?Bb `2bmHi Bb b?�`2/ BM � iBK2Hv
7�b?BQM �i H2�bi rBi? i?2 b+B2MiB}+ +QKKmMBiv- �M/
TQbbB#Hv �HbQ rBi? i?2 ;2M2`�H Tm#HB+X PM i?2 Qi?2`
?�M/- B7 b+B2MiBbib +QMi`�/B+i 2�+? Qi?2` +QMiBMm@
QmbHv- i?2B` 2tTH�M�iBQMb +?�M;2 7`2[m2MiHv �M/ i?2B`
T`2/B+i2/ +�i�bi`QT?B+ Qmi+QK2b `2T2�i2/Hv /Q MQi
?�TT2M- i?2 i`mbi BM b+B2M+2 Bb mM/2`KBM2/X AM i?2
+m``2Mi T�M/2KB+ i?Bb Bb � T`Q#H2K r?2M TQHBiB+B�Mb
�bF 7Q` �/pB+2 r?B+? K2�bm`2b �`2 KQbi 2{+B2Mi iQ
bHQr /QrM i?2 bT`2�/ Q7 i?2 pB`mb �M/ H2�bi ?�`K7mH
7Q` i?2 2+QMQKvX

�b Bi Bb iQQ 2�`Hv iQ /`�r +QM+HmbBQMb �#Qmi i?2
p�Hm2 Q7 i?2 K�Mv b+B2MiB}+ +QMi`B#miBQMb 7Q` i?2
?�M/HHBM; Q7 i?2 T�M/2KB+ U2t+2Ti i?2 /2p2HQTK2Mi
Q7 i2bib �M/ p�++BM2bV- H2i K2 }MBb? rBi? i?2 biQ`v
Q7 i?2 /Bb+Qp2`v Q7 i?2 QxQM2 ?QH2 �b Bi Bb K�v#2 H2bb
7�KBH�` iQ vQmM;2` `2�/2`bX h?2 QxQM2 H�v2` BM i?2
bi`�iQbT?2`2 T`Qi2+ib i?2 bm`7�+2 Q7 i?2 2�`i? 7`QK
mHi`�pBQH2i `�/B�iBQM r?B+? Bb i?2 K�BM +�mb2 Q7 bFBM
+�M+2` BM ?mK�MbX AM i?2 b2p2MiB2b � /2+`2�b2 BM
i?2 QxQM2 H�v2` r�b Q#b2`p2/- �M/ �b i?2 K�BM +�mb2
i?2 `2H2�b2 Q7 +?HQ`Q~mQ`Q+�`#QMb U*6*V r�b B/2MiB@
}2/X *6*Ƕb �`2 mb2/ BM `27`B;2`�iQ`b- �B` +QM/BiBQM@
2`b- 7Q�Kb �M/ �b �2`QbQH T`QT2HH�MibX h?Bb H2/ iQ
� #�M Q7 *6* BM �2`QbQH bT`�vb BM � 72r +QmMi`B2b-
#mi Q#b2`p�iBQMb iQr�`/b i?2 2M/ Q7 i?2 b2p2MiB2b
b?Qr2/ i?2 /2+`2�b2 iQ #2 Km+? bK�HH2` i?�M r?�i
?�/ #22M T`2/B+i2/X h?mb i?2 2�`Hv r�`MBM;b Q7 b+B@
2MiBbib r2`2 +QMbB/2`2/ �b 2t�;;2`�i2/ �M/ i?2 /2@
+BbBQMb iQ `2/m+2 *6* 2KBbbBQMb �b T`2K�im`2X "mi
i?2M BM RN38 �TT2�`2/ �M �`iB+H2 BM L�im`2 b?QrBM;
� ǳH�`;2 b2�bQM�H /Bb�TT2�`�M+2 Q7 QxQM2 XXX Qp2` i?2
�Mi�`+iB+-Ǵ i?2 QxQM2 ?QH2- i?�i ?�/ bi�`i2/ �H`2�/v
BM RNdeX h?Bb ?QH2 ?�/ #22M Q#b2`p2/ #v � bBM;H2
;`QmM/ bi�iBQM- �M/ i?2 HQM; iBK2 #2ir22M /Bb+Qp2`v
�M/ Tm#HB+�iBQM r�b /m2 iQ /2H�v2/ /�i� T`Q+2bbBM;
�M/ iQ �M 2ti`2K2Hv +�miBQmb H2�/2` Q7 i?2 T`QD2+i
r?Q r�Mi2/ iQ 2t+Hm/2 BMbi`mK2Mi�H �M/ Qi?2` 2`@
`Q`bX >2 r�b �HbQ +QM+2`M2/ i?�i L�a� r?Q ?�/ �
b�i2HHBi2 iQ KQMBiQ` i?2 QxQM2 H�v2` BM Q`#Bi ?�/ MQi
/Bb+Qp2`2/ i?2 ?QH2X � TQTmH�` biQ`v b�vb i?�i i?Bb
r�b /m2 iQ �M �miQK�iB+ `2D2+iBQM Q7 i?2b2 p�Hm2b
�b QmiHB2`b- #mi Bi b22Kb i?�i i?2 p�Hm2b r2`2 QMHv
~�;;2/- #mi MQi `2D2+i2/ �M/ MQ#Q/v iQQF i?2 27@
7Q`i iQ HQQF �i i?2 ?m;2 �KQmMi Q7 /�i� biQ`2/ QM
K�;M2iB+ i�T2bX h?2 QxQM2 ?QH2 r�b +QM}`K2/ #v

Ü rrrXB+b�XQ`; kj
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L�a� BM RN3e- �M/ i?2 2MbmBM; TQHBiB+�H T`2bbm`2
H2/ BM RN3d iQ i?2 bB;MBM; Q7 i?2 JQMi`2�H T`QiQ+QH
#�MMBM; i?2 mb2 Q7 *6* #v 9j +QmMi`B2bX AM i?Bb
2t�KTH2- i?2 2�`Hv b+B2MiB}+ r�`MBM;b �#Qmi �M 2M@
pB`QMK2Mi�H T`Q#H2K im`M2/ Qmi iQ #2 DmbiB}2/ �H@
i?Qm;? i?2 2�`Hv KQ/2Hb K�/2 TQQ` T`2/B+iBQMb �M/
i?2 i`m2 2ti2Mi Q7 i?2 T`Q#H2K r�b /Bb+Qp2`2/ H�i2
#2+�mb2 Q7 BMbm{+B2Mi K2�bm`BM; 2zQ`ib �M/ �M 2t@
i`2K2Hv +�miBQmb b+B2MiBbiX

A ?QT2 i?2b2 biQ`B2b ?2HT iQ K�F2 vQm �r�`2 Q7
bQK2 Q7 i?2 Bbbm2b BM i?2 +QKKmMB+�iBQM Q7 b+B2M@
iB}+ 2pB/2M+2 �M/ mM+2`i�BMivX 6Q` KQ`2 i?Qm;?ib
�M/ �/pB+2 A `2+QKK2M/ i?2 �`iB+H2 ǳ6Bp2 `mH2b 7Q`
2pB/2M+2 +QKKmMB+�iBQMǴ #v JB+?�2H "H�biH�M/ 2i
�HX- Tm#HBb?2/ BM L�im`2 83d UkykyV- jek–jeX9X

h?Bb +QHmKM Bb #�b2/ QM i?2 7QHHQrBM; bQm`+2b,
RX ?iiTb,ff2MXrBFBT2/B�XQ`;frBFBf6�bi2`

@i?�M@HB;?inM2mi`BMQn�MQK�Hv

kX ?iiTb,ffrrrXMviBK2bX+QKfkykyfyefkdfrQ
`H/f2m`QT2f+Q`QM�pB`mb@bT`2�/@�bvKTiQ
K�iB+X?iKH

jX J�m`22M *?`BbiB2- .�i� *QHH2+iBQM �M/ i?2
PxQM2 >QH2, hQQ Km+? Q7 � ;QQ/ i?BM;\X S`Q@
+22/BM;b Q7 i?2 AMi2`M�iBQM�H *QKKBbbBQM QM
>BbiQ`v Q7 J2i2Q`QHQ;v Ukyy9V- NN@Ry8X

>�Mb _m/QH7 EɃMb+?- S?X.X
S`Q72bbQ` 1K2`Bimb Q7 J�i?2K�i@
B+b
a2KBM�` 7Ƀ` ai�iBbiBF
1h> wɃ`B+?
arBix2`H�M/

PTBMBQM SQHHBM;, Aib a2+`2i a�m+2 Bb
�HbQ Bib aTQBH�;2 aQm`+2
sB�Q@GB J2M;

1/BiQ`B�H, h?Bb Bb � `2T`BMi 7`QK � +QHmKM �`iB+H2
Tm#HBb?2/ BM i?2 AJa "mHH2iBM UoQHmK2 8y- Abbm2 R, C�M@
m�`vf62#`m�`v kykRc ?iiTb,ffBKbi�iXQ`;frT@+QM
i2MifmTHQ�/bfkykyfRRf"mHH2iBM8ynRXT/7V rBi?
AJaǶ T2`KBbbBQMX

PM LQp2K#2` e- kyky- A rQF2 mT iQ � ~QQ/ U7Q` �
bi�iBbiB+B�MV Q7 ir22ib �#Qmi Kv kyR3 �`iB+H2- ǳai�iBb@
iB+�H S�`�/Bb2b �M/ S�`�/Qt2b BM "B; .�i� UAV, G�r
Q7 G�`;2 SQTmH�iBQMb- "B; .�i� S�`�/Qt- �M/ i?2
kyRe la S`2bB/2MiB�H 1H2+iBQM”U?iiTb,ffbi�iBbiB
+bX7�bX?�`p�`/X2/mf7BH2bfbi�iBbiB+b@kf7BH2
bfbi�iBbiB+�HnT�`�/Bb2bn�M/nT�`�/Qt2bXT/7VX
� FBM/ bQmH ?�/ Qz2`2/ Bi �b �M 2tTH�M�iBQM iQ i?2
[m2biBQM,“q?�i’b r`QM; rBi? TQHHb\”- r?B+? H2/
iQ i?2 �`iB+H2 ;QBM; pB`�HX

�b Km+? �b A r�b ~�ii2`2/ #v i?2 �ii2MiBQM- A
r�b /Bb�TTQBMi2/ i?�i MQ QM2 ?�/ �bF2/ ǳq?v rQmH/
�MvQM2 2tT2+i TQHHb iQ #2 `B;?i BM i?2 }`bi TH�+2\Ǵ
� TQHH ivTB+�HHv b�KTH2b � 72r ?mM/`2/ Q` i?Qmb�M/
T2QTH2- #mi Bi �BKb iQ H2�`M �#Qmi � TQTmH�iBQM K�Mv
iBK2b H�`;2`X 6Q` T`2/B+iBM; i?2 la T`2bB/2MiB�H 2H2+@
iBQM- +QM/m+iBM; � TQHH Q7 bBx2 ԝ � � ��� iQ H2�`M
�#Qmi i?2 QTBMBQMb Q7 ԃ � ��� KBHHBQM U2HB;B#H2V pQi@

2`b Bb i?2 b�K2 �b �bFBM; Dmbi �#Qmi � T2QTH2 Qmi Q7
2p2`v ��� ��� pQi2`b QM �p2`�;2X AbM’i Bi �#bm`/
iQ 2tT2+i iQ H2�`M �Mvi?BM; `2HB�#Hv �#Qmi bQ K�Mv
7`QK QTBMBQMb Q7 bQ 72r\

AM/22/ r?2M �M/2`b EB�2`- i?2 7QmM/2` Q7 ai�iBb@
iB+b LQ`r�v- T`QTQb2/ i?2 B/2� iQ `2TH�+2 � M�@
iBQM�H +2Mbmb #v ǳ`2T`2b2Mi�iBp2 b�KTH2b”/m`BM;
i?2 R3N8 qQ`H/ *QM;`2bb Q7 i?2 AMi2`M�iBQM�H ai�@
iBbiB+�H AMbiBimi2 UAaAV- i?2 `2�+iBQMb ǳr2`2 pBQH2Mi
�M/ EB�2`Ƕb T`QTQb�Hb r2`2 `27mb2/ �HKQbi mM�MB@
KQmbHv5Ǵ �b MQi2/ #v 7Q`K2` AaA S`2bB/2Mi C2�M@
GQmBb "Q/BM U?iiTb,ffrrrXBbB@r2#XQ`;fM2rb@7
2�im`2/fkykyy@+2H2#`�iBM;BbB@b@Rj8i?@�MMBp
2`b�`vVX Ai iQQF M2�`Hv ?�H7 � +2Mim`v 7Q` i?2 B/2�
iQ ;�BM ;2M2`�H �++2Ti�M+2X

h?2 bi�iBbiB+�H i?2Q`v 7Q` TQHHBM; KB;?i #2 ?�`/
iQ /B;2bi 7Q` K�Mv- #mi i?2 ;2M2`�H B/2� Q7 `2T@
`2b2Mi�iBp2 b�KTHBM; Bb Km+? KQ`2 T�H�i�#H2X AM
� M2rbT�T2` biQ`v �#Qmi :�HHmT SQHH ;QBM; iQ
*�M�/� UPii�r� *BiBx2M- LQp kd- RN9R, ?iiTb,
ffM2rbX;QQ;H2X+QKfM2rbT�T2`b\MB/4kRN9�/�i4
RN9RRRkd�B/4H@ym����A"�C�bDB/4oib6����A"�C
�T;4933d-893NdjN�?H42MV- :`2;Q`v *H�`F r`Qi2-

ǳq?2M � +QQF r�Mib iQ i�bi2 i?2 bQmT iQ b22 ?Qr
Bi Bb +QKBM;- ?2 /Q2bM’i ?�p2 iQ /`BMF i?2 r?QH2
#QBH2`7mHX LQ` /Q2b ?2 i�F2 � bTQQM7mH Qz i?2 iQT-

k9 Ü rrrXB+b�XQ`;

https://en.wikipedia.org/wiki/Faster-than-light_neutrino_anomaly
https://en.wikipedia.org/wiki/Faster-than-light_neutrino_anomaly
https://www.nytimes.com/2020/06/27/world/europe/coronavirus-spread-asymptomatic.html
https://www.nytimes.com/2020/06/27/world/europe/coronavirus-spread-asymptomatic.html
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https://imstat.org/wp-content/uploads/2020/11/Bulletin50_1.pdf
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i?2M � #Bi 7`QK i?2 KB//H2- �M/ bQK2 7`QK i?2 #Qi@
iQKX >2 biB`b i?2 r?QH2 +�mH/`QM i?Q`Qm;?HvX h?2M
biB`b Bi bQK2 KQ`2X �M/ i?2M ?2 i�bi2b BiX h?�i Bb
?Qr i?2 :�HHmT SQHH rQ`FbX”

h?2 ǳb2+`2i b�m+2”7Q` TQHHBM;- i?2`27Q`2- Bb i?Q`@
Qm;? biB``BM;X PM+2 � bQmT Bb biB``2/ i?Q`Qm;?Hv- �Mv
T�`i Q7 Bi #2+QK2b `2T`2b2Mi�iBp2 Q7 i?2 2MiB`2 bQmTX
�M/ i?�i K�F2b Bi TQbbB#H2 iQ b�KTH2 � bTQQM7mH Q`
irQ iQ �bb2bb `2HB�#Hv i?2 ~�pQ` �M/ i2tim`2 Q7 i?2
bQmT- `2;�`/H2bb Q7 i?2 bBx2 Q7 Bib +QMi�BM2`X SQHHBM;
�+?B2p2b i?Bb ǳi?Q`Qm;? biB``BM;”pB� `�M/QK b�K@
THBM;- r?B+? +`2�i2b- bi�iBbiB+�HHv bT2�FBM;- � KBMB�@
im`2 i?�i KBKB+b i?2 TQTmH�iBQMX

"mi i?Bb b2+`2i b�m+2 Bb �HbQ i?2 bQm`+2 Q7
bTQBH�;2X Jv kyR3 �`iB+H2 b?Qrb ?Qr iQ K�i?2@
K�iB+�HHv [m�MiB7v i?2 H�+F Q7 i?Q`Qm;? biB``BM;-
�M/ /2KQMbi`�i2b ?Qr � b22KBM;Hv KBMQ` pBQH�@
iBQM Q7 i?Q`Qm;? biB``BM; +�M +�mb2 �biQMBb?BM;Hv
H�`;2 /�K�;2 /m2 iQ i?2 ǳG�r Q7 G�`;2 SQTmH�@
iBQMbǴ UGGS, ?iiTb,ffrrrXD#bX+�KX�+XmFfBMbB;?
if2p2Mibfi?2@H�r@Q7@H�`;2@TQTmH�iBQMbfVX Ai
�HbQ `2p2�Hb i?�i i?2 TQHHBM; 2``Q` Bb i?2 T`Q/m+i Q7
i?`22 BM/2t2b, /�i� [m�HBiv- /�i� [m�MiBiv- �M/ T`Q#@
H2K /B{+mHivX

hQ mM/2`bi�M/ i?2b2 i2`Kb BMimBiBp2Hv- H2i’b +QM@
iBMm2 iQ 2MDQv bQmTX h?2 ~�pQ`BM; Q7 � bQmT +QMi�BM@
BM; QMHv b�Hi rQmH/ #2 Km+? 2�bB2` iQ /Bb+2`M i?�M
� *?BM2b2 bQmT rBi? }p2 bTB+2bX S`Q#H2K /B{+mHiv
K2�bm`2b i?2 +QKTH2tBiv Q7 i?2 bQmT- `2;�`/H2bb Q7
?Qr r2 biB` Bi Q` i?2 bTQQM bBx2X .�i� [m�MiBiv BM@
/2t +�Tim`2b i?2 bTQQM bBx2- `2H�iBp2 iQ i?2 bBx2 Q7
i?2 +QQFBM; +QMi�BM2`X h?Bb b?B7i Q7 2KT?�bBb 7`QK
QMHv i?2 b�KTH2 bBx2 ԝ iQ i?2 b�KTH2 7`�+iBQM ԝ�ԃ -
r?B+? /2T2M/b +`BiB+�HHv QM i?2 TQTmH�iBQM bBx2 ԃ Bb
i?2 F2v iQ GGSX

h?2 KQbi +`BiB+�H BM/2t �M/ �HbQ i?2 ?�`/2bi QM2
iQ �bb2bb Bb i?2 /�i� [m�HBiv- � K2�bm`2 Q7 i?2 H�+F
Q7 i?Q`Qm;? biB``BM;X AK�;BM2 bQK2 bTB+2 +HmKTb /B/
MQi /BbbQHp2 +QKTH2i2Hv BM i?2 +QQFBM;- �M/ B7 i?2v
?�p2 KQ`2 +?�M+2 Q7 ;2iiBM; +�m;?i #v i?2 +QQF’
b bTQQM- i?2M r?�i i?2 +QQF i�bi2b Bb HBF2Hv iQ #2
bTB+B2` i?�M i?2 bQmT �+im�HHv BbX 6Q` TQHHBM;- B7 T2Q@
TH2 r?Q T`272` +�M/B/�i2 ӷ Qp2` Ӷ �`2 KQ`2 UQ` H2bbV
HBF2Hv iQ T`QpB/2 i?2B` QTBMBQMb- i?�M i?2 TQHHBM;
rBHH Qp2`@ UQ` mM/2`@V T`2/B+i i?2 pQi2 b?�`2b 7Q`ӷX h?Bb i2M/2M+v +�M #2 K2�bm`2/ #v i?2 S2�`bQM
+Q``2H�iBQM@H2i’b /2MQi2 Bi #v ԡ@#2ir22M T`272``BM;ӷ �M/ `2bTQM/BM; U?QM2biHvV iQ i?2 TQHHX h?2 ?B;?2`
i?2 p�Hm2 Q7 ]ԡ] Ui?2 K�;MBim/2 Q7 ԡV- i?2 H�`;2` i?2
TQHHBM; 2``Q`X � TQbBiBp2 ԡ BM/B+�i2b Qp2`2biBK�iBQM-
�M/ � M2;�iBp2 ԡ mM/2`2biBK�iBQMX

h?2 r?QH2 B/2� Q7 biB``BM; i?Q`Qm;?Hv Q` `�M/QK
b�KTHBM; Bb iQ 2Mbm`2 ` Bb M2;HB;B#H2- Q` i2+?MB+�HHv-
iQ 2Mbm`2 Bi Bb QM i?2 Q`/2` Q7 i?2 `2+BT`Q+�H Q7 i?2

b[m�`2@`QQi Q7 ԃ X ai�iBbiB+�HHv- i?Bb Bb �b bK�HH �b Bi
+�M #2 bBM+2 r2 ?�p2 iQ �HHQr bQK2 b�KTHBM; `�M@
/QKM2bbX 6Q` 2t�KTH2- 7Q` ԃ � ��� KBHHBQM- ]ԡ]
b?QmH/ #2 H2bb i?�M � Qmi Q7 �� ���X >Qr2p2`- 7Q`
i?2 kyRe 2H2+iBQM TQHHBM;- ԡ r�b �����- Q` �#Qmi� Qmi Q7 ��� BM K�;MBim/2 7Q` T`2/B+iBM; h`mKT’
b pQi2 b?�`2b- �b 2biBK�i2/ BM Kv �`iB+H2 U#�b2/ QM
TQHHb +�``B2/ Qmi #v uQm:QpVX q?2`2�b � ?�H7 � T2`@
+2Mi +Q``2H�iBQM b22Kb iBMv- Bib BKT�+i Bb K�;MB}2/
;`2�iHv r?2M KmHiBTHB2/ #v i?2 b[m�`2@`QQi Q7 ԃ X

�b �M BHHmbi`�iBQM Q7 i?Bb BKT�+i- Kv �`iB+H2 +�H@
+mH�i2/ ?Qr Km+? bi�iBbiB+�H �++m`�+v r�b `2/m+2/
#v ]ԡ] � �����X PTBMBQMb 7`QK ��� KBHHBQM `2bTQMb2b
U�#Qmi �W Q7 i?2 2HB;B#H2 pQiBM; TQTmH�iBQM BM kyReV
rBi? ]ԡ] � ����� ?�b i?2 b�K2 2tT2+i2/ TQHHBM; 2``Q`
�b i?�i `2bmHiBM; 7`QK ��� `2bTQMb2b BM � ;2MmBM2Hv
`�M/QK b�KTH2X h?Bb Bb � �����W `2/m+iBQM Q7 i?2
�+im�H b�KTH2 bBx2b- �M �biQMBb?BM; HQbb #v �Mv bi�M@
/�`/X � [m�HBiv TQHH Q7 bBx2 ��� biBHH +�M /2HBp2` `2HB@
�#H2 T`2/B+iBQMb- #mi MQ U[m�HB}2/V +�KT�B;M K�M@
�;2` rQmH/ biQT +�KT�B;MBM; #2+�mb2 � TQHH Q7 bBx2��� T`2/B+ib rBMMBM;X "mi i?2v K�v U�M/ BM/22/
bQK2 /B/V biQT r?2M i?2 rBMMBM; T`2/B+iBQM Bb 7`QK��� KBHHBQM `2bTQMb2b- r?B+? �KQmMi iQ � ��� TQHHb
�M/ 2�+? rBi? � ��� `2bTQMb2bX

q?�i r�b ;2M2`�HHv Qp2`HQQF2/ BM kyRe- �M/ mM@
7Q`imM�i2Hv �;�BM BM kyky U#mi b22 i?Bb >�`p�`/ .�i�
a+B2M+2 _2pB2r �`iB+H2 ?iiTb,ff?/b`XKBiT`2bbXK
BiX2/mfTm#f+Mt#rmKef`2H2�b2fkV- Bb i?2 /2p�b@
i�iBM; BKT�+i Q7 GGSX ai�iBbiB+�H b�KTHBM; 2``Q`b
i2M/ iQ #�H�M+2 Qmi r?2M r2 BM+`2�b2 i?2 b�K@
TH2 bBx2- #mi bvbi2K�iB+ b2H2+iBQM #B�b QMHv bQHB/B}2b
r?2M b�KTH2 bBx2 BM+`2�b2bX qQ`b2- i?2 b2H2+iBQM
#B�b Bb K�;MB}2/ #v i?2 TQTmH�iBQM bBx2, i?2 H�`;2`
i?2 TQTmH�iBQM- i?2 H�`;2` i?2 K�;MB}+�iBQMX h?�i
Bb i?2 2bb2M+2 Q7 GGSX

q?2M � T�`iB+mH�` #Bi Q7 bQmT }M/b Bib2H7 QM i?2
+QQF’b bTQQM- Bi +�MMQi b�v- ǳq2HH- A’K � #Bi iQQ
b�Hiv 7Q` i?2 +QQF- bQ H2i K2 DmKT Qz i?Bb bTQQM5Ǵ
"mi BM �M QTBMBQM TQHH- i?2`2 Bb MQi?BM; iQ biQT bQK2@
QM2 7`QK QTiBM; Qmi #2+�mb2 Q7 i?2 72�` Q7 i?2 UT2`@
+2Bp2/V +QMb2[m2M+2b Q7 `2p2�HBM; � T�`iB+mH�` �M@
br2`X lMiBH Qm` bQ+B2iv FMQrb ?Qr iQ `2KQp2 bm+?
72�`- Q` i?2 TQHHbi2`b +�M `QmiBM2Hv �M/ `2HB�#Hv �/@
Dmbi 7Q` bm+? b2H2+iBp2 `2bTQMb2b- r2 +�M �HH #2 rBb2`
+BiBx2Mb Q7 i?2 /B;Bi�H �;2 #v �Hr�vb i�FBM; TQHHBM;
`2bmHib rBi? � ?2�Hi?v ;`�BM Q7 b�HiX

sB�Q@GB J2M;- S?X.X
q?BTTH2 oX LX CQM2b S`Q72bbQ`
Q7 ai�iBbiB+b
.2T�`iK2Mi Q7 ai�iBbiB+b
>�`p�`/ lMBp2`bBiv

Ü rrrXB+b�XQ`; k8
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https://www.jbs.cam.ac.uk/insight/events/the-law-of-large-populations/
https://hdsr.mitpress.mit.edu/pub/cnxbwum6/release/2
https://hdsr.mitpress.mit.edu/pub/cnxbwum6/release/2


>.a_ A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

hdsr.mitpress.mit.edu  |  @TheHDSR 

Founding  
Editor-in-Chief 
Xiao-Li Meng
Whipple V. N. Jones 
Professor of Statistics, 
Harvard University

Co-editor 
Jennifer Chayes
Associate Provost of the 
Division of Computing, 
Data Science, and 
Society, and Dean of the 
School of Information, 
UC Berkeley

Co-editor 
John Eltinge
Assistant Director 
for Research and 
Methodology, US 
Census Bureau

Co-editor 
Rob Lue 
Professor of Practice of 
Molecular and Cellular 
Biology and Richard L. 
Menschel Faculty Director 
of Bok Center for Teaching 
and Learning, Harvard 
University 
Co-editor 
Bhramar Mukherjee
John D. Kalbfleisch 
Collegiate Professor and 
Chair of Biostatistics, 
Professor of Epidemiology 
and of Global Public Health, 
University of Michigan 
Co-editor 
Margo Seltzer
Cheriton Family Chair 
in Computer Science, 
University of British 
Columbia

Co-editor 
Erica Groshen
14th Commissioner of 
US Labor Statistics and 
Visiting Senior Scholar, 
Cornell University

Co-editor 
Ralf Herbrich
Managing Director at 
Development Center 
Germany GmbH and 
Director of Machine 
Learning, Amazon Inc.

Co-editor 
Michael Jordan
Pehong Chen 
Distinguished Professor of 
Electrical Engineering and 
Computer Science and of 
Statistics, UC Berkeley

Everything  
Data Science  

and Data Science 
for Everyone

May 23, 1964 -  
November 11, 2020

ke Ü rrrXB+b�XQ`;



A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR >.a_

The Harvard Data Science Review is an open access platform of the Harvard Data Science Initiative, and it is published by the MIT Press.

Education  
■ Data Science for Everyone Starts in Kindergarten: Strategies   
 and Initiatives from the American Statistical Association by Wendy  
 Martinez and Donna LaLonde (American Statistical Association)  

■ Beyond Unicorns: Educating, Classifying, and Certifying Business   
 Data Scientists by Tom Davenport (Babson College) 

■ The Role of Academia in Data Science Education  
 by Rafael A. Irizarry (Dana-Farber Cancer Institute)
 
Research  
■ Deep Learning with Gaussian Di!erential Privacy by Zhiqi   
 Bu, Jinshuo Dong, Qi Long and Su Weijie (The University of   
 Pennsylvania) 

■ With Malice Toward None: Assessing Uncertainty via Equalized   
 Coverage by Yaniv Romano, Rina Foygel Barber, Chiara Sabatti,   
 and Emmanuel Candes (Stanford University and University of   
 Chicago)
 
Columns  
■ Diving into Data
 Stop Flaunting Those Curves! Time for Stats to Get Down and Dirty  
 with the Public by Timandra Harkness (BBC Radio) 

■ Minding the Future
 High School Data Science Review: Why Data Science Education   
 Should be Reformed by Angelina Chen (Princeton High School) 

■ Mining the Past
 Error, Uncertainty, and the Shifting Ground of Census Data  
 by Dan Bouk (Colgate University) 

■ Recreations in Randomness
 Recipes for Success: Data Science in the Home Kitchen  
 by Shuyang Li and Julian McAuley (UC San Diego)

Perspectives  
■ Coming to Our Census: How Social Statistics Underpin   
 Our Democracy (And Republic) by Teresa A. Sullivan  
 (Michigan State University) 

■ Should We Trust Algorithms? by David Spiegelhalter  
 (Winton Centre for Risk and Evidence Communication, UK) 

■ 10 Research Challenge Areas in Data Science  
 by Jeannette M. Wing (Columbia University) 

■ How to Define and Execute your Data and AI Strategy by Ulla  
 Kruhse-Lehtonen and Dirk Hofman (DAIN Studios, Finland) 

■ Tackling COVID-19 through Responsible AI Innovation: Five  
 Steps in the Right Direction  
 by David Leslie (The Alan Turing Institute, UK) 

■ Doing Data Science on the Shoulders of Giants: The Value of  
 Open Source Software for the Data Science Community by  
 Katie Malone (Tempus Labs) and Rich Wolski (UC Santa  
 Barbara) 

■ Di!erential Privacy and Social Science: An Urgent Puzzle  
 by Daniel L. Oberski (Utrecht University) and Frauke Kreuter  
 (University of Maryland) 

■ A Conversation with L. Rafael Reif on College of Computing,  
 COVID-19 and the Future Workforce by L. Rafael Reif (MIT),  
 Liberty VIttert (Washington University), and Xiao-Li Meng  
 (Harvard University) 

■ On the Convergence of Epidemiology, Biostatistics, and Data  
 Science by Neil D. Goldstein, Michael LeVasseur,  
 and Leslie A. McClure (Drexel University)
 

Impact  
■ Geo-mapping of COVID-19 Risk Correlates Across Districts and  
 Parliamentary Constituencies in India by S. V. Subramanian,  
 Omar Karlsson, Weixing Zhang, and Rockli Kim  

■ Lost or Found? Discovering Data Needed for Research by  
 Kathleen Gregory (Royal Netherlands Academy), Paul   
 Groth (University of Amsterdam), Andrea Scharnhorst  
 (Royal Netherlands Academy), and Sally Wyatt (Maastricht  
 University) 

■ The Importance of Being Causal by Iavor Bojinov,  
 Albert Chen, and Min Liu (LinkedIn) 

■ SCAM: A Platform for Securely Measuring Cyber Risk  
 by Leo de Castro, Andrew W. Lo, Taylor Reynolds, Fransisca  
 Susan, Vinod Vaikuntanathan, Daniel Weitzner, and Nicholas  
 Zhang (MIT)

Selected Recent Content

The open access resource for leading and advanced content in data science, Harvard Data Science 
Review (HDSR) provides a crossroads at which fundamental data science research and education 
intersect directly with societally important applications from industry, government, NGOs, and more. 
HDSR publishes high-quality articles that help to define and shape data science as a rigorous field of 
study with global impact. Each issue informs, intrigues, and inspires readers with a wide breadth of 
content.

Special O!er: Inaugural Volume in Print 
■  Just published! Our Inaugural Volume (over 40 articles) is available for $25.
■  This special print edition contains all the content published in Volume 1 
 PLUS an exclusive interview  with Steve Ballmer, former Microsoft CEO,  
 about his nonprofit organization, USAFacts. 
■  Added bonus: For a limited time, your purchase will include the special  
 HDSR Commemorative issue containing a sampling of 8 articles. 
■  Order today at mitpressjournals.org/HDSR

Stay in touch with new article and issue alerts: 
hdsr.mitpress.mit.edu/subscribe

Ü rrrXB+b�XQ`; kd



uBǶb 6.� aiQ`v A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

uBǶb 6.� aiQ`v, q?2M ai�iBbiB+b J2i
_2;mH�iBQM RNN9
uB hbQM;

 h?Bb �`iB+H2 `2~2+ib i?2 `2pB2r Q7 i?2 �mi?Q` �M/
b?QmH/ MQi #2 +QMbi`m2/ iQ `2T`2b2Mi 6.�Ƕb pB2rb Q`
TQHB+B2bX

_2K2K#2` i?2 BKTQ`i�Mi ?BbiQ`B+�H 2p2Mib ?�T@
T2M2/ BM RNN9\ >2`2 �`2 � 72r iQ #`BM; vQm #�+F iQ
i?2 v2�`,

Ç C�Mm�`v R, h?2 LQ`i? �K2`B+�M 6`22 h`�/2
�;`22K2Mi UL�6h�V Bb 2bi�#HBb?2/X

Ç C�Mm�`v RR, h?2 amT2`?B;?r�v amKKBi Bb
?2H/ �i l*G�Ƕb _Qv+2 >�HHX Ai Bb i?2 }`bi +QM@
72`2M+2 iQ /Bb+mbb i?2 ;`QrBM; BM7Q`K�iBQM bm@
T2`?B;?r�v �M/ Bb T`2bB/2/ Qp2` #v lXaX oB+2
S`2bB/2Mi �H :Q`2X

Ç C�Mm�`v R9, lXaX S`2bB/2Mi "BHH *HBMiQM
�M/ _mbbB�M S`2bB/2Mi "Q`Bb u2HibBM bB;M
i?2 E`2KHBM �++Q`/b- r?B+? biQT i?2 T`2T`Q@
;`�KK2/ �BKBM; Q7 Mm+H2�` KBbbBH2b iQr�`/
2�+? +QmMi`vǶb i�`;2ib- �M/ �HbQ T`QpB/2 7Q` i?2
/BbK�MiHBM; Q7 i?2 Mm+H2�` �`b2M�H BM lF`�BM2X

Ç CmM2 Rk, LB+QH2 "`QrM aBKTbQM �M/ _QM�H/
:QH/K�M �`2 Km`/2`2/ QmibB/2 i?2 aBKTbQM
?QK2 BM GQb �M;2H2bX PXCX aBKTbQM Bb H�i2`
�+[mBii2/ Q7 i?2 FBHHBM;b- #mi Bb ?2H/ HB�#H2 BM �
+BpBH bmBiX

Ç CmM2 R8, h?2 GBQM EBM; Bb `2H2�b2/ BM i?2�i2`b-
K�FBM; 09kk-d3j-ddd BM i?2 lMBi2/ ai�i2b
U0N8R-83j-ddd rQ`H/rB/2VX Ai Bb i?2 ?B;?2bi@
;`QbbBM; }HK Q7 i?2 v2�`X

Ç CmM2 Rd, L6G bi�` PXCX aBKTbQM �M/ ?Bb
7`B2M/ �H *QrHBM;b ~22 7`QK TQHB+2 BM ?Bb r?Bi2
6Q`/ "`QM+QX h?2 HQr@bT22/ +?�b2 2M/b �i
aBKTbQMǶb "`2MirQQ/- GQb �M;2H2b- *�HB7Q`@
MB� K�MbBQM- r?2`2 ?2 bm``2M/2`bX h?Bb 2p2Mi
Tmb?2/ #H�+F@r?Bi2 /BpBbBQM iQ � M2r ?B;?X

Ç a2Ti2K#2` Rj, S`2bB/2Mi "BHH *HBMiQM bB;Mb i?2
62/2`�H �bb�mHi q2�TQMb "�M- r?B+? #�Mb i?2
K�Mm7�+im`2 Q7 M2r }`2�`Kb rBi? +2`i�BM 72�@
im`2b 7Q` � T2`BQ/ Q7 Ry v2�`bX

Ç a2Ti2K#2` Rj, S`2bB/2Mi "BHH *HBMiQM bB;Mb
i?2 oBQH2M+2 �;�BMbi qQK2M �+i Q7 RNN9
Uo�q�VX h?2 �+i T`QpB/2/ 0RXe #BHHBQM iQ@
r�`/ BMp2biB;�iBQM �M/ T`Qb2+miBQM Q7 pBQH2Mi

+`BK2b �;�BMbi rQK2M- BKTQb2/ �miQK�iB+ �M/
K�M/�iQ`v `2biBimiBQM QM i?Qb2 +QMpB+i2/- �M/
�HHQr2/ +BpBH `2/`2bb BM +�b2b T`Qb2+miQ`b +?Qb2
MQi iQ T`Qb2+mi2X h?2 �+i �HbQ 2bi�#HBb?2/ i?2
P{+2 QM oBQH2M+2 �;�BMbi qQK2M rBi?BM i?2
.2T�`iK2Mi Q7 CmbiB+2X

Ç P+iQ#2` N, la b2M/b 7Q`+2b iQ S2`bB�M :mH7X

Ç LQp2K#2` 9, h?2 }`bi +QM72`2M+2 /2pQi2/ 2M@
iB`2Hv iQ i?2 bm#D2+i Q7 i?2 +QKK2`+B�H TQi2M@
iB�H Q7 i?2 qQ`H/ qB/2 q2# QT2Mb BM a�M 6`�M@
+Bb+QX 62�im`2/ bT2�F2`b BM+Hm/2 J�`+ �M@
/`22bb2M Q7 L2ib+�T2- J�`F :`�?�K Q7 S�M@
/Q`� avbi2Kb- �M/ E2M J+*�`i?v Q7 1@J2/B�X

Ç LQp2K#2` d, qsu*- i?2 bim/2Mi `�/BQ bi�@
iBQM Q7 i?2 lMBp2`bBiv Q7 LQ`i? *�`QHBM� �i
*?�T2H >BHH- T`QpB/2b i?2 rQ`H/Ƕb }`bi BMi2`M2i
`�/BQ #`Q�/+�biX

Ç LQp2K#2` Re, � 62/2`�H Dm/;2 Bbbm2b � i2K@
TQ`�`v `2bi`�BMBM; Q`/2` T`Q?B#BiBM; *�HB7Q`@
MB� 7`QK BKTH2K2MiBM; S`QTQbBiBQM R3d- r?B+?
rQmH/ ?�p2 /2MB2/ KQbi Tm#HB+ b2`pB+2b iQ BH@
H2;�H �HB2MbX

�`QmM/ i?2 rQ`H/-
Ç C�Mm�`v 8@e, a2`#bǶ ?2�pv r2�TQMb TQmM/

a�`�D2pQX

Ç �T`BH e, h?Qmb�M/b /2�/ BM _r�M/� K�bb�+`2X

Ç �T`BH kN, aQmi? �7`B+� ?QH/b }`bi BMi2``�@
+B�H M�iBQM�H 2H2+iBQMc L2HbQM J�M/2H� 2H2+i2/
S`2bB/2MiX

Ç J�v 9, Ab`�2H bB;Mb �++Q`/ rBi? S�H2biBMB�MbX

Ç P+iQ#2` Rd, Ab`�2H bB;Mb T2�+2 i`2�iv rBi? CQ`@
/�MX

Ç �m;mbi jR, A_� /2+H�`2b +2�b2@}`2 BM LQ`i?@
2`M A`2H�M/X

Ç P+iQ#2` Rj, lHbi2` S`Qi2bi�Mib /2+H�`2 +2�b2@
}`2X

Ç P+iQ#2` 9, �`BbiB/2 `2im`Mb iQ >�BiBX

Ç LQp2K#2` N, �`BbiB/2 7Q`Kb :Qp2`MK2Mi rBi?
S`BK2 JBMBbi2` �M/ 7mHH *�#BM2iX

Ç .2+2K#2` RR, _mbbB�Mb �ii�+Fb b2+2bbBQMBbi
_2Tm#HB+ Q7 *?2+?Mv�X

k3 Ü rrrXB+b�XQ`;
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h?2b2 �`2 i?2 2p2Mib �M/ Bbbm2b Q7 ke v2�`b �;QX
>Qr K�Mv Q7 bm+? 2p2Mi /B/MǶi `2T2�i Bib2H7 MQr\
_2+2MiHv- S�i`B+B� UKv rB72V 2tT2`B2M+2/ b+B�iB+�-
r?B+? Bb i?2 T�BM i?�i `�/B�i2b �HQM; i?2 T�i? Q7
i?2 b+B�iB+ M2`p2- r?B+? #`�M+?2b 7`QK ?2` H27i HQr2`
#�+F i?`Qm;? ?2` H27i ?BT �M/ #miiQ+Fb �M/ /QrM
QM ?2` H27i H2;X h?2 T�BM �bbQ+B�i2/ rBi? b+B�iB+� Bb
[mBi2 b2p2`2X Ai Bb T`Q#�#Hv +�mb2/ #v /Bb+ ?2`MB�iBQM
T`2bb2/ /B`2+iHv QM i?2 M2`p2 Q` B``Bi�iBQM Q` BM~�K@
K�iBQM Q7 i?2 b+B�iB+ M2`p2X h?2 T�BM r�b b2p2`2 �M/
b?2 +�HH2/ ?2` T?�`K�+Bbi 7`B2M/ �M/ r�b �/pBb2/
iQ i�F2 �/pBH iQ `2H2�b2 i?2 T�BM �M/ BM~�KK�iBQMX
�7i2` i�FBM; �/pBH 7Q` KQ`2 i?�M � r22F- b?2 72Hi
mM+QK7Q`i�#H2 BM ?2` �#/QK2M �M/ HQbb Q7 �TT2iBi2
i?�i r2 i?Qm;?i Bi r�b /m2 iQ i?2 mTb2iiBM; 2z2+i
Q7 La�A. UMQMbi2`QB/�H �MiB@BM~�KK�iQ`v /`m;bVX

LQMbi2`QB/�H �MiB@BM~�KK�iQ`v /`m;b ULa�A.bV
�`2 K2K#2`b Q7 � /`m; +H�bb i?�i `2/m+2b T�BM- /2@
+`2�b2b 72p2`- T`2p2Mib #HQQ/ +HQib- �M/ BM ?B;?2`
/Qb2b- /2+`2�b2b BM~�KK�iBQMX aB/2 2z2+ib /2@
T2M/ QM i?2 bT2+B}+ /`m; #mi H�`;2Hv BM+Hm/2 �M
BM+`2�b2/ `BbF Q7 ;�bi`QBMi2biBM�H mH+2`b �M/ #H22/b-
?2�`i �ii�+F- �M/ FB/M2v /Bb2�b2X h?2 i2`K MQM@
bi2`QB/�H /BbiBM;mBb?2b i?2b2 /`m;b 7`QK bi2`QB/b-
r?B+? r?BH2 ?�pBM; � bBKBH�` 2B+Qb�MQB/@/2T`2bbBM;-
�MiB@BM~�KK�iQ`v �+iBQM- ?�p2 � #`Q�/ `�M;2 Q7
Qi?2` 2z2+ibX 6B`bi mb2/ BM RNey- i?2 i2`K b2`p2/
iQ /Bbi�M+2 i?2b2 K2/B+�iBQMb 7`QK bi2`QB/b- r?B+?
r2`2 T�`iB+mH�`Hv biB;K�iBx2/ �i i?2 iBK2 /m2 iQ i?2
+QMMQi�iBQMb rBi? �M�#QHB+ bi2`QB/ �#mb2X

La�A.b rQ`F #v BM?B#BiBM; i?2 �+iBpBiv Q7 +v@
+HQQtv;2M�b2 2MxvK2b U*Ps@R Q` *Ps@kVX AM +2HHb-
i?2b2 2MxvK2b �`2 BMpQHp2/ BM i?2 bvMi?2bBb Q7 F2v
#BQHQ;B+�H K2/B�iQ`b- M�K2Hv T`Qbi�;H�M/BMb- r?B+?
�`2 BMpQHp2/ BM BM~�KK�iBQM- �M/ i?`QK#Qt�M2-
r?B+? �`2 BMpQHp2/ BM #HQQ/ +HQiiBM;X

h?2`2 �`2 irQ ivT2b Q7 La�A.b �p�BH�#H2, MQM@
b2H2+iBp2 �M/ *Ps@k b2H2+iBp2X JQbi La�A.b �`2
MQM@b2H2+iBp2 �M/ BM?B#Bi i?2 �+iBpBiv Q7 #Qi? *Ps@
R �M/ *Ps@kX h?2b2 La�A.b- r?BH2 `2/m+BM; BM@
~�KK�iBQM- �HbQ BM?B#Bi TH�i2H2i �;;`2;�iBQM U2bT2@
+B�HHv �bTB`BMV �M/ BM+`2�b2 i?2 `BbF Q7 ;�bi`QBMi2biB@
M�H mH+2`bf#H22/bX *Ps@k b2H2+iBp2 BM?B#BiQ`b ?�p2
H2bb ;�bi`QBMi2biBM�H bB/2 2z2+ib #mi T`QKQi2 i?`QK@
#QbBb �M/ bm#bi�MiB�HHv BM+`2�b2 i?2 `BbF Q7 ?2�`i �i@
i�+FX �b � `2bmHi- *Ps@k b2H2+iBp2 BM?B#BiQ`b �`2
;2M2`�HHv +QMi`�BM/B+�i2/ /m2 iQ i?2 ?B;? `BbF Q7 mM@
/B�;MQb2/ p�b+mH�` /Bb2�b2X h?2b2 /Bz2`2MiB�H 27@
72+ib �`2 /m2 iQ i?2 /Bz2`2Mi `QH2b �M/ iBbbm2 HQ@
+�HBx�iBQMb Q7 2�+? *Ps BbQ2MxvK2X "v BM?B#BiBM;
T?vbBQHQ;B+�H *Ps �+iBpBiv- �HH La�A.b BM+`2�b2 i?2
`BbF Q7 FB/M2v /Bb2�b2 �M/ i?`Qm;? � `2H�i2/ K2+?�@
MBbK- ?2�`i �ii�+FX AM �//BiBQM- La�A.b +�M #HmMi
i?2 T`Q/m+iBQM Q7 2`vi?`QTQB2iBM `2bmHiBM; BM �M2@

KB�- bBM+2 ?2KQ;HQ#BM M22/b i?Bb ?Q`KQM2 iQ #2 T`Q@
/m+2/X S`QHQM;2/ mb2 Bb /�M;2`Qmb �M/ +�b2 bim/B2b
?�p2 b?QrM i?2 ?2�Hi? `BbF rBi? +2H2+QtB#X *Ps@k
b2H2+iBp2 /`m;b rBHH #2 /Bb+mbb2/ BM KQ`2 /2i�BHb BM
Kv `2TQ`i Q7 kyyeX

S�iǶb 2tT2`B2M+2 `2KBM/b K2 Q7 � T`QD2+i i?�i
A r�b BMpQHp2/ BM RNN9X AM P+iQ#2` RN39- �M 6.�
�/pBbQ`v *QKKBii22 K22iBM; r�b ?2H/ iQ 2p�Hm�i2
i?2 b�72iv +QM+2`M QM lSl UlTT2` ;�bi`QBMi2biBM�H
#H22/BM;- T2`7Q`�iBQM- �M/ mH+2`V Q7 b2p2`�H La�A.bX
AM _QbbB 2i �H URN3dV �M/ >bm URN38V- i?2 �mi?Q`b
+QKT�`2/ i?2 �1 `2TQ`ib �bbQ+B�i2/ rBi? SB`QtB+�K
rBi? b2p2M Qi?2` MQMbi2`QB/�H �MiB@BM~�KK�iQ`v
/`m;b U.B~mMBb�H- A#mT`Q72M- L�T`Qt2M- 62MQT`Q72M-
hQHK2iBM- amHBM/�+ �M/ J2+HQ72M�K�i2VX .`X CB�MM
SBM; >bm r�b i?2 6.� bi�iBbiB+B�M `2bTQMbB#H2 7Q`
TQbiK�`F2iBM; /`m; b�72iv �M�HvbBbX a?2 H27i 6.�
7Q` BM/mbi`v �`QmM/ RN3eX A r�b ?B`2/ iQ `2TH�+2 ?2`
BM RN3dX >bm URN38V BMi`Q/m+2/ i?2 BM+B/2M+2 `�i2
Q7 i?2 2p2Mi �b i?2 MmK#2` Q7 �.1 `2TQ`ib Q7 i?2
/`m; /BpB/2/ #v i?2 MmK#2` Q7 T`2b+`BTiBQMbX �7i2` A
+QKTH2i2/ i?2 T`QD2+i Q7 >�H+BQM �/p2`b2 2p2Mib- .`X
_QbbB #`Qm;?i � +QTv Q7 i?2 irQ `2TQ`ib iQ K2 �M/
�bF2/ K2 iQ b22 B7 A +QmH/ �M�Hvx2 i?2 /�i� rBi? �/@
DmbiK2Mi 7Q` b2+mH�` i`2M/ �M/ K�`F2iBM; v2�` Q7 i?2
/`m;bX h?2`27Q`2- A `2�M�Hvx2/ i?2 /�i� Tm#HBb?2/ BM
_QbbB 2i �H URN38VX aBM+2 i?2 K2i?Q/ A mb2/ r�b �H@
`2�/v `2TQ`i2/ BM Kv `2TQ`i Q7 v2�` RNNj BM i?2 H�bi
Bbbm2 Q7 A*a� "mHH2iBM- A rBHH MQi `2T2�i Bi ?2`2X A
rBHH T`2b2Mi QMHv i?2 /�i� �M/ `2bmHibX h?2 MmK#2`
Q7 lSl 2p2Mib `2TQ`ib Q7 i?2 2B;?i La�A.b BM RNd9
iQ RN38 �`2 ;Bp2M BM h�#H2 RX h?2b2 �`2 i?2 MmK#2`b
Q7 2p2Mib `2H�i2/ iQ /`m;b T`2b+`B#2/X *Q``2bTQM/@
BM;Hv- i?2 MmK#2` Q7 T`2b+`BTiBQMb BM R-yyy mMBib �`2
;Bp2M BM h�#H2 kX .BpB/BM; i?2 MmK#2` Q7 `2TQ`ib BM
h�#H2 R #v i?2 MmK#2` Q7 T`2b+`BTiBQMb BM h�#H2 k-
r2 ;2i i?2 `2TQ`iBM; `�i2 Q7 lSl Q7 i?2 /`m; UBX2X-
MmK#2` Q7 `2TQ`ib T2` T`2b+`BTiBQMb- �.1 `2TQ`iBM;
`�i2 Q` ;2M2`�HBx2/ BM+B/2M+2 /2MbBiv `�i2VX h?2 `�i2
T2` Ryy-yyy _sb Q7 i?2 /`m; T2` 2�+? +�H2M/�` v2�`
�`2 ;Bp2M BM h�#H2 jX q?2M r2 +QKT�`2 irQ /`m;b
bm+? HBF2 SB`QtB+�K rBi? .B~mMBb�H- r2 }`bi bi`�iB@
}2/ i?2 /�i� #v i?2 +�H2M/�` v2�`X q2 +�M +�H+m@
H�i2 i?2 Qp2`�HH `2TQ`iBM; `�i2b �M/ i?2 `�iBQ Q7 i?2
`�i2 mbBM; TQQH2/ `�i2b Q` �TTHvBM; J�Mi2H@>�2Mbx2H
K2i?Q/ QM i?2 bi`�iB}2/ /�i� �b BM h�#H2 9X >Qr@
2p2`- r?2M r2 +QKT�`2 i?2 irQ /`m;b K�`F2i2/ �i
/Bz2`2Mi v2�`b- �b r2 TQBMi2/ Qmi BM i?2 2�`Hv `2TQ`i-
i?2`2 Bb � b2+mH�` Qp2`�HH `2TQ`iBM; i`2M/ �b b?QrM
BM 6B;m`2 R h?2 b2+mH�` i`2M/ Bb /m2 iQ +?�M;2b Q7
i?2 `2;mH�iQ`v `2[mB`2K2Mi Q7 r?�i M22/b iQ #2 `2@
TQ`i2/X �b � +QKT�`BbQM iQ v2�` RNd9- i?2 Q#b2`p2/
Qp2`�HH `2TQ`iBM; `�i2 /B/M’i +?�M;2 Km+? iBHH v2�`
RNd3- i?2M bi�`i2/ BM+`2�bBM; b?�`THvX h?2`27Q`2-

Ü rrrXB+b�XQ`; kN
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i?2 `�iBQ Q7 i?2 Qp2`�HH `2TQ`iBM; `�i2 M22/b iQ #2
+QMbB/2`2/ r?2M bi`�iB}2/ i?2 /�i� �++Q`/BM; iQ i?2
b�K2 K�`F2iBM; v2�` #mi /Bz2`2Mi +�H2M/�` v2�`X
lbBM; RNd9 �b i?2 bi�`iBM; TQBMi- i?2 `�iBQ +�M #2
/2i2`KBM2/ mbBM; i?2 #2bi }iiBM; [m�/`�iB+ +m`p2 �b
b?QrM BM 6B;m`2 R aBM+2 r2 �`2 +QKT�`BM; �HH b2p2M
La�A.b rBi? SB`QtB+�K- �HH i?2 `2TQ`iBM; `�i2 Bb
�/Dmbi2/ #v ` 4 U}ii2/ �HH@/`m;@�HH@2p2Mi `2TQ`iBM;
`�i2fRN3k }ii2/ �HH@/`m;@�HH@2p2Mi `2TQ`iBM; `�i2VX

h?2 �/DmbiBM; 7�+iQ` Q7 A#mT`Q72M 7Q` Bib K�`F2iBM;
v2�`b �`2 ;Bp2M BM h�#H2 8X 6Q` 2t�KTH2- A#mT`Q@
72M bi�`i2/ K�`F2iBM; BM RNd9- i?2 �/DmbiBM; 7�+iQ`ԡ � ��������� � ����X "v bi`�iB7vBM; rBi? i?2 }`bi
i?`22 K�`F2iBM; v2�`- i?2 `�iBQ Q7 `2TQ`iBM; `�i2b Q7
SB`QtB+�K iQ A#mT`Q72M �M/ i?2 `�iBQ �/Dmbi2/ #v
i?2 b2+mH�` i`2M/ �`2 ;Bp2M BM h�#H2 eX h?2 `�iBQ Q7
TQQHBM; �+`Qbb i?2 i?`22 v2�`b �M/ J2Mi�H@>�2Mbx2H
Q//b `�iBQ rBi? b2+mH�` i`2M/ �/DmbiK2Mi �`2 ;Bp2M

jy Ü rrrXB+b�XQ`;
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6B;m`2 R, a2+mH�` i`2M/ Q7 �.1 `2TQ`iBM; `�i2 Q7 �HH /`m;b

BM h�#H2 eX h?2 +Q``2bTQM/BM; b2+mH�` i`2M/ �/@
DmbiBM; 7�+iQ` Q7 2�+? La�A. �`2 ;Bp2M BM h�#H2 dX
6BM�HHv- i?2 Q//b `�iBQ Q7 SB`QtB+�K p2`bmb �HH b2p2M
La�A.b +QK#BM2/ �`2 ;Bp2M BM h�#H2 3X Ai b?Qrb
i?�i #�b2/ QM i?2 }`bi i?`22 v2�`b K�`F2iBM; /�i�-
SB`QtB+�K ?�/ ?B;?2` `BbF Q7 lSl r?2M �/Dmbi2/
7Q` i?2 mb�;2 �M/ b2+mH�` i`2M/ Ua22 /2i�BHb BM hbQM;
URNN8VVX

h?Bb r�b � T`QD2+i /QM2 BM RNN9X h?2 �.1 `2@
TQ`ib �`2 +QKTBH2/ BM i?2 6.� �._a bvbi2KX h?2
/`m; mb�;2 /�i� M22/2/ iQ #2 Tm`+?�b2/ 7`QK AJa
UAMi2`M�iBQM�H J�i?2K�iB+�H avbi2KVX h?2 M�K2 Q7
AJa Bb T`Q#�#Hv +?�M;2/ �7i2` i?2b2 K�Mv v2�`bX
"27Q`2 BMi2`M2i �M/ H�TiQT #2+�K2 TQTmH�`- Bi KB;?i
i�F2 KQMi?b #27Q`2 i?2 /�i� Bb `2i`B2p2/ �M/fQ` +QK@
TBH2/ 7`QK i?2 bvbi2KX q?2M +QKT�`BM; /`m;b rBi?
i?2 b�K2 T`2b+`BTiBQM T�ii2`M- `�iBQ Q7 `2TQ`iBM;
`�i2b Bb Q7i2M mb2/ �b �M 2biBK�i2 Q7 i?2 `�iBQ Q7 `BbFX

AM KQ/2`M /�vb- /�i�KBMBM; i2+?MB[m2b Bb Q7i2M mb2/
QM i?2 �.1 `2TQ`iBM; /�i� rBi?Qmi mb�;2 /�i�- r2
K�v QMHv /2i2`KBM2 B7 � +2`i�BM /`m; ?�b /BbT`QTQ`@
iBQM�H `2TQ`iBM; T�ii2`M r?B+? K�v MQi `2T`2b2MiBM;
i?2 `BbF Q7 i?2 /`m;X

�/pBH Bb HQM; H�biBM; mT iQ k9@?Qm` 2z2+iX h?2
/`m; H�#2H `2+QKK2M/b Bb iQ i�F2 B#mT`Q72M rBi?
r�i2` iQ ?2HT rBi? br�HHQrBM; i?2 TBHH Q` +�TbmH2X
h�FBM; Bi rBi? � K2�H +�M bHQr �#bQ`TiBQM Q` ?Qr
Km+? Bb mHiBK�i2Hv �#bQ`#2/- #mi i?2 H�#2HBM; �HbQ
�HHQrb T�iB2Mib iQ i�F2 Bi rBi? � K2�H- T�`iB+mH�`Hv
B7 vQm ?�p2 biQK�+? B``Bi�iBQM �7i2` i�FBM; BiX h?2`2
�`2 bQK2 /`m;b vQm b?QmH/ �pQB/ i�FBM; B#mT`Q72M
rBi?- 2Bi?2` #2+�mb2 Bi +�M �Hi2` �#bQ`TiBQM- 2tTQ@
bm`2- Q` /B`2+iHv �Hi2` i?2 BMi2M/2/ T?�`K�+QHQ;B+
2z2+iX 6Q` 2t�KTH2- �pQB/ +QM+m``2Mi mb2 rBi? �b@
TB`BM Q` Qi?2` �MiB@BM~�KK�iQ`v T�BMFBHH2`bX h�FBM;
B#mT`Q72M rBi? r�i2` rBHH MQi +�M+2H Qmi i?2 2z2+ib

Ü rrrXB+b�XQ`; jR
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Q7 bm+? Qi?2` /`m;b B7 `2+2MiHv i�F2MX �++Q`/BM; iQ
S�iǶb T?�`K�+Bbi �M/ i?2`�TBbi 7`B2M/b- K�Mv #Qi�M@
B+�H T`Q/m+ib bm+? �b ;`22M i2� �M/ i�K�`BM/- K�v
�HbQ ?�p2 2z2+i 7Q` �MiB@BM~�KK�iQ`vX "mi i?2v +QM@

i�BM i?2 �+B/ iQ BM+`2�b2 i?2 /�K�;2 Q7 �/pBHX �b �
*?BM2b2 T�iB2Mi- S�i /`�MF iQQ Km+? ;`22M i2� r?BH2
i�FBM; �/pBH K�v#2 i?2 +�mb2 Q7 biQK�+?�+?2 Q` mM@
+QK7Q`i�#H2X aQ- i?2 mM+QK7Q`i�#H2 /Bb�TT2�`2/ �7@

jk Ü rrrXB+b�XQ`;
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i2` brBi+? iQ /`BMF r�i2` Q` #H�+F i2� BM i?2 /�vb
i�FBM; �/pBHX

_272`2M+2b,

RX _QbbB- �*- >bm CS- 6�B+? :�, lH+2`Q;2MB+@
Biv Q7 TB`QtB+�K, �M�HvbBb Q7 bTQMi�M2QmbHv
`2TQ`i2/ /�i�X "`X J2/X CX kN9,R9d@R8y- RN3dX

kX >bm- CS, _2}M2K2Mi Q7 i?2 K2i?Q/b Q7 �M�Hv@
bBb 7Q` i?2 La�A.a bim/vX *.1_ .BpBbBQM Q7
"BQK2i`B+b J2KQ`�M/mK- CS, _2}M2K2Mi Q7
i?2 K2i?Q/b Q7 �M�HvbBb 7Q` i?2 La�A.a bim/vX
*.1_ .BpBbBQM Q7 "BQK2i`B+b J2KQ`�M/mK-
6.�- _Q+FpBHH2- J.- RN38X

jX hbQM;- uh, *QKT�`BM; `2TQ`iBM; `�i2b Q7 �/@
p2`b2 2p2Mib #2ir22M /`m;b rBi? �/DmbiK2Mi
7Q` v2�` Q7 K�`F2iBM; �M/ b2+mH�` i`2M/b BM iQ@
i�H `2TQ`iBM;X CX Q7 "BQT?�`KX ai�iBbiX 8URV,
N8@RR9 URNN8VX

uB hbQM;- S?X.X
.BpBbBQM .B`2+iQ`
*.1_fPhafP"f."oA
lXaX 6QQ/ �M/ .`m; �/KBMBbi`�@
iBQM

Ü rrrXB+b�XQ`; jj



lT+QKBM; 1p2Mib A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

lT+QKBM; 1p2Mib
SH2�b2 }M/ #2HQr � HBbi Q7 mT+QKBM; A*a� K22iBM;b
�M/ +Q@bTQMbQ`2/ K22iBM;bX h?Bb HBbi �HbQ �TT2�`b
QM i?2 A*a� r2#bBi2X A7 vQm ?�p2 �Mv [m2biBQMb-
TH2�b2 +QMi�+i .`X J2M;HBM; GBm- i?2 A*a� 1t2+m@
iBp2 .B`2+iQ` U2t2+miBp2X/B`2+iQ`!B+b�XQ`;VX

A*a� aTQMbQ`2/ J22iBM;b,
kykR A*a� �TTHB2/ ai�iBbiB+b avKTQ@
bBmK
h?2 kykR A*a� �TTHB2/ ai�iBbiB+b avKTQbBmK rBHH
#2 ?2H/ pB`im�HHv QM a2Ti2K#2` Rk@R8- kykRX

kykk A*a� �TTHB2/ ai�iBbiB+b avKTQ@
bBmK
h?2 kykk A*a� �TTHB2/ ai�iBbiB+b avKTQbBmK rBHH
#2 ?2H/ BM :�BM2bpBHH2- 6HQ`B/�X JQ`2 /2i�BH2/ BM7Q`@
K�iBQM rBHH #2 b?�`2/ H�i2`X

kykR A*a� *?BM� *QM72`2M+2 USQbi@
TQM2/V
h?2 kykR A*a� *?BM� *QM72`2M+2 rBHH #2 ?2H/
�i sB�M lMBp2`bBiv Q7 6BM�M+2 �M/ 1+QMQKB+b-
sB�M- *?BM�X h?Bb K22iBM; Bb TQbiTQM2/- �M/
i?2 /�i2 rBHH #2 �MMQmM+2/ H�i2`X 6Q` BM7Q`@
K�iBQM- TH2�b2 +QMi�+i a+B2MiB}+ S`Q;`�K *QK@
KBii22 *Q@*?�B`b S`Q72bbQ` uBM;vBM; 6�M �i
7�MvBM;v!K�`b?�HHXmb+X2/m �M/ S`Q72bbQ` *?mM@
DB2 q�M; �i r�M;+?mMDB2!++miX2/mX+MX

kykk A*a� *?BM� *QM72`2M+2
CmHv R@9- kykk
h?2 kykk A*a� *?BM� *QM72`2M+2 rBHH #2 ?2H/ �i
*?2M;/m 7`QK CmHv R iQ CmHv 9- kykk- +Q@bTQMbQ`2/
#v aQmi?r2bi CB�QiQM; lMBp2`bBiv UaqChlVX

h?2 Rki? A*a� AMi2`M�iBQM�H *QM72`@
2M+2
.2+2K#2` R3 @ ky kykk
h?2 Rki? A*a� AMi2`M�iBQM�H *QM72`2M+2 rBHH #2
?2H/ �i i?2 *?BM2b2 lMBp2`bBiv Q7 >QM; EQM; 7`QK
.2+2K#2` R3 iQ .2+2K#2` ky kykkX

A*a� *Q@bTQMbQ`2/ J22iBM;b,
.mF2@AM/mbi`v ai�iBbiB+b avKTQbBmK
�T`BH kR@kj- kykR
:Bp2M 2pQHpBM; Tm#HB+ +QM+2`Mb `2;�`/BM; *PoA.@
RN �M/ i?2 TQi2MiB�H i`�p2H mM+2`i�BMiB2b- i?2 �M@
Mm�H .mF2@AM/mbi`v ai�iBbiB+�H avKTQbBmK U.AaaV
rBHH #2 TQbiTQM2/X h?2 bvKTQbBmK rBHH #2 ?2H/
7`QK �T`BH kR@kj- kykR pB`im�HHvX 6Q` 7m`i?2` /2@
i�BHb `2;�`/BM; i?Bb mT/�i2- TH2�b2 +HB+F i?Bb HBMF,
?iiTb,ffbBi2bX/mF2X2/mf/BbbX

h?2 i?2K2 Q7 i?2 bvKTQbBmK Bb ǳ1K2`;BM; AMB@
iB�iBp2b BM S?�`K�+2miB+�H .2p2HQTK2Mi, J2i?Q/QH@
Q;v �M/ _2;mH�iQ`v S2`bT2+iBp2bXǴ h?2 }`bi /�v rBHH
#2 /2pQi2/ iQ bBt b?Q`i +Qm`b2bX h?2 b2+QM/ /�v
�M/ i?2 i?B`/ /�v KQ`MBM; �`2 +QMbBbi2/ Q7 F2vMQi2
bT22+?2b �M/ k8 T�`�HH2H b2bbBQMbX h?2 bvKTQbBmK
r�b 2bi�#HBb?2/ 3 v2�`b �;Q iQ /Bb+mbb +?�HH2M;BM;
Bbbm2b �M/ `2+2Mi �/p�M+2b `2H�i2/ iQ i?2 +HBMB+�H /2@
p2HQTK2Mi Q7 /`m;b- #BQHQ;B+b �M/ /2pB+2b �M/ iQ T`Q@
KQi2 `2b2�`+? �M/ +QHH�#Q`�iBQM �KQM; bi�iBbiB+B�Mb
7`QK BM/mbi`v- �+�/2KB�- �M/ `2;mH�iQ`v �;2M+B2bX

h?2 3i? qQ`Fb?QT QM "BQbi�iBbiB+b �M/
"BQBM7Q`K�iB+b
SQbiTQM2/ iQ aT`BM;- kykR
"BQbi�iBbiB+b �M/ "BQBM7Q`K�iB+b ?�p2 #22M TH�vBM;
F2v �M/ BKTQ`i�Mi `QH2b BM bi�iBbiB+b �M/ Qi?2` b+B2M@
iB}+ `2b2�`+? }2H/b BM `2+2Mi v2�`bX h?2 ;Q�H Q7 i?2
3i? rQ`Fb?QT Bb iQ biBKmH�i2 `2b2�`+? �M/ iQ 7Qb@
i2` i?2 BMi2`�+iBQM Q7 `2b2�`+?2`b BM "BQbi�iBbiB+b �
"BQBM7Q`K�iB+b `2b2�`+? �`2�bX h?2 rQ`Fb?QT rBHH
T`QpB/2 i?2 QTTQ`imMBiv 7Q` 7�+mHiv �M/ ;`�/m�i2
bim/2Mib iQ K22i i?2 iQT `2b2�`+?2`b- B/2MiB7v BK@
TQ`i�Mi /B`2+iBQMb 7Q` 7mim`2 `2b2�`+?- 7�+BHBi�i2 `2@
b2�`+? +QHH�#Q`�iBQMbX h?2 rQ`Fb?QT rBHH #2 ?2H/ �i
�iH�Mi�- :�X

� F2vMQi2 bT2�F2` Bb .`X LBH�MD�M *?�ii2`D22-
"HQQK#2`; .BbiBM;mBb?2/ S`Q72bbQ` Q7 "BQbi�iBbiB+b
�M/ J2/B+BM2 �i i?2 CQ?Mb >QTFBMb lMBp2`bBivX

6Q` /2i�BH2/ BM7Q`K�iBQM BM+Hm/BM; `2;Bbi`�iBQM-
TH2�b2 `272` iQ ?iiTb,ffK�i?X;bmX2/mfvB+?m�M
fkykyqQ`Fb?QTfX

h?2 ej`/ AaA qQ`H/ ai�iBbiB+b
*QM;`2bb kykR
CmHv RR@Re- kykR
h?2 qQ`H/ ai�iBbiB+b *QM;`2bb kykR rBHH #2 ?2H/ pB`@

j9 Ü rrrXB+b�XQ`;
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A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR lT+QKBM; 1p2Mib

im�HHv BM CmHv kykRX JQ`2 BM7Q`K�iBQM +�M #2 7QmM/
QM i?2 AaA kykR r2#bBi2 rrrXBbBkykRXQ`;X

h?2 dd֏փ �MMm�H .2KBM; *QM72`2M+2
QM �TTHB2/ ai�iBbiB+b
.2+2K#2` e@Ry- kykR
h?2 dd֏փ �MMm�H .2KBM; *QM72`2M+2 QM �TTHB2/
ai�iBbiB+b rBHH #2 ?2H/ 7`QK JQM/�v .2+X e iQ
q2/M2b/�v .2+X 3- kykR- 7QHHQr2/ #v irQ T�`�H@
H2H k@/�v b?Q`i +Qm`b2b QM h?m`b/�v .2+X N �M/
6`B/�v .2+X Ry �i i?2 bi�i2@Q7@i?2@�`i h`QTB+�M�
*�bBMQ �M/ _2bQ`i- >�p�M� hQr2`- �iH�MiB+ *Biv-
LCX h?2 Tm`TQb2 Q7 i?2 j@/�v .2KBM; *QM72`2M+2
QM �TTHB2/ ai�iBbiB+b Bb iQ T`QpB/2 � H2�`MBM; 2tT2@
`B2M+2 QM `2+2Mi /2p2HQTK2Mib BM bi�iBbiB+�H K2i?Q/@
QHQ;B2b BM #BQT?�`K�+2miB+�H �TTHB+�iBQMbX h?2 +QM@
72`2M+2 Bb +QKTQb2/ Q7 ir2Hp2 i?`22@?Qm` imiQ`B�Hb QM
+m``2Mi iQTB+b BM �TTHB2/ #BQT?�`K�+2miB+�H bi�iBbiB+
�M/ 6.� `2;mH�iBQMb- �M/ � QM2@?Qm` /BbiBM;mBb?2/
F2vMQi2 bT2�F2` QM 2�+? Q7 i?2 j /�vb Q7 i?2 +QM@
72`2M+2X 6Q` KQ`2 BM7Q`K�iBQM �#Qmi i?2 +QM72`@
2M+2- TH2�b2 `272` iQ i?2 H�bi T�;2 Q7 A*a� "mHH2iBM-
�M/ �HbQ pBbBi ?iiTb,ff/2KBM;+QM72`2M+2XQ`;f Q`
2K�BH .`X .BM *?2M- .2KBM; Sm#HB+Biv *?�B`- �i
/BM!/2KBM;+QM72`2M+2XQ`;X

AJa �bB� S�+B}+ _BK J22iBM;
SQbiTQM2/ iQ C�Mm�`v 8@3- kykk
h?2 bBti? K22iBM; Q7 i?2 AMbiBimi2 Q7 J�i?2K�iB+�H
ai�iBbiB+b �bB� S�+B}+ _BK J22iBM; UAJa@�S_JV
rBHH T`QpB/2 �M 2t+2HH2Mi rQ`H/rB/2 7Q`mK 7Q` b+B@
2MiB}+ +QKKmMB+�iBQMb �M/ +QHH�#Q`�iBQMb 7Q` `2@
b2�`+?2`b BM �bB� �M/ i?2 S�+B}+ _BK- �M/ T`Q@
KQi2 +QHH�#Q`�iBQMb #2ir22M `2b2�`+?2`b BM i?Bb �`2�
�M/ Qi?2` T�`ib Q7 i?2 rQ`H/X h?2 K22iBM; rBHH #2
?2H/ BM J2H#Qm`M2- �mbi`�HB� �M/ TH2�b2 b22 ?iiT,
ffBKb@�T`KkykRX+QKf 7Q` /2i�BHbX 6B`K /�i2b rBHH
#2 �MMQmM+2/ �i � H�i2` /�i2X

PMHBM2 h`�BMBM; �M/ a2KBM�`b,
A*a� PMHBM2 h`�BMBM;
PMHBM2 i`�BMBM; b2`p2b �b � pB�#H2 �Hi2`M�iBp2 iQ i`�@
/BiBQM�H +QMiBMmBM; 2/m+�iBQM QTiBQMb- 2X;X- iQ b?Q`i
+Qm`b2b Qz2`2/ �i #BQbi�iBbiB+�H +QM72`2M+2bX Pp2`
i?2 T�bi v2�`- i?2 �a� "BQT?�`K�+2miB+�H a2+iBQM
?�b #22M rQ`FBM; QM +`2�iBM; �M QMHBM2 i`�BMBM; T`Q@
;`�K �BK2/ �i +HBMB+�H i`B�H bi�iBbiB+B�Mb �M/ b2i mT �
TBHQi T`Q;`�K- r?B+? BM+Hm/2b ?�H7@/�v �M/ 7mHH@/�v
+Qm`b2b QM F2v iQTB+b BM #BQT?�`K�+2miB+�H bi�iBb@
iB+b,

Ç �M�HvbBb Q7 GQM;Bim/BM�H �M/ AM+QKTH2i2 .�i�

Ç JmHiBTHB+Biv Abbm2b BM *HBMB+�H h`B�Hb

Ç �M�HvbBb Q7 am``Q;�i2 1M/TQBMib BM *HBMB+�H
h`B�Hb

Ç h?2 b2+iBQM ?�b `2+2Bp2/ Km+? TQbBiBp2 722/@
#�+F 7`QK BM/mbi`v �M/ �+�/2KB+ bi�iBbiB+B�MbX
*HBMB+�H i`B�H bi�iBbiB+B�Mb r?Q iQQF �/p�Mi�;2
Q7 i?2 QMHBM2 i`�BMBM; T`Q;`�K 2KT?�bBx2/
i?�i i?Bb T`Q;`�K Bb +QMp2MB2Mi- BM2tT2MbBp2
�M/ [mBi2 ~2tB#H2X

� bBKBH�` QMHBM2 i`�BMBM; T`Q;`�K ?�b #22M b2i
mT 7Q` A*a� K2K#2`bX �b � K2K#2` Q7 i?2 A*a�-
vQm rBHH `2+2Bp2 � 8yW /Bb+QmMi r?2M vQm bB;M mT
7Q` �Mv +Qm`b2 BM+Hm/2/ BM i?2 T`Q;`�KX h?2 QM@
HBM2 i`�BMBM; +Qm`b2b �`2 #�b2/ QM T`Q72bbBQM�HHv
`2+Q`/2/ pB/2Qb mbBM; � 7Q`K�i bBKBH�` iQ i?�i mb2/
BM uQmhm#2 pB/2QbX h?2 pB/2Qb +�M #2 �++2bb2/ k9fd
QM � +QKTmi2` Q` 2p2M QM � bK�`iT?QM2X h?2 +Qbi Q7
QMHBM2 i`�BMBM; Bb HQr +QKT�`2/ iQ i`�/BiBQM�H i`�BM@
BM;- �M/ Bi +�M #2 7m`i?2` `2/m+2/ #v mbBM; � ;`QmT@
i`�BMBM; 7Q`K�iX lT iQ k8 T2QTH2 +�M pB2r �M QMHBM2
i`�BMBM; +Qm`b2 rBi? � bBM;H2 `2;Bbi`�iBQM- r?B+? HQr@
2`b i?2 +Qbi Q7 QMHBM2 i`�BMBM; iQ �#Qmi 0ky@k8 T2`
T2`bQM 7Q` 7mHH@/�v +Qm`b2b �M/ 0Ry@R8 T2` T2`bQM 7Q`
?�H7@/�v +Qm`b2bX

6Q` KQ`2 BM7Q`K�iBQM �#Qmi i?2 QMHBM2 i`�BMBM;
T`Q;`�K �M/ iQ bB;M mT 7Q` i?2 BM/BpB/m�H QMHBM2
+Qm`b2b- TH2�b2 pBbBi i?Bb r2# T�;2, ?iiT,ffbT`K
KX+QKfB+b�fX

>2�Hi?+�`2 AMMQp�iBQM h2+?MQHQ;v,
h?2 SQ/ Q7 �b+H2TBmb
GQQFBM; iQ bi�v mT iQ /�i2 QM /2p2HQTK2Mib BM
?2�Hi? +�`2 i2+?MQHQ;v �`QmM/ i?2 rQ`H/\ h?2
�K2`B+�M ai�iBbiB+�H �bbQ+B�iBQM Bb bTQMbQ`BM;“h?2
SQ/ Q7 �b+H2TBmb”- � M2r TQ/+�bi r?2`2 /�i� b+B2M@
iBbib- bi�iBbiB+B�Mb- 2M;BM22`b- �M/ `2;mH�iQ`v 2tT2`ib
/Bb+mbb i?2 i2+?MB+�H +?�HH2M;2b BM i?2B` ?2�Hi?+�`2
/QK�BMX

q2 ?�p2 Qp2` ky 2TBbQ/2b Tm#HBb?2/ �M/ �p�BH@
�#H2 QM uQmhm#2- SQ/#2�M- BhmM2b- aiBi+?2`- SQ/@
+?�b2`- hmM2 AM _�/BQ- �M/ :QQ;H2 SH�vX GQQFBM;
7Q` � ;QQ/ TH�+2 iQ bi�`i\ *?2+F Qmi i?2 7QHHQrBM;
2TBbQ/2 HBMFb,

Ç _BbFb �M/ PTTQ`imMBiB2b Q7 �A BM *HBMB+�H .`m;
.2p2HQTK2Mi rBi? .�pB/ J�/B;�M �M/ .2@
KBbbB2 �H2K�v2?m

Ç EB/M2v AMDm`v @ "BQK�`F2`b 7Q` S`2/B+iBQM �M/
S`Q;MQbBb rBi? �HHBbQM J2BbM2`

Ü rrrXB+b�XQ`; j8
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lT+QKBM; 1p2Mib A*a� "mHH2iBM 62#`m�`v kykR oQHXjjfR

Ç L>a .B;Bi�H >2�Hi? AMBiB�iBp2b rBi? 1KK�
>m;?2b

Ç .�i� SH�i7Q`Kb iQ JQMBiQ` �MBK�H >2�Hi?
rBi? a?�M2 "m`Mb

Ç "�v2bB�M �TT`Q�+?2b BM J2/B+�H .2pB+2b, S�`i
R- S�`i k- S�`i j rBi? J�`iBM >Q �M/ :`2;
J�BbHBM

uQm +�M +�i+? mT QM �HH 2TBbQ/2b QM Qm` uQmhm#2
TH�vHBbib 7Q` a2�bQM y �M/ a2�bQM RX h?2 2�bB2bi r�v
iQ +�i+? M2r 2TBbQ/2b Bb iQ bm#b+`B#2 pB� Qm` +?�M@
M2Hb,

Ç uQmim#2, ?iiTb,ffrrrXvQmim#2X+QKf+?�MM
2Hfl*F1xki._8Ee�DHEr@C`o8dr

Ç SQ/#2�M, ?iiTb,ffTQ/Q7�b+H2TBmbXTQ/#2
�MX+QK

Ç uQm +�M b22 Qm` 7mHH b+?2/mH2 QM i?2 r2#bBi2,
rrrXTQ/Q7�b+H2TBmbX+QK

6�HH a2`B2b, h?2 S?BHQbQT?v Q7 .�i� a+B@
2M+2
h?2 b2`B2b Bb �BK2/ �i BM+QKBM; bi�iBbiB+b �M/ /�i�
b+B2M+2 bim/2Mib U#mi rBHH #2 Q7 bB;MB}+�Mi BMi2`2bi
iQ i?2 ;2M2`�H bi�iBbiB+bf/�i� b+B2M+2 +QKKmMBivVX
h?2 iQTB+b rBHH 7Q+mb QM ?Qr b+B2MiB}+ `2�bQMBM; Bb
2bb2MiB�H iQ i?2 T`�+iB+2 Q7 /�i� b+B2M+2X

6Q` /2i�BH2/ BM7Q`K�iBQM- TH2�b2 pBbBi, ?iiTb,
ffrrrXTQ/Q7�b+H2TBmbX+QKfT?BHQbQT?v@Q7@/�i
�@b+B2M+2X

je Ü rrrXB+b�XQ`;
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77th Annual Deming Conference on Applied Statistics 
December 6-10, 2021; Atlantic City, NJ 

(https://demingconference.org) 
The 77th Annual Deming Conference on Applied Statistics will be held from Monday Dec. 6 to Wednesday Dec. 
8, 2021, followed by two parallel 2-day short courses on Thursday Dec. 9 and Friday Dec. 10 at the state-of-the-
art Tropicana Casino and Resort, Havana Tower, Atlantic City, NJ. 

The purpose of the 3-day Deming Conference on Applied Statistics is to provide a learning experience on recent 
developments in statistical methodologies in biopharmaceutical applications. The conference is composed of 
twelve three-hour tutorials on current topics in applied biopharmaceutical statistic and FDA regulations, and a 
one-hour distinguished keynote speaker on each of the 3 days of the conference. The books, on which these 
sessions are based, are available for sale at an approximately 40% discount. Attendees will receive hard copy 
program proceedings of the presentations.  
 
There will be poster sessions. Early registrants who submit a poster presentation will receive a $150 discount. 
For poster submission, please contact “Deming Poster Chair”: Dr. Pinggao Zhang at email: 
pinggao.zhang@takeda.com. 
 
There will be student scholar presentations. For a student scholar application, please contact “Deming Scholar 
Chair”: Dr. Sofia Paul at email: sofia.x.paul@gsk.com. 
 
The conference is sponsored by the American Statistical Association Biopharmaceutical Section and the 
International Chinese Statistical Association. Walter Young has chaired this conference for 52 consecutive years. 
The program committee include: Alfred Balch, Joseph Borden, Ivan Chan, (Din) Ding-Geng Chen, Kalyan 
Ghosh, Satish Laroia, Sofia Paul, Manoj Patel, Naitee Ting, Bill Wang, Wenjin Wang, Yibin Wang, Li-an Xu, 
Walter Young and Pinggao Zhang. 
 
Registration is expected to open by mid-August and one page program should be available by that time. For 
more information about the conference, please visit https://demingconference.org/ or email Din Chen, Deming 
Publicity Chair, at din@demingconference.org. 
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