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*QMi2Mib

6Q`2rQ`/ d

� 62r qQ`/b �#Qmi *�mb�HBiv N

o�`B�M+2 �M/ 1``Q` Rj

.2bB;M Rd
P++�KǶb _�xQ` X X X X X X X X X X X X X X X X X X X X X X X X X X X R3

1tT2`BK2Mi�H o2`bmb LQM@1tT2`BK2Mi�H _2b2�`+? X X X X X X X X RN

"2ir22M@am#D2+ib pbX qBi?BM@am#D2+ib .2bB;Mb X X X X X X X X X X ky

o�`B�#H2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR

J2�bm`2K2Mi a+�H2b X X X X X X X X X X X X X X X X X X X X X kR

AM/2T2M/2Mi pbX .2T2M/2Mi o�`B�#H2b X X X X X X X X X X X X kR

.2b+`BTiBp2 pbX AM72`2MiB�H .2bB;Mb X X X X X X X X X X X X X X X X kj

_2b2�`+? Zm2biBQMb X X X X X X X X X X X X X X X X X X X X X X X X X k9

>vTQi?2b2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9

>vTQi?2bBb h2biBM; X X X X X X X X X X X X X X X X X X X X X X X X X k8

h?2 T@o�Hm2 *QMi`Qp2`bv X X X X X X X X X X X X X X X X X X X X X X ke

>Qr iQ *?QQb2 i?2 �TT`QT`B�i2 ai�iBbiB+�H h2bi X X X X X X X X X kd

1z2+i aBx2 �M/ SQr2` kN
_2H�iBp2 h`2�iK2Mi J�;MBim/2 X X X X X X X X X X X X X X X X X X kN

ai�M/�`/Bx2/ 1z2+i aBx2 X X X X X X X X X X X X X X X X X X X X X X jy

*QMi`QHHBM; hvT2 A �M/ hvT2 AA 1``Q`b X X X X X X X X X X X X X X jR

*QMi`QHHBM; SQr2` h?`Qm;? a�KTH2 aBx2 X X X X X X X X X X X X X jR

SQTmH�iBQM pbX a�KTH2 X X X X X X X X X X X X X X X X X X X X jk

S`�+iB+�H �/pB+2 QM a�KTH2 aBx2 X X X X X X X X X X X X X X X X X jk
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a�KTH2 aBx2 j8

6�+iQ`b �z2+iBM; i?2 aBx2 Q7 i?2 a�KTH2 X X X X X X X X X X X X X j8

J2i?Q/b Q7 .2i2`KBMBM; i?2 a�KTH2 aBx2 X X X X X X X X X X X X je

*Q+?`�MǶb a�KTH2 aBx2 6Q`KmH� X X X X X X X X X X X X X X X je

*Q+?`�MǶb JQ/B}2/ 6Q`KmH� 7Q` 6BMBi2 SQTmH�iBQMb X X X X jd

u�K�M2Ƕb aBKTHB}2/ 6Q`KmH� 7Q` a�KTH2 aBx2 X X X X X X X jd

�bbmKTiBQMb �M/ PmiHB2`b jN

LQ`K�HBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN

aF2rM2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y

Em`iQbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y

h2bib Q7 LQ`K�HBiv X X X X X X X X X X X X X X X X X X X X X X X X X 9R

oBbm�H *?2+Fb X X X X X X X X X X X X X X X X X X X X X X X X X 9R

JQ`2 aT2+B}+ h2bib X X X X X X X X X X X X X X X X X X X X X X 9R

>QKQ;2M2Biv Q7 o�`B�M+2b Q` >QKQb+2/�biB+Biv X X X X X X X X X 9j

PmiHB2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 99

LQ`K�HBx�iBQM- ai�M/�`/Bx�iBQM-
�M/ .�i� h`�Mb7Q`K�iBQM 9d

a+�HBM;f_2b+�HBM; X X X X X X X X X X X X X X X X X X X X X X X X X X 9d

.Bbi`B#miBQM LQ`K�HBx�iBQM X X X X X X X X X X X X X X X X X X X X 93

*Q``2H�iBQMb 8R

S2�`bQM *Q``2H�iBQMb h2bi X X X X X X X X X X X X X X X X X X X X X 8k

aT2�`K�M *Q``2H�iBQMb h2bi X X X X X X X X X X X X X X X X X X X X 8j

E2M/�HH *Q``2H�iBQMb h2bi X X X X X X X X X X X X X X X X X X X X X 89

*?B@a[m�`2 h2bi 88

:QQ/M2bb@Q7@6Bi h2bi X X X X X X X X X X X X X X X X X X X X X X X X 88

h2bi Q7 AM/2T2M/2M+2 X X X X X X X X X X X X X X X X X X X X X X X X 8e

h?2 i@h2bi eR

AM/2T2M/2Mi a�KTH2b i@h2bi X X X X X X X X X X X X X X X X X X X X eR

h2biBM; �bbmKTiBQM Q7 LQ`K�HBiv X X X X X X X X X X X X X X ek

h?2 i@h2bi X X X X X X X X X X X X X X X X X X X X X X X X X X X e9

S�B`2/ a�KTH2b i@h2bi X X X X X X X X X X X X X X X X X X X X X X X e8
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�LPo�, �M�HvbBb Q7 o�`B�M+2 ed

�bbmKTiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X ed

h2biBM; LQ`K�HBiv X X X X X X X X X X X X X X X X X X X X X X e3

>QKQ;2M2Biv Q7 o�`B�M+2b X X X X X X X X X X X X X X X X X X e3

h?2 �LPo� h2bi X X X X X X X X X X X X X X X X X X X X X X X X X e3

J�LPo�, JmHiBTH2 �M�HvbBb Q7 o�`B�M+2 eN

PmiHB2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eN

�bbmKTiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X dR

oBbm�H 1p�Hm�iBQM Q7 .�i� LQ`K�HBiv X X X X X X X X X X X X dk

a?�TB`Q@qBHF h2bi Q7 LQ`K�HBiv X X X X X X X X X X X X X X X dk

JmHiBp�`B�i2 LQ`K�HBiv X X X X X X X X X X X X X X X X X X X X dk

h?2 J�LPo� h2bi X X X X X X X X X X X X X X X X X X X X X X X X de

lMBp�`B�i2 ai�iBbiB+b X X X X X X X X X X X X X X X X X X X X X de

JmHiBTH2 GBM2�` _2;`2bbBQM �M�HvbBb dN

�bbmKTiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3R

h?2 aim/v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3k

S`2HBKBM�`v ai2Tb X X X X X X X X X X X X X X X X X X X X X X X X X X 3j

JBbbBM; *�b2b X X X X X X X X X X X X X X X X X X X X X X X X X 3j

o�`B�#H2 _2+Q/BM; X X X X X X X X X X X X X X X X X X X X X X 3j

amKK�`v ai�iBbiB+b X X X X X X X X X X X X X X X X X X X X X X X X X 39

PmiHB2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 39

_2bB/m�Hb �M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X 3d

GBM2�`Biv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 33

1Mi2` Q` 6mHH JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X 33

"�+Fr�`/ JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X X Nk

amKK�`v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N9

JmHiBTH2 GQ;BbiB+ _2;`2bbBQM N8

h?2 aim/v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ne

�bbmKTiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X N3

�M�HvbBb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N3

�//BiBQM�H �M�HvbBb @ hGf._ X X X X X X X X X X X X X X X X X X X Ryk
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_272`2M+2b Ry8

AQ�M :2Hm AQM�b- J"�- S?X.X

MQi@MQiXM2iR R ?iiT,ffrrrXMQi@MQiXM2i

h?Bb rQ`F Bb HB+2Mb2/ mM/2` � *`2�iBp2 *QKKQMb �ii`B#miBQM @ LQM@
*QKK2`+B�H @ a?�`2�HBF2 9Xy AMi2`M�iBQM�H GB+2Mb2kX k ?iiT,ff+`2�iBp2+QKKQMbXQ`;f

HB+2Mb2bf#v@M+@b�f9Xyf
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6Q`2rQ`/

hQ/�vǶb rQ`H/ T`Q/m+2b 2p2` BM+`2�bBM; �KQmMib Q7 /�i� r?B+?- r?2M
mb2/ T`QT2`Hv- +�M T`QpB/2 BMbB;?ib i?�i r2`2 MQi TQbbB#H2 #27Q`2X q?BH2
i?2b2 BMbB;?ib �`2 ?2HT7mH- i?2 T`Q+2bb i?�i H2�/b iQ i?2K- r?B+? Q7i2M
BMpQHp2b bi�iBbiB+�H �M�Hvb2b- +�M HQQF bQ BMiBKB/�iBM; bQ Km+? bQ i?�i
K�Mv rBHH MQi 2p2M i`v iQ mb2 i?Bb i`2�bm`2 i`Qp2 Q7 /�i� �p�BH�#H2 �i
i?2B` }M;2`iBTbX JQ`2Qp2`- Bi +�M #2 2p2M /�M;2`Qmb iQ mb2 BMbB;?ib i?�i
r2`2 BKT`QT2`Hv /2`Bp2/ 7`QK i?2 /�i�X A- 7Q` QM2- #2HB2p2 i?�i [m�MiB@
i�iBp2 �M�HvbBb �M/ bi�iBbiB+b b?QmH/ #2 �TT`Q�+?�#H2- 7Q` r?B+? `2�bQM
A ?�p2 #2;�M /2p2HQTBM; i?Bb #QQF- �p�BH�#H2 7Q` 7`22 iQ 2p2`vQM2- �M/
i?2 �bbQ+B�i2/ `2bQm`+2bX A #mBHi i?2b2 `2bQm`+2b 7`QK i?2 TQBMi Q7 pB2r
i?�i r?BH2 /22T mM/2`bi�M/BM; Q7 ?Qr � bi�iBbiB+�H i2bi rQ`Fb �M/ r?�i
Bi /Q2b `2[mB`2b /22T mM/2`bi�M/BM; Q7 K�i?2K�iB+b �M/ T`Q#�#BHBiB2b-
Bib mb2 iQ mM/2`bi�M/ � [m�MiB}�#H2 T?2MQK2M� /Q2b MQi ?�p2 iQ #2
Qp2`r?2HKBM;X

h?Bb `2bQm`+2- +QKT`Bb2/ Q7 � r`Bii2M #QQF �M/ �M �++QKT�MvBM;
r2#bBi2 �M/ �TTj- Bb /2bB;M2/ �b �M �++2bbB#H2 bQm`+2 Q7 BM7Q`K�iBQM �M/ j �TT rBHH #2 �p�BH�#H2 �i � H�i2` iBK2X
bmTTQ`i iQ 2p2`vQM2 BMi2`2bi2/ BM /2bB;MBM; �M/ +QM/m+iBM; [m�MiBi�iBp2
bim/B2bX Ai i`B2b iQ ?B/2 i?2 K�i? �b Km+? �b TQbbB#H2 �M/ 7Q+mb QM i?2
�TTHB+�iBQM Q7 bi�iBbiB+�H i2bib i?`Qm;? `2�H HB72 2t�KTH2b- r?2M2p2` �p�BH@
�#H2X L2p2`i?2H2bb- i?2 #QQF Bb MQi BMi2M/2/ 7Q` �#bQHmi2 #2;BMM2`b �b
BMi`Q/m+iQ`v FMQrH2/;2 Q7 bi�iBbiB+b �M/ T`Q#�#BHBiB2b i?�i ?2HTb `2�/2`b
K�F2 i?2 KQbi Qmi Q7 i?2 +QMi2Mi Bb MQi BM+Hm/2/X h?2 K�i2`B�H T`2@
b2Mi2/ �bbmK2b i?2 `2�/2`b ?�p2 �i H2�bi � #�bB+ mM/2`bi�M/BM; Q7 #�bB+
bi�iBbiB+b T`BM+BTH2bX

h?2 i?2 #QQF �M/ Bib �bbQ+B�i2/ 2+Qbvbi2K Bb BMi2M/2/ 7`QK bi�`i
iQ #2 mM/2` T2`T2im�H BKT`Qp2K2Mi i?`Qm;? M2r �M/ mT/�i2/ +QMi2Mi-
7mM+iBQM�HBiv- �M/ iQQHbX 6Q` i?Bb `2�bQM i?2 Jv _2b2�`+? G�# r2#bBi29 9 ?iiTb,ffKv`2H�#X+QK

rBHH �Hr�vb T`QpB/2 i?2 KQbi mT iQ /�i2 +QMi2Mi- #Qi? QMHBM2 �M/ BM
T`BMi�#H2 7Q`K�iX

h?2 #QQF +Qp2`b � 72r +QM+2Tib 7mM/�K2Mi�H iQ i?2 mM/2`bi�M/BM; Q7
[m�MiBi�iBp2 K2i?Q/b- Qz2`b ;mB/�M+2 7Q` i?2 /2bB;M Q7 i?2 bim/v- �M/
Qz2`b ;mB/2/ �M/ �MMQi�i2/ 2t�KTH2b 7Q` bi�iBbiB+�H �M�HvbBb i2bibX 6Q`
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2�+? Q7 i?2 �M�Hvb2b T`2b2Mi2/ i?2 7Q+mb Bb QM �TTHB+�iBQM `�i?2` i?�M
QM i?2Q`vX h?2b2 2t�KTH2b �`2 MQi /2}MBiBp2 �M/ +QKTH2i2 ;mB/2b #mi
`�i?2` � mb2 +�b2 �b i?2 �M�HvbBb Bb �TTHB2/ iQ � bT2+B}+ bim/vX "2+�mb2
2�+? bim/v ?�b Bib QrM bT2+B}+ +?�`�+i2`BbiB+b- `2�/2`b �`2 bi`QM;Hv 2M@
+Qm`�;2/ iQ +QMbmHi �b K�Mv `2bQm`+2b bT2+B}+ iQ i?2B` �TTHB+�iBQM �M/
bBim�iBQM �b M2+2bb�`v iQ K�F2 BM7Q`K2/ /2+BbBQMbX h?2 r2#bBi2 Qz2`b
�++2bb iQ � b2i Q7 iQQHb8 iQ ?2HT /2bB;M [m�MiBi�iBp2 `2b2�`+? bim/B2b- 8 am+? �b b�KTH2 bBx2 +�H+mH�iQ`b- ?2HT2`

iQQHb 7Q` b2H2+iBM; i?2 �TT`QT`B�i2 b�K@
TH2 bBx2- �M/ bQ 7Q`i?X

�b r2HH �b �++2bb iQ i?2 _ +Q/2 i?�i TQr2`b i?2 bi�iBbiB+�H �M�Hvb2b T`2@
b2Mi2/ BM i?2 #QQF �M/ i?2 �bbQ+B�i2/ +m`�i2/ /�i�b2ibX AM i?2 7mim`2- �b
iBK2 �M/ `2bQm`+2b �HHQr- i?2 r2#bBi2 rBHH T`QpB/2 �++2bb iQ BMi2`�+iBp2
CmTBi2` LQi2#QQFbe Q` bBKBH�` iQQHb BM #Qi? _ �M/ Svi?QM 7Q` 2�+? Q7 e ?iiTb,ffDmTvi2`XQ`;f

i?2 2t�KTH2 bi�iBbiB+�H �M�Hvb2bX �//BiBQM�H- KQ`2 T2`bQM�HBx2/- /B`2+i
bmTTQ`i K�v #2 �p�BH�#H2 BM i?2 7mim`2X AM i?2 K2�M iBK2- Dmbi /`QT K2
� HBM2X

Ai Bb Kv ?QT2 i?�i i?Bb `2bQm`+2 rBHH ;`Qr rBi? i?2 ?2HT Q7 Qi?2`
`2b2�`+?2`b rBHHBM; iQ b?�`2 i?2B` rQ`F #v +QMp2`iBM; i?2B` [m�MiBi�iBp2
bim/B2b BMiQ ;mB/2/ 2t�KTH2b Q` +�b2 bim/B2b i?�i +�M #2 i?2M �//2/
iQ i?2 #QQFX h?2`27Q`2- A BMpBi2 2p2`vQM2 BMi2`2bi2/ BM b?�`BM; i?2B`
`2b2�`+? iQ ?2HT Qi?2`b iQ +QMi�+i K2X A rBHH b2`p2 �b ;mB/2 �M/ 2/BiQ`
i?`Qm;? i?2 T`Q+2bb �M/ i?2 2t�KTH2 rBHH #2 Tm#HBb?2/ mM/2` i?2 Q`B;BM�H
�mi?Q`Ƕb M�K2X

h?2 `2bQm`+2 Bb mM/2` /2p2HQTK2Mi �M/ rBHH #2 � rQ`F BM
T`Q;`2bb 7Q` i?2 7Q`2b22�#H2 7mim`2X Ai Bb MQi BMi2M/2/ iQ 2t@
?�mbiBp2- #mi `�i?2` b2`p2 �b � ;mB/2 iQ �TTHB2/ [m�MiBiBp2 `2@
b2�`+?X

h?2 #QQF Bb /2p2HQT2/ mbBM; i?2 _ bQ7ir�`2 2MpB`QMK2Mi 7Q` bi�iBb@
iB+�H +QKTmiBM;d �m;K2Mi2/ #v �//BiBQM�H T�+F�;2b �M/ bQ7ir�`2 �TTHB@ d ?iiTb,ffrrrX`@T`QD2+iXQ`;

+�iBQMbX h?2 _J�`F/QrM3 �M/ "QQF/QrMN T�+F�;2b �`2 mb2/ iQ r2�p2 3 ?iiTb,ff`K�`F/QrMX`bim/BQX+QKf
N ?iiTb,ff#QQF/QrMXQ`;fi?2 i2ti rBi? i?2 _ +Q/2X h?Bb b2imT K�F2b TQbbB#H2 iQ mT/�i2 �i i?2

b�K2 iBK2 �HH r`Bii2M +QMi2Mi- BM �HH 7Q`K�ib- 7`QK � bBM;H2 bQm`+2 Q7
i`mi?X

� #B; i?�MF vQm iQ i?Qb2 r?Q ?2HT2/ /2p2HQT i?Bb `2bQm`+2 i?Bb 7�`X
aT2+B�H i?�MFb iQ .`X Jm;m` :2�M� �M/ .`X .�M *2`Mmb+� 7Q` i?2B`
+QMiBMm2/ bmTTQ`iX

https://jupyter.org/
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� 62r qQ`/b �#Qmi *�mb�HBiv

*�mb�HBiv Bb T2`p�bBp2 �M/ m#B[mBiQmbX Ai ?2HTb #mBH/ BMi2HH2+im�H mM/2`@
bi�M/BM;- bmTTQ`ib /2HB#2`�iBQMb- Bb BMpQHp2/ BM TH�MMBM;- BM i2+?MQHQ;v-
�M/ 2p2M BM H�M;m�;2RyX Ai Bb T�`i Q7 2p2`v/�v /2+BbBQMb- `2[mB`BM; BKTHB@ Ry qQ`/b HBF2 #`2�F Q` KQp2 +�M b2`p2

�b BM/B+�iQ`b Q7 +�mb�H `2H�iBQMb?BTb Q`
2p2MibX

+�iBQMb �M/ +QMb2[m2M+2b iQ #2 +QMbB/2`2/ BM i?2 T`Q+2bb Q7 2p�Hm�iBQM
�M/ Dm/;K2MiX *�mb�HBiv Bb �HbQ � +QMbi`m+i Q7 BMi2HHB;2M+2X AM q2bH2v
* a�HKQMǶb rQ`/b Ua�HKQM RNN3V,

ǳA7 i?2`2 ?�/ M2p2` #22M �Mv ?mK�M Q` Qi?2` BMi2HHB;2Mi #2BM;b- i?2`2
M2p2` rQmH/ ?�p2 #22M +�mb2b �M/ 2z2+ib @ i?�i Bb iQ b�v- i?2`2 M2p2`
rQmH/ ?�p2 #22M +�mb�H `2H�iBQMb @ BM i?2 T?vbB+�H mMBp2`b2 i?2 2p2Mib
rQmH/ Q++m`- #mi i?2 +�mb�H `2H�iBQMb rQmH/ MQi 2tBbiXǴ UTX 3V

h?2 mM/2`bi�M/BM; Q7 +�mb�HBiv Bb +`BiB+�H iQ i?2 mM/2`bi�M/BM; Q7
b+B2MiB}+ `2b2�`+? �M/ 2p2`vi?BM; i?�i +QK2b rBi? Bi, `2b2�`+? /2bB;M-
�M�HvbBb- BMi2`T`2i�iBQMbX h?Bb Bb #2+�mb2 i?2 /`Bp2 iQ mM/2`bi�M/ +�mb�H@
Biv Bb /22THv `QQi2/ BM T2QTH2Ƕb M22/ iQ K�F2 b2Mb2 Q7 i?2 rQ`H/ �`QmM/
i?2K- Q` iQ +QK2 iQ i2`Kb rBi? BiX

JQ`2 +QKKQMHv mM/2`biQQ/- +�mb�HBiv `2T`2b2Mib i?2 `2H�iBQMb?BT #2@
ir22M irQ Q` KQ`2 2MiBiB2b r?2`2 i?2 #2?�pBQ` Q7 QM2 Q` KQ`2 Q7 i?2K
/2i2`KBM2b i?2 #2?�pBQ` Q7 i?2 Qi?2`UbVX 6mM/�K2Mi�HHv- +�mb�HBiv �`Bb2b
7`QK i?2 2KTB`B+�H `2H�iBQMb Q7,

Ç *QMiB;mBiv, BM bT�+2 �M/ iBK2c

Ç h2KTQ`�H bm++2bbBQM, i2KTQ`�H Q`/2` /2i2`KBM2b +�mb�H T`BQ`Biv �M/
`2[mB`2b i?2 +�mb2 iQ #2 `2�/BHv T`2b2Mi 7Q` i?2 2z2+i iQ Q++m`X Ai Bb
mb27mH BM /2i2`KBMBM; r?B+? Q7 i?2 irQ p�`B�#H2b i?�i +Qp�`v Bb i?2
+�mb2 Ui?2 AM/2T2M/2Mi o�`B�#H2- Q` AoV- �M/ r?B+? Bb i?2 2z2+i Ui?2
.2T2M/2Mi o�`B�#H2- Q` .oVc

Ç *QMbi�Mi +QMDmM+iBQM, +Qp�`B�iBQM #2ir22M irQ p�`B�#H2b- r?B+? ?�T@
T2M r?2M irQ Q#D2+ib- +QMbi`m+ib- T`Q+2bb2b- 2i+X �`2 BM +QMbi�Mi
U`2T2�i K�Mv iBK2bV +QMDmM+iBQM rBi? 2�+? Qi?2`X h?�i Bb- 7Q` �
+�mb�H `2H�iBQM iQ 2tBbi- i?2v ?�p2 iQ +QMbi�MiHv- `2T2�i2/Hv- b?Qr i?2
b�K2 #2?�pBQ`X



Ry BQ�M ;2Hm BQM�b- K#�- T?X/X

*QMDmM+iBp2 THm`�HBiv- r?B+? bi�i2b i?�i �M 2z2+i Bb `�`2Hv i?2 `2bmHi
Q7 � bBM;H2 +�mb2- r�b H�i2` �//2/ �b �MQi?2` BKTQ`i�Mi �ii`B#mi2 iQ
2KT?�bBx2 i?2 +QKTH2tBiv Q7 `2�H@HB72 T`Q+2bb2b r?B+? �`2 i?2 i�`;2i Q7
K�Mv `2b2�`+? bim/B2bX

�MQi?2` r�v Q7 HQQFBM; �i i?2 7mM/�K2Mi�H +QM/BiBQMb 7Q` � +�mb�H
`2H�iBQM iQ 2tBbi Bb i?�i +�mb�H `2H�iBQMb �`2 /m`�#H2X h?2v �Hr�vb UQ`
KQbi Q7 i?2 iBK2V ?QH/ i`m2X h?�i Bb- i?2v �`2 bi�#H2- +QMbBbi2Mi- �M/
`2HB�#H2 �M/ `2K�BM i`m2 �+`Qbb iBK2 �M/ bT�+2 �M/ �+`Qbb BMbi�M+2b Q7
i?2 b�K2 bvbi2K UaHQK�M kyy8VX *QMbB/2`BM; i?�i Qm` HBp2b �b BMi2HHB;2Mi
#2BM;b �`2 T`2/B+�i2/ QM i?2 �#BHBiv iQ T`2/B+i- r2 ?�p2 iQ #2 b2H2+iBp2RR RR JQbi 7�+ib �M/ BM7Q`K�iBQM �`2 mb2@

H2bb 7Q` � bT2+B}+ /2+BbBQMX h�FBM;
2p2`vi?BM; TQbbB#H2 BMiQ +QMbB/2`�iBQM
Qp2`HQ�/b Qm` KBM/b �M/ bHQrb mb /QrMX
h?2`27Q`2- b2H2+iBpBiv K2�Mb i?�i QMHv
i?Qb2 i?BM;b i?�i +�``v `2H2p�Mi BM7Q`@
K�iBQM 7Q` i?2 i�bF Q` /2+BbBQM �`2 iQ
#2 +QMbB/2`2/ iQ K�F2 i?2 T`Q+2bb 7�bi
�M/ 2{+B2MiX

�M/ �ii2M/ iQ r?�i Bb bi�#H2RkX 6BM/BM; i?2b2 /m`�#H2 `2H�iBQMb Bb- BM

Rk ai�#BHBiv- Q` BMp�`B�M+2- Bb 7mM/�K2M@
i�H iQ i?2 T`Q+2bb Q7 T`2/B+iBQM #2+�mb2
Bi ?B;?HB;?ib i?2 p�`B�#H2b i?�i #2?�p2
+QMbi�MiHv �+`Qbb iBK2 �M/ bT�+2 �M/
i?2`27Q`2 K�F2 Bi 2�bv iQ BM72` i?2B` 7m@
im`2 p�Hm2b Q` #2?�pBQ` 7`QK i?2B` +m`@
`2Mi p�Hm2b Q` bi�i2X

2bb2M+2- i?2 Tm`TQb2 Q7 b+B2MiB}+ BM[mB`vX

q?2M `2�bQMBM; �#Qmi +�mb�HBiv Bi K�v #2 ?2HT7mH iQ i?BMF Q7 Bi �b
irQ BMi2`b2+iBM; T`Q+2bb2b BM bT�+2 �M/ iBK2 Ua�HKQM RNN3VX h?2 BMi2`@
b2+iBQM- r?BH2 MQi � +�mb�H +QMbi`m+i Q` +QM+2Ti BM Bib2H7- +�M ?2HT /BbiBM@
;mBb? +�mb�H T?2MQK2M� 7`QK MQM@+�mb�H QM2bX �i i?�i BMi2`b2+iBQM r2
+�M 2tT2+i irQ K�DQ` ivT2b Q7 2p2Mib, +�mb�H BMi2`�+iBQMb �M/ MQM@+�mb�H
BMi2`b2+iBQMbX A7 #Qi? T`Q+2bb2b 2tBi i?2 BMi2`b2+iBQM BM � +?�M;2/ bi�i2
�M/ i?�i +?�M;2/ bi�i2 T2`bBbib #2vQM/ i?2 TH�+2fiBK2 Q7 BMi2`b2+iBQM
r2 ?�p2 � +�mb�H BMi2`�+iBQMRjX �Hi2`M�iBp2Hv- B7 2Bi?2` Q` MQM2 Q7 i?2

Rj 6Q` 2t�KTH2- r?2M � #mHH2i ?Bib � i�`@
;2i- #Qi? i?2 #mHH2i �M/ i?2 i�`;2i �`2
�z2+i2/ �i i?2 TQBMi Q7 BMi2`b2+iBQM �M/
BM i?2 7mim`2X h?2 i�`;2i 2M/b mT rBi?
� r?QH2 �M/ i?2 #mHH2i HQb2b 2M2`;vX

T`Q+2bb2b Bb +?�M;2/- r2 �`2 HQQFBM; �i � MQM@+�mb�H BMi2`b2+iBQMR9X

R9 h?BMF Q7 irQ #2�Kb Q7 HB;?i i?�i
+`Qbb T�i?b �M/ BMi2`b2+i �i � TQBMiX �i
i?�i TQBMi i?2v �`2 Dmbi bmT2`BKTQb2/
QM 2�+? Qi?2`- #mi M2Bi?2` �z2+ib i?2
Qi?2`X �7i2` i?2v H2�p2 i?�i TQBMi- i?2v
+QMiBMm2 mM�z2+i2/X

q?BH2 mM/2`bi�M/BM; +�mb�HBiv Bb 7mM/�K2Mi�H iQ #Qi? b+B2MiB}+ �M/
2p2`v/�v `2�bQMBM; i?2`2 �`2 K�Mv T`Q#H2Kb T2QTH2 ?�p2 r?2M /2�HBM;
rBi? +�mb�HBiv �M/ +�mb�HHv HBMF2/ 2p2MibX Ai Bb BKTQ`i�Mi 7Q` `2b2�`+?2`b
iQ #2 �r�`2 i?�i i?2b2 Bbbm2b �M/ #B�b2b 2tBbi �M/ iQ mM/2`bi�M/ �M/
K�F2 2zQ`ib iQ KBMBKBx2 i?2B` BKT�+i QM � `2b2�`+? bim/vX 6Q` 2t�KTH2-
� 72r Q7 i?2b2 T`Q#H2Kb- `2H2p�Mi iQ /2bB;MBM; `2b2�`+? bim/B2b- �`2,

Ç S2QTH2 ?�p2 � i2M/2M+v iQ 7�pQ` Q#pBQmb- HQ+�HBx2/- bBKTH2- HBM2�`-
�M/ b2[m2MiB�H +�mb�H `2H�iBQMbc

Ç S2QTH2 i2M/ iQ bBKTHB7v Qi?2`rBb2 KQ`2 +QKTH2t +�mb�H bi`m+im`2b- �
T`Q+2bb r?B+? `2bmHib BM /BbiQ`i2/ mM/2`bi�M/BM;c

Ç 6Q` r2HH@bi`m+im`2/ T`Q#H2Kb U7Q` r?B+? #Qi? bi�i2b �M/ +QMbi`�BMib
�`2 +H2�`Hv /2}M2/V T2QTH2 i2M/ iQ mb2 bi`�i2;B2b i?�i +QMp2`i i?2
T`Q#H2KǶb 2H2K2Mib BMiQ +QKTmi�iBQMb r?BH2- K�Mv iBK2b- KBbbBM; i?2
+QM+2Tim�H mM/2`TBMMBM;b Q7 i?2 T`Q#H2K �M/ i?2 /QK�BMX q2 b?QmH/
MQi2 i?Qm;? i?�i `2�H@HB72 T?2MQK2M�- BM i?2 bQ+B�H b+B2M+2b �`2 `�`2Hv
r2HH bi`m+im`2/R8c R8 q2HH bi`m+im`2/ T`Q#H2Kb +�M #2 2�b@

BHv +QMp2`i2/ BMiQ T`Q+2/m`2b i?�i +�M
#2 mb2/ rBi?Qmi Km+? i?Qm;?i �M/
rBi?Qmi mM/2`bi�M/BM; i?2 mM/2`HvBM;
T`BM+BTH2bX

Ç q?2M 7�+2/ rBi? /Bb+Q`/�Mi BM7Q`K�iBQM T2QTH2 i2M/ iQ ?QH/ QMiQ
i?2B` QH/f2tBbiBM; b+?2K�b Ui?2B` 2tBbiBM; mM/2`bi�M/BM;V `�i?2` i?�M
mT/�i2 i?2K Q` #mBH/ M2r QM2bX h?�i Bb- T2QTH2 i2M/ iQ b?Qr `2bBb@
i�M+2 iQ +?�M;2X



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} RR

lM/2`bi�M/BM; i?2 +QM+2Ti Q7 +�mb�HBiv Bb p�Hm�#H2 iQ i?2 /2bB;M Q7 �
`2b2�`+? bim/v- 2tT2`BK2Mi�H Q` MQiX 6Q` 2t�KTH2- 7Q` +�mb�HBiv iQ 2tBbi-
i?2 +�mb2 �M/ 2z2+i ?�p2 iQ #2 Q#b2`p2/ UK2�bm`2/V K�Mv iBK2b Uk Q`
j Bb MQi 2MQm;?V- T`QpBM; i?�i +QMbi�Mi +QMDmM+iBQM 2tBbib �M/ i?2`27Q`2
+QM}`KBM; i?2 TQi2MiB�H 7Q` i?2 2tBbi2M+2 Q7 � +�mb�H `2H�iBQMb?BTX h?Bb
Bb r?�i- 7mM/�K2Mi�HHv- bi�iBbiB+�H �M�HvbBb i`B2b iQ /QX h?2`27Q`2- i?2
bim/v b?QmH/ #2 /2bB;M2/ bQ i?�i i?�i Bb TQbbB#H2X h?2 Qi?2` �ii`B#mi2b
�`2 ?2HT7mH BM ;mB/BM; i?2 /2bB;M �M/ BMi2`T`2i�iBQMX 6Q` 2t�KTH2- i2K@
TQ`�H bm++2bbBQM b?QmH/ ;mB/2 MQi QMHv i?2 /2i2`KBM�iBQM Q7 r?B+? Bb i?2
BM/2T2M/2Mi �M/ r?B+? Bb i?2 /2T2M/2Mi p�`B�#H2- #mi �HbQ BM i?2 b2H2+@
iBQM Q7 i?2 p�`B�#H2b �TT`QT`B�i2 7Q` i?2 bim/vX *QMiB;mBiv Bb �HbQ ?2HT7mH
BM i?2 b2H2+iBQM �M/ /2}MBiBQM Q7 p�`B�#H2b �M/ +�M #2 mb2/ �b � +?2+F@
TQBMi BM #mBH/BM; i?2 KQ/2H iQ #2 i2bi2/X *QMDmM+iBp2 THm`�HBiv ?2HTb
#v `�BbBM; �r�`2M2bb �#Qmi i?2 7�+i i?�i K�Mv 2p2Mib +�M T�`iB+BT�i2 BM
i?2 QMb2i Q7 i?2 2z2+i �M/ Bb mb27mH BM i?2 b2H2+iBQM �M/ /2}MBiBQM Q7 i?2
p�`B�#H2b mb2/ iQ /2}M2 i?2 +QMbi`m+i #2BM; bim/B2/X

6Q` � +�mb�H `2H�iBQMb?BT iQ #2 i`mHv mM/2`biQQ/- QM2 M22/b iQ �Mbr2`
i?`22 [m2biBQMb, r?�i\- r?v\- ?Qr\X h?2 r?�i\ [m2biBQMb Bb �Mbr2`2/
i?`Qm;? bi�iBbiB+�H �M�HvbBb �M/ T`Qp2b i?�i +QMbi�Mi +QMDmM+iBQM ?�T@
T2Mb r?BH2 i?2 Qi?2` `2[mB`2K2Mib 7Q` � +�mb�H `2H�iBQM iQ 2tBbi �`2 K2iX
h?2 ?Qr\ �M/ r?v\ [m2biBQMb T`QpB/2 �M 2tTH�M�iBQM Q7 i?2 K2+?�@
MBbKb �i rQ`F i?�i mM/2`HB2 i?2 +�mb�H `2H�iBQMb �b r2HH �b i?2 `2�bQMBM;
7Q` i?2 Tm`TQb2 Q7 i?2 `2H�iBQMb?BT �M/ r?�i Bi K2�Mb 7Q` i?2Q`v �M/
T`�+iB+2X

.Bb+Qp2`v- mM/2`bi�M/BM;- �M/ /Q+mK2Mi�iBQM Q7 +�mb�H `2H�iBQMb?BTb
Bb- KQbi Q7 i?2 iBK2- i?2 7Q+mb Q7 KQbi `2b2�`+? bim/B2b i?�i mb2 [m�MiB@
i�iBp2 �TT`Q�+?2b iQ mM/2`bi�M/ +QM+2Tib- +QMbi`m+ib- �M/ T?2MQK2M�X
h?Bb +?�Ti2` Dmbi b+`�i+?2/ i?2 bm`7�+2 Q7 � Km+? H�`;2` +QMp2`b�iBQM QM
+�mb�HBiv �b Bi `2H�i2b iQ i?2 b+B2MiB}+ K2i?Q/ `2~2+i2/ BM [m�MiBi�iBp2
`2b2�`+? /2bB;MbX *�mb�HBiv Bb #Qi? i?2 bi�`iBM; TQBMi �M/ i?2 2M/ ;Q�H Q7
K�Mv bi�iBbiB+�H �M�HvbBb K2i?Q/b �M/ +�M #2 Q#b2`p2/ �i rQ`F i?`Qm;?
i?2 i?2Q`v �M/ T`�+iB+2 Q7 bi�iBbiB+bX Ai Bb +QMbi`m+i rQ`i? 2tTHQ`BM; �M/
mM/2`bi�M/BM; �M/ � +QMp2`b�iBQM rQ`i? ?�pBM; �b Bi rBHH H2�/ iQ #2ii2`
`2b2�`+? /2bB;Mb- rBi? ?B;?2` [m�HBiv }M/BM;bX .Q MQi biQT ?2`2X





o�`B�M+2 �M/ 1``Q`

o�`B�#BHBiv Bb �M 2bb2MiB�H +?�`�+i2`BbiB+ Q7 i?2 M�im`�H rQ`H/X q2 b22
Bi 2p2`vr?2`2 �`QmM/ mbX 6Q` 2t�KTH2- �M 2ti`2K2 +�b2 Bb i?2 ?mK�M
}M;2`T`BMib- mMB[m2 iQ 2�+? BM/BpB/m�H- r?B+? K�F2b i?2K mb27mH 7Q`
B/2MiB}+�iBQM Tm`TQb2bX aBKBH�`Hv- K�v#2 MQi �b 2ti`2K2 �M/ /2T2M/2Mi
QM r?�i Bb #2BM; bim/B2/- `2b2�`+? T�`iB+BT�Mib �`2 /Bz2`2Mi 7`QK 2�+?
Qi?2`- /Bz2`2M+2b r?B+? BMi`Q/m+2 p�`B�#BHBiv BM i?2 bim/vReX .m2 iQ Re 6Q` i?Bb `2�bQM BM H�#Q`�iQ`v 2tT2`B@

K2Mib `2b2�`+?2`b �ii2KTi iQ +QMi`QH �b
K�Mv Q7 i?2 7�+iQ`b i?�i T`Q/m+2 p�`B@
�#BHBiv �b TQbbB#H2X PM i?2 QTTQbBi2 bB/2
�`2 bim/B2b i?�i 2K#`�+2 p�`B�#BHBiv �M/
�ii2KTi iQ +QHH2+i /�i� BM i?2 T�`iB+B@
T�MiǶb M�im`�H 2MpB`QMK2MiX

i?Bb p�`B�#BHBiv- i?2 p�Hm2b Q#i�BM2/ 7`QK K2�bm`BM; � +QMbi`m+i /Bz2`
7`QK `2b2�`+? T�`iB+BT�Mi iQ `2b2�`+? T�`iB+BT�MiX AM +H�bbB+�H bi�iBbiB+�H
BM72`2M+2 i?2 p�`B�M+2 Bb � K2�bm`2 Q7 ?Qr bT`2�/ Qmi i?2b2 `2�/BM;b �`2
7`QK i?2 �p2`�;2 Q7 i?2 b�KTH2X

h?2 o�`B�M+2 Bb `2H�i2/ iQ ai�M/�`/ .2pB�iBQM Ua.VRd r?B+? Bb �M Rd AM K�i?2K�iB+�H i2`Kb- i?2 ai�M/�`/
.2pB�iBQM Bb i?2 b[m�`2 `QQi Q7 o�`B@
�M+2X

BM/B+�iBQM Q7 ?Qr Km+? p�`B�iBQM Q7 Q` /BbT2`bBQM Bb BM i?2 p�Hm2b Q7 �
b�KTH2X � H�`;2 a. p�Hm2 BM/B+�i2b i?�i i?2 p�Hm2b �`2 bT`2�/ Qmi 7`QK
i?2 K2�M Qp2` � rB/2` `�M;2 Q7 p�Hm2b r?BH2 � bK�HH a. p�Hm2 BM/B+�i2b
i?�i i?2 p�Hm2b �`2 +HQb2 iQ;2i?2` �`QmM/ i?2 K2�MX

hQi�H p�`B�M+2 +�M #2 i?Qm;?i Q7 �b i?2 bmK Q7 irQ p�`B�M+2b, bvbi2K@
�iB+ U#2ir22M@;`QmTbVR3 p�`B�M+2 �M/ 2``Q` UrBi?BM@;`QmTV p�`B�M+2X h?2 R3 .Q MQi +QM7mb2 #2ir22M@

;`QmTfrBi?BM@;`QmT p�`B�M+2 rBi?
i?2 #2ir22M@bm#D2+ibfrBi?BM@bm#D2+ib
`2b2�`+? /2bB;MbX a22 "2ir22M@am#D2+ib
pbX qBi?BM@am#D2+ib .2bB;Mb 7Q` KQ`2
BM7Q`K�iBQMX

`�iBQ Q7 i?2 irQ p�`B�M+2b +�M b2`p2 �b �M BM/B+�iBQM B7 i?2 /Bz2`2M+2b
#2ir22M ;`QmTb �`2 bvbi2K�iB+ Q` /m2 iQ +?�M+2X

avbi2K�iB+ U#2ir22M@;`QmTbV p�`B�M+2 Bb i?2 `2bmHi Q7 i?2 BMi2`p2MiBQM
�M/ �Mv �//BiBQM�H +QM7QmM/BM; p�`B�#H2b T`2b2Mi BM i?2 bim/vX Ai Bb i?2
BMi2Mi Q7 �M 2tT2`BK2Mi iQ ;2M2`�i2 p�`B�#BHBiv BM i?2 /2T2M/2Mi p�`B�#H2
U.oV #v K�MBTmH�iBM; i?2 BM/2T2M/2Mi p�`B�#H2 UAoVX h?Bb Bb i?2 ivT2
Q7 p�`B�M+2 `2b2�`+? Bb HQQFBM; 7Q`X

1``Q` UrBi?BM@;`QmTbV Q` MQM@bvbi2K�iB+ p�`B�M+2 Bb i?2 mM2tTH�BM2/
p�`B�#BHBiv BM i?2 .oX Ai Bb mbm�HHv KQ`2 Q7 � MmBb�M+2 �M/ Bi +�M #2 HBp2/
rBi?X Ai Bb /2i2`KBM2/ #v i?2 `�M/QK p�`B�#BHBiv #2ir22M bm#D2+ibX

*QMbB/2`BM; i?�i `2�HBiv Bb mbm�HHv /2b+`B#2/ #v KQ`2 i?�M irQ p�`B@
�#H2b- i?2`2 �`2 Qi?2` p�`B�#H2b i?�i +�M �z2+i bvbi2K�iB+ p�`B�M+2 �b
r2HHX P7 i?2b2- i?2 p�`B�#H2b i?�i BM~m2M+2 #Qi? i?2 Ao �M/ i?2 .o
�`2 +�HH2/ +QM7QmM/BM; p�`B�#H2bX *QM7QmM/BM; ?�TT2Mb r?2M i?2 /2bB;M



R9 BQ�M ;2Hm BQM�b- K#�- T?X/X

Q7 i?2 2tT2`BK2Mi U+QMi`QHbV K�F2b /B{+mHi Q` BKTQbbB#H2 iQ 2HBKBM�i2
�Hi2`M�iBp2 2tTH�M�iBQMb 7Q` �M Q#b2`p2/ +�mb2@2z2+i `2H�iBQMb?BTRNX AM RN 6Q` 2t�KTH2 vQm `mM �M 2tT2`BK2Mi

i?�i BM+Hm/2b i?2 b�K2 MmK#2` Q7 K2M
�M/ rQK2MX h?2 i`2�iK2Mi Bb MQi
`2H2p�Mic r?�i Bb `2H2p�Mi Bb ?Qr i?2
i`2�iK2Mi Bb �TTHB2/ iQ i?2 T�`iB+B@
T�MibX *QMbB/2` irQ ;`QmTb- � i`2�i@
K2Mi ;`QmT �M/ � +QMi`QH ;`QmTX A7
QMHv K2M �`2 �bbB;M2/ iQ i?2 +QMi`QH
;`QmT �M/ QMHv rQK2M iQ i?2 i`2�iK2Mi
;`QmT- r?2M Bi +QK2b i?2 iBK2 iQ BM@
i2`T`2i i?2 `2bmHib- i?2`2 Bb MQ r�v iQ
FMQr B7 i?2 Q#b2`p2/ 2z2+ib �`2 �++m@
`�i2 �M/ �`2 QMHv /m2 iQ i?2 i`2�iK2MiX
AM i?Bb +�b2- T�`iB+BT�MiǶb ;2M/2` Bb +QM@
7QmM/BM; rBi? i?2 i`2�iK2Mi- T`2p2Mi@
BM; i?2 `2b2�`+?2` iQ /2i2`KBM2 B7 i?2
2z2+ib �`2 /m2 iQ i?2 i`2�iK2Mi QMHv Q`
i?2 T�`iB+BT�Mi ;2M/2` ?�b �HbQ bQK2@
i?BM; iQ /Q rBi? BiX

K�Mv bBim�iBQMb +QM7QmM/BM; p�`B�#H2b �`2 p�`B�#H2b i?�i i?2 2tT2`BK2Mi
/B/ MQi �++QmMi 7Q`X h?2v +�M +�mb2 irQ K�DQ` Bbbm2b, BM+`2�b2 p�`B�M+2
�M/ BMi`Q/m+2 #B�bX

h?2 p�`B�#BHBiv ;2M2`�i2/ #v i?2 +QM7QmM/BM; p�`B�#H2b Bb BKTQbbB#H2
iQ b2T�`�i2 7`QK i?2 p�`B�#BHBiv /m2 iQ i?2 BMi2`p2MiBQM- r?B+? K�F2b
i?2 BMi2`T`2i�iBQM Q7 i?2 `2bmHib /B{+mHi Q` BKTQbbB#H2X h?2`27Q`2- �Mv
2tT2`BK2Mi�H /2bB;M b?QmH/ �ii2KTi iQ 2HBKBM�i2 �Mv +QM7QmM/BM; p�`B@
�#H2b �M/ �ii2KTi iQ T`Q/m+2 �M �b bK�HH 2``Q` p�`B�M+2 �b TQbbB#H2X

h?2 KQbi 2z2+iBp2 r�v iQ +QMi`QH +QM7QmM/BM; p�`B�#H2b Bb iQ mb2
`�M/QK �bbB;MK2Mi Q7 T�`iB+BT�Mib iQ i?2 2tT2`BK2Mi�H ;`QmTb- r?B+?
7Q`+2b �HH p�`B�#H2b Qi?2` i?�M i?Qb2 bim/B2/ iQ +`2�i2 QMHv `�M/QK UMQ@
bvbi2K�iB+V p�`B�M+2X _�M/QK �bbB;MK2Mi ?�b i?2 2z2+i Q7 i`�Mb72``BM;
i?2 p�`B�M+2 /m2 iQ +QM7QmM/BM; iQ 2``Q` p�`B�M+2kyX ky h?2 `�iBQM�H2 7Q` i`�Mb72``BM; p�`B@

�M+2 7`QK i?2 +QM7QmM/BM; p�`B�#H2UbV
iQ 2``Q` p�`B�M+2 Bb i?�i- BM KQbi +�b2b-
Bi Bb #2ii2` iQ i`v iQ /2�H rBi? 2``Q`
p�`B�M+2 i?�M #B�b BM BMi2`T`2iBM; i?2
`2bmHibX

PM i?2 Qi?2` ?�M/- i?2 bK�HH2` i?2 2``Q` p�`B�M+2- i?2 KQ`2 TQr2`@
7mH i?2 /2bB;MX h?2`27Q`2- BM �//BiBQM iQ 2HBKBM�iBM; �Mv +QM7QmM/BM;
p�`B�#H2b- Bi Bb `2+QKK2M/2/ iQ i`v iQ `2/m+2 �b Km+? �b TQbbB#H2 i?2
p�`B�M+2 /m2 iQ 2``Q`X >2`2 �`2 � +QmTH2 Q7 �++2Ti2/ r�vb Q7 `2/m+BM;
i?2 2``Q` p�`B�M+2,

Ç A7 TQbbB#H2- ?QH/ +QMbi�Mi bQK2 Q7 i?2 p�`B�#H2b BMbi2�/ Q7 `�M/QKBxBM;
�HH p�`B�#H2b BM i?2 bim/vX

Ç AM+`2�b2 i?2 bBx2 Q7 i?2 b�KTH2 �b 2``Q` p�`B�M+2 Bb BMp2`b2Hv T`QTQ`@
iBQM�H iQ i?2 MmK#2` Q7 /2;`22b Q7 7`22/QKkR Q7 i?2 b�KTH2X kR .2;`22b Q7 7`22/QK Bb �M 2biBK�i2 Q7

i?2 MmK#2` Q7 BM/2T2M/2Mi TB2+2b Q7 BM@
7Q`K�iBQM i?�i ;Q BMiQ +QKTmiBM; i?2
2biBK�i2X Ai Bb i?2 MmK#2` Q7 p�Hm2b
i?�i �`2 7`22 iQ p�`v BM � /�i� b2iX 6Q`
QM2 /�i�b2i Bi Bb +�H+mH�i2/ �b i?2 MmK@
#2` Q7 Bi2Kb BM i?2 b2i KBMmb R UM@RVX
6Q` irQ b�KTH2b i?2 /2;`22b Q7 7`22/QK
�`2 +QKTmi2/ +QMbB/2`BM; i?�i i?2`2
�`2 irQ M p�Hm2b- QM2 7Q` 2�+? b�KTH2-
iQ +QMbB/2`X AM i?Bb +�b2 i?2 MmK#2` Q7
/2;`22b Q7 7`22/QK Bb +QKTmi2/ �b /7 4
MR Y Mk @ kX

h?2 +QM+2Ti Q7 p�`B�M+2 Bb +HQb2Hv `2H�i2/ iQ i?�i Q7 2``Q`X h?2 7QHHQr@
BM; �`2 i?2 KQbi bB;MB}+�Mi bQm`+2b Q7 2``Q` BM � [m�MiBi�iBp2 `2b2�`+?
/2bB;M,

Ç _�M/QK 2``Q` @ Q++m`b #v +?�M+2 �M/ +�M #2 T`Q/m+2/ #v �Mvi?BM;
i?�i `�M/QKHv BMi2`72`2b rBi? K2�bm`2K2Mic

Ç avbi2K�iB+ 2``Q` @ Bb ;2M2`�i2/ #v +QMbBbi2Mi /Bz2`2M+2b #2ir22M i?2
K2�bm`2/ p�Hm2 �M/ i?2 i`m2 p�Hm2kkc kk 6Q` 2t�KTH2 i?2 K2�bm`2K2Mi rBi?

�M BMbi`mK2Mi i?�i ?�b � +�HB#`�iBQM Bb@
bm2 Q` rBi? � r�i+? i?�i Bb +QMbBbi2MiHv
�?2�/ irQ KBMmi2bXÇ J2�bm`2K2Mi 2``Q` @ /2MQiBM; i?2 p�HB/Biv �M/ `2HB�#BHBiv Q7 �M BM@

bi`mK2Mi,

Ĝ o�HB/Biv @ i?2 BMbi`mK2Mi Bb +�T�#H2 iQ �++m`�i2Hv K2�bm`2 i?2 +QM@
bi`m+i Bi r�b /2bB;M2/ iQ K2�bm`2c

Ĝ _2HB�#BHBiv @ Q` `2T`Q/m+B#BHBiv- Bb i?2 +�T�+Biv Q7 i?2 BMbi`mK2Mi iQ
T2`7Q`K +QMbBbi2MiHv Qp2` iBK2 �M/ �+`Qbb Q#b2`p2`bkjX kj h?�i K2�Mb i?�i r?2M i?2 b�K2 BM@

bi`mK2Mi Bb mb2/ iQ K2�bm`2 bQK2i?BM;
irB+2- i?2 `2bmHi Q7 i?2 K2�bm`2K2Mi
rQmH/ #2 �TT`QtBK�i2Hv i?2 b�K2X
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Ç a�KTHBM; 2``Q` @ /Bz2`2Mi b�KTH2b ;2M2`�i2 /Bz2`2Mi `2bmHib- � 7�+i
r?B+? M22/b iQ #2 �++QmMi2/ 7Q` r?2M K�FBM; BM72`2M+2b 7`QK b�KTH2
iQ TQTmH�iBQMX h?Bb Bb K2�bm`2/ #v i?2 bi�M/�`/ 2``Q` �M/ Bi K�v
`2bmHi BM,

Ĝ hvT2 A 1``Q` @ Q++m`b r?2M i?2 MmHH ?vTQi?2bBb Bb `2D2+i2/ r?2M
Bi Bb i`m2X h?2 T`Q#�#BHBiv Q7 Q++m``2M+2 Q7 i?Bb 2``Q` Bb +�HH2/
bB;MB}+�M+2 H2p2H �M/ Bb /2MQi2/ #v i?2 :`22F H2ii2` �HT?� UαVc

Ĝ hvT2 AA 1``Q` @ Q++m`b r?2M � 7�Hb2 MmHH ?vTQi?2bBb Bb �++2Ti2/X
h?2 T`Q#�#BHBiv Q7 i?Bb 2``Q` MQi Q++m``BM; Bb +�HH2/ TQr2` �M/ Bb
/2MQi2/ #v i?2 :`22F H2ii2` UβVX

a�KTHBM; 2``Q` +�MMQi #2 +QKTH2i2Hv 2HBKBM�i2/ #mi Bi +�M #2 `2/m+2/
#v BM+`2�bBM; i?2 b�KTH2 bBx2X





.2bB;M

hQ mM/2`bi�M/ i?2 rQ`H/ �`QmM/ mb r2 mb2 KQ/2Hb r2 +QMbi`m+i BM Qm`
KBM/X _QQi2/ BM Qm` 2/m+�iBQM �M/ Qm` 2tT2`B2M+2- i?2b2 KQ/2Hb K�v
Q` K�v MQi #2 i`m2 `2T`2b2Mi�iBQMb Q7 `2�HBiv �M/ ?Qr +HQb2 i?�i `2T@
`2b2Mi�iBQM BbX q?BH2 7Q` KQbi T2QTH2 i?2b2 KQ/2Hb �`2 ǳ;QQ/ 2MQm;?Ǵ
7Q` i?2B` 2p2`v/�v M22/b- `2b2�`+?2`b i�F2 i?2K QM2 bi2T 7m`i?2` �M/
�ii2KTi iQ /2pBb2 r�vb iQ /2i2`KBM2 �M/ mM/2`bi�M/ B7 i?2v �`2 BM/22/
i`m2 `2T`2b2Mi�iBQMb Q7 `2�HBivX 6Q` i?Bb Tm`TQb2- `2b2�`+?2`b 7Q`K�HBx2
i?2b2 KQ/2Hb �M/ /2bB;M bim/B2b iQ i2bi i?2B` p�HB/BivX h?2b2 7Q`K�H KQ/@
2Hb �`2 #�b2/ QM i?2 b?�`2/ mM/2`bi�M/BM; Q7 i?2 T?2MQK2M� mM/2` bim/v
�i i?2 iBK2 Q7 i?2 `2b2�`+?k9 �M/ i?2 `2b2�`+?2`Ƕb QrM BMbB;?ibX h?�i Bb- k9 6Q` r?B+? `2�bQM � i?Q`Qm;? HBi2`�@

im`2 `2pB2r Bb M2+2bb�`v iQ #mBH/BM; i?2
KQbi `2H2p�Mi KQ/2HX

b+B2MiB}+ KQ/2Hb �`2 � `2T`2b2Mi�iBQM Q7 Qm` 2pQHpBM; mM/2`bi�M/BM; Q7
i?2 T?vbB+�H rQ`H/X

� `2b2�`+? bim/v Bb /2bB;M2/ rBi? i?2 BMi2Mi Q7 }M/BM; Q` bmTTQ`iBM;
� KQ/2H `2T`2b2MiBM; � T?2MQK2MQM Q` +QMbi`m+i �b /2}M2/ #v i?2 `2H�@
iBQMb #2ir22M i?2 p�`BQmb p�`B�#H2b BMpQHp2/X h?2 i?2Q`2iB+�H 7`�K2rQ`F
mM/2`HvBM; i?Bb KQ/2H Bb � K�DQ` /2i2`KBM�Mi 7Q` i?2 +?QB+2 Q7 �M�HviB+
i2+?MB[m2- 7Q` ?Qr i?Bb i2+?MB[m2 Bb �TTHB2/- �M/ 7Q` ?Qr i?2 `2bmHib
�`2 BMi2`T`2i2/X h?�i Bb- i?2 TQi2MiB�H 7Q` bm++2bb BM � [m�MiBi�iBp2 `2@
b2�`+? bim/v Bb /2i2`KBM2/- �KQM; Qi?2` i?BM;b- #v i?2 mb2 Q7 �M�HviB+
i2+?MB[m2b �TT`QT`B�i2 7Q` i?2 KQ/2H BMpQHp2/X

q?2M /2bB;MBM; � `2b2�`+? bim/v QM2 b?QmH/ #2 �Hr�vb �r�`2 i?�i �HH
� bi�iBbiB+�HHv bB;MB}+�Mi }M/BM; K2�Mb Bb i?�i i?2 T`Q#�#BHBiv i?�i i?2`2
Bb MQi?BM; iQ #2 7QmM/k8 Bb bK�HHX h?2`27Q`2- � bQmM/ `2b2�`+? /2bB;M k8 h?2 MmHH ?vTQi?2bBb Bb i`m2X
Bb #�b2/ QM � +?�BM Q7 /2+BbBQMb �#Qmi i?2 2z2+i bBx2 i?�i K�F2b i?2
`2H�iBQMb?BTb bQm;?i bm#bi�MiB�HHv K2�MBM;7mH 7Q` i?2 bim/v- i?2 H2p2H Q7
bB;MB}+�M+2 �M/ i?2 TQr2` Q7 i?2 bi�iBbiB+�H i2bi- �M/ � +�H+mH�iBQM Q7
b�KTH2 bBx2X h?Bb �TT`Q�+? ?2HTb �pQB/ TBi7�HHb bm+? �b }M/BM;b i?�i �`2
K2�MBM;7mH #mi MQi bi�iBbiB+�HHv bB;MB}+�Mi Q` }M/BM;b i?�i �`2 bi�iBbiB@
+�HHv bB;MB}+�Mi #mi MQi K2�MBM;7mHX h?�i Bb- i?2 7Q+mb Q7 i?2 `2b2�`+?
T`Q+2bb b?QmH/ #2 QM i?2 K2�MBM;ke Q7 i?2 }M/BM;b 7`QK i?2 T2`bT2+iBp2 ke h?Bb K2�MBM;- bm+? �b `2H�iBQMb #2@

ir22M p�`B�#H2b Q` /Bz2`2M+2b #2ir22M
K2�Mb- +�MMQi #2 2bi�#HBb?2/ BM i?2 �#@
b2M+2 Q7 Qi?2` `2b2�`+?X

Q7 i?2 i?2Q`v �M/ 2tBbiBM; `2b2�`+?X



R3 BQ�M ;2Hm BQM�b- K#�- T?X/X

P++�KǶb _�xQ`

�HbQ FMQrM �b i?2 S`BM+BTH2 Q7 S�`bBKQMv- Bi bi�i2b i?�i bBKTH2 2tTH�M�@
iBQMb �`2 #2ii2` i?�M KQ`2 +QKTHB+�i2/ QM2bX AM bi�iBbiB+b 7Q` 2t�KTH2-
mbBM; P++�KǶb _�xQ` K2�Mb i?�i �M 2tTH�M�iQ`v KQ/2H rBi? 72r2` p�`B@
�#H2b Bb #2ii2` i?�M QM2 rBi? � H�`;2` MmK#2` Q7 p�`B�#H2bX

�ii`B#mi2/ iQ i?2 1M;HBb? T?BHQbQT?2` qBHHB�K Q7 P+F?�K- i?2 S`BM@
+BTH2 Q7 S�`bBKQMv bi�i2b, :Bp2M � b2i Q7 2[m�HHv p�HB/ 2[mBp�H2Mi 2t@
TH�M�iQ`v KQ/2Hb- i?2 #2bi 2tTH�M�iBQM Bb i?2 bBKTH2bi QM2X AM bi�iBbiB+�H
i2`Kb- Bi K2�Mb,

Ç h?2 KQ/2H b?QmH/ ?�p2 �b 72r p�`B�#H2b �b TQbbB#H2X
Ç GBM2�` KQ/2Hb b?QmH/ #2 T`272``2/ iQ MQM@HBM2�` KQ/2HbX
Ç JQ/2Hb i?�i `2Hv QM QM 72r2` �bbmKTiBQMb b?QmH/ #2 T`272``2/ iQ

i?Qb2 i?�i `2Hv QM K�MvX
Ç aBKTH2` 2tTH�M�iBQMb b?QmH/ #2 T`272``2/ iQ KQ`2 +QKTHB+�i2/ QM2bX

lb2/ BM i?2 T`Q+2bb Q7 bBKTHB}+�iBQM Q7 bi�iBbiB+�H KQ/2Hb- i?2 S`BM@
+BTH2 Q7 S�`bBKQMv �/pBb2b i?�i r?2M � p�`B�#H2 /Q2b MQi ;m�`�Mi22 �
bB;MB}+�Mi BM+`2�b2 BM /2pB�M+2kd r?2M `2KQp2/- Bi b?QmH/ #2 2t+Hm/2/ kd .2pB�M+2 Bb � bi�iBbiB+ mb2/ iQ +QK@

T�`2 KQ/2HbX AM i?Bb +�b2- B7 i?2 irQ
KQ/2Hb @ rBi? �M/ rBi?Qmi i?2 p�`B�#H2
BM [m2biBQM @ �`2 MQi bB;MB}+�MiHv /B7@
72`2Mi- i?2 KQ/2H rBi?Qmi i?2 p�`B�#H2-
i?2 bBKTH2` KQ/2H- b?QmH/ #2 b2H2+i2/X

7`QK i?2 bim/vX

PE- #mi r?�i /Q2b i?Bb K2�M 7Q` � bim/v\ AM 2bb2M+2- i?2 S`BM+BTH2
Q7 S�`bBKQMv �/pBb2b vQm iQ F22T vQm` `2b2�`+? KQ/2H �b bBKTH2 �b
TQbbB#H2X J�Mv `2b2�`+?2`b- Kvb2H7 BM+Hm/2/- ?�p2 �i iBK2b � i2M/2M+v
iQ Qp2` +QKTHB+�i2 i?2B` bim/B2bk3- 2z2+iBp2Hv Qp2`HQQFBM; i?Bb T`BM+BTH2X k3 "v BM+Hm/BM; �b K�Mv p�`B�#H2b �b

+�M #2 }i �M/ +QHH2+i2/- 7Q` 2t�KTH2bX
A7 vQm 2p2` rQ`F2/ BM QM2 Q7 i?2 bQ+B�H b+B2M+2b }2H/b vQm T`Q#�#Hv

FMQr ?Qr /B{+mHi Bi +�M #2 iQ �++2bb �M/ `2+`mBi T�`iB+BT�Mib 7Q` � bim/vX
h?2`27Q`2- r?2M QTTQ`imMBiv �`Bb2b- QM2 KB;?i i2M/ iQ BM+Hm/2 �b K�Mv
/�i� +QHH2+iBQM Bi2Kb �b 72�bB#Hv TQbbB#H2X q?BH2 ?�pBM; � HQi Q7 /�i� Bb
MQi � #�/ bBim�iBQM iQ #2 BM- Bi �HbQ K�F2b Bi i2KTiBM; iQ }i Bi �HH BM i?2
KQ/2HX h?Bb +�M �HbQ ?�TT2M r?2M � `2b2�`+? i`B2b iQ DmbiB7v +QHH2+iBM;
KQ`2 /�i� Dmbi #2+�mb2 �++2bb iQ T�`iB+BT�Mib Bb `2�/BHv �p�BH�#H2X

.QMǶi /Q BiX h?�i Bb MQi iQ b�v i?�i vQm b?QmH/MǶi +QHH2+i i?2 /�i� B7
TQbbB#H2X "v �HH K2�Mb- B7 i?2 QTTQ`imMBiv T`2b2Mib Bib2H7- /Q bQX L2p2`@
i?2H2bb- /Q MQi mb2 KQ`2 /�i� i?�M vQm �+im�HHv M22/ BM vQm` �M�HvbBbX
h?�i Bb- H2i i?2 S`BM+BTH2 Q7 S�`bBKQMv ;mB/2 vQm` /2+BbBQMb �M/ �bF
vQm`b2H7 i?2 7QHHQrBM; [m2biBQMb,

Ç �`2 �HH p�`B�#H2b U/�i�V +QHH2+i2/ p�Hm�#H2 �M/ `2H2p�Mi iQ i?2 bim/v\
Ç 6`QK � i?2Q`2iB+�H T2`bT2+iBp2- rQmH/ i?2 BM+HmbBQM Q7 � p�`B�#H2 K�F2

� /Bz2`2M+2\
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h?2 �Mbr2` K�v MQi #2 Q#pBQmb �i }`biX hQ }M/ Qmi r?B+? KQ/2H
Bb KQ`2 T�`bBKQMBQmb- vQm b?QmH/ }`bi bi�`i HQQFBM; �i i?2 2tBbiBM; HBi@
2`�im`2X �ii2KTi iQ }M/ bBKBH�` bim/B2b �M/ bim/v i?2 KQ/2Hb i?2v
T`QTQb2/ �b r2HH �b i?2 /�i� i?2v mb2/X uQm +�M i?2M �M�Hvx2 2�+? TB2+2
Q7 /�i� Up�`B�#H2V BM/BpB/m�HHv iQ �bb2bb B7 Bi- i?2Q`2iB+�HHv- �//b p�Hm2
iQ vQm` bim/v- 7`QK #Qi? i?2 T2`bT2+iBp2 Q7 T`BQ` `2b2�`+? �M/ #�b2/ QM
vQm` QrM mM/2`bi�M/BM; Q7 i?2 T`Q#H2K mM/2` bim/vX

q?2M vQm /2+B/2 ?Qr +QKTH2t iQ K�F2 vQm` KQ/2H �M/ ?Qr Km+?
/�i� vQm M22/ iQ +QHH2+i iQ p�HB/�i2 Bi- i?BMF Q7 i?2 /QrMbB/2b BM+`2�b2/
+QKTH2tBiv #`BM;b �#QmiX >2`2 �`2 � 72r,

Ç AM+`2�b2/ /B{+mHiv BM �M�HvxBM; �M/ BMi2`T`2iBM; /�i�X
Ç GQM;2` �M/ KQ`2 +QKTHB+�i2/ `2b2�`+? BMbi`mK2MibkNX kN h?Bb +QmH/ H2�/ iQ � bB;MB}+�Mi BM@

+`2�b2 BM i?2 iBK2 i?2 T�`iB+BT�Mib M22/
iQ +QKTH2i2 i?2 i�bF r?B+?- BM im`M-
+QmH/ bB;MB}+�MiHv BM+`2�b2 i?2 +?�M+2
7Q` KQ`2 T�`iB+BT�Mib iQ 2Bi?2` /2+B/2
iQ H2�p2 i?2 bim/v 2�`Hv Q` MQi iQ T�`@
iB+BT�i2 BM Bi �i �HHX h?�i Bb- i?2 HQM;2`
�M BMbi`mK2Mi Bb- i?2 H2bb HBF2Hv Bb 7Q`
i?2 T�`iB+BT�Mib iQ +QKTH2i2 BiX

Ç h?2 iBK2 vQm rBHH M22/ iQ +QKTH2i2 i?2 bim/v +�M �HbQ BM+`2�b2 bB;@
MB}+�MiHvjyX

jy A7- 7Q` 2t�KTH2- vQm �`2 rQ`FBM;
iQr�`/b � .Q+iQ`�H .Bbb2`i�iBQM- BM@
+`2�b2/ +QKTH2tBiv +QmH/ #`BM; /2H�vb
BM +QKTH2iBQM �M/ ;`�/m�iBQMX

1tT2`BK2Mi�H o2`bmb LQM@1tT2`BK2Mi�H _2b2�`+?

� +m`bQ`v b2�`+? rBHH b?Qr i?2 rB/2 p�`B2iv Q7 [m�MiBi�iBp2 /2bB;M2b
`2b2�`+?2`b mb2X L2p2`i?2H2bb- �HH Q7 i?2K +�M #2 BM+Hm/2/ BM QM2 Q7 irQ
ivT2b, 2tT2`BK2Mi�H Q` MQM@2tT2`BK2Mi�H bim/B2bX h?2 KQbi bB;MB}+�Mi
/Bz2`2M+2 #2ir22M i?2 irQ ivT2b Bb i?2 H2p2H Q7 +QMi`QH `2b2�`+?2`b ?�p2
Qp2` i?2 2MpB`QMK2Mi BM r?B+? i?2 `2b2�`+? Bb +QM/m+i2/X

1tT2`BK2Mi�H `2b2�`+? bim/B2b �`2 /2bB;M2/ iQ T`QpB/2 i?2 `2b2�`+?2`b
rBi? i?2 ?B;?2bi H2p2H Q7 +QMi`QH TQbbB#H2 Qp2` i?2 2tT2`BK2Mi�H +QM@
/BiBQMbX h?2 BMi2Mi Q7 �M 2tT2`BK2Mi Bb iQ /Bb+Qp2` i?2 `2H�iBQMb?BTb
#2ir22M i?2 p�`B�#H2b Q7 BMi2`2bi r?BH2 �ii2KTiBM; iQ ?QH/ �HH Qi?2` p�`B@
�#H2b +QMbi�Mi UQ` +QMi`QH i?2KVjRX 6Q` i?Bb Tm`TQb2 i?2 2tT2`BK2Mi2` jR 6Q` 2t�KTH2- `�M/QK �bbB;MK2Mi Bb

bm+? � r�v iQ +QMi`QH 7Q` /Bz2`2M+2b #2@
ir22M bm#D2+ib BM `2b2�`+? BMpQHpBM; ?m@
K�M bm#D2+ibX

mbm�HHv K�MBTmH�i2b � +QM/BiBQM Ui?2 i`2�iK2MiV �M/ �ii2KTib iQ �bb2bb
Bib BKT�+i QM QM2 Q` KQ`2 p�`B�#H2b Q7 BMi2`2biX "2+�mb2 Q7 i?2 �#BHBiv iQ
K�MBTmH�i2 i?2 2tT2`BK2Mi�H +QM/BiBQMb �M/ i?2 `2bi`B+iBp2 /2bB;M �BK2/
�i +QMi`QHHBM; �b Km+? �b TQbbB#H2 Qi?2` 2ti`�M2Qmb p�`B�#H2b- 2tT2`BK2M@
i�H `2b2�`+? Qz2`b i?2 #2bi +?�M+2 Q7 }M/BM; +�mb�H `2H�iBQMb?BTb #2ir22M
p�`B�#H2bX L2p2`i?2H2bb- i?2 +QMi`QHH2/ M�im`2 Q7 i?2 bim/B2b- K�F2b i?2K
H2bb +�T�#H2 Q7 `2~2+iBM; `2�HBivX :Bp2M i?2 `2bi`B+iBp2 M�im`2 Q7 i?2 /2@
bB;M- 2tT2`BK2Mib Qz2` � ?B;? H2p2H Q7 `2HB�#BHBiv �M/ +QMi`QHjkX jk AM ah1J }2H/b- bim/B2b +QM/m+i2/

BM i?2 H�#Q`�iQ`v 2KTHQv 2tT2`BK2M@
i�H /2bB;MbX AM MQM ah1J }2H/b 2t@
T2`BK2Mi�H /2bB;M Bb mb2/- 7Q` 2t�KTH2-
iQ mM/2`bi�M/ i?2 /Bz2`2M+2b #2ir22M
;`QmTb Q7 T�`iB+BT�Mib UT2QTH2V bm#@
D2+i2/ iQ /Bz2`2Mi 2tT2`BK2Mi�H +QM/B@
iBQMb- bm+? �b /Bz2`2Mi pBbm�H biBKmHB-
Q` /Bz2`2Mi H2�`MBM; 2MpB`QMK2MibX

LQM@1tT2`BK2Mi�H `2b2�`+? bim/B2b �`2 /2bB;M2/ iQ HQQF �i T?2MQK@
2M� �M/ +QMi2tib i?2 `2b2�`+?2` /Q2b MQi ?�p2 +QMi`QH Qp2`X AM i?Bb +�b2
i?2 `2b2�`+?2`b +�MMQi K�MBTmH�i2 i?2 +QM/BiBQMb Q` p�`B�#H2b Q7 BMi2`2bi
�M/ i?2v ?�p2 iQ `2Hv QM Q#b2`p�iBQMb �M/ K2�bm`2K2Mib Q7 p�`B�#H2b
�p�BH�#H2 iQ i?2K �M/ mb2 i?Qb2 iQ b22F �M �Mbr2` iQ i?2 `2b2�`+? [m2b@
iBQM i?2v TQb2X h?Bb H�+F Q7 +QMi`QH `2M/2`b MQM@2tT2`BK2Mi�H bim/B2b



ky BQ�M ;2Hm BQM�b- K#�- T?X/X

H2bb +�T�#H2 Q7 B/2MiB7vBM; +�mb�H `2H�iBQMb?BTb /m2 iQ i?2 H�`;2 MmK@
#2` Q7 p�`B�#H2b i?�i mbm�HHv �++QKT�Mv `2�H@HB72 +QMi2tibX h?2`27Q`2-
r?BH2 � `2H�iBQMb?BT K�v #2 Q#b2`p2/ �M/ BM72`2M+2b +�M #2 K�/2- i?2
`2b2�`+?2`Ƕb �#BHBiv iQ bi`QM;Hv bm;;2bi +�mb�HBiv Bb HBKBi2/ #v i?2 TQi2M@
iB�H BMi2`72`2M+2 BM i?2 T`Q+2bb Q7 Qi?2` p�`B�#H2b i?�i r2`2 MQi �++QmMi2/
7Q`jjX "2+�mb2 MQM@2tT2`BK2Mi�H bim/B2b HQQF �i T?2MQK2M� BM i?2B` M�i@ jj h?2 +QMi2ti BM � MQM@2tT2`BK2Mi�H

bQ+B�H b+B2M+2b `2b2�`+? bim/v Bb bQ +QK@
TH2t i?�i i?2 `2b2�`+?2`b +�MMQi +�T@
im`2 �M/ K2�bm`2 2p2`v p�`B�#H2 i?�i
K�v BM~m2M+2 i?2 T?2MQK2M� i?2v �`2
bim/vBM;X 6Q` 2t�KTH2- BM 2/m+�iBQM�H
bim/B2b- T`BQ` FMQrH2/;2 ?�b bB;MB}+�Mi
BM~m2M+2 QM ?Qr r2HH � H2�`M2` mM/2`@
bi�M/b M2r +QM+2TibX AM `2�H HB72 bBi@
m�iBQMb- bm+? �b /m`BM; +H�bb`QQK BM@
bi`m+iBQM- i?2`2 K�v MQi #2 iBK2 Q` +�@
T�#BHBiB2b iQ �bb2bb i?2 H2�`M2`bǶ T`BQ`
FMQrH2/;2 Q7 � +QM+2Ti Q` +QMbi`m+iX

m`�H 2MpB`QMK2Mi- i?2v i2M/ iQ ?�p2 � ?B;?2` H2p2H Q7 2ti2`M�H p�HB/Biv-
r?B+? K�F2b i?2K Km+? 2�bB2` iQ ;2M2`�HBx2 iQ H�`;2` TQTmH�iBQMbj9X

j9 h?2b2 ivT2b Q7 bim/B2b �`2 7`2[m2MiHv
2M+QmMi2`2/ BM i?2 bQ+B�H b+B2M+2b }2H/b-
r?2`2 `2b2�`+?2`b �ii2KTi iQ bim/v
T?2MQK2M� �b i?2v mM7QH/ BM i?2B` MQ`@
K�H 2MpB`QMK2MibX

:QBM; � #Bi 7m`i?2`- [m�MiBi�iBp2 `2b2�`+? bim/B2b +�M #2 ;`QmT2/ BMiQ
/2b+`BTiBp2- +Q``2H�iBQM�H- [m�bB@2tT2`BK2Mi�H- �M/ 2tT2`BK2Mi�HX

.2b+`BTiBp2 bim/B2b �`2 /2bB;M2/ iQ /2b+`B#2 i?2 bi�imb Q7 � T?2@
MQK2MQM mbBM; KQbiHv Q#b2`p�iBQM�H ivT2 /�i�X h?2v /Q MQi ?�p2 ?v@
TQi?2b2b- i?Qm;? QM2 K�v #2 /2p2HQT2/ �7i2` i?2 /�i� Bb 2t�KBM2/X

*Q``2H�iBQM�H bim/B2b mb2 KQbiHv Q#b2`p�iBQM�H /�i� iQ 2tTHQ`2 `2H�@
iBQMb?BTb #2ir22M p�`B�#H2b rBi?Qmi HQQFBM; �i +�mb2@2z2+i `2H�iBQMb?BTbX

Zm�bB@2tT2`BK2Mi�H bim/B2b �`2 /2bB;M2/ iQ `2+Q;MBx2 +�mb2@2z2+i `2@
H�iBQMb?BTb #2ir22M p�`B�#H2b BM bBim�iBQMb r?2M MQ ;`QmTb �`2 �bbB;M2/
#27Q`2?�M/ �M/ MQ p�`B�#H2b �`2 K�MBTmH�i2/ iQ 2HB+Bi � /2bB`2/ Qmi+QK2X
h?2 ;`QmTb 7Q` r?B+? p�`B�#H2 bi�iBbiB+�H bmKK�`v /�i� �`2 +QKT�`2/
�`2 B/2MiB}2/ �7i2` i?2 /�i� ?�b #22M +QHH2+i2/X

1tT2`BK2Mi�H bim/B2b 7QHHQr i?2 ;mB/2HBM2b Q7 i?2 b+B2MiB}+ K2i?Q/
�M/ �`2 bT2+B}+�HHv /2bB;M2/ iQ p2`B7v i?2 2tBbi2M+2 Q7 � +�mb2@2z2+i `2@
H�iBQMb?BT #2ir22M p�`B�#H2b /2b+`B#BM; � T?2MQK2MQMX 6Q` i?Bb Tm`TQb2
�HH 2zQ`ib b?QmH/ #2 K�/2 iQ +QMi`QH 7Q` �b K�Mv p�`B�#H2b �b TQbbB#H2
r?BH2 K�MBTmH�iBM; i?2 p�`B�#H2UbV Q7 BMi2`2biX

"2ir22M@am#D2+ib pbX qBi?BM@am#D2+ib .2bB;Mb

h?2 #2ir22M@bm#D2+ib �M/ rBi?BM@bm#D2+ib `2b2�`+? /2bB;Mb �`2 /Bz2`2MiB@
�i2/ #v i?2 MmK#2` Q7 K2�bm`2K2Mib /QM2 7Q` 2p2`v bm#D2+iX AM #2ir22M@
bm#D2+ib /2bB;Mb QMHv QM2 K2�bm`2K2Mi Bb T2`7Q`K2/ 7Q` 2�+? T�`iB+BT�Mi
r?BH2 BM rBi?BM@bm#D2+ib /2bB;Mb- i?2`2 �`2 KmHiBTH2- bm++2bbBp2- K2�bm`2@
K2Mib- 7Q` r?B+? `2�bQM i?2 rBi?BM@bm#D2+ib bim/B2b �`2 K�Mv iBK2b +�HH2/
`2T2�i2/ K2�bm`2b bim/B2bj8X j8 _2T2�i2/ K2�bm`2b bim/B2b �`2 QMHv �

bm#;`QmT- T`Q#�#Hv i?2 H�`;2bi- Q7 i?2
#`Q�/2` +�i2;Q`v Q7 rBi?BM@bm#D2+ib /2@
bB;MbX

AM 2bb2M+2- i?2 #2ir22M@bm#D2+ib `2b2�`+? /2bB;M �HHQrb `2b2�`+?2`b iQ
bim/v i?2 /Bz2`2M+2b #2ir22M ;`QmTb Q7 T�`iB+BT�Mib �i � ;Bp2M TQBMi
BM iBK2X h?2v mbm�HHv BMpQHp2 +QKT�`BM; i?2 ;`QmTb QM QM2 Q` KQ`2
bmKK�`v Q` +2Mi`�H i2M/2M+v K2�bm`2bjeX h?2 T�`iB+BT�Mib �`2 T�`i Q7 je 1X;X- K2�M Q` K2/B�MX
QMHv QM2 Q7 i?2 `2b2�`+? ;`QmTb �M/ �`2 2tTQb2/ iQ QMHv QM2 BMi2`p2MiBQMX

AM rBi?BM@bm#D2+ib /2bB;Mb �HH T�`iB+BT�Mib �`2 K2K#2`b Q7 i?2 b�K2
;`QmT �M/ �HH �`2 2tTQb2/ iQ �HH i`2�iK2MibX h?2 +QKT�`BbQM mbm�HHv
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?�TT2Mb #2ir22M i?2 bm++2bbBp2 p�Hm2b Q7 +2Mi`�H i2M/2M+v K2�bm`2b Q7
i?2 b�K2 p�`B�#H2X h?2b2 ivT2b Q7 /2bB;Mb i2M/ iQ ?�p2 KQ`2 TQr2` i?�M
i?2 #2ir22M@bm#D2+ib /2bB;Mb �M/ K�F2 TQbbB#H2 iQ Q#b2`p2 +?�M;2 Qp2`
iBK2- #mi i2M/ iQ bmz2` 7`QK +QM7QmM/BM; Bbbm2bjdX jd *QM7QmM/BM; BM rBi?BM@bm#D2+ib /2@

bB;Mb +�M #2 KBiB;�i2/ #v +QmMi2`#�H@
�M+BM;X 6Q` 2t�KTH2- T�`iB+BT�Mib +�M
#2 ;`QmT2/ iQ;2i?2` BM bK�HH ;`QmTb
�M/ i?2 Q`/2` BM r?B+? i?2v �`2 bm#@
D2+i2/ iQ i?2 p�`BQmb i`2�iK2Mi +QM/B@
iBQMb +�M #2 `�M/QKBx2/ �+`Qbb i?2b2
;`QmTbX P`- i?2 `�M/QKBx�iBQM Q7 ?Qr
i?2 i`2�iK2Mib �`2 �TTHB2/ +�M #2 /QM2
7Q` 2�+? BM/BpB/m�H bm#D2+iX

o�`B�#H2b

o�`B�#H2, � bT2+B}+ +?�`�+i2`BbiB+ i?�i +�M #2 K2�bm`2/ �M/ +�M �bbmK2
/Bz2`2Mi p�Hm2bX

*QMiBMmQmb Q` Zm�MiBi�iBp2 p�`B�#H2b, � p�`B�#H2 i?�i ?�b MmK2`B+�H
p�Hm2b- bm+? �b i2bi b+Q`2b- H2M;i?b- /m`�iBQMb- 2i+X

*H�bbB}+�iBQM Q` *�i2;Q`B+�H p�`B�#H2b, `2T`2b2Mi +�i2;Q`B2b- mbm�HHv
mb2/ �b ;`QmTBM; p�`B�#H2b- bm+? �b ;2M/2` Q` `�+2X

J2�bm`2K2Mi a+�H2b

PM2 Q7 i?2 K�DQ` r�vb Q7 mM/2`bi�M/BM; p�`B�#H2b Bb iQ HQQF �i ?Qr i?2v
�`2 K2�bm`2/ �M/ i?2B` b+�H2 Q7 K2�bm`2K2MiX 6`QK i?Bb T2`bT2+iBp2
p�`B�#H2b +�M #2 MQKBM�H- Q`/BM�H- BMi2`p�H- Q` `�iBQX h?Bb +H�bbB}+�iBQM
Bb BKTQ`i�Mi @ #2+�mb2 i?2 bi�iBbiB+�H T`Q+2/m`2 iQ #2 mb2/ /2T2M/b QM
i?2 b+�H2 Q7 K2�bm`2K2MiX

LQKBM�H a+�H2, *H�bbB}2b BM Kmim�HHv 2t+HmbBp2 +�i2;Q`B2bX h?2 p�`B@
�#H2 #2+QK2b � +H�bbB}+�iBQM p�`B�#H2X

P`/BM�H a+�H2j3, _�MF Q`/2` rBi? `2bT2+i iQ i?2 p�`B�#H2 #2BM; �b@

j3 �b �M 2t�KTH2- H2ii2` ;`�/2b �`2 Q`/B@
M�H #2+�mb2 ?Qr Km+? � Bb #2ii2` i?�M
� " +�MMQi #2 FMQrMX 6Q` � b+Q`2 `�M;2
#2ir22M y �M/ Ryy � Bb #2ir22M Ny �M/
Ryy �M/ " #2ir22M 3y �M/ 3NXNX h?2
/Bz2`2M+2 #2ir22M �M � �M/ � " Bb �Mv@
i?BM; #2ir22M RNXN �M/ yXRX �M 6 Bb
7Q` �Mv b+Q`2 #2HQr 8y- /Bz2`2Mi 7`QK
i?2 Qi?2`bX _2+Q/BM; iQ � b+�H2 Q7 R iQ
8 Bb KBbH2�/BM; #2+�mb2 i?2 MmK2`B+�H
/Bz2`2M+2 #2ir22M R �M/ k Bb MQi i?2
b�K2 �b i?2 /Bz2`2M+2 #2ir22M 6 �M/
.X

b2bb2/X h?2 p�Hm2b `2T`2b2Mi � ?B2`�`+?v Q7 H2p2HbX S`QpB/2b HBKBi2/ BM@
7Q`K�iBQM #2+�mb2 i?2 2[m�H bi2Tb BM i?2 b+�H2 p�Hm2b /Q MQi M2+2bb�`BHv
?�p2 �M 2[m�H `2�H@HB72 [m�MiBi�iBp2 K2�MBM;X

AMi2`p�H a+�H2, S`QpB/2b KQ`2 BM7Q`K�iBQM i?�M i?2 Q`/BM�H b+�H2
#2+�mb2 2[m�H /Bz2`2M+2b #2ir22M p�Hm2b ?�p2 � `2�H@HB72 2[m�H K2�M@
BM;f+QmMi2`T�`iX h?2 /QrMbB/2 Q7 i?2 BMi2`p�H b+�H2 Bb i?�i Bb ?�b MQ
i`m2 x2`Q TQBMijNX

jN � p�Hm2 Q7 x2`Q QM i?2 b+�H2 Bb 2[m�H
iQ � x2`Q [m�MiBiv Q7 i?2 p�`B�#H2 #2@
BM; �bb2bb2/X 6Q` 2t�KTH2- i?2 *2HbBmb
b+�H2 /Q2b MQi ?�p2 � i`m2 x2`Q TQBMi #2@
+�mb2 i?2 p�Hm2 Q7 y /Q2b MQi K2�M i?�i
i?2`2 Bb �#bQHmi2Hv MQ ?2�i T`2b2MiX

_�iBQ a+�H2b, �`2 bBKBH�` iQ BMi2`p�H b+�H2b BM i?�i 2[m�H /Bz2`2M+2b
#2ir22M b+�H2 p�Hm2b ?�p2 2[m�H `2�H@HB72 [m�MiBi�iBp2 K2�MBM;X >Qr2p2`-
`�iBQ b+�H2b �HbQ ?�p2 � i`m2 x2`Q TQBMi r?B+? ;Bp2b i?2K �M �//BiBQM�H
T`QT2`ivX qBi? `�iBQ b+�H2b- Bi Bb TQbbB#H2 iQ K�F2 K2�MBM;7mH bi�i2K2Mib
�#Qmi i?2 `�iBQb #2ir22M b+�H2 p�Hm2b9yX

9y 6Q` 2t�KTH2- i?2 bvbi2K Q7 BM+?2b
mb2/ rBi? � +QKKQM `mH2` Bb �M 2t�K@
TH2 Q7 � `�iBQ b+�H2X h?2`2 Bb � i`m2 x2`Q
TQBMi rBi? i?Bb bvbi2K BM r?B+? x2`Q
BM+?2b /Q2b- BM 7�+i- BM/B+�i2 � +QK@
TH2i2 �#b2M+2 Q7 H2M;i?X h?2 E2HpBM
b+�H2 Bb- �b QTTQb2/ iQ i?2 *2HbBmb �M/
6�?`2M?2Bi b+�H2b- � `�iBQ b+�H2 #2+�mb2
y /2;`22b E2HpBM K2�Mb- #v /2bB;M- i?�i
i?2`2 Bb �#bQHmi2Hv MQ ?2�i T`2b2MiX

AM/2T2M/2Mi pbX .2T2M/2Mi o�`B�#H2b

J�Mv `2b2�`+? bim/B2b �`2 T`BK�`BHv 7Q+mb2/ QM irQ +�i2;Q`B2b Q7 p�`B@
�#H2b, /2T2M/2Mi �M/ BM/2T2M/2MiX h?Bb +�i2;Q`Bx�iBQM Bb #�b2/ QM r?�i
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i?2 p�`B�#H2 K2�bm`2b �M/ ?Qr Bi Bb BMi2M/2/ iQ #2 mb2/ BM i?2 �M�HvbBbX
hQ mM/2`bi�M/ i?2 /Bz2`2M+2- H2iǶb HQQF �i �M 2tT2`BK2Mi�H bim/v /2bB;MX

�M 2tT2`BK2Mi�H bim/v +�M #2 /2bB;M2/ iQ }M/- 7Q` 2t�KTH2- B7 irQ
BMi2`p2MiBQMb Q` i`2�iK2Mib Qz2` /Bz2`2Mi Q` bBKBH�` Qmi+QK2bX h?Bb BK@
THB2b i?2 bim/v M22/b irQ ;`QmTb Q7 T�`iB+BT�Mib- rBi? QM2 Q7 i?2 ;`QmTb
#2BM; bm#D2+i iQ QM2 Q7 i?2 i`2�iK2Mib- r?BH2 i?2 b2+QM/ ;`QmT Bb bm#@
D2+i iQ i?2 Qi?2`X A7 i?2 ;`QmTb +QK2 7`QK i?2 b�K2 TQTmH�iBQM �M/ �`2
?QKQ;2M2Qmb 2MQm;?- i?2 2tT2`BK2Mi b?QmH/ #2 �#H2 iQ `2+Q;MBx2 i?2
2z2+ib Q7 i?2 i`2�iK2MibX hQ `2+Q;MBx2 i?2 2z2+ib- i?2 /2bB;M b?QmH/
�HbQ BM+Hm/2 r�vb iQ K2�bm`2 i?2K- bm+? �b i2bi ;`�/2b Q` b+Q`2bX

AM i2`Kb Q7 p�`B�#H2b- i?2 QM2 K2�bm`BM; i?2 2z2+ib Q` Qmi+QK2b Bb
i?2 /2T2M/2Mi p�`B�#H2 U.oV- r?BH2 i?2 QM2 i?�i TH�+2b i?2 T�`iB+BT�Mib
BM ;`QmTb Bb i?2 BM/2T2M/2Mi p�`B�#H2 UAoVX h?2 bim/v rBHH �ii2KTi iQ
/2i2`KBM2 i?2 BM~m2M+2 Q7 i?2 BM/2T2M/2Mi p�`B�#H2 Ui`2�iK2Mi ;`QmT
K2K#2`b?BTV QM i?2 /2T2M/2Mi p�`B�#H2X

h?2 /2T2M/2Mi p�`B�#H2b �`2 i?Qb2 i?�i K2�bm`2 �M Q#b2`p2/ 2z2+iX
1t�KTH2b Q7 /2T2M/2Mi p�`B�#H2 +QmH/ #2 � i2bi b+Q`2 mb2/ �b T`Qtv 7Q`
bim/2Mib T2`7Q`K�M+2 QM � i�bFX

h?2 BM/2T2M/2Mi p�`B�#H2b `2~2+i 2Bi?2` +QM/BiBQMb bT2+B}2/ #v /2bB;M
iQ ?2HT bBM;H2 Qmi i?2 2z2+i Q` /2i2`KBM2/ #v +QM/BiBQMb i?�i �`2 QmibB/2
i?2 `2b2�`+?2`Ƕb �M/- TQi2MiB�HHv- i?2 T�`iB+BT�MiǶb +QMi`QHX 1t�KTH2b Q7
bm+? p�`B�#H2b �`2 ;`QmTBM; p�`B�#H2b U2X;X- i`2�iK2Mi pbX +QMi`QH ;`QmTbV
Q` /2KQ;`�T?B+ p�`B�#H2b U2X;X- �;2- ;2M/2`- 2i+XVX

qBi? i?Bb FMQrH2/;2 H2ib HQQF �i �M 2t�KTH2X *QMbB/2` r2 ?�p2 �
bim/v BM r?B+? i?2 T�`iB+BT�Mib �`2 �bbB;M2/ iQ QM2 Q7 irQ ;`QmTbX h?Bb
Bb mM/2` i?2 `2b2�`+?2`Ƕb +QMi`QHX JQ`2 2t�+iHv- i?2b2 ;`QmTb ?�p2 #22M
7Q`K2/ #v /2bB;M iQ `2T`2b2Mi irQ /Bz2`2Mi +QM/BiBQMb Q` BMi2`p2MiBQMbX
AM i?2 �M�HvbBb- i?2v rBHH #2 `2T`2b2Mi2/ #v i?2 BM/2T2M/2Mi p�`B�#H2X PM
i?2 Qi?2` bB/2- i?2 `2b2�`+?2` ?�b /2pBb2/ � r�v iQ K2�bm`2 i?2 2z2+ib Q7
2�+? Q7 i?2 irQ +QM/BiBQMb Q` BMi2`p2MiBQMb U2X;X- i2bi b+Q`2bVX �b- #v /2@
bB;M- i?2 `2b2�`+?2` 2tT2+ib i?2b2 i2bi b+Q`2b iQ #2- QM �p2`�;2- /Bz2`2Mi
7Q` i?2 irQ ;`QmTb- QM2 +QmH/ b�v i?�i i?2v ǳ/2T2M/Ǵ QM r?B+? ;`QmT i?2
T�`iB+BT�Mib r2`2 �bbB;M2/ iQX AM i?2 �M�HvbBb- i?Bb K2�bm`2 i`�MbH�i2b
BMiQ i?2 /2T2M/2Mi p�`B�#H2X �HH 2Hb2 2[m�H i?2 2z2+ib UK2�bm`2/ #v i?2
/2T2M/2Mi p�`B�#H2V /2T2M/ QM i?2 ;`QmT iQ r?B+? i?2 T�`iB+BT�Mib r2`2
�bbB;M2/ iQ U`2T`2b2Mi2/ �b i?2 BM/2T2M/2Mi p�`B�#H2VX G2iǶb +QMbB/2` �
KQ`2 +QM+`2i2 2t�KTH2X

G2iǶb b�v i?�i r2 �`2 bim/vBM; i?2 BM~m2M+2 Qz i?2 bFBHH �M/ /`BHH
T`�+iB+2 QM K�i?2K�iB+b T2`7Q`K�M+2 BM ?B;? b+?QQH bim/2MibX 6Q` i?Bb
Tm`TQb2 r2 b2H2+i irQ ;`QmTb Q7 bim/2MibX PM2 ;`QmT Q7 bim/2Mib rBHH
/Q K�i? �b mbm�H �M/ rBHH MQi 2M;�;2 BM �Mv bFBHH �M/ /`BHH T`�+iB+2X
h?2 Qi?2` ;`QmT rBHH +QMiBMm2 iQ /Q K�i? �b mbm�H #mi- BM �//BiBQM-
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rBHH ?�p2 � 72r 2ti`� b2bbBQMb /m`BM; r?B+? i?2v rBHH /Q K�i? /`BHHbX AM
i?Bb +�b2- i?2 }`bi ;`QmT Bb i?2 +QMi`QH ;`QmT �M/ i?2 b2+QM/ ;`QmT Bb
i?2 i`2�iK2Mi ;`QmTX h?2 p�`B�#H2 r?B+? /2}M2b i?2 ;`QmT � bim/2Mi Bb
K2K#2` Q7- Bb i?2 BM/2T2M/2Mi p�`B�#H2X �HH i?Bb b�B/ �M/ /QM2- i?2 M2ti
bi2T Bb iQ }M/ � r�v iQ �bb2bb i?2 bim/2MibǶ T2`7Q`K�M+2X G2iǶb +QMbB/2`
i?�i r2 +?Qb2 � bT2+B}+ K�i? i2bi iQ #2 �/KBMBbi2`2/ iQ �HH bim/2Mib
�7i2` i?2 i`2�iK2Mi ?�b 2M/2/9RX h?2 b+Q`2 i?2 bim/2Mi Q#i�BMb 7Q` i?Bb 9R Pm` 2tT2+i�iBQM KB;?i #2- 7Q` 2t�K@

TH2- 7Q` i?2 bim/2Mib BM i?2 bFBHH �M/
/`BHH ;`QmT iQ T2`7Q`K #2ii2` i?�M i?2
bim/2Mib i?�i /B/ MQi /Q �Mv K�i? /`BHHb
QM i?Bb i2biX

i2bi +QmH/ #2 +QMbB/2`2/ � K2�bm`2 Q7 i?2B` T2`7Q`K�M+2X h?2`27Q`2- 7Q`
7m`i?2` �M�HvbBb- i?Bb b+Q`2 Bb +QMbB/2`2/ iQ #2 i?2 /2T2M/2Mi p�`B�#H2X
h?�i Bb- i?2 b+Q`2 i?2 bim/2Mi Q#i�BMb /2T2M/b QM r?B+? ;`QmT ?2 r�b
K2K#2` Q7 �M/ i?2`27Q`2 /2T2M/2Mi QM i?2 ivT2 Q7 i`�BMBM; Ui`2�iK2MiV
i?2 bim/2Mib 2M;�;2/ BMX

h?2 p�`B�#H2b BM � `2b2�`+? /2bB;M- r?BH2 b2`pBM; i?2 b�K2 Tm`TQb2
�M/ `2T`2b2MiBM; i?2 b�K2 +QKTQM2Mib Q7 `2H�iBQMb?BT- K�v #2 7QmM/
mM/2` /Bz2`2Mi M�K2bX 6Q` 2t�KTH2- BM 2tT2`BK2Mi�H `2b2�`+? bim/@
B2b i?2 mb2 Q7 BM/2T2M/2Mi9k f /2T2M/2Mi9j p�`B�#H2b Bb T`272``2/X 6Q` 9k S`2bmK2/ +�mb2 BM �M 2tT2`BK2Mi�H

bim/vX
9j aim/B2/ 2z2+i BM 2tT2`BK2Mi�H bim/@
B2bX

MQM@2tT2`BK2Mi�H bim/B2b- i?2 T`272`2M+2 Bb 7Q` mbBM; T`2/B+iQ`99 f +`B@

99 S`2bmK2/ +�mb2 BM �M MQM@
2tT2`BK2Mi�H bim/vX

i2`BQMf`2bTQMb298X

98 aim/B2/ 2z2+i BM � MQM@2tT2`BK2Mi�H
bim/vX

.2b+`BTiBp2 pbX AM72`2MiB�H .2bB;Mb

.2b+`BTiBp2 bi�iBbiB+�H �M�HvbBb Bb 7Q+mb2/ QM K2�bm`BM; TQTmH�iBQM +?�`@
�+i2`BbiB+bX 6Q` i?2 Tm`TQb2 Q7 i?2b2 �M�Hvb2b � TQTmH�iBQM Bb /2}M2/ �b
i?2 2MiB`2 +QHH2+iBQM Q7 bm#D2+ib Q` i?BM;b i?�i �`2 #2BM; bim/B2/9eX 9e 6Q` 2t�KTH2- �HH i?2 bim/2Mib BM �

+Qm`b2X
AM72`2MiB�H �M�HvbBb Bb � bi�iBbiB+- � MmK2`B+�H p�Hm2 +�H+mH�i2/ mbBM;

� b�KTH2 UQ` bm#b2iV Q7 T2QTH2- Q#D2+ib- 2p2Mib- 2i+X i?�i +�M #2 mb2/
iQ /2b+`B#2 i?2 +?�`�+i2`BbiB+b Q7 i?2 b�KTH29d �M/fQ` mb2/ iQ K�F2 9d 6Q` 2t�KTH2- i?2 K2�M Q7 bQK2 p�Hm2X
BM72`2M+2bf2biBK�i2b �#Qmi i?2 TQTmH�iBQM 7`QK r?B+? i?2 b�KTH2 r�b
2ti`�+i2/X

JQbi bi�iBbiB+�H i2bib BM+Hm/2/ BM i?Bb `2bQm`+2 rBHH T`Q#�#Hv 7�HH BM
i?2 BM72`2MiB�H +�i2;Q`vX Pp2`�HH- BM72`2MiB�H i2bib +�M #2 +�i2;Q`Bx2/ BM
irQ #�bB+ ivT2b, i2bib Q7 ;`QmT /Bz2`2M+2b �M/ i2bib Q7 �bbQ+B�iBQMX

h2bi Q7 ;`QmT /Bz2`2M+2b @ �`2 /2bB;M2/ iQ ?2HT /2i2`KBM2 B7 i?2`2 �`2
/Bz2`2M+2b #2ir22M i?2 K2�M b+Q`2b Q7 QM2 Q` KQ`2 /2T2M/2Mi p�`B�#H2b93 93 P` +`Bi2`BQM p�`B�#H2b BM MQM@

2tT2`BK2Mi�H bim/B2bX#2ir22M irQ TQTmH�iBQMbX PM2 Q7 i?2 #2bi FMQrM 2t�KTH2b Bb i?2 QM2@
i�BH2/ i@i2biX

h2bib Q7 �bbQ+B�iBQM @ 7Q` � bBM;H2 TQTmH�iBQM- iQ /2i2`KBM2 B7 i?2`2 Bb �
`2H�iBQMb?BT #2ir22M irQ Q` KQ`2 p�`B�#H2b i?�i /2b+`B#2 i?Bb TQTmH�iBQMX
"2bi FMQrM 2t�KTH2 Bb i?2 +Q``2H�iBQM +Q2{+B2MiX

� i?B`/- KQ`2 BMpQHp2/- +H�bb Q7 BM72`2MiB�H �M�Hvb2b �HHQrb iQ bim/v
B7 i?2 �bbQ+B�iBQM #2ir22M irQ p�`B�#H2b Bb i?2 b�K2 �+`Qbb irQ Q` KQ`2
TQTmH�iBQMbX �M 2t�KTH2 Q7 bm+? ivT2 Q7 �M�HvbBb Bb �L*Po�X
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_2b2�`+? Zm2biBQMb

AM [m�MiBi�iBp2 bim/B2b `2b2�`+? [m2biBQMb �bF- BM 2bb2M+2- B7 � `2H�iBQMb?BT
2tBbib #2ir22M irQ 2p2MibX AM KQbi +�b2b i?Bb `2H�iBQMb?BT Bb +�mb�H BM
M�im`2X h?�i Bb- � `2b2�`+? [m2biBQM �bFb B7 i?2 QMb2i Q7 �M 2p2Mi ?�b �M
BKT�+i QM bQK2 Qi?2` 2p2MiX G2iǶb mb2 i?2 r2HH FMQrM #mii2`~v 2z2+i9N 9N h2`K mb2/ BM +?�Qb i?2Q`v- +QBM2/ #v

1/r�`/ GQ`2MxX�b �M 2t�KTH2X

qQmH/ i?2 ~�T Q7 i?2 rBM;b Q7 � #mii2`~v BM i?2 �K�xQMB�M DmM;H2
BM~m2M+2 i?2 MmK#2` Q7 ?m``B+�M2b BM C�T�M\

� +HQb2` HQQF b?Qrb i?�i i?Bb Bb BM/22/ � [m2biBQMX h?2 }`bi T�`i BM@
i`Q/m+2b i?2 Q`B;BM�iBM; 2p2Mi Q` i?2 +�mb2 U#mii2`~v ~�Tb rBM;bVX h?2
b2+QM/ T�`i /2b+`B#2b i?2 2z2+i UMmK#2` Q7 ?m``B+�M2b BM C�T�MVX 6m`@
i?2` �M�HvbBb b?Qrb i?�i i?Bb [m2biBQM QMHv �bFb B7 � `2H�iBQMb?BT 2tBbib-
#mi /Q2b MQi BM+Hm/2 �Mv BM/B+�iBQM Q7 ?Qr bi`QM; i?2 `2H�iBQMb?BT Bb
�M/ BM r?B+? /B`2+iBQM i?2 2z2+i rBHH #2X h?Bb Bb +�HH2/ � MQM@/B`2+iBQM�H
`2b2�`+? [m2biBQMX

A7 i?2 HBi2`�im`2 bmTTQ`ib Q` bm;;2bib � /B`2+iBQM 7Q` i?2 +�mb�H `2H�iBQM-
i?2M � /B`2+iBQM�H `2b2�`+? [m2biBQM rQmH/ #2 KQ`2 �TT`QT`B�i2 �b Bi
BM+Hm/2b �M BM/B+�iBQM Q7 ?Qr i?2 `2H�iBQM Bb i?Qm;?i iQ #2?�p2X G2iǶb
i`�Mb7Q`K i?2 [m2biBQM �#Qp2 iQ � /B`2+iBQM�H `2b2�`+? [m2biBQMX

qQmH/ i?2 ~�T Q7 i?2 rBM;b Q7 � #mii2`~v BM i?2 �K�xQMB�M DmM;H2
bB;MB}+�MiHv BM+`2�b2 i?2 MmK#2` Q7 ?m``B+�M2b BM C�T�M\

h?Bb iBK2 i?2 [m2biBQM bm;;2bib #Qi? i?2 /B`2+iBQM �M/ i?2 bi`2M;i?
Q7 i?2 `2H�iBQMb?BT- r?B+? Bb �+?B2p2/ #v `2TH�+BM; i?2 rQ`/ BM~m2M+2
rBi? i?2 rQ`/b bB;MB}+�MiHv BM+`2�b2X AM i?Bb +�b2- bB;MB}+�MiHv Bb �M
BM/B+�iBQM Q7 i?2 bi`2M;i? Q7 i?2 `2H�iBQM �M/ BM+`2�b2 Bb �M BM/B+�iBQM
Q7i i?2 /B`2+iBQM8yX 8y A7 i?2 2tBbiBM; HBi2`�im`2 +�MMQi T`Q@

pB/2 �Mv ;mB/�M+2 �b iQ r?�i i?2
bi`2M;i? Q7 i?2 `2H�iBQM K�v #2- `2KQp@
BM; bB;MB}+�MiHv rBHH MQi �z2+i i?2 ivT2
Q7 [m2biBQMX>vTQi?2b2b

>vTQi?2b2b �`2 [m2biBQMb rQ`/2/ �b bi�i2K2Mib iQ #2 i2bi2/ mbBM; bi�@
iBbiB+�H i2bibX h?2v �`2 /2`Bp2/ 7`QK i?2 bim/vǶb `2b2�`+? [m2biBQMb �M/
/2b+`B#2 i?2 +�mb�H `2H�iBQMUbV #2ir22M 2p2Mib �M/fQ` p�`B�#H2bX AM i?2
KQbi #�bB+ 7Q`K�i ?vTQi?2b2b �`2 #B@p�`B�i2 BM i?�i i?2v bi�i2 i?2 BM~m@
2M+2 Q7 QM2 BM/2T2M/2Mi p�`B�#H2 UAoV QM QM2 /2T2M/2Mi p�`B�#H2 U.oVX

LmHH >vTQi?2bBb U>yV @ bi�i2K2Mi b�vBM; i?�i MQi?BM; Bb /Bz2`2MiX
6Q` bim/vBM; ;`QmT /Bz2`2M+2b i?2 MmHH ?vTQi?2bBb bi�i2b i?�i i?2`2 �`2
MQ /Bz2`2M+2b #2ir22M ;`QmT K2�Mb Q7 bQK2 p�`B�#H2 Q7 BMi2`2biX 6Q`
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i?2 bim/v Q7 �bbQ+B�iBQM i?2 MmHH ?vTQi?2bBb bi�i2b i?�i i?2`2 �`2 MQ
`2H�iBQMb?BTb #2ir22M i?2 p�`B�#H2b Q7 BMi2`2biX

�Hi2`M�iBp2 >vTQi?2bBb U>RV @ Bb i?2 QTTQbBi2 Q7 i?2 MmHH ?vTQi?2bBb
�M/ bi�i2b i?�i i?2`2 Bb � bB;MB}+�Mi8R /Bz2`2M+2 #2ir22M i?2 K2�Mb Q` 8R � /Bz2`2M+2 #2ir22M i?2 K2�Mb Bb

HBF2Hv iQ 2tBbic i?2 [m2biBQM Bb B7 i?�i
/Bz2`2M+2 Bb bB;MB}+�Mi bQ i?�i �M BM72`@
2M+2 +�M #2 K�/2 #�b2/ QM i?2 `2bmHibX

i?�i � `2H�iBQMb?BT 2tBbib #2ir22M i?2 p�`B�#H2bX

�Hi2`M�iBp2 ?vTQi?2b2b +�M #2 7m`i?2` +H�bbB}2/ BMiQ MQM@/B`2+iBQM�H
�M/ /B`2+iBQM�HX

LQM@/B`2+iBQM�H �Hi2`M�iBp2 ?vTQi?2b2b @ T`2/B+i i?�i i?2 K2�Mb Q7
i?2 TQTmH�iBQM /Bz2` bB;MB}+�MiHv #mi /Q MQi K�F2 � bT2+B}+ T`2/B+iBQM
�#Qmi i?2 /B`2+iBQM Q7 i?2 /Bz2`2M+2 Ur?B+? QM2 Bb ?B;?2` Q` HQr2`VX
h?2b2 ivT2b Q7 ?vTQi?2b2b +�M #2 �Mbr2`2/ mbBM; irQ@bB/2/ UirQ@i�BH2/V
bi�iBbiB+�H i2bib8kX 8k A7 i?2 bi�iBbiB+b +QKTmi2/ #v i?2

i2bi 7QHHQrb � bvKK2i`B+�H /Bbi`B#miBQM-
i?2`2 �`2 i?`22 TQbbB#H2 �Hi2`M�iBp2b 7Q`
/2}MBM; ?vTQi?2b2b iQ i2bi- irQ 7Q` QM2@
bB/2/ i2bib �M/ QM2 7Q` � irQ@bB/2/ i2biX
h?2 QM2@bB/2/ i2bib HQQF QMHv iQ QM2
bB/2- H27i Q` `B;?i Q7 i?2 /Bbi`B#miBQM
+m`p2 Q7 i?2 bi�iBbiB+- 2z2+iBp2Hv i2bi@
BM; 7Q` QM2 /B`2+iBQM Q7 i?2 `2H�iBQM@
b?BT r?BH2 B;MQ`BM; i?2 Qi?2`X � irQ@
bB/2/ i2bi i2bib #Qi? i�BHb Q7 i?2 bi�iBbiB+
/Bbi`B#miBQM- #mi rBi? H2bb `2bQHmiBQMX
hrQ@bB/2/ bi�iBbiB+�H i2bib �`2 +QMbB/@
2`2/ H2bb TQr2`7mH i?�M QM2@bB/2/ i2bib-
r?B+? �`2 mb2/ iQ i2bi i?2 /B`2+iBQM�H@
Biv Q7 i?2 ?vTQi?2bBb BM �//BiBQM iQ i?2
bB;MB}+�M+2 Q7 i?2 /Bz2`2M+2X

.B`2+iBQM�H �Hi2`M�iBp2 ?vTQi?2b2b @ �`2 KQ`2 bT2+B}+ BM i?�i BM �//B@
iBQM iQ T`2/B+iBM; i?�i i?2 K2�Mb Q7 i?2 ;`QmTb /Bz2` QM bQK2 p�`B�#H2 Bi
�HbQ T`2/B+ib r?B+? Q7 i?2 K2�Mb rBHH #2 ?B;?2` �M/ r?B+? HQr2`X h?2b2
?vTQi?2b2b +�M #2 i2bi2/ mbBM; KQ`2 TQr2`7mH QM2@bB/2/ UQM2@i�BH2/V bi�@
iBbiB+�H i2bibX

"2+�mb2 i?2 QM2@bB/2/ bi�iBbiB+�H i2bib �`2 KQ`2 TQr2`7mH
i?�M i?2 irQ@bB/2/ p�`B2iv- mbBM; /B`2+iBQM�H �Hi2`M�iBp2 ?v@
TQi?2b2b Bb T`272``2/ iQ i?2 mb2 Q7 MQM@/B`2+iBQM�H �Hi2`M�iBp2
?vTQi?2b2bX

� ;QQ/ ?vTQi?2bBb BM+Hm/2b i?`22 2H2K2Mib,

Ç � +H2�` bi�i2K2Mi Q7 i?2 +�mb�H `2H�iBQMb?BT iQ #2 i2bi2/c
Ç � +H2�` BM/B+�iBQM Q7 i?2 /B`2+iBQM Q7 i?�i +�mb�H `2H�iBQMb?BT- B7

FMQrMc
Ç � +H2�` BM/B+�iBQM Q7 i?2 p�`B�#H2b #2ir22M r?B+? i?2 +�mb�H `2H�iBQM

Q++m`bX

>vTQi?2bBb h2biBM;

h2biBM; � ?vTQi?2bBb K2�Mb iQ /2i2`KBM2 B7 i?2 MmHH ?vTQi?2bBb U>yV
+�M #2 `2D2+i2/ rBi? U�++2Ti�#H2V +QM}/2M+2X 6Q` i?Bb `2�bQM- bi�iBbiB+�H
i2bib +QKTmi2 i?2 T@p�Hm2 �b i?2 T`Q#�#BHBiv i?�i i?2 T`2b2MiHv +QKTmi2/
p�Hm2 Q7 i?2 bi�iBbiB+ rBHH #2 Q#i�BM2/ B7 i?2 MmHH ?vTQi?2bBb Bb i`m28jX 8j AKTQ`i�Mi, T /Q2b LPh T`QpB/2

i?2 T`Q#�#BHBiv i?�i i?2 MmHH ?vTQi?2bBb
Bb i`m2X

h?2`27Q`2- B7 i?2 p�Hm2 Q7 T Bb p2`v bK�HH- i?2 MmHH ?vTQi?2bBb U>yV +�M
#2 `2D2+i2/ �M/ i?2 �Hi2`M�iBp2 ?vTQi?2bBb U>RV b?QmH/ #2 �++2Ti2/X

PM2 +QKKQMHv �++2Ti2/ +miQz p�Hm2 7Q` T Bb yXy8X A7 i?2 +QKTmi2/
T p�Hm2 Bb = yXy8- i?2 i2bi BM/B+�i2b i?�i i?2 MmHH ?vTQi?2bBb b?QmH/ #2
�++2Ti2/ UQ` i?�i i?2 i2bi 7�BHb iQ `2D2+i i?2 MmHH ?vTQi?2bBbVX A7 i?2



ke BQ�M ;2Hm BQM�b- K#�- T?X/X

+QKTmi2/ T p�Hm2 Bb I yXy8 i?2 MmHH ?vTQi?2bBb K�v #2 `2D2+i2/ �M/
i?2 �Hi2`M�iBp2 ?vTQi?2bBb Bb �++2Ti2/- BM/B+�iBM; i?�i i?2 /Bz2`2M+2b Q`
`2H�iBQMb?BTb 7QmM/ b22K iQ #2 bi�iBbiB+�HHv bB;MB}+�MiX

h?2 `272`2M+2 T@p�Hm2 Bb b2H2+i2/ 7Q` 2�+? �M�HvbBb BM/BpB/m�HHv #�b2/
QM i?2 H2p2H Q7 +QM}/2M+2 BM i?2 T`2/B+iBp2 TQr2` Q7 i?2 i2bi M2+2bb�`v
iQ ;2M2`�HBx2 i?2 }M/BM;b 7`QK i?2 b�KTH2 iQ i?2 TQTmH�iBQM 7`QK r?B+?
i?2 b�KTH2 r�b /`�rMX

h?2 T@o�Hm2 *QMi`Qp2`bv

AM `2+2Mi v2�`b b+B2MiBbib ?�p2 pQB+2/ +QM+2`Mb �#Qmi TQi2MiB�H KBbmb2 Q7
i?2 T@p�Hm2 BM `2b2�`+? U�`M?2BK- :`22MH�M/- �M/ "H�F2 kyRNVX h?2`2
b22K iQ #2 � 72r KQ`2 rB/2Hv �++2Ti2/ 2tTH�M�iBQMb 7Q` i?Bb, KBbmM/2`@
bi�M/BM; Q7 r?�i i?2 T@p�Hm2 Bb- i`�/BiBQM �b `2~2+i2/ #v i?2 2/m+�iBQM
`2b2�`+?2`b `2+2Bp2 BM i?2B` 7Q`K�iBp2 v2�`b- �M/ DQm`M�H `2HB�M+2 QM T@
p�Hm2b BM �++2TiBM; bm#KBbbBQMb 7Q` Tm#HB+�iBQMX

�++Q`/BM; iQ i?2 �K2`B+�M ai�iBbiB+�H aQ+B2iv U�a�V- �M BM7Q`K�H
2tTH�M�iBQM Q7 i?2 T@p�Hm2 Bb Uq�bb2`bi2BM �M/ G�x�` kyReV,

ǳ� T@p�Hm2 Bb i?2 T`Q#�#BHBiv mM/2` � bT2+B}2/ bi�iBbiB+�H KQ/2H i?�i �
bi�iBbiB+�H bmKK�`v Q7 i?2 /�i� U2X;X- i?2 b�KTH2 K2�M /Bz2`2M+2 #2@
ir22M irQ +QKT�`2/ ;`QmTbV rQmH/ #2 2[m�H iQ Q` KQ`2 2ti`2K2 i?�M
Bib Q#b2`p2/ p�Hm2XǴ

�+FMQrH2/;BM; i?Bb +QMi`Qp2`bv- i?2 �K2`B+�M ai�iBbiB+�H �bbQ+B�iBQM
U�a�V `2+QKK2M/b `2b2�`+?2`b +QMbB/2` �M/ 7QHHQr � 72r ;mB/BM; T`BM@
+BTH2b BM /2bB;MBM;- +QM/m+iBM;- �M/ `2TQ`iBM; i?2B` bim/B2b Uq�bb2`bi2BM
�M/ G�x�` kyReV,

Ç h?2 bK�HH2` i?2 T@p�Hm2 Bb- i?2 KQ`2 BM+QKT�iB#H2 i?2 /�i� Bb rBi?
i?2 MmHH ?vTQi?2bBb- ;Bp2M � b2i Q7 �bbmKTiBQMb ?QH/ i`m2X h?�i Bb-
T@p�Hm2b �`2 �M BM/B+�iBQM Q7 ?Qr +QKT�iB#H2 Q` BM+QKT�iB#H2 i?2 /�i�
�`2 rBi? � ?vTQi?2bBx2/ bi�iBbiB+�H KQ/2HX

Ç h?2 T@p�Hm2 Bb �M BM/B+�i2 �#Qmi ?Qr i?2 /�i� `2H�i2b iQ � ?vTQ@
i?2iB+�H 2tTH�M�iBQM- #mi MQi �#Qmi i?2 2tTH�M�iBQM Bib2H7X h?�i Bb-
i?2 T@p�Hm2 /Q2b MQi `2T`2b2Mi i?2 T`Q#�#BHBiv Q7 i?2 ?vTQi?2bBb #2BM;
i`m2 Q` 7�Hb2X

Ç h?2 `2bmHib Q7 �M �M�HvbBb b?QmH/ MQi #2 BMi2`T`2i2/ �b � ?�`/ v2b Q`
MQ �b � bi�iBbiB+�H }M/BM; Bb MQi �miQK�iB+�HHv i`m2 Q` 7�Hb2 /2T2M/BM;
QM r?2`2 Bi 7�HHb `2H�i2/ iQ i?2 T@p�Hm2 i?`2b?QH/X h?�i Bb- b+B2MiB}+
+QM+HmbBQMb Q` #mbBM2bb /2+BbBQMb b?QmH/ MQi #2 #�b2/ QM i?2 T@p�Hm2
�HQM2X



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} kd

Ç S@?�+FBM; Q` +?2``v@TB+FBM; i?2 `2bmHib i2M/b iQ ;2M2`�i2 � #Q/v Q7
`2b2�`+? bF2r2/ iQr�`/b bB;MB}+�Mi }M/BM;bX h?Bb +�M #2 �pQB/2/
i?`Qm;? i`�MbT�`2M+v �M/ QT2M �M/ 7mHH `2TQ`iBM; Q7 � bim/v �M/ Bib
}M/BM;bX

Ç 1p2M r2�F i`2�iK2Mib +�M T`Q/m+2 bK�HH T@p�Hm2b B7 i?2 b�KTH2 Bb
H�`;2 2MQm;?X P`- �Hi2`M�iBp2Hv- bi`QM; i`2�iK2Mib K�v T`Q/m+2 B``2H@
2p�Mi T@p�Hm2b B7 i?2 b�KTH2 Bb MQi �/2[m�i2 Q` i?2 K2�bm`2K2Mib �`2
BM+Q``2+iX h?�i Bb- i?2 T@p�Hm2 +�MMQi K2�bm`2 i?2 bBx2 Q7 �M 2z2+i
#2+�mb2 bi�iBbiB+�H bB;MB}+�M+2 Bb MQi i?2 b�K2 i?BM; �b b+B2MiB}+ Q`
?mK�M bB;MB}+�M+2X

Ç "2+�mb2 Bi T`QpB/2b HBKBi2/ BM7Q`K�iBQM- i?2 T@p�Hm2 `2[mB`2b � +QM@
i2ti BM r?B+? iQ #2 BMi2`T`2i2/X h?�i Bb- i?2 T@p�Hm2 Bb B``2H2p�Mi #v
Bib2H7X

h?2 T`QTQb2/ bQHmiBQM 7Q` Bbbm2b `�Bb2/ #v i?2 BM�/2[m�i2 mb2 T@p�Hm2b
BM `2b2�`+? bim/B2b Bb iQ mb2 Qi?2` �TT`Q�+?2b BMbi2�/ Q7 Q` BM �//BiBQM iQ
BiX "2+�mb2 i?2v �`2 2�bB2` iQ `2�bQM �#Qmi- i?2 KQbi +QKKQM bm;;2biBQM
Bb iQ mb2 +QM}/2M+2 BMi2`p�Hb89 BMbi2�/ Q7 i?2 T@p�Hm2X 89 *QM}/2M+2 BMi2`p�Hb /2b+`B#2 i?2

p�`B�#BHBiv bm``QmM/BM; i?2 b�KTH2
TQBMi 2biBK�i2X h?2 rB/2` i?2 BMi2`@
p�H- i?2 H2bb +QM}/2Mi QM2 +�M #2 �#Qmi
i?2 2biBK�i2 Q7 i?2 TQTmH�iBQM K2�MX
AM ;2M2`�H- i?2 H�`;2` i?2 b�KTH2 bBx2-
i?2 KQ`2 T`2+Bb2 i?2 2biBK�i2 BbX

.2bTBi2 �HH i?2b2 Bbbm2b b+B2MiBbib `�Bb2- i?2 T@p�Hm2 `2K�BMb � p�Hm�#H2
iQQH BM i?2 `2b2�`+?2`Ƕb iQQH#QtX Ai Dmbi M22/b iQ #2 mb2/ rBi? +�`2- MQi
i`2�i2/ �b � #BM�`v- /2}MBiBp2 �Mbr2`- �M/ i?2 `2b2�`+? mbBM; Bi b?QmH/
Q#b2`p2 i?2 �TT`QT`B�i2 ;mB/2HBM2b 7Q` /2bB;M- +QHH2+iBQM- �M/ `2TQ`iBM;X
h?Bb `2bQm`+2 mb2b i?2 T@p�Hm2 BM Bib i`�/BiBQM�H �++2TiBQM �M/ �ii2KTib
iQ 7QHHQr- �b Km+? �b TQbbB#H2- i?2 �#Qp2 K2MiBQM2/ ;mB/BM; T`BM+BTH2bX

>Qr iQ *?QQb2 i?2 �TT`QT`B�i2 ai�iBbiB+�H h2bi

hrQ bBKTH2 +`Bi2`B�- ivT2 Q7 p�`B�#H2Ƕb b+�H2 �M/ MmK#2` Q7 p�`B�#H2b Q7
2�+? ivT2 U/2T2M/2Mi �M/ BM/2T2M/2MiV- +�M #2 mb2/ �b i?2 bi�`iBM; TQBMi
7Q` /2i2`KBMBM; r?B+? bi�iBbiB+�H �M�HvbBb rQmH/ #2 KQ`2 �TT`QT`B�i288X 88 h?2 Jv_2G�# r2#bBi2 U?iiTb,ff

rrrXKv`2H�#X+QKV Qz2`b � iQQH i?�i
?2HTb rBi? i?2 b2H2+iBQM �M �TT`QT`B�i2
bi�iBbiB+�H i2biX

P7 +Qm`b2- QM+2 � TQbbB#H2 �M�HvbBb Bb b2H2+i2/- Bi b?QmH/ #2 +�`27mHHv
+QMbB/2`2/- �b MQi �HH �M�Hvb2b rQ`F BM �HH BMbi�M+2bX A7 r2 r2`2 iQ #mBH/
� i�#H2 Q` /B�;`�K Q7 �HH TQbbB#H2 �Hi2`M�iBp2b- 7Q` 2�+? bT2+B}+ +�b2-
Bi rQmH/ [mB+FHv #2+QK2 mMmb�#H2X h?2`27Q`2- i�#H2b R- k- �M/ j Qz2`
bQK2 ;mB/2HBM2b 7Q` r?�i ;2M2`�H ivT2 Q7 �M�HvbBb QM2 b?QmH/ bi�`i 7`QK
U�/�Ti2/ 7`QK >�i+?2` � ai2T�MbFB URNN9VVX

JmHiBTH2 ivT2b Q7 �M�Hvb2b +�M #2 �TTHB2/ 7Q` i?2 b�K2 +QK#BM�iBQM Q7
p�`B�#H2bfb+�H2bX h?2 }M�H b2H2+iBQM /2T2M/b i?2 bT2+B}+b Q7 i?2 �M�HvbBb
�b Bi �TTHB2b iQ i?2 �+im�H /�i�X 6Q` 2t�KTH2- h�#H2 R b?Qrb i?�i i?`22
bi�iBbiB+�H i2bib +�M #2 mb2/ 7Q` �M �M�HvbBb rBi? QM2 MQKBM�H BM/2T2M/2Mi
p�`B�#H2 �M/ �M BMi2`p�H Q` `�iBQ /2T2M/2Mi p�`B�#H2X h?2 E`mbF�HH@
q�HHBb i2bi Bb mbm�HHv mb2/ 7Q` Q`/BM�H /2T2M/2Mi p�`B�#H2b- #mi +�M #2
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k3 BQ�M ;2Hm BQM�b- K#�- T?X/X

mb2/ rBi? BMi2`p�Hf`�iBQ /2T2M/2Mi p�`B�#H2b r?2M i?2b2 b?Qr bB;MB}+�Mi
/2T�`im`2b 7`QK MQ`K�HBivX aBKBH�`Hv- i?2 i@h2bi Bb �TTHB+�#H2 QMHv B7 i?2
BM/2T2M/2Mi p�`B�#H2 ?�b QMHv irQ TQbbB#H2 p�Hm2bX h?2`27Q`2- r?2M
/2+B/BM; r?B+? �M�HvbBb iQ mb2- i?2 `2[mB`2K2Mib �M/ �bbmKTiBQMb Q7
2�+? bi�iBbiB+�H i2bi b?QmH/ #2 +�`27mHHv +QMbB/2`2/X

h?2 �/pB+2 7Q` ?Qr iQ +?QQb2 r?2M iQ �TTHv i?2 KQbi +QKKQMHv mb2/
bi�iBbiB+�H �M�Hvb2b T`2b2Mi2/ BM h�#H2b R- k- �M/ j ?�b #22M �/�Ti2/
7`QK >�i+?2` � ai2T�MbFB URNN9VX

PL1 AM/2T2M/2Mi
o�`B�#H2

PL1 .2T2M/2Mi
o�`B�#H2

ai�iBbiB+�H �M�HvbBb

LQKBM�H LQKBM�H *?B@a[m�`2
LQKBM�H P`/BM�HfAMi2`p�Hf_�iBQ E`mbF�H@q�HHBb
LQKBM�H AMi2`p�Hf_�iBQ i@h2bi- PM2@q�v

�LPo�
P`/BM�HfAMi2`p�Hf_�iBQ P`/BM�HfAMi2`p�Hf_�iBQ aT2�`K�M

*Q``2H�iBQMb
*Q2{+B2Mi

AMi2`p�Hf_�iBQ AMi2`p�Hf_�iBQ S2�`bQM *Q``2H�iBQMb
*Q2{+B2Mi

h�#H2 R, PL1 .o t PL1 Ao

J�Lu AM/2T2M/2Mi
o�`B�#H2b

PL1 .2T2M/2Mi
o�`B�#H2

ai�iBbiB+�H �M�HvbBb

LQKBM�HfAMi2`p�Hf_�iBQ LQKBM�HfP`/BM�H GQ;BbiB+ _2;`2bbBQM
AMi2`p�Hf_�iBQ LQKBM�H .Bb+`BKBM�Mi �M�HvbBb
LQKBM�H AMi2`p�Hf_�iBQ 6�+iQ`B�H �LPo�
LQKBM�HfAMi2`p�Hf_�iBQ AMi2`p�Hf_�iBQ �L*Po�- JmHiBTH2

_2;`2bbBQM

h�#H2 k, PL1 .o t J�Lu Aob

AM/2T2M/2Mi
o�`B�#H2UbV

J�Lu .2T2M/2Mi
o�`B�#H2b

ai�iBbiB+�H �M�HvbBb

LQKBM�H UPL1V AMi2`p�Hf_�iBQ PM2@q�v �LPo�
LQKBM�H UJ�LuV AMi2`p�Hf_�iBQ 6�+iQ`B�H J�LPo�
LQKBM�HfAMi2`p�Hf_�iBQ
UJ�LuV

AMi2`p�Hf_�iBQ J�L*Po�

AMi2`p�Hf_�iBQ
UJ�LuV

AMi2`p�Hf_�iBQ *�MQMB+�H
*Q``2H�iBQMb

h�#H2 j, J�Lu .o t PL1 Q`
J�Lu Aob

h?2`2 �`2 K�Mv `2bQm`+2b �p�BH�#H2 iQ ?2HT rBi? /2+B/BM; r?�i bi�@
iBbiB+�H i2bi iQ mb2 7Q` /�i� �M�HvbBbX 6Q` 2t�KTH2- "`m+2 6`2vǶb UkyReV
#QQF h?2`2Ƕb � ai�i 7Q` h?�i5 q?�i iQ .Q �M/ q?2M iQ .Q Ai- T`QpB/2b
� i?Q`Qm;? Qp2`pB2r �M/ ;mB/2b i?`Qm;? i?2 b2H2+iBQM T`Q+2bb- r?B+?
K�F2b Bi � rQ`i?v �//BiBQM iQ �Mv `2b2�`+?2`Ƕb iQQH#QtX



1z2+i aBx2 �M/ SQr2`

�M 2tT2`BK2Mi- Q` � bim/v BM ;2M2`�H- b?QmH/ #2 /2bB;M2/ iQ #2 bm{@
+B2MiHv b2MbBiBp2 iQ #2 �#H2 iQ /2i2+i �Mv /Bz2`2M+2b i?2 TQTmH�iBQM K�v
2t?B#BiX h?2 KQbi /B`2+i r�vb iQ BM+`2�b2 i?2 b2MbBiBpBiv Bb iQ BM+`2�b2
i?2 b�KTH2 bBx2- #v +?QQbBM; i`2�iK2Mib 2tT2+i2/ iQ T`Q/m+2 H�`;2 27@
72+ib- �M/ #v `2/m+BM; mM2tT2+i2/ p�`B�M+2X

_2H�iBp2 h`2�iK2Mi J�;MBim/2

h?2 KQbi TQTmH�` K2�bm`2 Q7 i`2�iK2Mi K�;MBim/2 Bb +�HH2/ QK2;�
b[m�`2/ Uω2V8eX Ai Bb � `2H�iBp2 K2�bm`2 i?�i `2~2+ib i?2 TQ`iBQM UT`Q@ 8e �MQi?2` K2�bm`2 mb2/ Bb i?2 b[m�`2/

KmHiBTH2@+Q``2H�iBQM +Q2{+B2Mi- r?B+?
`2T`2b2Mib ?Qr Km+? Q7 i?2 iQi�H p�`B�@
iBQM Bb �bbQ+B�i2/ rBi? i?2 p�`B�iBQM BM
i`2�iK2MiX

TQ`iBQM�H �KQmMiV Q7 TQTmH�iBQM p�`B�M+2 i?�i +�M #2 �ii`B#mi2/ iQ i?2
2tT2`BK2Mi�H i`2�iK2MiX h?�i Bb- i?2 T`QTQ`iBQM Q7 p�`B�#BHBiv 2tTH�BM2/
#v i?2 i`2�iK2Mi Q`- KQ`2 +QKKQMHv- 2tTH�BM2/ p�`B�M+2X Aib p�Hm2 Bb
y B7 i?2 i`2�iK2Mi 2z2+ib �`2 �#b2Mi BM i?2 TQTmH�iBQM �M/ ?�b p�Hm2b
#2ir22M y �M/ R B7 i?2 2z2+i Bb T`2b2MiX

"�b2/ QM i?2 p�Hm2 Q7 ω2- BM i?2 #2?�pBQ`�H b+B2M+2b }2H/- i?2 2z2+i
bBx2 +�M #2 BMi2`T`2i2/ �b U*Q?2M RNddV,

Ç aK�HH- 7Q` � p�Hm2 Q7 XyRc
Ç J2/BmK- 7Q` � p�Hm2 Q7 Xyec
Ç G�`;2- 7Q` � p�Hm2 Q7 XR8 Q` ;`2�i2`X

"mi ?Qr rQmH/ QM2 FMQr r?2i?2` i?2 i`2�iK2Mi Bb r2�F Q` MQi\ 17@
72+ib bBx2- �b K2�bm`2/ #v ω2 Bb- #�bB+�HHv- i?2 `�iBQ #2ir22M i?2 p�`B�M+2
/m2 iQ i`2�iK2Mi �M/ iQi�H p�`B�M+2 Ui`2�iK2Mi Y 2``Q`VX 6B`bi- i?2 �+@
im�H 2z2+i bBx2 +�M QMHv #2 2biBK�i2/ �7i2` i?2 /�i� Bb FMQrMX aQ- ?Qr
rQmH/ QM2 2biBK�i2 i?2 i`2�iK2Mi 2z2+i bBx2 �i /2bB;M bi�;2\ h?2`2 �`2
� 72r TQbbB#BHBiB2b,

RX .22T FMQrH2/;2 Q7 i?2Q`v b?QmH/ #2 i?2 T`BK�`v bQm`+2 Q7 BM7Q`K�@
iBQM r?2M 2biBK�iBM; i?2 TQi2MiB�H bi`2M;i? Q7 �M BMi2`p2MiBQMX



jy BQ�M ;2Hm BQM�b- K#�- T?X/X

kX a2�`+? HBi2`�im`2 7Q` BM/2T2M/2Mi p�`B�#H2b i?�i b22K iQ T`Q/m+2 H�`;2
2z2+ibc mb2 bBKBH�` `2b2�`+? Tm#HBb?2/ #v Qi?2`bX

jX *?QQb2 i?2 i`2�iK2Mi �M/ i?2M `mM T`2HBKBM�`v Q` TBHQi bim/B2bX lb2
i?2 /�i� iQ 2biBK�i2 i?2 2z2+i bBx2 7Q` i?2 K�BM bim/vX 1p2Mim�HHv
�/Dmbi i`2�iK2Mi B7 M22/2/X

AM bQ+B�H b+B2M+2b Bi Bb mMHBF2Hv iQ Q#b2`p2 H�`;2 2z2+i bBx2b8dX Ai Bb 8d S2`+2TiBQM Q7 2z2+i bBx2 7Q` i?2 b�K2
i`2�iK2Mi K�v /Bz2` #2ir22M }2H/b- `2@
b2�`+?2`b- �M/ bim/B2bX h?Bb Bb r?v Bi
Bb �/pBb�#H2 iQ #�b2 �Mv T`2HBKBM�`v U�i
/2bB;M iBK2V 2biBK�i2b Q7 2z2+i bBx2 QM
i?2Q`v �M/ T`BQ` `2b2�`+? �b +HQb2 iQ i?2
/2bB`2/ }2H/ �b TQbbB#H2- 7QHHQr2/ #v TB@
HQi i2biBM;X

Q7i2M i?2 +�b2 i?�i B7 � bim/v ?�b �M Ao i?�i ?�b H�`;2 2z2+ib- i?�i bim/v
Bb Dmbi i?2 }`bi bi2TX 6m`i?2` `2}M2K2Mib- HQQFBM; �b +QKTQM2Mib Q7 i?�i
}`bi Ao- rBHH Q#b2`p2 i?2Q`2iB+�H `2H2p�M+2 7Q` BM+`2�bBM;Hv bK�HH2` 2z2+i
bBx2bX

ai�M/�`/Bx2/ 1z2+i aBx283 83 h?2 Jv_2G�# r2#bBi2 U?iiTb,ff
rrrXKv`2H�#X+QKV Qz2`b � KQ`2 +QK@
T`2?2MbBp2 TQr2` �M�HvbBb iQQHX

EMQrM �b *Q?2MǶb /- i?2 bi�M/�`/Bx2/ 2z2+i bBx2 `2T`2b2Mib i?2 /Bz2`2M+2
#2ir22M i?2 K2�Mb Q7 irQ ;`QmTb /BpB/2/ #v i?2 ai�M/�`/ .2pB�iBQM
Ua.V- BM �#bQHmi2 p�Hm2bX

d =
|means1 −means2|

SD

6mM/�K2Mi�HHv- *Q?2MǶb / 2tT`2bb2b i?2 /Bz2`2M+2 #2ir22M irQ K2�Mb
BM i2`K Q7 ai�M/�`/ .2pB�iBQM mMBibX Ai +�M #2 BMi2`T`2i2/ �b �M 2[mBp@
�H2Mi iQ � x@b+Q`2 7Q` i?2 bi�M/�`/ MQ`K�H /Bbi`B#miBQMX h?2`27Q`2- B7 i?2
2z2+i bBx2 Bb yXe Ua.b �#Qp2 �p2`�;2V #2ir22M ;`QmT R �M/ ;`QmT k- rBi?
K2�M Q7 ;`QmT R = K2�M Q7 ;`QmT k- i?2M ;`QmT R- QM �p2`�;2- 2t+22/b
i?2 p�Hm2b Q7 8NW Q7 ;`QmT kX q?BH2 mMHBF2Hv iQ Q#b2`p2 bi�M/�`/Bx2/
2z2+i bBx2b i?Bb H�`;2 BM `2�H HB72- B7 Bib p�Hm2 Bb = R- i?2 /Bz2`2M+2 #2ir22M
i?2 irQ K2�Mb Bb = R a.- r?BH2 7Q` / = k- i?2 /Bz2`2M+2 #2ir22M K2�Mb
Bb = k a.bX

�++Q`/BM; iQ *Q?2M �M/ H�i2` a�rBHQrbFv Ua�rBHQrbFv kyyNV- i?2
bi�M/�`/Bx2/ 2z2+i bBx2b +�M #2 i?Qm;?i Q7 �b,

Ç XyR @ o2`v aK�HH
Ç yXk @ aK�HH
Ç yX8 @ J2/BmK
Ç yX3 @ G�`;2
Ç RXk @ o2`v G�`;2
Ç kXy @ >m;2

LQi2, 6Q` BM/2T2M/2Mi ;`QmTb- i?2 ai�M/�`/ .2pB�iBQM mb2/ iQ +QK@
Tmi2 *Q?2MǶb / Bb i?2 TQQH2/8N ai�M/�`/ .2pB�iBQMX 8N SQQH2/f+QK#BM2/f+QKTQbBi2 p�`B@

�M+2 Bb #�b2/ QM i?2 p�`B�M+2 Q7
KmHiBTH2 TQTmH�iBQMb r?2M i?2 p�`B@
�M+2 Q7 i?2 TQTmH�iBQM Bb i?2 b�K2
r?BH2 i?2 K2�Mb K�v #2 /Bz2`2MiX

https://www.myrelab.com
https://www.myrelab.com
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*QMi`QHHBM; hvT2 A �M/ hvT2 AA 1``Q`b

AM bi�iBbiB+�H �M�HvbBb TQr2` Bb i?2 T`Q#�#BHBiv i?2 }M/BM;b rBHH `2D2+i
� 7�Hb2 MmHH ?vTQi?2bBbX h?�i Bb- r?2M �M 2z2+i Bb T`2b2Mi- TQr2` Bb
i?2 HBF2HB?QQ/ i?�i i?2 2z2+i Bb /2i2+i2/X aQ- r?v b?QmH/ i?2 TQr2`
Q7 �M 2tT2`BK2Mi #2 +QMi`QHH2/\ 6B`bi- #2+�mb2 �M 2tT2`BK2MiǶb TQr2`
`2T`2b2Mib i?2 /2;`22 iQ r?B+? Bi +�M /2i2+i /Bz2`2M+2b BM i`2�iK2Mi �M/
i?2 +?�M+2b i?�i i?2 2tT2`BK2Mi +�M #2 `2THB+�i2/X a2+QM/- � TQr2`
�M�HvbBb rBHH ?2HT �pQB/ r�biBM; `2bQm`+2b r?2M MQi M2+2bb�`veyX ey 6Q` 2t�KTH2- �//BM; KQ`2 T�`iB+B@

T�Mib iQ � bim/v +�M #2 +QbiHv BM #Qi?
iBK2 �M/ KQM2vXPp2`�HH- i?2 bi�iBbiB+�H TQr2` Q7 � i2bi Bb /2i2`KBM2/ #v i?`22 7�+iQ`b,

Ç >Qr H�`;2 Bb i?2 /Bz2`2M+2 #2ir22M i?2 p�`B�#H2b K2�bm`2/ 7Q` i?2 irQ
Q` KQ`2 ;`QmTb BMpQHp2/ BM i?2 bim/vX � bK�HH /Bz2`2M+2 T`Q/m+2/ #v
i?2 i`2�iK2Mi Q` +�mb2 rBHH `2[mB`2 7Q` i?2 bim/v iQ ?�p2 KQ`2 TQr2`X

Ç q?�i H2p2H Q7 bB;MB}+�M+2 UT@p�Hm2V Bb bQm;?ieRX h?2 HQr2` i?2 T@p�Hm2 eR 6Q` 2t�KTH2- yXy8- yXyR- Q` yXyyR
i?2 ?B;?2` i?2 TQr2` M2+2bb�`v iQ +QM}`K i?2 /Bz2`2M+2X

Ç >Qr Q7i2M i?2 2z2+ib Q++m` BM i?2 bim/v ;`QmTbX � bim/vǶb TQr2`
T2�Fb r?2M �#Qmi ?�H7 Q7 i?2 TQTmH�iBQM 2t?B#Bib i?2 2z2+iX

*QMi`QHHBM; SQr2` h?`Qm;? a�KTH2 aBx2

Power

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

0.01 21 53 83 113 144 179 219 271 354

0.06 5 10 14 19 24 30 36 44 57

0.15 3 5 6 8 10 12 14 17 22

0.01 70 116 156 194 232 274 323 385 478

0.06 13 20 26 32 38 45 53 62 77

0.15 6 8 11 13 15 18 20 24 29

Effect 
Size
 !ω2

!α = 0.05

!α = 0.01

6B;m`2 R, _2H�iBQMb?BT #2ir22M
SQr2`- 1z2+i aBx2 Uω2V- aB;MB}@
+�M+2- �M/ :`QmT a�KTH2 aBx2

SQr2`- 1z2+i aBx2- �M/ aB;MB}+�M+2 BM~m2M+2 i?2 MmK#2` Q7 T�`iB+B@
T�Mib i?�i �`2 M2+2bb�`v iQ #2 �#H2 iQ Q#b2`p2 /Bz2`2M+2b #2ir22M ;`QmTb
Q` p�`B�#H2b Q7 BMi2`2biX

6B;m`2 R U�/�Ti2/ 7`QK E2TT2H URNNRV- TX dkV BHHmbi`�i2b i?2 `2H�@
iBQMb?BT #2ir22M SQr2`- 1z2+i aBx2- aB;MB}+�M+2- �M/ :`QmT aBx2X h?2
MmK#2` Q7 T�`iB+BT�Mib Ub�KTH2 bBx2V Bb /B`2+iHv T`QTQ`iBQM�H rBi? i?2
SQr2` Q7 i?2 /2bB;M �M/ BMp2`b2Hv T`QTQ`iBQM�H rBi? i?2 1z2+i aBx2 �M/



jk BQ�M ;2Hm BQM�b- K#�- T?X/X

aB;MB}+�M+2 H2p2HX 6Q` 2t�KTH2- 7Q` �M 1z2+i aBx2 Q7 XyR �M/ �M 2tT2+i2/
SQr2` Q7 X8y �M/ α Q7 Xy8- i?2 KBMBKmK MmK#2` Q7 T�`iB+BT�Mib BM 2�+?
;`QmT Q7 i?2 /2bB;M rQmH/ #2 R99X h?2`27Q`2- B7 i?2 bim/v BM+Hm/2b irQ
;`QmTb- � +QMi`QH ;`QmT �M/ � i`2�iK2Mi ;`QmT- i?2 2MiB`2 b�KTH2 bBx2
b?QmH/ #2 �i H2�bi k33 T�`iB+BT�MibX h?�i Bb- i?2 r2�F2` i?2 i`2�iK2Mi-
i?2 KQ`2 T�`iB+BT�Mib �`2 M22/2/ iQ #2 �#H2 iQ Q#b2`p2 i?2 2z2+ibX

�b � `mH2 Q7 i?mK#- � bim/v b?QmH/ #2 /2bB;M2/ 7Q` �i H2�bi � K2/BmK
1z2+i aBx2 Uα = 0.6V �M/ � `2H�iBp2Hv ?B;? SQr2` UXdy Q` X3yV 7Q` � aB;@
MB}+�M+2 G2p2H Uω2V Q7 Xy8X � bK�HH 2z2+i bBx2 Ur2�F i`2�iK2MiV `2[mB`2b
+QMbB/2`�#Hv KQ`2 `2bQm`+2b iQ #2 �#H2 iQ Q#b2`p2 i?2 2z2+iX h?2`27Q`2-
B7 TQbbB#H2- i?2 BMi2`p2MiBQM �M/fQ` p�`B�#H2UbV b?QmH/ #2 +?Qb2M iQ �pQB/
r2�F i`2�iK2MibX GQr2` TQr2` Bb �HbQ iQ #2 �pQB/2/ #2+�mb2 Bi r�bi2b
`2bQm`+2b U2X;X- iBK2- 2M2`;vV iQ T`Q/m+2 � bB;MB}+�Mi `2bmHiekX 1tT2`B@ ek 6Q` 2t�KTH2- 7Q` � TQr2` Q7 X8y i?2`2

Bb � 8y@8y +?�M+2 Q7 Q#b2`pBM; bB;MB}@
+�M+2X

K2Mib rBi? HQr TQr2` /Q MQi T`Q/m+2 `2HB�#H2 }M/BM;bX h?2 br22i bTQi
7Q` i?2 /2bB;M Q7 � bim/v rQmH/ #2 �i i?2 BMi2`b2+iBQM Q7 i?2 ?B;?HB;?i2/
+QHmKMb �M/ `Qrb BM i?2 };m`2 �#Qp2X

SQTmH�iBQM pbX a�KTH2

SQTmH�iBQM, Ab i?2 2MiB`2 b2i Q` TQQH Q7 bBKBH�` BM/BpB/m�Hb- Bi2Kb- Q`
2p2Mib Q7 BMi2`2bi iQ � `2b2�`+?2`X 6Q` 2t�KTH2- �HH 7`2b?K2M �i � irQ@v2�`
+QHH2;2 +�M `2T`2b2Mi � TQTmH�iBQMX �MQi?2` 2t�KTH2 rQmH/ #2 �HH i?2
rQHp2b BM i?2 u2HHQrbiQM2 L�iBQM�H S�`FX h?�i Bb- i?2 2MiB`2 +QHH2+iBQM
iQ #2 bim/B2/X *�M #2 H�`;2 Q` bK�HH- /2T2M/BM; QM i?2 `2b2�`+?2`Ƕb
BMi2`2bibX

a�KTH2, � bm#b2i Q7 BM/BpB/m�Hb- Bi2Kb- Q` 2p2Mib- /`�rM 7`QK i?2
TQTmH�iBQM Q7 BMi2`2biX hQ +QMiBMm2 i?2 2t�KTH2 �#Qp2- kyy 7`2b?K2M
+QMbiBimi2b � b�KTH2X P` i?2 8y rQHp2b `2b2�`+?2`b K�v ?�p2 i�;;2/
rBi? ;2Q HQ+�iQ`b iQ 7QHHQr i?2B` #2?�pBQ`X "2+�mb2 BM K�Mv BMbi�M+2b
Bi K�v #2 BKTQbbB#H2 iQ +Qp2` i?2 2MiB`2 TQTmH�iBQM- � b�KTH2 �HHQrb
`2b2�`+?2`b iQ mb2 K�M�;2�#H2 MmK#2`b Q7 bm#D2+ib �b `2T`2b2Mi�iBp2b
Q7 i?2 TQTmH�iBQM iQ #2 bim/B2/X A7 i?2 bBx2 �M/ +?�`�+i2`BbiB+b Q7 i?2
b�KTH2 �`2 �TT`QT`B�i2- Dm/;K2Mi +�HHb Q` 2biBK�i2b +�M #2 K�/2 �#Qmi
i?2 2MiB`2 TQTmH�iBQMX

S`�+iB+�H �/pB+2 QM a�KTH2 aBx2

h?2 Tm`TQb2 Q7 +QKTmiBM; i?2 bBx2 Q7 i?2 KBMBKmK M2+2bb�`v b�KTH2 �i
/2bB;M iBK2 Bb iQ K�F2 bm`2 i?2 /�i� Bb +QHH2+i2/ 7`QK 2MQm;? T�`iB+BT�Mib
bQ i?�i i?2 `2bmHib +�M #2 ;2M2`�HBx2/ #�+F iQ i?2 TQTmH�iBQM i?2 b�KTH2
r�b /`�rM 7`QKX
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h?2 i�#H2 BM };m`2 R +�M #2- 7Q` 2t�KTH2- mb2/ 7Q` bm+? � Tm`TQb2X
�i i?2 /2bB;M T?�b2- mb2 T`BQ` bim/B2b- QM i?2 b�K2 bm#D2+i Q` QM bBKBH�`
Q` `2H�i2/ iQTB+b- iQ 2biBK�i2 2z2+i bBx2 Uω2V Q7 i?2 i`2�iK2Mi BMi2M/2/
iQ #2 �/KBMBbi2`2/X h?2M +?QQb2 i?2 H2p2H Q7 bB;MB}+�M+2 UαV vQm r�Mi
U2X;X- yXy8 Q` yXyR- Q` bQK2i?BM; 2Hb2V �M/ +?QQb2 i?2 TQr2` vQm rBb?
vQm` 2tT2`BK2Mi iQ ?�p2X "�b2/ QM i?2 i�#H2 vQm +�M i?2M /2i2`KBM2
?Qr K�Mv T�`iB+BT�Mib vQm b?QmH/ ?�p2- �i i?2 KBMBKmK- BM 2�+? bim/v
;`QmTX aQ- B7 i?2 2tT2`BK2Mi ?�b- H2iǶb b�v- irQ ;`QmTb- B7 i?2 i�#H2
BM/B+�i2b i?�i jy T�`iB+BT�Mib �`2 M22/2/- �i i?2 KBMBKmK- T2` ;`QmT-
iQ Q#b2`p2 i?2 p�Hm2b vQm +?Qb2- vQm rQmH/ M22/ �i H2�bi ey T�`iB+BT�Mib
BM iQi�H- 2[m�HHv /Bbi`B#mi2/ #2ir22M i?2 irQ ;`QmTbX "mi i?Bb Bb Dmbi �
i?2Q`2iB+�H MmK#2`X

h?Bb 2biBK�i2 Bb Dmbi i?2 }`bi bi2T Q7 i?2 T`Q+2bbX uQm b?QmH/ i?2M +QM@
bB/2` i?2 TQbbB#BHBiv i?�i MQi �HH `2bTQMb2b vQm `2+2Bp2 UQ` K2�bm`2K2Mib
Q7 i?2 .oV rBHH #2 mb�#H2- bQ Bi rQmH/ #2 �/pBb�#H2 iQ �/Dmbi mTr�`/b i?2
p�Hm2 vQm +�H+mH�i2 bQ i?�i Bi Bb KQ`2 HBF2Hv iQ ;2i i?2 KBMBKmK MmK#2`
Q7 mb�#H2 `2bTQMb2bX

"2bB/2b T`BQ` `2b2�`+? �M/ BKK2`bBQM BM
i?2Q`v- T22`b rQ`FBM; BM i?2 b�K2 }2H/
Q` QM2 +HQb2 iQ Bi K�v i?2 #2bi `2bQm`+2b
iQ `2�+? Qmi iQ iQ /2i2`KBM2 � K2�MBM;@
7mH b�KTH2 bBx2X h?2v �`2 HBF2Hv iQ ?�p2
rQ`F2/ rBi? i?2 b�K2 Q` bBKBH�` T�`iB+@
BT�Mi TQQHb �M/ ?�p2 BMbB;?ib BMiQ ?Qr
TQi2MiB�H T�`iB+BT�Mib K�v `2bTQM/ iQ
i?2 T`QTQb2/ i`2�iK2MiX

J�Mv Q7 i?2 i2bib rQ`F #2ii2` B7 i?2 ;`QmTb �`2 #�H�M+2/ UBM MmK#2` Q7
T�`iB+BT�MibVX h?2`27Q`2- i?2 T`Q+2/m`2 7Q` i?2 b2H2+iBQM Q7 T�`iB+BT�Mib
�M/ �bbB;MK2Mi iQ i?2 2tT2`BK2Mi�H ;`QmTb b?QmH/ �ii2KTi iQ K�F2
i?�i ?�TT2MX �M/ i?Bb Bb MQi Dmbi � K�ii2` Q7- b�v- �bbB;MBM; BM+QKBM;
T�`iB+BT�Mib Ui?2v +QK2 BM `�M/QKHvV �Hi2`M�iBp2Hv iQ 2�+? bim/v ;`QmTb
Ui`2�iK2Mi +QM/BiBQMVX uQm b?QmH/ �HbQ +QMbB/2` i?2 ivT2 Q7 i`2�iK2Mi
vQm �`2 �TTHvBM; �M/ i?2 HBF2HB?QQ/ 7Q` i?2 T�`iB+BT�Mi iQ /`QT 2�`Hv Q`
iQ MQi +QKTH2i2 i?2 2MiB`2 bim/vXej ej 6Q` 2t�KTH2- i?2 KQ`2 +QKTH2t �M/

+Q;MBiBp2Hv BMpQHp2/ i?2 i�bF Bb- i?2
KQ`2 HBF2Hv Bb 7Q` i?2 T�`iB+BT�Mi iQ
/`QT 2�`Hv- bFBT `2bTQMb2b- Q` Dmbi
;m2bb- bBim�iBQMb BM r?B+? i?2 2tT2`B@
K2Mi2` 2M/b mT rBi? KBbbBM; Q` mMmb@
�#H2 /�i�- Q` BM+QKTH2i2 `2+Q`/bX

AM i?2 2M/- i?2 b�KTH2 bBx2 /2i2`KBM�iBQM Bb #�b2/ #Qi? QM MmK2`B+�H
+QKTmi�iBQM �M/ i?2 `2b2�`+?2`Ƕb mM/2`bi�M/BM; Q7 i?2 }2H/ �M/ ?Bb Q`
?2` ;`�bT Q7 ?Qr T`BQ` `2b2�`+? 7�`2/X lbm�HHv- TQr2` 2biBK�i2b �`2 #�b2/
QM i?2 KBMBKmK 2z2+i bBx2 i?2 `2b2�`+?2` rBb?2b iQ /2i2+iX � `2�HBbiB+
2biBK�i2 Bb mbm�HHv #�b2/ QM T`BQ` `2b2�`+?X

"2HQr A HBbi2/ `2bQm`+2b i?�i +�M ?2HT /2i2`KBM2 TQr2` �M/ b�KTH2
bBx2X h?2 }`bi QM2 Bb � bQ7ir�`2 �TTHB+�iBQM i?�i �HHQr vQm iQ K�F2
i?2 M2+2bb�`v +QKTmi�iBQMbX h?2 b2+QM/ QM2 Bb � `2bQm`+2 i?�i ?2HTb
vQm mM/2`bi�M/ ?Qr iQ mb2 i?2 _ bi�iBbiB+�H +QKTmiBM; H�M;m�;2 7Q` i?2
b�K2 Tm`TQb2X

: SQr2` U?iiT,ffrrrX;TQr2`X??mX/2Ve9 e9 ?iiT,ffrrrX;TQr2`X??mX/2

SQr2` �M�HvbBb BM _ U?iiTb,ffrrrXbi�iK2i?Q/bXM2ifbi�ibfTQr2`X?iKHVe8X e8 ?iiTb,ffrrrXbi�iK2i?Q/bXM2if
bi�ibfTQr2`X?iKH
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a�KTH2 aBx2

� b�KTH2 Bb � bm#b2i Q7 � TQTmH�iBQM b2H2+i2/ iQ `2T`2b2Mi i?2 2MiB`2
TQTmH�iBQM BM � bim/vX Ai Bb mb2/ #2+�mb2 r?BH2 i?2 bim/v Bb BMi2`2bi2/
BM H2�`MBM; KQ`2 �#Qmi i?2 TQTmH�iBQM- Bi K�v MQi �Hr�vb #2 72�bB#H2
iQ bim/v 2p2`v K2K#2` Q7 i?�i TQTmH�iBQMX h?2 `2�bQMb +�M #2- 7Q`
2t�KTH2- mM72�bB#H2 BM+m``2/ +Qbibed Q`- Bi K�v Dmbi #2 BKTQbbB#H2 /m2 ed 6Q` 2t�KTH2 BM i?2 7Q`K Q7 iBK2 �M/

KQM2vXiQ ;2Q;`�T?B+�H /Bbi`B#miBQM Q` �p�BH�#BHBivX

6�+iQ`b �z2+iBM; i?2 aBx2 Q7 i?2 a�KTH2

6Q` �Mv bim/v- i?2 b�KTH2 bBx2 /2T2M/b QM � 72r 2H2K2Mib,

Ç G2p2H Q7 bB;MB}+�M+2 Ur?�i Bb �++2Ti�#H2 �b �M 2``Q` `�i2VX h?Bb Bb
i?2 T@p�Hm2- bm+? �b N8W Uα 4 yXy8V r?B+? BM/B+�i2b i?2 `2b2�`+?2`Ƕb
`2�/BM2bb iQ �++2Ti � +2`i�BM T`Q#�#BHBiv i?�i i?2 Q#i�BM2/ `2bmHi Bb
/m2 iQ +?�M+2 �M/ MQi iQ i?2 BMi2`p2MiBQM Q` `2b2�`+?2`Ƕb BMi2MiBQMX

Ç SQr2`- /Bb+mbb2/ BM i?2 +QMi2ti Q7 hvT2 AA 2``Q`- i?2 7�BHm`2 iQ /2i2+i
� /Bz2`2M+2 r?2M QM2 /Q2bMǶi 2tBbi- Q` i?2 +?�M+2 Q7 7�Hb2 M2;�iBp2bX
h?2 TQr2` Q7 i?2 bim/v BM+`2�b2b rBi? i?2 /2+`2�b2 BM i?2 +?�M+2 Q7
+QKKBiiBM; � hvT2 AA 2``Q`X lbm�HHv 3yW Bb �M �++2Ti�#H2 H2p2H 7Q`
i?2 TQr2` Q7 � bim/vX Ai K2�Mb i?�i i?2 `2b2�`+?2` Bb �++2TiBM; i?2
bim/v KBbb2b � `2�H /Bz2`2M+2 BM QM2 BM }p2 iBK2bX 6Q` KQ`2 bi`B+i
bim/B2b- TQr2` +�M #2 BM+`2�b2/ iQ NyW Q` KQ`2X

Ç 1tT2+i2/ 2z2+i bBx2- `2T`2b2Mib i?2 /Bz2`2M+2 #2ir22M � p�`B�#H2Ƕb
p�Hm2 BM QM2 ;`QmTb �M/ Bib p�Hm2 BM �MQi?2` ;`QmTX Ai Bb BMp2`b2Hv
T`QTQ`iBQM�H rBi? i?2 b�KTH2 bBx2X h?2`2 Bb MQ 7Q`KmH� iQ /2i2`KBM2
i?2 2z2+i bBx2X JQbi Q7i2M Bb /2i2`KBM2/ #�b2/ QM T`BQ` bim/B2b `2@
TQ`i2/ BM i?2 HBi2`�im`2X

Ç 1z2+i T`2p�H2M+2 BM i?2 TQTmH�iBQM- 2biBK�i2/ 7`QK T`2pBQmb bim/B2bX
Ç SQTmH�iBQM bi�M/�`/ /2pB�iBQM- � K2�bm`2 Q7 /BbT2`bB#BHBivX

q?2M 2biBK�iBM; b�KTH2 bBx2 � `2b2�`+?2` b?QmH/ +QMbB/2` Qi?2` 2H2@
K2Mib �b r2HH- bm+? �b �/KBMBbi`�iBp2 Bbbm2b- +Qbib- TQbbB#H2 T�`iB+BT�Mi



je BQ�M ;2Hm BQM�b- K#�- T?X/X

`2bTQMb2 `�i2- �M/ bQ 7Q`i?X 1�+? bim/v b?QmH/ #2 +QMbB/2`2/ 7`QK �HH
�M;H2b �M/ �HH TQi2MiB�H 2H2K2Mib i?�i +QmH/ T�`iB+BT�i2 BM /2i2`KBMBM;
i?2 b�KTH2 b?QmH/ #2 bim/B2/ +�`27mHHvX

J2i?Q/b Q7 .2i2`KBMBM; i?2 a�KTH2 aBx2

� +m`bQ`v `2pB2r Q7 i?2 HBi2`�im`2 b?Qrb i?�i b�KTH2 bBx2 +�M #2 /2i2`@
KBM2/ BM K�Mv r�vb mbBM; 7Q`KmH�b �M/fQ` i�#H2b �M/ i?�i i?2`2 Bb MQ
mMBp2`b�H ǳ7Q`KmH�Ǵ 7Q` b�KTH2 bBx2 +�H+mH�iBQMbX 1�+? Q7 i?2 K2i?Q/b
?�b � `2+QKK2M/2/ mb2X

6Q` 2t�KTH2- �M �TT`Q�+? iQ K�F2 � `Qm;? /2i2`KBM�iBQM Q7 � b�KTH2
bBx2 7Q` �M 2tT2`BK2Mi�H /2bB;M mbBM; 2z2+i bBx2 �M/ TQr2` r�b /Bb+mbb2/
BM i?2 *QMi`QHHBM; SQr2` h?`Qm;? a�KTH2 aBx2 b2+iBQMX uQm rBHH �HbQ
}M/ K�Mv b�KTH2 bBx2 +�H+mH�iQ`b �p�BH�#H2 QMHBM2- K�Mv Q7 i?2K #�b2/
QM *Q+?`�MǶb a�KTH2 aBx2 6Q`KmH�X

*Q+?`�MǶb a�KTH2 aBx2 6Q`KmH�

lb2/ iQ +QKTmi2 �M B/2�H b�KTH2 bBx2 7Q` � /2bB`2/ H2p2H Q7 T`2+BbBQM- Bi Bb
`2+QKK2M/2/ iQ #2 mb2/ 7Q` bim/B2b rBi? BM}MBi2 TQTmH�iBQMb U*Q+?`�M
RNddVX

n0 =
z2 · p · (1− p)

e2

2, /2bB`2/ H2p2H Q7 T`2+BbBQM- i?2 K�`;BM Q7 2``Q`

T, i?2 7`�+iBQM Q7 i?2 TQTmH�iBQM U�b T2`+2Mi�;2V i?�i /BbTH�vb i?2
�ii`B#mi2

x, i?2 x@p�Hm2- 2ti`�+i2/ 7`QK � x@i�#H2e3X e3 h?2 2Mi`v 7Q` x BM � x@i�#H2 `2T`2b2Mib
i?2 �`2� mM/2` i?2 MQ`K�H /Bbi`B#miBQM
+m`p2 iQ i?2 H27i Q7 x U6B;m`2 kVX

6B;m`2 k, �`2� `2T`2b2Mi2/ #v i?2
x@p�Hm2X

G2iǶb +QMbB/2` �M 2t�KTH2X h?BMF Q7 � bim/v Q7 bim/2Mib BM � H�`;2
mMBp2`bBiv +�KTmb 7Q` r?B+? r2 /QMǶi FMQr i?2 +�KTmb bBx2eNX q2

eN 6Q` 2t�KTH2 � H�`;2 +�KTmb K�v
?�p2 Ry @ R8 E bim/2Mib

�`2 BMi2`2bi2/ BM }M/BM; i?2 T2`+2Mi�;2 Q7 bim/2Mib r?Q 2�i HmM+? �i
i?2 +�KTmb /BMM2` ?�HHb #mi r2 /Q MQi ?�p2 BMbB/2` BM7Q`K�iBQMX h?2
[m2biBQM Bb ?Qr K�Mv bim/2Mib rQmH/ r2 M22/ iQ �bF i?�i [m2biBQM iQ
#2 �#H2 iQ /2i2`KBM2- rBi? `2�bQM�#H2 +QM}/2M+2- r?�i T2`+2Mi�;2 Q7
bim/2Mib +QM7Q`K iQ i?2 bQm;?i #2?�pBQ`X :Bp2M i?2 H�+F Q7 BM7Q`K�iBQM
r2 bi�`i #v +QMbB/2`BM; i?�i 8yW Q7 i?2 bim/2Mib 2�i HmM+? �i i?2 b+?QQH
/BMBM; ?�HHb- r?B+? T`QpB/2b i?2 H�`;2bi p�`B�#BHBivX h?2M r2 +QMbB/2` �
N8W +QM}/2M+2 H2p2H UH2�/BM; iQ �M α4yXy8V �M/ � Ǭ8W T`2+BbBQMX 6`QK
i?2 x@i�#H2b- i?2 p�Hm2 7Q` x Bb RXNeX h?2`27Q`2- i?2 i?2Q`2iB+�H b�KTH2
rQmH/ #2,

n0 =
1.962 · 0.5 · (1− 0.5)

0.052
= 384.16 ≈ 385

>Qr iQ }M/ i?2 p�Hm2 Q7 x 7`QK � x@i�#H2X h?2 T`Q+2/m`2 Bb,



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} jd

RX *QMp2`i i?2 +QM}/2M+2 H2p2H 7`QK T2`+2Mi 7Q`K iQ /2+BK�H 7Q`K �b
p�Hm2 #2ir22M y �M/ RX UN8W → yXN8V

kX am#i`�+i i?2 p�Hm2 7`QK R �M/ /BpB/2 #v k iQ }M/ Qmi ?Qr Km+? Bb
?�H7 UR @ yXN8 4 yXy8c yXy8fk 4 yXyk8V

jX �// i?2 p�Hm2 7`QK kV iQ i?2 p�Hm2 7`QK RV UyXN8 Y yXyk8 4 yXNd8V
9X GQQF 7Q` i?2 p�Hm2 Q#i�BM2/ BM bi2T jV BM i�#H2 p�Hm2bX AM h�#H2 9 i?2

p�Hm2 bBib �i i?2 BMi2`b2+iBQM Q7 `Qr H�#2H2/ RXN �M/ +QHmKM H�#2H2/
yXyeX

8X .2i2`KBM2 i?2 p�Hm2 Q7 x #v �//BM; i?2 p�Hm2 7Q` i?2 +QHmKM rBi? i?2
p�Hm2 7Q` i?2 `Qr Q#i�BM2/ BM bi2T 9 URXN Y yXye 4 RXNeVX

*Q+?`�MǶb JQ/B}2/ 6Q`KmH� 7Q` 6BMBi2 SQTmH�iBQMb

� bHB;?iHv KQ/B}2/ 7Q`KmH� +�M #2 mb2/ B7 i?2 bBx2 Q7 i?2 TQTmH�iBQM Bb
FMQrMX

n =
n0

1 +
n0 − 1

N
My, *Q+?`�MǶb b�KTH2 bBx2 +QKTmi2/ mbBM; i?2 7Q`KmH� 7Q` B/2�H b�K@

TH2 bBx2c

L , i?2 bBx2 Q7 i?2 TQTmH�iBQMdyX dy h?2 b�KTH2 bBx2 Bb /2T2M/2Mi QM i?2
bBx2 Q7 i?2 TQTmH�iBQM mMiBH i?2 TQTmH�@
iBQM `2�+?2b �#Qmi 9y@8y E- �7i2` r?B+?
i?2 BM+`2�b2 Bb �HKQbi MQM2X h?2`27Q`2-
B7 i?2 2biBK�i2/ TQTmH�iBQM Bb i?Bb H�`;2
Q` H�`;2`- i?2 i?2Q`2iB+�H b�KTH2 bBx2- �b
+QKTmi2/ 7Q` �M mMFMQrM TQTmH�iBQM-
Bb �#Qmi 2[m�H iQ i?2 QM2 ;2M2`�i2/ #v
i?2 KQ/B}2/ 7Q`KmH�X

�b �M 2t�KTH2- H2iǶb HQQF �i i?2 b�K2 T`Q#H2K �b #27Q`2 #mi 7Q` �
Km+? bK�HH2` +�KTmb Q7 L 4 eyy bim/2MibX q?BH2 r2 +�M biBHH mb2 i?2
i?2Q`2iB+�H b�KTH2 Q7 j38 T�`iB+BT�Mib +QKTmi2/ #27Q`2- /Q r2 M22/ iQ\
h?2 M2+2bb�`v b�KTH2 bBx2 K�v #2 bK�HH2`X

n =
385

1 +
385− 1

600

= 234.76 ≈ 235

h?2 `2bmHi Q7 i?Bb +QKTmi�iBQM BM/B+�i2b i?�i 7Q` bK�HH2` TQTmH�iBQMb
i?2 MmK#2` Q7 bm#D2+ib Ub�KTH2 bBx2V +�M #2 bK�HH2` Ukj8 pbX j38V 7Q` i?2
`2b2�`+?2`b iQ #2 `2�bQM�#Hv +QM}/2Mi Q7 i?2 }M/BM;bX

u�K�M2Ƕb aBKTHB}2/ 6Q`KmH� 7Q` a�KTH2 aBx2

hQ K�F2 Bi bBKTH2` iQ +QKTmi2 i?2 b�KTH2 bBx2 rBi?Qmi Qp2` 2biBK�iBM;
Bi r?2M i?2 TQTmH�iBQM Bb FMQrM u�K�M2 URNedV T`QTQb2/ i?2 7QHHQrBM;
7Q`KmH�,

n =
N

1 +N · e2
L @ TQTmH�iBQM bBx2

2 @ H2p2H Q7 T`2+BbBQM

lbBM; i?2 b�K2 2t�KTH2 �b #27Q`2- u�K�M2Ƕb 7Q`KmH� rQmH/ bm;;2bi
� b�KTH2 bBx2 Q7 k9y bm#D2+ib 7Q` � bim/2Mi TQTmH�iBQM Q7 eyyX



j3 BQ�M ;2Hm BQM�b- K#�- T?X/X

n =
600

1 + 600 · 0.052 = 240

yXyy yXyR yXyk yXyj yXy9 yXy8 yXye yXyd yXy3 yXyN

yXy yX8yyy yX8y9y yX8y3y yX8Rky yX8Rey yX8RNN yX8kjN yX8kdN yX8jRN yX8j8N
yXR yX8jN3 yX89j3 yX89d3 yX88Rd yX888d yX88Ne yX8eje yX8ed8 yX8dR9 yX8d8j
yXk yX8dNj yX83jk yX83dR yX8NRy yX8N93 yX8N3d yXeyke yXeye9 yXeRyj yXeR9R
yXj yXeRdN yXekRd yXek88 yXekNj yXejjR yXeje3 yXe9ye yXe99j yXe93y yXe8Rd
yX9 yXe889 yXe8NR yXeek3 yXeee9 yXedyy yXedje yXeddk yXe3y3 yXe399 yXe3dN

yX8 yXeNR8 yXeN8y yXeN38 yXdyRN yXdy89 yXdy33 yXdRkj yXdR8d yXdRNy yXdkk9
yXe yXdk8d yXdkNR yXdjk9 yXdj8d yXdj3N yXd9kk yXd989 yXd93e yXd8Rd yXd89N
yXd yXd83y yXdeRR yXde9k yXdedj yXddy9 yXddj9 yXdde9 yXddN9 yXd3kj yXd38k
yX3 yXd33R yXdNRy yXdNjN yXdNed yXdNN8 yX3ykj yX3y8R yX3yd3 yX3Rye yX3Rjj
yXN yX3R8N yX3R3e yX3kRk yX3kj3 yX3ke9 yX3k3N yX3jR8 yX3j9y yX3je8 yX3j3N

RXy yX39Rj yX39j3 yX39eR yX3938 yX38y3 yX38jR yX3889 yX38dd yX38NN yX3ekR
RXR yX3e9j yX3ee8 yX3e3e yX3dy3 yX3dkN yX3d9N yX3ddy yX3dNy yX33Ry yX33jy
RXk yX339N yX33eN yX3333 yX3Nyd yX3Nk8 yX3N99 yX3Nek yX3N3y yX3NNd yXNyR8
RXj yXNyjk yXNy9N yXNyee yXNy3k yXNyNN yXNRR8 yXNRjR yXNR9d yXNRek yXNRdd
RX9 yXNRNk yXNkyd yXNkkk yXNkje yXNk8R yXNke8 yXNkdN yXNkNk yXNjye yXNjRN

RX8 yXNjjk yXNj98 yXNj8d yXNjdy yXNj3k yXNjN9 yXN9ye yXN9R3 yXN9kN yXN99R
RXe yXN98k yXN9ej yXN9d9 yXN939 yXN9N8 yXN8y8 yXN8R8 yXN8k8 yXN8j8 yXN898
RXd yXN889 yXN8e9 yXN8dj yXN83k yXN8NR yXN8NN yXNey3 yXNeRe yXNek8 yXNejj
RX3 yXNe9R yXNe9N yXNe8e yXNee9 yXNedR yXNed3 yXNe3e yXNeNj yXNeNN yXNdye
RXN yXNdRj yXNdRN yXNdke yXNdjk yXNdj3 yXNd99 yXNd8y yXNd8e yXNdeR yXNded

kXy yXNddk yXNdd3 yXNd3j yXNd33 yXNdNj yXNdN3 yXN3yj yXN3y3 yXN3Rk yXN3Rd
kXR yXN3kR yXN3ke yXN3jy yXN3j9 yXN3j3 yXN39k yXN39e yXN38y yXN389 yXN38d
kXk yXN3eR yXN3e9 yXN3e3 yXN3dR yXN3d8 yXN3d3 yXN33R yXN339 yXN33d yXN3Ny
kXj yXN3Nj yXN3Ne yXN3N3 yXNNyR yXNNy9 yXNNye yXNNyN yXNNRR yXNNRj yXNNRe
kX9 yXNNR3 yXNNky yXNNkk yXNNk8 yXNNkd yXNNkN yXNNjR yXNNjk yXNNj9 yXNNje

kX8 yXNNj3 yXNN9y yXNN9R yXNN9j yXNN98 yXNN9e yXNN93 yXNN9N yXNN8R yXNN8k
kXe yXNN8j yXNN88 yXNN8e yXNN8d yXNN8N yXNNey yXNNeR yXNNek yXNNej yXNNe9
kXd yXNNe8 yXNNee yXNNed yXNNe3 yXNNeN yXNNdy yXNNdR yXNNdk yXNNdj yXNNd9
kX3 yXNNd9 yXNNd8 yXNNde yXNNdd yXNNdd yXNNd3 yXNNdN yXNNdN yXNN3y yXNN3R
kXN yXNN3R yXNN3k yXNN3k yXNN3j yXNN39 yXNN39 yXNN38 yXNN38 yXNN3e yXNN3e

jXy yXNN3d yXNN3d yXNN3d yXNN33 yXNN33 yXNN3N yXNN3N yXNN3N yXNNNy yXNNNy

h�#H2 9, x@i�#H2



�bbmKTiBQMb �M/ PmiHB2`b

JQbi bi�iBbiB+�H i2bib `2Hv QM � b2i Q7 �bbmKTiBQMb �#Qmi i?2 /�i� i?2v
�`2 mb2/ iQ �M�Hvx2X h?2b2 �bbmKTiBQMb 2Mbm`2 i?�i i?2 i2bi T2`7Q`Kb �b
2tT2+i2/ �M/ i?�i i?2 `2bmHib +�M #2 BMi2`T`2i2/ rBi? � ?B;? /2;`22 Q7
+QM}/2M+2X lM/2`bi�M/BM; r?2M �M/ ?Qr i?2b2 �bbmKTiBQMb H2�/ iQ #B@
�b2b BM �M�HvbBb �M/ r?�i i?2 +QMb2[m2M+2b �`2 Bb 2bb2MiB�H iQ K2�MBM;7mH
/�i� �M�HvbBbX

6Q` 2t�KTH2- K�Mv i2bibdR �bbmK2 i?�i i?2 /�i� Bb MQ`K�HHv /Bb@ dR 1X;X- GBM2�` _2;`2bbBQM- �LPo�X
i`B#mi2/X q?BH2 i?2b2 bi�iBbiB+�H i2bib p�`v BM ?Qr r2HH i?2v +�M /2�H
rBi? /2T�`im`2b 7`QK MQ`K�HBiv- B7 i?2 /�i� /Q2b MQi 7QHHQr � MQ`K�H
/Bbi`B#miBQM- i?2 `2bmHib T`QpB/2/ K�v MQi ?�p2 bm{+B2Mi TQr2` iQ 2t@
TH�BM i?2 T?2MQK2MQM T`QT2`Hv �M/ i?2`27Q`2 Bb BKTQ`i�Mi iQ +QM}`K
#27Q`2 ?�M/ i?�i B7 i?2 �M�HvbBb Bb +QM/m+i2/ i?2 BMi2`T`2i�iBQM Bb p�HB/X
AM bBim�iBQMb BM r?B+? MQ`K�HBiv Bb MQi Q#b2`p2/ Bi Bb mbm�HHv TQbbB#H2 iQ
}M/ � /Bz2`2Mi bi�iBbiB+�H i2bi i?�i Bb H2bb b2MbBiBp2 iQ /2T�`im`2b 7`QK
MQ`K�HBivX

q?�i Bb BKTQ`i�Mi iQ `2K2K#2` Bb i?�i 2�+? bi�iBbiB+�H i2bi 7mM+iBQMb
#2ii2` r?2M +2`i�BM +QM/BiBQMb- 2bi�#HBb?2/ #v i?Qb2 r?Q /2p2HQT2/ i?2
i2bi- �`2 K2iX h?2`27Q`2- �bbmKTiBQMb M22/ iQ #2 i2bi2/ iQ K�F2 bm`2
i?�i i?2 bi�iBbiB+�H i2bi Bb �TT`QT`B�i2 iQ #2 mb2/ 7Q` i?2 /�i� b2iX

h?2 KQbi +QKKQM T�`�K2i`B+ bi�iBbiB+�H �M�Hvb2b 2tT2+i i?2 /�i� iQ
#2 MQ`K�HHv /Bbi`B#mi2/ �M/ ?QKQ;2M2QmbX

LQ`K�HBiv

*QKT�`2b i?2 b�KTH2Ƕb /Bbi`B#miBQM rBi? i?2 MQ`K�H /Bbi`B#miBQM U6B;m`2
jVX
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i?2Q`2iB+�H MQ`K�H /Bbi`B#miBQMX
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aF2rM2bb

J2�bm`2b i?2 /2pB�iBQM 7`QK bvKK2i`v �b +QKT�`2/ iQ MQ`K�H /Bbi`B#m@
iBQM- r?B+? ?�b � bF2rM2bb Q7 yX � p�Hm2 Qi?2` i?�M y K2�Mb i?�i i?2
/�i� Bb 2Bi?2` bF2r2/ iQ i?2 H27i Q` iQ i?2 `B;?i Q7 i?2 +Q``2bTQM/BM; MQ`@
K�H /Bbi`B#miBQMX � TQbBiBp2 bF2rM2bb p�Hm2 BM/B+�i2b i?�i i?2 b�KTH2Ƕb
/Bbi`B#miBQM Bb bF2r2/ iQr�`/b ?B;?2` p�Hm2b- iQ i?2 `B;?iX � M2;�iBp2
p�Hm2 BM/B+�i2b � b�KTH2 /Bbi`B#miBQM bF2r2/ iQr�`/b bK�HH2` p�Hm2b- iQ
i?2 H27iX

�Hi?Qm;? H�`;2Hv �`#Bi`�`v- BM KQbi bBim�iBQMb � bBKTH2 `mH2 Q7 i?mK#
Q7 ǬR +�M #2 mb2/ iQ BMi2`T`2i i?2 b�KTH2Ƕb /Bbi`B#miBQM bF2rM2bbX A7
bF2rM2bb Bb 2Bi?2` ;`2�i2` i?2M R Q` bK�HH2` i?�M @R- i?2 /Bbi`B#miBQM Bi
Bb +QKTmi2/ 7`QK b?Qrb � bB;MB}+�Mi /2T�`im`2 7`QK bvKK2i`vX
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�M/ `B;?i bF2r2/ /Bbi`B#miBQMb

� KQ`2 /2i�BH2/ BMi2`T`2i�iBQM U"mHK2` RNdNV,

Ç >B;?Hv bF2r2/ B7 bF2rM2bb I @R Q` = YRc
Ç JQ/2`�i2Hv bF2r2/- B7 bF2rM2bb Bb #2ir22M U@R �M/ @RfkV Q` #2ir22M

UYRfk �M/ YRVc
Ç �TT`QtBK�i2Hv bvKK2i`B+- B7 bF2rM2bb Bb #2ir22M @Rfk �M/ YRfkX

Em`iQbBb

h?2 MQ`K�H /Bbi`B#miBQM ?�b � ǳ#�H�M+2/Ǵ b?�T2- MQi iQQ T2�F2/ �M/
MQi iQQ ~�iX Em`iQbBb Bb � K2�bm`2 Q7 ?Qr Km+? �M/ BM r?B+? r�v
i?2 ǳT2�FM2bbǴ Q7 i?2 /2b+`B#2/ /Bbi`B#miBQM /Bz2`b 7`QK i?2 i?2Q`2iB+�H
MQ`K�H /Bbi`B#miBQMX h?2 Fm`iQbBb Q7 i?2 MQ`K�H /Bbi`B#miBQM Bb jX �
p�Hm2 Qi?2` i?�M j K2�Mb i?�i i?2 /Bbi`B#miBQM Bb 2Bi?2` ~�ii2` Q` KQ`2
T2�F2/ i?�M i?2 MQ`K�H /Bbi`B#miBQMX A7 i?2 p�Hm2 Bb TQbBiBp2 U= jV- i?2
/Bbi`B#miBQM Bb KQ`2 T2�F2/ �M/ Bb +�HH2/ iQ #2 H2TiQFm`iQiB+- rBi? HQM;2`
�M/ 7�ii2` i�BHb �M/ ?B;?2` �M/ b?�`T2` +2Mi`�H T2�FX A7 i?2 p�Hm2 Bb
M2;�iBp2 UI jV- i?2 /Bbi`B#miBQM Bb ~�ii2` �M/ Bb +�HH2/ TH�ivFm`iB+- r?B+?
b?Q`i2` �M/ i?BMM2` i�BHb �M/ HQr2` �M/ #`Q�/2` +2Mi`�H T2�FX
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h2bib Q7 LQ`K�HBiv

oBbm�H *?2+Fb

oBbm�H +?2+Fb +�M #2 mb2/ iQ �bb2bb- `Qm;?Hv- ?Qr +HQb2 i?2 b�KTH2Ƕb
/Bbi`B#miBQM Bb iQ i?2 MQ`K�H /Bbi`B#miBQMX h?Bb +�M #2 �++QKTHBb?2/
mbBM; Zm�MiBH2@Zm�MiBH2 THQib U[[@THQibV i?�i ?2HT pBbm�HBx2 B7 � b2i Q7
/�i� +QK2b 7`QK � i?2Q`2iB+�H /Bbi`B#miBQM- i?2 MQ`K�H /Bbi`B#miBQM BM
i?Bb +�b2X AM 2bb2M+2 � [[@THQi Bb Dmbi � b+�ii2` THQi Q7 irQ b2ib Q7 [m�MiBH2b-
i?2Q`2iB+�H �M/ Q#b2`p2/- �b i?2v `2H�i2 iQ 2�+? Qi?2`dkX A7 i?2 b�KTH2 dk Zm�MiBH2b- �HbQ FMQrM �b T2`+2MiBH2b-

�`2 TQBMib BM i?2 /�i� i?�i /BpB/2 i?2
Q#b2`p�iBQMb BM BMi2`p�Hb rBi? 2[m�H
T`Q#�#BHBiB2bX AM 2bb2M+2- [m�MiBH2b �`2
Dmbi i?2 /�i� bQ`i2/ BM �b+2M/BM; Q`/2`X

+�K2 7`QK i?2 /2bB`2/ /Bbi`B#miBQM- i?2 THQi rBHH `Qm;?Hv �TT`QtBK�i2 �
bi`�B;?i /B�;QM�H HBM2X �Mv /2T�`im`2 7`QK i?�i b?�T2 Bb �M BM/B+�iBQM
Q7 /2T�`im`2b 7`QK MQ`K�HBiv U6B;m`2 8VX

oBbm�HHv BMbT2+iBM; � [[@THQi /Q2b MQi Qz2` �M 2t�+i �M/ /2}MBiBp2
T`QQ7 i?�i i?2 b�KTH2 /�i� +QK2b 7`QK � MQ`K�H /Bbi`B#miBQMX L2p2`@
i?2H2bb- Bi +�M #2 mb2/ iQ /2i2`KBM2 B7 7m`i?2` i2biBM; Bb M2+2bb�`vX 6Q`
2t�KTH2- B7 i?2 [[@THQi ?�b �M a@b?�T2/ �TT2�`�M+2- i?2 b�KTH2 /�i�
K�v #2 bF2r2/X

JQ`2 aT2+B}+ h2bib

oBbm�H +?2+Fb- r?BH2 ?2HT7mH- +�MMQi #2 `2HB2/ mTQM BM KQbi bBim�iBQMbX
h?2`27Q`2- i?2`2 �`2 KQ`2 bT2+B}+ i2bib i?�i +�M #2 mb2/ iQ T2`7Q`K �
KQ`2 7Q`K�H 2p�Hm�iBQMX

.Ƕ�;QbiBMQ@S2�`bQM QKMB#mb i2bi @ lb2b i2bi bi�iBbiB+b i?�i +QK#BM2
bF2rM2bb �M/ Fm`iQbBb iQ +QKTmi2 � bBM;H2 T@p�Hm2X h?Bb i2bi ?�b �
i2M/2M+v iQ ?vT2` �+iBp2Hv `2D2+i MQ`K�HBiv 7Q` bK�HH b�KTH2b 7Q` r?B+?
`2�bQM Bb MQi `2+QKK2M/2/ iQ i2bi MQ`K�HBiv Q7 b�KTH2b H2bb i?�M kyX

EQHKQ;Q`Qp@aKB`MQp i2bi @ LQM@T�`�K2i`B+ i2bi mb2/ iQ +QKT�`2 irQ
b�KTH2b i?�i +�M b2`p2 �b � ;QQ/M2bb Q7 }i i2biX q?2M i2biBM; 7Q` MQ`@
K�HBiv 7Q` 2t�KTH2- i?2 b�KTH2 /�i� Bb bi�M/�`/Bx2/ �M/ +QKT�`2/ rBi?
i?2 i?2Q`2iB+�H MQ`K�H /Bbi`B#miBQMX Ai Bb H2bb TQr2`7mH i?�M bQK2 Qi?2`
i2bib- bm+? �b a?�TB`Q@qBHFX

a?�TB`Q@qBHFǶb q i2bi @ h2bib i?2 MmHH ?vTQi?2bBb i?�i i?2 /�i� BM i?2
b�KTH2 Bb T�`i Q7 � MQ`K�HHv /Bbi`B#mi2/ TQTmH�iBQMX h?2 i2bi +QKTmi2b
i?2 p�Hm2 Q7 i?2 q bi�iBbiB+ �M/ � T@p�Hm2 T`Q#�#BHBivX *QMbB/2`BM; i?2
+QKKQMHv �++2Ti2/ yXy8 p�Hm2 7Q` T- �Mv +QKTmi2/ T@p�Hm2 ;`2�i2` i?�M
yXy8 BM/B+�i2b i?�i i?2 MmHH ?vTQi?2bBb +�MMQi #2 `2D2+i2/ �M/ i?2`27Q`2
Bi b?QmH/ #2 i`m2 �M/ i?�i i?2 �bbmKTiBQM Q7 MQ`K�HBiv Bb mT?2H/X .Q2b
MQi rQ`F r2HH 7Q` b�KTH2b rBi? K�Mv B/2MiB+�H p�Hm2bX

*?B@b[m�`2 i2bi Q7 ;QQ/M2bb@Q7@}i @ GQQFb �i � bBM;H2 +�i2;Q`B+�H p�`B@
�#H2 7`QK � TQTmH�iBQM �M/ �ii2KTib iQ �bb2bb ?Qr +HQb2 iQ Q` +QMbBbi2Mi



9k BQ�M ;2Hm BQM�b- K#�- T?X/X

−2 −1 0 1 2

0.
0

0.
2

0.
4

0.
6

Left−skewed distribution

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

Fr
eq

ue
nc

y

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0
5

10
15

20
25

−2 −1 0 1 2

0.
2

0.
4

0.
6

0.
8

Not skewed distribution

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

Fr
eq

ue
nc

y

0.2 0.4 0.6 0.8

0
5

10
15

20
25

−2 −1 0 1 2

0.
2

0.
4

0.
6

0.
8

1.
0 Right−skewed distribution

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

Fr
eq

ue
nc

y

0.2 0.4 0.6 0.8 1.0

0
5

10
15

20
25
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7mM+iBQM Q7 /Bbi`B#miBQM b?�T2
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rBi? � ?vTQi?2bBx2/ /Bbi`B#miBQM i?2 �+im�H /Bbi`B#miBQM Q7 i?�i p�`B�H#2
BbX a22 :QQ/M2bb@Q7@6Bi h2bi 7Q` KQ`2 /2i�BHbX

>QKQ;2M2Biv Q7 o�`B�M+2b Q` >QKQb+2/�biB+Biv

h?2 �bbmKTiBQM Q7 ?QKQ;2M2Biv Q7 p�`B�M+2b 2tT2+ib i?2 p�`B�M+2b BM
i?2 /Bz2`2Mi ;`QmTb Q7 i?2 /2bB;M iQ #2 B/2MiB+�HX h?2 ?QKQ;2M2Biv Q7
p�`B�M+2b Bb � bi�M/�`/ �bbmKTiBQM 7Q` K�Mv bi�iBbiB+�H i2bib �M/ i?2`2@
7Q`2 Bi M22/b iQ #2 �bb2bb2/ bQ i?�i i?2 i2bi `2bmHib +�M #2 BMi2`T`2i2/
rBi? +QM}/2M+2X

aQ- r?v Bb Bi BKTQ`i�Mi iQ i2bi Bi\ J�Mv Q7 i?2 KQbi +QKKQM i2bib
BM bi�iBbiB+�H �M�HvbBbdj �`2 T�`i Q7 � +�i2;Q`v Q7 i2bib +�HH2/ ;2M2`�H dj 6Q` 2t�KTH2- �LPo� �bbmK2b i?�i

Q#b2`p�iBQMb �`2 `�M/QKHv b2H2+i2/
7`QK i?2 TQTmH�iBQM �M/ i?�i �HH Q#@
b2`p�iBQMb +QK2 7`QK i?2 b�K2 TQTm@
H�iBQM UQ` mM/2`HvBM; ;`QmTV- rBi? i?2
b�K2 /2;`22 Q7 p�`B�#BHBiv- 7QHHQrBM; i?2
b�K2 /Bbi`B#miBQMX

HBM2�` KQ/2HbX h?2b2 KQ/2Hb �`2 HBM2�` BM i?2 b2Mb2 i?�i i?2v �// i?BM;b
iQ;2i?2`X hQ #2 �#H2 iQ �// i?BM;b iQ;2i?2`- i?2b2 i2bib �bbmK2 i?�i
i?2 /Bbi`B#miBQMb Q7 i?2 i?BM;b #2BM; �//2/ �`2 i?2 b�K2X Pi?2`rBb2- B7
/Bbi`B#miBQMb �`2 MQi i?2 b�K2- i?2 `2bmHibf2biBK�i2 �M/ i?2 +QM+HmbBQM
+QmH/ #2 #B�b2/ Umbm�HHv Qp2`2biBK�iBQM Q7 ;QQ/M2bb Q7 }iV- i?2`27Q`2
2z2+iBp2Hv `2M/2`BM; i?2 i2bi `2bmHib mMmb�#H2X

AM +�b2 Q7 �LPo�- 7Q` 2t�KTH2- B7 i?2 p�`B�M+2 Q7 b2T�`�i2 ;`QmTb Bb
bB;MB}+�MiHv /Bz2`2Mi- i?2 T@p�Hm2b i?2 i2bi +QKTmi2b �`2 MQ HQM;2` �+@
+m`�i2 #2+�mb2 i?2v �`2 +�H+mH�i2/ #�b2/ QM i?2 7�+i i?�i +2`i�BM `2bmHib
Q++m` B7 i?2 MmHH ?vTQi?2bBb Bb i`m2X

G2iǶb HQQF �i � 72r Q7 i?2 KQ`2 +QKKQM i2bib QM2 +�M mb2 iQ BMp2biB;�i2
i?2 ?QKQ;2M2Biv Q7 p�`B�M+2bX

"�`iH2ii i2bi 7Q` ?QKQ;2M2Biv Q7 p�`B�M+2b @ h2bib i?2 ?vTQi?2bBb UMmHH
?vTQi?2bBbV i?�i i?2 p�`B�M+2b BM 2�+? b�KTH2 ;`QmTb �`2 i?2 b�K2X h?Bb
Bb i?2 T`272``2/ i2bi B7 i?2 /�i� Bb MQ`K�HHv /Bbi`B#mi2/- #mi Bi ?�b �
?B;?2` HBF2HB?QQ/ iQ T`Q/m+2 7�Hb2 TQbBiBp2 `2bmHib r?2M i?2 /�i� Bb MQM@
MQ`K�HX h?2`27Q`2- "�`iH2iiǶb Bb T`272``2/ r?2M i?2 /�i� +QK2b 7`QK �
FMQrM MQ`K�H Q` +HQb2 iQ MQ`K�H /Bbi`B#miBQMX

G2p2M2Ƕb i2bi @ � KQ`2 `Q#mbi BM72`2MiB�H bi�iBbiB+ �Hi2`M�iBp2 iQ i?2
"�`iH2ii i2bi mb2/ iQ 2p�Hm�i2 Q` �bb2bb i?2 2[m�HBiv Q7 p�`B�M+2b 7Q` �
p�`B�#H2 i?�i ?�b irQ Q` KQ`2 ;`QmTbX A7 i?2 +QKTmi2/ T@p�Hm2 Bb H2bb
i?2M i?2 b2i bB;MB}+�M+2 H2p2Hd9- i?2 b�KTH2 p�`B�M+2 Bb mMHBF2Hv /m2 iQ d9 1X;X- i?2 mbm�H yXy8X
`�M/QK b�KTHBM; 7`QK � TQTmH�iBQM rBi? 2[m�H p�`B�M+2bX h?2`27Q`2- i?2
MmHH ?vTQi?2bBb i?�i i?2 p�`B�M+2b �`2 i?2 b�K2 Bb `2D2+i2/X h?2 G2p2M2Ƕb
i2bi Bb H2bb b2MbBiBp2 iQ /2T�`im`2b 7`QK MQ`K�HBiv i?�M "�`iH2iiǶbX

6HB;M2`@EBHH22M i2bi @ LQM@T�`�K2i`B+ i2bi- `Q#mbi 7Q` /�i� b2ib rBi?
/2T�`im`2b 7`QK MQ`K�HBivX *�M #2 mb27mH B7 i?2 MQ`K�HBiv Q7 i?2 b�KTH2
/�i� 7Q` ;`QmTb Bb MQi Q#b2`p2/X
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s 6B;m`2 e, >Qr QmiHB2`b BM~m2M+2
/Bbi`B#miBQM b?�T2

6B;m`2 e b?Qrb ?Qr QmiHB2`b +�M BM~m2M+2 i?2 b?�T2 Q7 i?2 /�i�b2iǶb
/Bbi`B#miBQMX h?2 ;`�T? QM i?2 H27i b?Qrb � b2i Q7 MQ`K�HHv /Bbi`B#mi2/
/�i�d8X h?2 ;`�T? BM i?2 KB//H2 `2T`2b2Mib i?2 b�K2 /�i� b2i iQ r?B+? d8 h?2 b�K2 /�i� mb2/ T`2pBQmbHv BM

i?Bb b2+iBQM iQ /Bb+mbb bF2rM2bbX 6Q`
i?Bb ;`�T? i?2 /�i� `�M;2b #2ir22M y
�M/ RX

irQ /�i� TQBMib r2`2 �//2/ �b QmiHB2`bdeX � pBbm�H BMbT2+iBQM b?Qrb ?Qr

de 6Q` 2t2KTHB}+�iBQM- QM2 p�Hm2- k- r�b
�//2/ iQ bBKmH�i2 � TQbbB#H2 QmiHB2`X
h?2 TQBMi Bb HQ+�i2/ QmibB/2 i?2 `�M;2
Q7 i?2 Q`B;BM�H /�i�b2iX

i?2 �//BiBQM Q7 i?2 irQ QmiHvBM; /�i� TQBMib ǳTmb?2bǴ i?2 /Bbi`B#miBQM iQ
i?2 H27i- �r�v 7`QK i?2 b?�T2 Q7 MQ`K�HHv /Bbi`B#mi2/ /�i�X h?2 [[@THQi
BM i?2 ;`�T? QM i?2 `B;?i b?Qrb ?Qr i?2 irQ QmiHB2`b BM~m2M+2 /�i�b2i
MQ`K�HBivX

JQbi Q7 i?2 iBK2b QmiHB2`b +�M #2 B/2MiB}2/ pBbm�HHv- BM ;`�T?B+�H `2T@
`2b2Mi�iBQM bm+? �b b+�ii2`THQib U6B;m`2 d H27iV- #Qt THQib U6B;m`2 d `B;?iV-
Q` K�?�H�MQ#Bb /Bbi�M+2bddX AM b+�ii2`THQib QmiHB2`b �`2 `2T`2b2Mi2/ �b dd h?2 mb2 Q7 K�?�H�MQ#Bb /Bbi�M+2 Bb

#2ii2` mM/2`biQQ/ BM +QMi2tiX a22 i?2
QmiHB2`b b2+iBQM BM KmHiBTH2 `2;`2bbBQMX

TQBMib THQii2/ �r�v 7`QK i?2 ǳ+HQm/Ǵ 7Q`K2/ #v K�DQ`Biv Q7 i?2 /�i� b2iX
AM #Qt THQibd3 i?2v rQmH/ #2 BM/B+�i2/ #v BM/BpB/m�H TQBMib THQii2/ QM d3 �HbQ FMQrM �b #Qt@�M/@r?BbF2` /B@

�;`�Kb- �`2 mb2/ iQ `2T`2b2Mi /�i�
;`�T?B+�HHv #�b2/ QM [m�`iBH2b

i?2 ;`�T?X J�?�H�MQ#Bb /Bbi�M+2bdN- r?2M `2T`2b2Mi2/ �b � ?BbiQ;`�K-
dN J�?�H�MQ#Bb /Bbi�M+2 UJ.V Bb i?2
/Bbi�M+2 #2ir22M irQ TQBMib BM KmHiB@
p�`B�i2 bT�+2X Ai K2�bm`2b i?2 /Bbi�M+2
`2H�iBp2 iQ � #�b2 Q` +2Mi`�H TQBMi +QM@
bB/2`2/ �b �M Qp2`�HH K2�M 7Q` KmHiB@
p�`B�i2 /�i� U+2Mi`QB/VX h?2 +2Mi`QB/
Bb � TQBMi BM KmHiBp�`B�i2 bT�+2 r?2`2
i?2 K2�Mb Q7 �HH p�`B�#H2b BMi2`b2+iX

rBHH BM/B+�i2 i?2 TQbbB#H2 2tBbi2M+2 Q7 �M QmiHB2`b #v i?2 T`2b2M+2 Q7 #�`b
�i i?2 `B;?i bB/2 Q7 i?2 ;`�T?X

GBM2�` `2;`2bbBQM T`2b2Mib Bib2H7 �b QM2 Q7 i?2 #2ii2` r�vb iQ 2tTH�BM
?Qr QmiHB2`b +�M BM~m2M+2 i?2 Qmi+QK2b Q7 i?2 �M�HvbBb #2+�mb2 i?2b2
2ti`2K2 p�Hm2b +�M bm#bi�MiB�HHv BM~m2M+2 i?2 bHQT2 Q7 i?2 `2;`2bbBQM
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`2�H T?2MQK2MQMX

i?2 `B;?i bB/2 b?Qrb i?2 /�i� b2i rBi? QM2 �//2/ QmiHB2`X oBbm�HHv- i?2
bHQT2 Q7 i?2 `2;`2bbBQM HBM2 UBM `2/V +?�M;2b 7`QK M2;�iBp2 iQ TQbBiBp2
r?2M i?2 QmiHB2`b �`2 MQi `2KQp2/ 7`QK i?2 /�i�b2iX h?2 +?�M;2 BM
bHQT2 K�v HQQF bK�HH BM i?2 BK�;2 #2HQr- #mi Bi +QmH/ #2 bB;MB}+�Mi BM
i?2 �M�HvbBbX
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6B;m`2 3, PmiHB2` BM~m2M+2 QM `2@
;`2bbBQM Qmi+QK2b

h?2 r�v QmiHB2`b �`2 �TT`Q�+?2/ /2T2M/b H�`;2Hv QM i?2 ivT2 Q7 �M�H@
vbBb #2BM; +QM/m+i2/ �M/ i?2 ivT2 Q7 /�i� #2BM; �M�Hvx2/X aQ 7�` �
rB/2Hv �++2Ti2/ MmK2`B+�H K2i?Q/ iQ /2�H rBi? QmiHB2`b /Q2b MQi b22K
iQ 2tBbiX h?2`27Q`2- r?BH2 BM i?Bb `2bQm`+2 �TT`Q�+?2b iQ QmiHB2`b rBHH #2
/Bb+mbb2/ r?2M `2H2p�Mi iQ i?2 bi�iBbiB+�H i2bi �M/ 2t�KTH2- i?2`2 �`2
72r ;mB/2HBM2b i?�i K�v #2 ?2HT7mH �+`Qbb i2bibX

PmiHB2`b BMp2biB;�iBQM Bb ?B;?Hv +QMi2tim�H �M/ i?2 +`Bi2`B� mb2/ 7Q`
�M�HvbBb `�M;2b 7`QK i?2Q`2iB+�H M2+2bbBiv iQ +QKKQM b2Mb2X h?2`2 �`2
H2;BiBK�i2 bBim�iBQMb r?2M �miQK�iB+ UK�i?2K�iB+�HV `2KQp�H Q7 Qmi@
HB2`b K�F2b b2Mb2X 6Q` 2t�KTH2- r?2M bim/vBM; T2QTH2 `2�+iBQM iBK2b iQ
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bQK2 biBKmHmb �M/ i?2 p�bi K�DQ`Biv Q7 /�i� TQBMib �`2 BM i?2 KBHHBb2+@
QM/b `�M;2- p�Hm2b BM i?2 b2+QM/b `�M;2 KQbi HBF2Hv BM/B+�i2 /Bbi`�+i2/
T�`iB+BT�Mib �M/ i?2`27Q`2 i?2v +QmH/ #2 b�72Hv `2KQp2/X �Hi2`M�iBp2Hv-
BM bBim�iBQMb r?2`2 QmiHB2`b +QMbBbi2MiHv b?Qr mT �+`Qbb ;`QmTb- /2bB;M
+2HHb- Q` bm++2bbBp2 K2�bm`2K2Mi- i?2v +QmH/ BM/B+�i2 i?2 2tBbi2M+2 Q7 �
/Bz2`2Mi T?2MQK2MQM i?�M i?Qb2 mM/2` /B`2+i bim/vX q?2M i?2B` T`2b@
2M+2 Bb /2i2+i2/- 2�+? QmiHB2` b?QmH/ #2 BMp2biB;�i2/ BM/BpB/m�HHv �M/ �
/2+BbBQM K�/2 B7 Bi b?QmH/ #2 +Q``2+i2/3R- `2KQp2/3k- Q` `2i�BM2/3j BM 3R 6Q` 2t�KTH2- BM bBim�iBQMb r?2M i?2

2tBbi2M+2 Q7 �M QmiHB2` Bb /m2 iQ BK@
T`QT2` /�i� BMTmiX
3k AM +�b2b r?2M i?2 /�i� TQBMi Bb /2i2`@
KBM2/ iQ #2 �M �#2``�Mi K2�bm`2K2MiX
3j q?2M i?2 QmiHB2` T`Qp2b iQ #2 � i`m2
K2�bm`2K2Mi �M/ i?2`2 �`2 T`�+iB+�H
�M/fQ` i?2Q`2iB+�H `2�bQMb iQ #2 BM@
+Hm/2/ BM i?2 �M�HvbBbX

i?2 �M�HvbBbX



LQ`K�HBx�iBQM- ai�M/�`/Bx�iBQM-
�M/ .�i� h`�Mb7Q`K�iBQM

AM bi�iBbiB+b i?2 i2`K MQ`K�HBx�iBQM +�M ?�p2 KmHiBTH2 K2�MBM;bX 6Q`
2t�KTH2- Bi +�M K2�M iQ �/Dmbi p�Hm2b Q7 p�`B�#H2b iQ #2 �M�Hvx2/ iQ �
+QKKQM b+�H2 r?2M i?2b2 p�`B�#H2b �`2 K2�bm`2/ mbBM; /Bz2`2Mi b+�H2bX
�Hi2`M�iBp2Hv- MQ`K�HBx�iBQM K�v K2�M iQ i`�Mb7Q`K i?2 p�Hm2b Q7 � b�K@
TH2 iQ ;2i Bi +HQb2` iQ i?2 MQ`K�H /Bbi`B#miBQM- iQ 7mH}HH i?2 �bbmKTiBQM
Q7 MQ`K�HHv /Bbi`B#mi2/ /�i� mM/2`HvBM; K�Mv +QKKQM bi�iBbiB+�H i2bibX
P`- BM Qi?2` bBim�iBQMb- MQ`K�HBx�iBQM +QmH/ #2 �M �ii2KTi iQ 2HBKBM�i2
i?2 2z2+ib Q7 FMQrM BM~m2M+2bX

aQK2iBK2b i?2 i2`K MQ`K�HBx�iBQM Bb mb2/ BMi2`+?�M;2�#Hv rBi? i?2
i2`K bi�M/�`/Bx�iBQMX q?BH2 #Qi? b2`p2 i?2 b�K2 ;2M2`�H Tm`TQb2- i?2`2
Bb � /Bz2`2M+2,

Ç LQ`K�HBx�iBQM, BMi2M/2/ iQ b+�H2 � p�`B�#H2 iQ � `�M;2 Q7 p�Hm2b #2@
ir22M y �M/ Rc

Ç ai�M/�`/Bx�iBQM U2X;X- x@b+Q`2V, BMi2M/2/ iQ i`�Mb7Q`K � p�`B�#H2 iQ
?�p2 Bib K2�M 4 y �M/ a.39 4 RX 39 ai�M/�`/ .2pB�iBQM

aQK2 Q7 i?2 T`Q+2bb2b i?�i 7�HH mM/2` i?2 +QM+2Ti Q7 MQ`K�HBx�iBQM
K�v #2 +�HH2/ /�i� i`�Mb7Q`K�iBQM38X q?BH2 �HH i?Bb K�v #2 +QM7mbBM;- 38 AJSP_h�Lh, � i`�Mb7Q`K2/ p�Hm2-

bm+? �b � HQ; Q7 i?2 /�i�- ?�b HBiiH2
BM7Q`K�iBQM�H p�Hm2 r?2M BMi2`T`2i2/
�M/ T`2b2Mi2/X h?2`27Q`2 i?2 QM+2 i?2
�M�HvbBb ?�b #22M T2`7Q`K2/- r?2M /Bb@
+mbbBM; i?2 }M/BM;b- i?�i /�i� b?QmH/
#2 +QMp2`i2/ #�+F iQ Bib Q`B;BM�H 7Q`@
K�i #v �TTHvBM; i?2 `2p2`b2 b2[m2M+2
Q7 7Q`KmH�2 i?�i r�b mb2/ iQ i`�Mb7Q`K
Bi BM i?2 }`bi TH�+2X

i?2 T`Q+2bb �Hr�vb BMpQHp2b � Tm`TQb27mH +QMp2`bBQM Q7 i?2 /�i� Q7 � /�i�
b2i 7`QK Bib +m``2Mi 7Q`K�i iQ � /Bz2`2Mi 7Q`K�iX AM KQbi bBim�iBQMb- i?2
T`Q+2bb �HbQ BMpQHp2b 2HBKBM�iBM; i?2 mMBib Q7 K2�bm`2 rBi? i?2 BMi2Mi Q7
K�FBM; i?2 +QKT�`BbQM 2�bB2`X

a+�HBM;f_2b+�HBM;

� p2`v bBKTH2 T`Q+2bb r?B+? �BKb iQ +?�M;2 i?2 bT`2�/ Q7 i?2 /�i�
�M/fQ` i?2 TQbBiBQM Q7 i?2 /�i� TQBMibX h?2 i`�Mb7Q`K�iBQM mb2b � bBKTH2
HBM2�` 2[m�iBQM Q7 i?2 7Q`K y = a×x+b- #mi H2�p2b mM+?�M;2/ i?2 b?�T2
Q7 i?2 /Bbi`B#miBQM Q` i?2 x@b+Q`2b3eX Ai rBHH +?�M;2 i?2 /�i� K2/B�M-

3e "2+�mb2 i?2v �`2 +�H+mH�i2/ �b � `�@
iBQ Q7 i?2 /Bz2`2M+2 #2ir22M i?2 �+@
im�H p�Hm2 �M/ i?2 b�KTH2Ƕb K2�M �M/
i?2 b�KTH2Ƕb bi�M/�`/ /2pB�iBQMX AM
2bb2M+2- i?2 x@bQ+`2 BM/B+�i2b ?Qr K�Mv
bi�M/�`/ /2pB�iBQMb 7`QK i?2 K2�M i?2
/�i� TQBMi BbX
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K2�M UµV- �M/ bi�M/�`/ /2pB�iBQM UσVX

h?2 KQ`2 +QKKQM �`2,

Ç _�M;2 b+�HBM;, +?�M;2 i?2 /�i� 7`QK QM2 `�M;2 iQ �MQi?2` UK�;MB}@
+�iBQM Q` `2/m+iBQMV3dc 3d P7i2M iBK2b /QM2 iQ #`BM; i?2 p�`B@

�#H2b BM �M �M�HvbBb iQ i?2 b�K2 b+�H2XÇ J2�M +2Mi2`BM;, +?�M;2b i?2 /�i� #v bm#i`�+iBM; i?2 K2�M Q7 i?2
b�KTH2 7`QK 2�+? /�i� TQBMi- `2bmHiBM; BM � b?B7iBM; Q7 i?2 /�i� iQ@
r�`/b i?2 K2�M- 2z2+iBp2Hv K�FBM; i?2 K2�M Q7 i?2 b+�H2/ /�i� b2i
iQ #2 y33c 33 P7i2M /QM2 iQ +2Mi2` i?2 �M�HvbBb QM

i?2 p�`B�iBQM T�`i Q7 i?2 /�i� `�i?2`
i?�M- 7Q` 2t�KTH2- � +2Mi2` i2M/2M+v
p�Hm2X

Ç ai�M/�`/Bx�iBQM, Bb BMi2M/2/ iQ K�F2 /�i� b�KTH2b +QKT�`�#H2X h?2
T`Q+2bb /Q2b MQi +?�M;2 i?2 b?�T2 Q7 i?2 /Bbi`B#miBQM- QMHv i?2 K2�M
�M/ i?2 bi�M/�`/ /2pB�iBQMX h?2 KQbi +QKKQM K2i?Q/ Bb i?2 x@
i`�Mb7Q`K mb2/ iQ +QMp2`i i?2 /�i� iQ x@b+Q`2bX �HbQ +�HH2/ �miQ@
b+�HBM;- i?2 x@i`�Mb7Q`K K�F2b i?2 /�i� +QKT�`�#H2 #v i`�Mb7Q`KBM;
Q#b2`p2/ /�i� BMiQ KmHiBTH2b Q7 Bib bi�M/�`/ /2pB�iBQM Ua.VX h?2 K2�M
Q7 i?2 x@i`�Mb7Q`K2/ b�KTH2 Bb 2[m�H iQ yX A7 i?2 Q`B;BM�H /Bbi`B#miBQM
Q7 i?2 /�i� Bb MQ`K�H- i?2 i`�Mb7Q`K2/ /�i� rBHH �HbQ 7QHHQr � MQ`K�H
/Bbi`B#miBQM rBi? � K2�M Q7 y �M/ � bi�M/�`/ /2pB�iBQM Q7 R U6B;m`2
NVX
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.Bbi`B#miBQM LQ`K�HBx�iBQM

h?2`2 �`2 K�Mv `2�H rQ`H/ T`Q+2bb2b i?�i ;2M2`�i2 /�i� i?�i /Q MQi
7QHHQr i?2 MQ`K�H- :�mbbB�M- /Bbi`B#miBQMX S`2pBQmb b2+iBQMb �H`2�/v
/Bb+mbb2/ ?Qr iQ /2i2`KBM2 B7 i?2 /�i� �`2 MQ`K�HHv /Bbi`B#mi2/ Q` MQiX
LQM@MQ`K�H /�i� mbm�HHv }ib BM QM2 Q7 irQ +�i2;Q`B2b, RV 7QHHQrb � /Bz2`@
2Mi /Bbi`B#miBQM Q` kV Bb � KBtim`2 Q7 /Bbi`B#miBQMb �M/ /�i� ;2M2`�iBQM
T`Q+2bb2bX

6Q` i?2 /�i� i?�i 7QHHQrb � FMQrM /Bbi`B#miBQM3N- QM2 +�M 2Bi?2` B/2M@ 3N 1X;X- #BMQKB�H- HQ;@MQ`K�H- 2tTQM2M@
iB�H- 2i+X
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iB7v i?2 i?2Q`2iB+�H /Bbi`B#miBQM Bi 7QHHQrb �M/ �M�Hvx2 i?2 /�i� mbBM;
i2bib �TT`QT`B�i2 7Q` i?�i /Bbi`B#miBQM Q` bQK2?Qr i`�Mb7Q`K Bi iQ � MQ`@
K�H /Bbi`B#miBQM #27Q`2 �M�HvbBb �M/ i?2M mb2 i2bib i?�i �bbmK2 /�i�
/Bbi`B#miBQM iQ #2 MQ`K�HX

.2�HBM; rBi? i?2 kM/ +�i2;Q`v Q7 MQM@MQ`K�H /�i�- r?B+? /BbTH�vb �
KBtim`2 Q7 /Bbi`B#miBQMb- Bb KQ`2 +QKTHB+�i2/ #2+�mb2 72r- B7 �Mv- i`�Mb@
7Q`K�iBQMb rQmH/ #2 �#H2 iQ /2�H rBi? �HH i?�i p�`B�#BHBiv 7Q` i?2 2MiB`2
/�i� b2iX AM i?Bb +�b2- i?2 /�i� M22/b iQ #2 bim/B2/ �M/ `2}M2/ #27Q`2
�M�HvbBbX 6Q` 2t�KTH2- �M �ii2KTi iQ #`2�F /QrM i?2 /�i� +�M T`Q@
/m+2 bm#@b�KTH2b Q` +�i2;Q`B2b 7Q` r?B+?- BM/BpB/m�HHv- i?2 /Bbi`B#miBQMb
�`2 FMQrM Q` `2+Q;MBx�#H2X AM i?Bb +�b2- i`�Mb7Q`K�iBQMb +�M #2 �TTHB2/
iQ 2�+? bm#@b�KTH2 Q` +�i2;Q`vX A7 i?2 Q#b2`p2/ /�i� Bb T`Q/m+2/ #v
KmHiBTH2 T`Q+2bb2b- bm+? �b #mbBM2bb /�i� T`Q/m+2/ #v +QKTH2t rQ`F
�+iBpBiB2b- KmHiBTH2 b?B7ib- HQ+�iBQMb- +mbiQK2`b- b2�bQM�HBiv- 2i+X- �M �i@
i2KTi iQ `2pB2r i?2 BM/BpB/m�H T`Q+2bb i?�i T`Q/m+2/ /�i� TQBMib �M/
}M/ � +QKKQM /2MQKBM�iQ` iQ i`�Mb7Q`K i?2 /�i� iQ +�M bQK2iBK2b ?2HT
#`BM; i?2 /�i� +HQb2 2MQm;? iQ i?2 MQ`K�H /Bbi`B#miBQM bQ i?�i �M�HvbBb
Bb TQbbB#H2NyX Ny h?2 T`Q+2bb �Hr�vb rQ`Fb #2ii2` 7Q`

H�`;2` b�KTH2bX
aQK2 Q7 i?2 +QKKQM QTiBQMb �`2,

Ç "Qt@*Qt i`�Mb7Q`K�iBQM, lb2b � 7�KBHv Q7 TQr2` 7mM+iBQMb iQ i`�Mb@
7Q`K /�i� iQ � KQ`2 MQ`K�H /Bbi`B#miBQM 7Q`KX h?2 7Q`KmH� mb2/
7Q` i`�Mb7Q`K�iBQM �`2 bBKTH2 #mi +QKTmi�iBQM�HHv BMi2MbBp2X 6Q` i?Bb
`2�bQM KQbi bi�iBbiB+�H �M�HvbBb T�+F�;2b U2X;X- aSaaV Qz2` �M QTiBQM
iQ `mM "Qt@*Qt i`�Mb7Q`K�iBQMb QM i?2 /�i� b2iX

Ç GQ; i`�Mb7Q`K�iBQM, h?2 p�Hm2 Q7 2�+? Q#b2`p�iBQM Bb i`�Mb7Q`K2/
#v �TTHvBM; i?2 #�b2 Ry Q` M�im`�H HQ;�`Bi?K iQ i?2 Q#b2`p2/ p�Hm2X
h?2 `2p2`b2 T`Q+2bb Bb iQ `�Bb2 i?2 p�Hm2b �i i?2 TQr2` Q7 Ry Q` 2NR- NR 6Q` i?2 M�im`�H HQ;�`Bi?KbX
/2T2M/BM; Q7 r?�i ivT2 Q7 HQ;�`Bi?K r�b BMBiB�HHv �TTHB2/X Ai Bb 2b@
T2+B�HHv mb27mH B7 i?2 Q`B;BM�H p�`B�#H2 7QHHQrb � HQ; /Bbi`B#miBQMc �7i2`
i`�Mb7Q`K�iBQM i?2 `2bmHi2/ p�Hm2b rBHH #2 MQ`K�HHv /Bbi`B#mi2/X

Ç a[m�`2@`QQi i`�Mb7Q`K�iBQM, h?2 p�Hm2 Q7 2�+? Q#b2`p�iBQM Bb i`�Mb@
7Q`K2/ #v i�FBM; Bib b[m�`2 `QQiX hQ `2p2`b2 i?2 T`Q+2bb Bb iQ b[m�`2
i?2 p�Hm2bX lbm�HHv mb2/ r?2M i?2 p�`B�#H2 Bb � +QmMi Q7 bQK2i?BM;X
A7 i?2 b�KTH2 BM+Hm/2b M2;�iBp2 p�Hm2b- i?2 b�KTH2 b?QmH/ #2 }`bi
`2b+�H2/ iQ ?�p2 �HH TQbBiBp2 p�Hm2bNkX Nk 6Q` 2t�KTH2 #v �//BM; � +2`i�BM

�KQmMi iQ 2�+? Q#b2`p2/ p�Hm2XÇ �`+bBM2 i`�Mb7Q`K�iBQM, h?2 p�Hm2 Q7 2�+? Q#b2`p�iBQM Bb i`�Mb7Q`K2/
#v i�FBM; i?2 �`+bBM2 Q7 i?2 b[m�`2 `QQi Q7 i?2 MmK#2`X h?2 MmK#2`b
iQ #2 i`�Mb7Q`K2/ b?QmH/ #2 #2ir22M y �M/ RX h?2 `2bmHi2/ mMBi
Q7 K2�bm`2 Bb `�/B�Mb �M/ i?2 `2bmHiBM; `�M;2 Bb −π/2 iQ π/2X Ai Bb
mbm�HHv mb27mH 7Q` T`QTQ`iBQMb Q` `�iBQ ivT2 /�i� i?�i `�M;2b #2ir22M
y �M/ RX

G2iǶb HQQF �i �M 2t�KTH2 Q7 � HQ; i`�Mb7Q`K�iBQMX h?2 Q`B;BM �M/
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K2�MBM; Q7 i?2 /�i� b2i Bb B``2H2p�Mi 7Q` i?Bb i`�Mb7Q`K�iBQM 2t�KTH2X

� ?BbiQ;`�K �M/ [[@THQi Q7 i?2 Q`B;BM�H b�KTH2 /�i� U6B;m`2 RyV,
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i`B#miBQMX aQ- H2iǶb /Q � HQ; i`�Mb7Q`K�iBQM Q7 i?2 /�i�X PM+2 i?2 /�i�
?�b #22M i`�Mb7Q`K2/- Bi #2+QK2b MQ`K�HHv /Bbi`B#mi2/ U6B;m`2 RRVX
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s 6B;m`2 RR, GQ; i`�Mb7Q`K2/ /�i�

Jm+? #2ii2`X LQr i?�i i?2 �bbmKTiBQM Q7 MQ`K�HBiv Bb p2`B}2/ U�HQM;@
bB/2 �HH Qi?2` �bbmKTiBQMbV- i?2 �M�HvbBb +�M +QMiBMm2X

PM+2 i?2 �M�HvbBb Bb +QKTH2i2/ i?2 /�i� b?QmH/ #2 i`�Mb@
7Q`K2/ #�+F iQ Bib Q`B;BM�H 7Q`K�i 7Q` BMi2`T`2i�iBQM �M/ `2@
TQ`iBM;X



*Q``2H�iBQMb

*Q``2H�iBQMbNj 2tTHQ`2 ?Qr irQ Q` KQ`2 p�`B�#H2b �`2 `2H�i2/ iQ 2�+? Nj _2K2K#2`- *Q``2H�iBQM /Q2b MQi BK@
THv +�mb�iBQM5Qi?2`X Ai �ii2KTib iQ �bb2bb B7 i?2 +?�M;2b BM QM2 p�`B�#H2 bvbi2K�iB+�HHv

p�`v rBi? i?2 +?�M;2b BM �MQi?2`X h?2`2 Bb MQ /2T2M/2M+2 `2H�iBQMb?BT
#2ir22M p�`B�#H2b U2X;X- Aof.oVX JQbi Q7i2M +Q``2H�iBQMb �`2 mb2/ iQ HQQF
�i ?Qr p�`B�#H2b �`2 +Q``2H�i2/ iQ 2�+? Qi?2` BM � /�i� b2i- mbm�HHv rBi?
� 7Q+mb QM i?2 p�`B�#H2UbV Q7 BMi2`2biX

h?Bb b2+iBQM 2tTHQ`2b i?2 i?`22 KQbi +QKKQM +Q``2H�iBQM i2bib- QM2
T�`�K2i`B+ US2�`bQMV �M/ irQ MQM@T�`�K2i`B+ UaT2�`K�M �M/ E2M/�HHVX
�HH i?`22 i2bib +QKTmi2 � +Q``2H�iBQM +Q2{+B2Mi i?�i +�M `�M;2 #2ir22M
@R �M/ RX h?2 +HQb2` i?2 p�Hm2 Bb iQ i?2 2ti`2K2 U@R Q` RV i?2 bi`QM;2`
i?2 `2H�iBQMb?BT BbX

Ç I y @ BM/B+�i2b � M2;�iBp2 +Q``2H�iBQM- K2�MBM; i?�i i?2 �b i?2 p�Hm2
Q7 t BM+`2�b2b- i?2 p�Hm2 Q7 v /2+`2�b2bX

Ç y @ BM/B+�i2b MQ �bbQ+B�iBQMX
Ç = y @ BM/B+�i2b � TQbBiBp2 +Q``2H�iBQM- K2�MBM; i?�i �b i?2 p�Hm2 Q7 t

BM+`2�b2b- i?2 p�Hm2 Q7 v BM+`2�b2b �b r2HHX

LmHH ?vTQi?2bBb U>yV, h?2`2 Bb MQ +Q``2H�iBQM #2ir22M i?2 irQ p�`B@
�#H2bX AM i?Bb +�b2 i?2 +Q``2H�iBQM +Q2{+B2Mi Ur?B+? /2T2M/BM; QM i2bi
+�M #2 `- ϱ- Q` τV Bb x2`Q Q` +HQb2 iQ x2`QX

h?2 /�i� b2i mb2/ BM i?2 2t�KTH2b #2HQr Bb +�HH2/ Ki+�`b �M/ Bb �p�BH@
�#H2 BM _ 2t�KTH2 /�i�b2ibX h?2 /�i�- +Qp2`BM; RR p�`B�#H2b /2b+`B#BM;
+�`b- r�b 2ti`�+i2/ 7`QK i?2 RNd9 JQiQ` h`2M/ la K�;�xBM2 Uh�#H2 8VX

h?2 }`bi 72r `Qrb Q7 i?2 /�i� b2i �`2 b?QrM BM h�#H2 eX

h?2 [m2biBQM �bF2/ Bb, Ab i?2`2 �Mv `2H�iBQMb?BT #2ir22M KT; �M/ ri\
h?�i Bb- Bb i?2`2 �Mv +Q``2H�iBQM #2ir22M i?2 +�`Ƕb r2B;?i �M/ Bib 7m2H
2{+B2M+v\
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o�`B�#H2 .2b+`BTiBQM

KT; JBH2bf;�HHQM UlaV
+vH LmK#2` Q7 +vHBM/2`b
/BbT .BbTH�+2K2Mi UBM +m#B+ BM+?2bV
?T >Q`b2TQr2`
/`�i _2�` �tH2 `�iBQ

ri q2B;?i UBM Ryyy H#V
[b2+ Rf9 KBH2 iBK2
pb 1M;BM2 Uy@o- R@GBM2V
�K h`�MbKBbbBQM Uy@�miQK�iB+- R@K�Mm�HV
;2�` LmK#2` Q7 7Q`r�`/ ;2�`b

+�`# LmK#2` Q7 +�`#m`�iQ`b

h�#H2 8, .2b+`BTiBQM Q7 p�`B�#H2b
BM i?2 Ki+�`b /�i�b2i

KT; +vH /BbT ?T /`�i ri [b2+ pb �K ;2�` +�`#

J�x/� _s9 kRXy e Rey RRy jXNy kXeky ReX9e y R 9 9
J�x/� _s9 q�; kRXy e Rey RRy jXNy kX3d8 RdXyk y R 9 9
.�ibmM dRy kkX3 9 Ry3 Nj jX38 kXjky R3XeR R R 9 R
>Q`M2i 9 .`Bp2 kRX9 e k83 RRy jXy3 jXkR8 RNX99 R y j R
>Q`M2i
aTQ`i�#Qmi

R3Xd 3 jey Rd8 jXR8 jX99y RdXyk y y j k

o�HB�Mi R3XR e kk8 Ry8 kXde jX9ey kyXkk R y j R

h�#H2 e, 6B`bi 72r `Qrb Q7 i?2 Ki@
+�`b /�i�b2iS2�`bQM *Q``2H�iBQMb h2bi

S�`�K2i`B+ i2bi mb2/ 7Q` irQ BMi2`p�H Q` `�iBQ p�`B�#H2bX h?2 i2bi `2[mB`2b
i?2 7QHHQrBM; �bbmKTiBQMb iQ #2 K2i,

Ç .�i� Bb #B@p�`B�i2 MQ`K�Hc
Ç h?2 `2H�iBQMb?BT #2ir22M p�`B�#H2b Bb HBM2�`X

"27Q`2 `mMMBM; i?2 i2bi- r2 p2`B7v i?2 �bbmKTiBQMb 7Q` i?2 S2�`bQM
*Q``2H�iBQMbN9 i2biX N9 �M Bbbm2 rBi? i?2 S2�`bQM +Q``2@

H�iBQMb i2bi Bb i?2 7�+i i?�i QmiHB2`b
+�M M2;�iBp2Hv BKT�+i i?2 i2bi `2@
bmHibX h?2`27Q`2- �M �M�HvbBb Q7 QmiHB2`b
b?QmH/ #2 T2`7Q`K2/ 7Q` i?2 b�KTH2 #2@
7Q`2 i?2 i2biX

hQ i2bi MQ`K�HBiv r2 mb2 i?2 a?�TB`Q@qBHF i2biX

a?�TB`Q@qBHF MQ`K�HBiv i2bi

/�i�, KvX+Q`0KT;
q 4 yXN8- T@p�Hm2 4 yXR

a?�TB`Q@qBHF MQ`K�HBiv i2bi

/�i�, KvX+Q`0ri
q 4 yXN9- T@p�Hm2 4 yXyN



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} 8j

h?2 `2bmHib b?Qr i?�i i?2 /Bbi`B#miBQM Q7 /�i� 7Q` #Qi? p�`B�#H2b Bb
MQi bB;MB}+�MiHv /Bz2`2Mi 7`QK i?2 MQ`K�H /Bbi`B#miBQM U#Qi? T@p�Hm2b
�`2 = yXy8V- i?mb p2`B7vBM; i?2 �bbmKTiBQM Q7 MQ`K�HBivX

"2bB/2b mbBM; a?�TB`Q@qBHFb- /�i� MQ`K�HBiv +�M #2 �M�Hvx2/ mbBM;
?BbiQ;`�Kb- [@[ THQib- �M/ i?2 p�Hm2b Q7 bF2rM2bb �M/ Fm`iQbBb 7Q` 2�+?
/�i� b2iX h?2b2 �Hi2`M�iBp2 r�vb Q7 bim/vBM; � /�i� b2iǶb MQ`K�HBiv �`2
2t2KTHB}2/ 7Q` Qi?2` �M�Hvb2bX

h?2 HBM2�`Biv �bbmKTiBQM +�M #2 pBbm�HBx2/ #v ;2M2`�iBM; � b+�ii2`
THQi `2T`2b2Mi�iBQM rBi? QM2 p�`B�#H2 QM i?2 s �tBb �M/ i?2 Qi?2` p�`B�#H2
QM i?2 u �tBbX
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M
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G
al
lo
n 6B;m`2 Rk, a+�ii2`THQi Q7

KBH2bf;�HHQM UKT;V pbX r2B;?i
UriV

GQQFBM; �i i?2 b+�ii2` THQi U6B;m`2 RkV i?2 �bbmKTiBQM Q7 HBM2�`Biv
b22Kb iQ ?QH/ #2+�mb2 i?2 `2H�iBQMb?BT #2ir22M i?2 irQ p�`B�#H2b b22Kb
iQ #2 HBM2�` �HQM; i?2 `2/ HBM2 U`2;`2bbBQM HBM2VX a?QmH/ i?2 T�ii2`M Q7
TQBMib b?Qr � /Bz2`2Mi i`2M/ U2X;X- +m`p2V- i?2 `2H�iBQMb?BT #2ir22M i?2
irQ p�`B�#H2b Bb MQi HBM2�` �M/ i?2`27Q`2 Qi?2` +Q``2H�iBQM i2bib b?QmH/
#2 mb2/ iQ �M�Hvx2 BiX

qBi? i?2 �bbmKTiBQMb p2`B}2/- H2iǶb `mM i?2 S2�`bQM *Q``2H�iBQMb i2biX

S2�`bQM^b T`Q/m+i@KQK2Mi +Q``2H�iBQM

/�i�, KvX+Q`0KT; �M/ KvX+Q`0ri
i 4 @NXe- /7 4 jy- T@p�Hm2 4 R2@Ry
�Hi2`M�iBp2 ?vTQi?2bBb, i`m2 +Q``2H�iBQM Bb MQi 2[m�H iQ y
N8 T2`+2Mi +QM7B/2M+2 BMi2`p�H,
@yXNjj3 @yXd99R
b�KTH2 2biBK�i2b,

+Q`
@yX3edd

h?2 T@p�Hm2 I yXy8 bm;;2bib i?�i i?2`2 Bb � bB;MB}+�Mi +Q``2H�iBQM
#2ir22M KT; U7m2H 2{+B2M+vV �M/ ri U+�`Ƕb r2B;?iVX

aT2�`K�M *Q``2H�iBQMb h2bi

LQM@T�`�K2i`B+ i2bi mb2/ 7Q` irQ BMi2`p�H- `�iBQ- Q` Q`/BM�H ivT2 p�`B@
�#H2bX
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"2+�mb2 i?2 aT2�`K�M *Q``2H�iBQMb i2bi /Q2b MQi ?�p2 �Mv �bbmKT@
iBQMb �#Qmi i?2 /�i�- Bi +�M #2 `mM /B`2+iHvX

aT2�`K�M^b `�MF +Q``2H�iBQM `?Q

/�i�, KvX+Q`0KT; �M/ KvX+Q`0ri
a 4 Ryyyy- T@p�Hm2 4 R2@RR
�Hi2`M�iBp2 ?vTQi?2bBb, i`m2 `?Q Bb MQi 2[m�H iQ y
b�KTH2 2biBK�i2b,

`?Q
@yX33e9

"�b2/ QM i?2 +QKTmi2/ T@p�Hm2 I yXy8 Bi +�M #2 +QM+Hm/2/ i?�i i?2
irQ p�`B�#H2b �`2 bB;MB}+�MiHv +Q``2H�i2/ iQ 2�+? Qi?2`X

E2M/�HH *Q``2H�iBQMb h2bi

LQM@T�`�K2i`B+ i2bi mb2/ 7Q` irQ BMi2`p�H- `�iBQ- Q` Q`/BM�H ivT2 p�`B@
�#H2bX

"2+�mb2 i?2 E2M/�HH *Q``2H�iBQMb i2bi /Q2b MQi ?�p2 �Mv �bbmKTiBQMb
�#Qmi i?2 /�i�- Bi +�M #2 `mM /B`2+iHvX

E2M/�HH^b `�MF +Q``2H�iBQM i�m

/�i�, KvX+Q`0KT; �M/ KvX+Q`0ri
x 4 @8X3- T@p�Hm2 4 d2@yN
�Hi2`M�iBp2 ?vTQi?2bBb, i`m2 i�m Bb MQi 2[m�H iQ y
b�KTH2 2biBK�i2b,

i�m
@yXdkd3

"�b2/ QM i?2 +QKTmi2/ T@p�Hm2 I yXy8 Bi +�M #2 +QM+Hm/2/ i?�i i?2
irQ p�`B�#H2b �`2 bB;MB}+�MiHv +Q``2H�i2/ iQ 2�+? Qi?2`X



*?B@a[m�`2 h2bi

h?2 *?B@a[m�`2 h2bi �TTHB2b iQ MQKBM�Hf+�i2;Q`B+�H p�`B�#H2bX Ai ?�b
irQ 7Q`Kb,

Ç � QM2@r�v +H�bbB}+�iBQM iQ 2biBK�i2 ?Qr +HQb2 �M Q#b2`p2/ /Bbi`B@
#miBQM Bb iQ �M 2tT2+i2/ /Bbi`B#miBQMX h?Bb ivT2 Q7 i2bi Bb +�HH2/ �
;QQ/M2bb@Q7@}i i2biX

Ç � irQ@r�v +H�bbB}+�iBQM iQ 2biBK�i2 r?2i?2` irQ p�`B�#H2b 7`QK i?2
b�K2 TQTmH�iBQM �`2 `2H�i2/ Q` MQiX h?Bb ivT2 Q7 i2bi Bb +�HH2/ �
+QMiBM;2M+v i2bi Q` i2bi Q7 BM/2T2M/2M+2X

h?2 /�i�b2i /2b+`B#2/ #2HQr rBHH #2 mb2/ iQ 2t2KTHB7v #Qi? ivT2b
Q7 �M�Hvb2bX Ai +QMi�BMb �HH ?QbTBi�H /Bb+?�`;2b BM L2r uQ`F ai�i2 BM
RNNj URk-399 `2+Q`/bV 7Q` T�iB2Mib �/KBii2/ rBi? �M �+mi2 JvQ+�`/B�H
AM7�`+iBQM U?2�`i �ii�+FV r?Q /B/ MQi ?�p2 bm`;2`vX h?2 /�i� Bb /2}M2/
�b b?QrM BM h�#H2 dX

G2iǶb i�F2 � HQQF �i ?Qr i?2 /�i� HQQFb HBF2 #v HBbiBM; i?2 }`bi 72r
`Qrb Q7 i?2 /�i�b2i Uh�#H2 3VX

:QQ/M2bb@Q7@6Bi h2bi

GQQFb �i � bBM;H2 +�i2;Q`B+�H p�`B�#H2 7`QK � TQTmH�iBQM �M/ �ii2KTib
iQ �bb2bb ?Qr +HQb2 iQ Q` +QMbBbi2Mi rBi? � ?vTQi?2bBx2/ /Bbi`B#miBQM i?2
�+im�H /Bbi`B#miBQM Q7 i?�i p�`B�#H2 BbX

LmHH ?vTQi?2bBb U>yV, h?2 /�i� 7QHHQrb i?2 i?2Q`2iB+�H /Bbi`B#miBQMX

"27Q`2 `mMMBM; i?2 �M�HvbBb- H2iǶb HQQF �i � #�bB+ /2b+`BTiBp2 bi�iBbiB+-
7`2[m2M+v �M�HvbBbX

_mMMBM; i?2 +?B@b[m�`2 ;QQ/M2bb@Q7@}i i2bi 7Q` i?2 ;2M/2` p�`B�#H2
rBHH �ii2KTi iQ i2bi 7Q` 2[m�H +QmMib BM 2p2`v +2HH Q7 i?2 /2bB;MX

*?B@b[m�`2/ i2bi 7Q` ;Bp2M
T`Q#�#BHBiB2b

/�i�, i�#H2UKvX?�0;2M/2`V
s@b[m�`2/ 4 8dy- /7 4 R- T@p�Hm2 Ik2@Re
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o�`B�#H2 1tTH�M�iBQM

�;2 S�iB2Mi �;2 BM v2�`b
;2M/2` S�iB2MiǶb ;2M/2`- +Q/2/ J 7Q` K�H2b �M/ 6 7Q` 72K�H2b
/B�;MQbBb *Q/2 #�b2/ QM A*. +H�bbB}+�iBQM
/`; .B�;MQbBb _2H�i2/ :`QmT URkR @ rBi? +QKTHB+�iBQMb

r?Q /B/ MQi /B2c Rkk @ rBi?Qmi +QKTHB+�iBQMb r?Q /B/
MQi /B2c Rkj @ T�iB2Mib r?Q /B2/V

HQb >QbTBi�H H2M;i? Q7 bi�v

/B2/ R B7 i?2 T�iB2Mi /B2/ BM i?2 ?QbTBi�Hc y B7 MQi
+?�`;2b 0 �KQmMi Q7 ?QbTBi�H +?�`;2b

h�#H2 d, o�`B�#H2b BM i?2 ?2�`i
�ii�+F /�i� b2i

/B�;MQbBb ;2M/2` /`; /B2/ +?�`;2b HQb �;2

9Ry9R 6 Rkk y 9d8k Ry dN
9Ry9R 6 Rkk y jN9R e j9
9RyNR 6 Rkk y je8d 8 de
9Ry3R 6 Rkk y R93R k 3y
9RyNR J Rkk y Re3R R 88

9RyNR J RkR y ejdN N 39

h�#H2 3, 6B`bi 72r `Qrb Q7 i?2
?2�`i �ii�+F /�i� b2i

:Bp2M i?2 bK�HH T@p�Hm2- i?2 MmHH ?vTQi?2bBb +�M #2 `2D2+i2/ �M/ Bi
+�M #2 +QMbB/2`2/ i?�i i?2 �Hi2`M�iBp2 Bb i`m2X

1t�KTH2 Q7 ?Qr iQ r`Bi2 Bi mT,

h?2 MmHH ?vTQi?2bBb bi�iBM; i?�i T�iB2Mib �`2 2[m�HHv /Bbi`B#mi2/ �+`Qbb
;2M/2`b- χ2(df = 1) = 573.48, p < 0.001 Bb `2D2+i2/X h?2`27Q`2- i?2`2 �`2
bB;MB}+�Mi /Bz2`2M+2b #2ir22M i?2 2tT2+i2/ MmK#2` Q7 T�iB2Mib 7Q` 2�+?
;2M/2` �M/ i?2 Q#b2`p2/ MmK#2`X

P#b2`p2/ 7`2[m2M+B2b +�M ?2HT 2tTH�BM i?2 /B`2+iBQM Q7 i?2 `2H�iBQMb?BT
7Q` i?2 TQbbB#H2 mM/2`HvBM; 2tTH�M�iBQM Q` `2�bQMX h?Bb 2tTH�M�iBQM +�M
#2 �//2/ iQ i?2 i2ti B7 `2H2p�Mi 7Q` i?2 bim/vX

h2bi Q7 AM/2T2M/2M+2

AM i?Bb +�b2 i?2 *?B@a[m�`2 h2bi Bb mb2/ iQ /2i2`KBM2 B7 � bB;MB}+�Mi
`2H�iBQMb?BT 2tBbib #2ir22M irQ +�i2;Q`B+�H p�`B�#H2bX h?2 i2bi +QKT�`2b
i?2 7`2[m2M+v Q7 2�+? +�i2;Q`v Q7 QM2 Q7 i?2 p�`B�#H2b iQ i?2 7`2[m2M+v
7Q` 2�+? Q7 i?2 +�i2;Q`B2b Q7 i?2 Qi?2` p�`B�#H2X

AM i?Bb 2t�KTH2 r2 rBHH i`v iQ }M/ B7 i?2`2 MmK#2` Q7 T�iB2Mib /2�i?b
Bb BM bQK2 r�v `2H�i2/ iQ i?2B` ;2M/2`X h?2`27Q`2- r2 rBHH #2 i2biBM; i?2
MmHH ?vTQi?2bBb,

h?2 MmHH ?vTQi?2bBb U>yV, h?2`2 Bb MQ `2H�iBQMb?BT #2ir22M ;2M/2`
�M/ i?2 T�iB2Mi /vBM; BM i?2 ?QbTBi�HX
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J dddN

h�#H2 N, :2M/2` p�`B�#H2 7`2@
[m2M+B2b

G2iǶb HQQF �i bQK2 +2HH +QmMib }`biX �M B/2� �#Qmi ?Qr i?2b2 HQQF HBF2
rBHH #2 mb27mH H�i2` r?2M +QKT�`2/ rBi? 2tT2+i2/ +2HH +QmMib +QKTmi2/
7`QK i?2 bi�iBbiB+�H i2biX

y R

6 9kN3 ded
J dRje e9j

h�#H2 Ry, :2M/2` +QmMi �M/ .B2/
Uy 4 MQ- R 4 v2bV #v ;2M/2` p�`B@
�#H2 +QmMib

LQr H2iǶb `mM i?2 i2bi,

S2�`bQM^b *?B@b[m�`2/ i2bi rBi? u�i2b^
+QMiBMmBiv +Q``2+iBQM

/�i�, i�#H2UKvX?�0;2M/2`- KvX?�0/B2/V
s@b[m�`2/ 4 R8y- /7 4 R- T@p�Hm2 Ik2@Re

h?2 Q#i�BM2/ T@p�Hm2 I Xy8 BM/B+�i2b i?�i i?2 MmHH ?vTQi?2bBb UBM/B@
+�iBM; BM/2T2M/2M+2V +�M #2 b�72Hv `2D2+i2/ �M/ i?2 �Hi2`M�iBp2 ?vTQi?@
2bBb UBM/B+�iBM; i?2 2tBbi2M+2 Q7 � `2H�iBQMb?BT #2ir22M ;2M/2` �M/ /B2/V
b?QmH/ #2 �++2Ti2/X

A7 i?2 MmHH ?vTQi?2bBb r2`2 i`m2- i?2 2tT2+i2/ +QmMib �`2 b?QrM BM
h�#H2 RR- +QKT�`2/ iQ i?2 Q#b2`p2/ 7`2[m2M+B2b b?QrM BM h�#H2 RyX

y R

6 98yN 88e
J eNk8 389

h�#H2 RR, 1tT2+i2/ 7`2[m2M+B2b

� KQb�B+ THQi U6B;m`2 RjV +�M ?2HT pBbm�HBx2 i?2 `2H�iBp2 +2HH bBx2bX

LQr H2iǶb HQQF �i � +?B@b[m�`2 �M�HvbBb r?2M �i H2�bi QM2 Q7 i?2 p�`B@
�#H2b ?�b KQ`2 i?�M QM2 H2p2HX AM i?Bb +�b2 r2 rBHH #2 mbBM; i?2 /`;
p�`B�#H2N8X N8 h?2 /`; U.B�;MQbBb _2H�i2/ :`QmTV

?�b i?`22 H2p2Hb, RkR @ rBi? +QKTHB+�@
iBQMb r?Q /B/ MQi /B2c Rkk @ rBi?Qmi
+QKTHB+�iBQMb r?Q /B/ MQi /B2c Rkj @
T�iB2Mib r?Q /B2/X

h?2 +2HH +QmMib BM i?Bb +�b2 �`2 b?QrM BM h�#H2 RkX

RkR Rkk Rkj

6 kjk3 RNdy ded
J jy8N 9ydd e9j

h�#H2 Rk, :2M/2` +QmMi �M/ .B@
�;MQbiB+ _2H�i2/ :`QmT p�`B�#H2
+QmMib

_mMMBM; i?2 i2bi `2im`Mb i?2 `2bmHib b?QrM #2HQrX

S2�`bQM^b *?B@b[m�`2/ i2bi

/�i�, i�#H2UKvX?�0;2M/2`- KvX?�0/`;V
s@b[m�`2/ 4 k3y- /7 4 k- T@p�Hm2 Ik2@Re
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6B;m`2 Rj, JQb�B+ THQi Q7 ;2M/2`
pbX �;2

�M/ i?2 KQb�B+ THQi Bb T`2b2Mi2/ BM 6B;m`2 R9X

h�#H2 Rj b?Qrb i?2 2tT2+i2/ 7`2[m2M+B2b r?2M i?2 MmHH ?vTQi?2bBb
U>yV Bb i`m2X *QKT�`2 i?2K rBi? i?2 Q#b2`p2/ 7`2[m2M+B2b b?QrM BM
h�#H2 RkX

RkR Rkk Rkj

6 kRk9 kj38 88e
J jkej jeek 389

h�#H2 Rj, 1tT2+i2/ 7`2[m2M+B2b

1t�KTH2 Q7 ?Qr iQ r`Bi2 Bi mT,

h?2 MmHH ?vTQi?2bBb bi�iBM; i?�i i?2`2 Bb MQ `2H�iBQMb?BT #2ir22M ;2M/2`
�M/ /B�;MQbBb `2H�i2/ ;`QmT +H�bbB}+�iBQM- χ2(df = 2) = 283.43, p < 0.001

Bb `2D2+i2/X h?2`27Q`2- i?2 /Bz2`2M+2b #2ir22M i?2 MmK#2` Q7 K�H2b �M/
72K�H2b BM i?2 /Bz2`2Mi /B�;MQbBb `2H�i2/ ;`QmT �`2 bB;MB}+�MiX
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6B;m`2 R9, _2H�iBQMb?BT #2ir22M
:2M/2` �M/ .B�;MQbiB+ _2H�i2/
:`QmT U/`;V





h?2 i@h2bi

S�`�K2i`B+ i2bi Q7 ;`QmT /Bz2`2M+2bX Ai Bb mb2/ r?2M,

Ç h?2`2 Bb � bBM;H2 T`2/B+iQ`fBM/2T2M/2Mi p�`B�#H2 UAoVc
Ç h?2 T`2/B+iQ`fBM/2T2M/2Mi p�`B�#H2 Bb K2�bm`2/ QM � MQKBM�H b+�H2

�M/ +�M ?�p2 QMHv irQ p�Hm2bc
Ç h?2 +`Bi2`BQMf/2T2M/2Mi p�`B�#H2 Bb K2�bm`2/ QM �M BMi2`p�H Q` `�iBQ

b+�H2X

AM/2T2M/2Mi a�KTH2b i@h2bi

lb2/ r?2M i?2 Q#b2`p�iBQMb +QHH2+i2/ mM/2` QM2 i`2�iK2Mi +QM/BiBQM
�`2 MQi `2H�i2/ iQ i?2 Q#b2`p�iBQMb +QHH2+i2/ mM/2` i?2 Qi?2` i`2�iK2Mi
+QM/BiBQMX 6Q` 2t�KTH2- i?2 BM/2T2M/2Mi b�KTH2b i@h2bi Bb mb2/ r?2M
`�M/QKHv b2H2+i2/ bm#D2+ib �`2 2tTQb2/ iQ irQ /Bz2`2Mi 2tT2`BK2Mi�H
+QM/BiBQMb UAoV �M/ r2 r�Mi iQ FMQr B7 i?2 irQ ;`QmTb �`2 Q` �`2 MQi
/Bz2`2Mi QM bQK2 +?�`�+i2`BbiB+ U.oVX

h?2 7QHHQrBM; �bbmKTiBQMb Kmbi #2 K2i iQ mb2 i?2 BM/2T2M/2Mi b�K@
TH2b i@h2bi,

Ç LQ`K�HHv /Bbi`B#mi2/ /�i�X
Ç _�M/QKHv b2H2+i2/ b�KTH2bc
Ç a�KTH2b �`2 BM/2T2M/2Mic

.�i� MQ`K�HBiv +�M #2 p2`B}2/ #v HQQFBM; �i i?2 /Bbi`B#miBQM Q7 i?2
/�i� U?BbiQ;`�KbV Q` i?`Qm;? � i2bi Q7 MQ`K�HBivX 6 Q` G2p2M2Ƕb i2bib
+�M #2 mb2/ iQ i2bi 2[m�HBiv Q7 p�`B�M+2bX

h?2 i2bi +QKTmi2b i?2 T`Q#�#BHBiv Q7 2``Q` 7Q` `2D2+iBM; i?2 MmHH ?v@
TQi?2bBb Q7 MQ /Bz2`2M+2 #2ir22M i?2 irQ K2�MbX h?2`27Q`2- i?2 T@p�Hm2
`2TQ`i2/ #v i?2 i@h2bi `2T`2b2Mib i?2 T`Q#�#BHBiv Q7 #2BM; r`QM; BM �+@
+2TiBM; i?2 `2b2�`+? ?vTQi?2bBb U�Hi2`M�iBp2 ?vTQi?2bBbV i?�i � /Bz2`2M+2
BM K2�Mb 2tBbibX
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6 ed
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6 ey
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J dR

J ed

h�#H2 R9, 1t+2`Ti 7`QK i?2
?2B;?i /�i� b2i

�M 2t�KTH2, +QMbB/2` bim/vBM; i?2 /Bz2`2M+2b BM ?2B;?i #2ir22M
K�H2b �M/ 72K�H2b Q7 i?2 ?QKQ b�TB2Mb bT2+B2bX q2 K2�bm`2 Ryy BM@
/BpB/m�Hb- 8y 72K�H2b U6V �M/ 8y K�H2b UJVX �M 2t+2`Ti Q7 i?2 ?2B;?i
K2�bm`2K2Mi /�i� Bb T`2b2Mi2/ BM h�#H2 R9X

h?2 MmHH ?vTQi?2bBb U>yV, AM i?2 TQTmH�iBQM i?2`2 Bb MQ /Bz2`2M+2
#2ir22M K�H2 �M/ 72K�H2 ?2B;?ibX

h?2 }`bi bi2T BM /�i� �M�HvbBb Bb iQ 7�KBHB�`Bx2 QM2b2H7 rBi? i?2 /�i�X
aQ- H2iǶb i�F2 � HQQF �i i?2 bQK2 bmKK�`v bi�iBbiB+bX

:2M/2` >2B;?i
6,8y JBMX ,eyXy
J,8y Rbi ZmX,edXy

J2/B�M ,eNXy
J2�M ,eNX9
j`/ ZmX,dkXk
J�tX ,dNXy

h2biBM; �bbmKTiBQM Q7 LQ`K�HBiv

�b �M 2t�KTH2- r2 rBHH rQ`F i?`Qm;? i?2 KQbi +QKKQM QTiBQMb iQ i2bi
i?2 MQ`K�HBiv Q7 � /�i�b2iX

.Bbi`B#miBQMb

"�b2/ QM i?2 ?BbiQ;`�K THQib U6B;m`2 R8V i?2 /�i� b22Kb iQ #2 `2H@
�iBp2Hv +HQb2 iQ � #2HH@b?�T2/ /Bbi`B#miBQMNeX AM i?Bb +�b2- r?BH2 i?2 `2@ Ne h?2 ?BbiQ;`�Kb 7Q` J�H2b �M/ 62@

K�H2b K�v HQQF /Bz2`2Mi #2+�mb2 Q7
TQbbB#H2 /Bz2`2M+2b #2ir22M i?2 MmK@
#2` Q7 #�`b mb2/ iQ `2T`2b2Mi i?2 /�i�X
h?Bb Bb /m2 iQ i?2 r�v _ +QKTmi2b i?2
MmK#2` Q7 #BMb iQ mb2 7Q` /�i� `2T`2@
b2Mi�iBQM Q7 � /�i� b2iX

b2K#H�M+2 iQ � #2HH b?�T2 K�v #2 KQ`2 /B{+mHi iQ Q#b2`p2- Bi Bb #2+�mb2
Q7 i?2 bK�HH MmK#2` Q7 /�i� TQBMib �p�BH�#H2 7Q` �M�HvbBbX h?2 KQ`2 /�i�
TQBMib BM i?2 b�KTH2- B7 i?2 b�KTH2 /Bbi`B#miBQM Bb +HQb2 iQ i?2 MQ`K�H
/Bbi`B#miBQM- i?2 +HQb2` i?2 ?BbiQ;`�K rQmH/ #2 iQ i?2 #2HH@b?�T2/ +m`p2
Q7 i?2 MQ`K�H /Bbi`B#miBQMX q?BH2 i?2 pBbm�H +?2+Fb �`2 }M2- H2iǶb i�F2 �
+HQb2` HQQF �i b�KTH2 /�i� MQ`K�HBivX

[[@SHQib

�b 6B;m`2 Re b?Qrb- i?2 /�i� TQBMib 7Q`K � 7�B`Hv bi`�B;?i HBM2 7Q` #Qi?
K�H2b �M/ 72K�H2b- r?B+? bm;;2bib i?2 +QM+HmbBQM i?�i i?2 b�KTH2 /�i�
7Q` i?2 irQ ;`QmTb Bb MQ`K�HHv /Bbi`B#mi2/X h?2 bHB;?i a@b?�T2/ +m`p2 Bb
�M BM/B+�iBQM Q7 bQK2 /2T�`im`2b 7`QK MQ`K�HBiv- #mi � pBbm�H BMbT2+iBQM
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aF2rM2bb Em`iQbBb

62K�H2b @yX9jyN kX3k3
J�H2b @yXjR8y jXk39

h�#H2 R8, aF2rM2bb �M/ Fm`iQbBb
Q7 ?2B;?i /�i�

+QKT�`BM; i?2 /�i� TQBMib +m`p2b rBi? i?2 `2/ bi`�B;?i /B�;QM�H HBM2b
bm;;2bib i?�i i?2b2 /2T�`im`2b �`2 MQi bB;MB}+�MiX L2p2`i?2H2bb- iQ #2
bm`2- H2iǶb MQi `2Hv QM pBbm�H +Hm2b �HQM2X

aF2rM2bb �M/ Em`iQbBb

h?2 /�i� BM h�#H2 R8 b?Qrb i?�i 7Q` 72K�H2b i?2 /�i� Bb bHB;?iHv bF2r2/
iQ i?2 H27i �M/ TH�viFm`iB+ UFm`iQbBb I jVX h?2 b�KTH2 Q7 K�H2b b?Qrb
� bBKBH�` bBim�iBQMX q?BH2 MmK#2`b Qz2` � #Bi KQ`2 /2i�BH i?�M pBbm�H
`2T`2b2Mi�iBQM- H2iǶb ;Q � bi2T 7m`i?2` �M/ i2bi /�i� MQ`K�HBiv mbBM; �
KQ`2 bT2+B}+ bi�iBbiB+�H i2biX

a?�TB`Q@qBHF h2bi

a?�TB`Q@qBHF MQ`K�HBiv i2bi

/�i�, KvX6
q 4 yXNe- T@p�Hm2 4 yXye

a?�TB`Q@qBHF MQ`K�HBiv i2bi

/�i�, KvXJ
q 4 yXNd- T@p�Hm2 4 yXk

� T@p�Hm2 = yXy8 BM/B+�i2b i?�i i?2 MmHH ?vTQi?2bBb +�MMQi #2 `2D2+i2/
�M/ i?2`27Q`2 Bi b?QmH/ #2 +QM+Hm/2/ i?�i i?2 b�KTH2b 7QHHQr � MQ`K�H
/Bbi`B#miBQMX

h?2 i@h2bi

q2H+? hrQ a�KTH2 i@i2bi

/�i�, >2B;?i #v :2M/2`
i 4 @RR- /7 4 Nd- T@p�Hm2 Ik2@Re
�Hi2`M�iBp2 ?vTQi?2bBb, i`m2 /B772`2M+2 BM K2�Mb Bb MQi 2[m�H iQ y
N8 T2`+2Mi +QM7B/2M+2 BMi2`p�H,
@dXRj @9XNR
b�KTH2 2biBK�i2b,
K2�M BM ;`QmT 6 K2�M BM ;`QmT J

eeX9y dkX9k

h?2 QmiTmi b?Qrb i?2 T`Q#�#BHBiv T UT@p�Hm2V i?�i i?2 i bi�iBbiB+b
rQmH/ #2 i?Bb H�`;2 Q` H�`;2` BM �#bQHmi2 p�Hm2 UrBi?Qmi i?2 @ bB;MV B7 i?2
MmHH ?vTQi?2bBb Bb i`m2X 6Q` i?Bb �M�HvbBb i?2 p�Hm2 Q7 T Bb bQ bK�HHNd i?�i Nd h?2 p�Hm2 Q7 i?2 T@p�Hm2 Bb bQ bK�HH

i?�i _ +QMbB/2`b Bi- 7Q` i?2 Tm`TQb2
Q7 i?Bb i2bi- BM/BbiBM;mBb?�#H2 7`QK
y �M/ i?mb `2T`2b2Mi2/ �b kXk2@Re
UyXyyyyyyyyyyyyyyykkVX _ +�M `2T`2@
b2Mi bK�HH2` MmK#2`b- #mi 7Q` �HH BM@
i2Mib �M/ Tm`TQb2b- mMH2bb QM2 M22/b
iQ rQ`F rBi? p2`v- p2`v bK�HH T@p�Hm2b-
i?Bb p�Hm2 +�M #2 2z2+iBp2Hv +QMbB/2`2/
2[m�H iQ yX

i?2`2 Bb T`�+iB+�HHv MQ +?�M+2 i?�i i?2 MmHH ?vTQi?2bBb Bb i`m2X h?2`27Q`2-
i?2 +QM+HmbBQM Bb i?�i- QM �p2`�;2- i?2`2 Bb � bB;MB}+�Mi /Bz2`2M+2 BM
?2B;?i #2ir22M K�H2b �M/ 72K�H2bX
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6BM�HHv- ?2`2 Bb �M 2t�KTH2 Q7 ?Qr iQ r`Bi2 mT i?2 `2bmHib BM � Tm#HB@
+�iBQMX

�M BM/2T2M/2Mi@b�KTH2b i@h2bi mb2/ iQ �M�Hvx2 i?2 /�i� `2p2�H2/ �
bB;MB}+�Mi /Bz2`2M+2 BM ?2B;?i #2ir22M K�H2b �M/ 72K�H2b- iUNdXRNjV 4
@RyXde8c T I yXyyRX h?2 b�KTH2 K2�Mb b?Qr i?�i K�H2b �`2 bB;MB}+�MiHv
i�HH2` UK2�M 4 dkX9kV i?�M 72K�H2b UK2�M 4 eeX9yVX

S�B`2/ a�KTH2b i@h2bi

h?2 T�B`2/@b�KTH2b i@h2bi Bb mb2/ r?2M i?2 Q#b2`p�iBQM +QHH2+i2/ 7`QK
QM2 ;`QmT Bb `2H�i2/ BM bQK2 r�v iQ i?2 +Q``2bTQM/BM; Q#b2`p�iBQM BM
i?2 b2+QM/ ;`QmTX aQK2 2t�KTH2b Q7 bim/B2b r?2`2 i?Bb i2bi rQmH/ #2
�TT`QT`B�i2,

Ç � bim/v mbBM; `2T2�i2/ K2�bm`2b BM r?B+? +�b2 bQK2 +?�`�+i2`BbiB+
Bb K2�bm`2/ 7Q` i?2 b�K2 T�`iB+BT�Mib #27Q`2 �M/ �7i2` � i`2�iK2MiX
AM i?Bb +�b2- #2+�mb2 i?2 T�`iB+BT�Mib �`2 i?2 b�K2- �M Q#b2`p�iBQM
#27Q`2 i?2 i`2�iK2Mi rBHH ?�p2 � +Q``2bTQM/BM; Q#b2`p�iBQM �7i2` i?2
i`2�iK2Mi- rBi? i?2 +Q``2bTQM/2M+2 #2BM; T`QpB/2/ #v i?2 T�`iB+B@
T�MiX

Ç � p�`B�Mi Q7 i?2 �#Qp2 Bb � T`2i2bi@TQbi2bi bim/v- r?2`2 i?2`2 Bb � i2bi
;Bp2M iQ i?2 T�`iB+BT�Mib #27Q`2 i?2 BMi2`p2MiBQM- �M/ i?2M �MQi?2`
i2bi Bb ;Bp2M �7i2` i?2 BMi2`p2MiBQMX

Ç � bim/v BM r?B+? i?2 T�`iB+BT�Mib �`2 �bbB;M2/ iQ i?2 i`2�iK2Mi
;`QmTb mbBM; bQK2 ivT2 Q7 K�i+?BM; T`Q+2/m`2 Q` T`Q+2bbX h?�i Bb-
QM2 T�`iB+BT�Mi Bb 2tTQb2/ iQ QM2 Q7 i?2 2tT2`BK2Mi�H +QM/BiBQMb r?BH2
�MQi?2` T�`iB+BT�Mi- b2H2+i2/ mbBM; � K�i+?BM; T`Q+2/m`2 Bb 2tTQb2/
iQ i?2 Qi?2` 2tT2`BK2Mi�H i`2�iK2MiX

Ç � bim/v BM r?B+? 2�+? T�`iB+BT�Mi Bb 2tTQb2/ iQ #Qi? i`2�iK2Mi +QM@
/BiBQMbX

�bbmKTiBQMb mM/2`HvBM; T�B`2/@b�KTH2b i@i2bi,

Ç .o @ BMi2`p�H Q` `�iBQX
Ç Ao @ MQKBM�H rBi? QMHv irQ +�i2;Q`B2bX
Ç P#b2`p�iBQMb b?QmH/ #2 T�B`2/ BM bQK2 K2�MBM;7mH r�vX
Ç AM/2T2M/2Mi Q#b2`p�iBQMb- � T�`iB+BT�MiǶb b+Q`2 BM QM2 i`2�iK2Mi b?QmH/

MQi #2 �z2+i2/ #v �Mi?2` T�`iB+BT�MiǶb b+Q`2UbVX
Ç _�M/QK b�KTHBM; /`�rM 7`QK TQTmH�iBQMX
Ç LQ`K�H /Bbi`B#miBQM Q7 /Bz2`2M+2 b+Q`2bX
Ç >QKQ;2M2Biv Q7 p�`B�M+2X

S�B`2/@b�KTH2b i@i2bib T`Q#H2Kb,



ee BQ�M ;2Hm BQM�b- K#�- T?X/X

Ç h?2 /2bB;Mb i?�i miBHBx2 i?Bb ivT2 Q7 i@i2bi �`2 K�Mv iBK2b 7�B`Hv r2�FX
Ç h?2 2tT2`BK2Mi +�M ?�p2 K�Mv +QM7QmM/BM; p�`B�#H2b- bm+? �b i?2

Q`/2` Q7 i`2�iK2Mib 7Q` � bim/v BM r?B+? 2�+? T�`iB+BT�Mi Bb 2tTQb2/
iQ #Qi? i`2�iK2Mi +QM/BiBQMb- BM r?B+? +�b2 Bi +QmH/ #2 /B{+mHi iQ
/2i2`KBM2 B7 i?2 Qmi+QK2b �`2 #2+�mb2 Q7 i?2 i`2�iK2Mi +QM/BiBQMb
i?2Kb2Hp2b- /m2 iQ i?2 Q`/2` Q7 i`2�iK2Mib- Q` � +QK#BM�iBQM Q7 #Qi?X

Ç _2T2�i2/ K2�bm`2b i2bib +�M �HbQ b?Qr bB;MB}+�Mi +QM7QmM/BM;- 2b@
T2+B�HHv 7Q` i?Qb2 i?�i bT�M � bB;MB}+�Mi �KQmMi Q7 iBK2 U2X;X- �
b2K2bi2`V Qp2` r?B+? i?BM;b i?�i ?�TT2M QmibB/2 i?2 i`2�iK2Mi +QM@
/BiBQMb +�M BM~m2M+2 i?2 Qmi+QK2X



�LPo�, �M�HvbBb Q7 o�`B�M+2

lb2/ iQ +QKT�`2 i?2 K2�Mb Q7 � +`Bi2`BQM U/2T2M/2MiV p�`B�#H2 #2ir22M
irQ Q` KQ`2 ;`QmTb /2}M2/ #v i?2 T`2/B+iQ` UBM/2T2M/2Mi p�`B�#H2VX h?2
i2bi +QKTmi2b �M 6 p�Hm2 BM/B+�iBp2 Q7 i?2 `�iBQ #2ir22M i?2 p�`B�iBQM #2@
ir22M ;`QmTb iQ i?2 p�`B�iBQM rBi?BM ;`QmTb iQ /2i2`KBM2 B7 i?2 Q#b2`p2/
/Bz2`2M+2b #2ir22M ;`QmTb QM i?2 +`Bi2`BQM p�`B�#H2 `2T`2b2Mi /Bz2`2M+2b
#2ir22M TQTmH�iBQMb 7`QK r?B+? i?2 b�KTH2b �`2 /`�rM U�Hi2`M�iBp2 ?v@
TQi?2bBb- >RVX P`- B7 i?2 Q#b2`p2/ /Bz2`2M+2b �`2 /m2 Tm`2Hv iQ +?�M+2
UMmHH ?vTQi?2bBb- >yVX

h?2 �M�HvbBb #2HQr rBHH mb2 i?2 b�K2 /�i� b2i mb2/ 7Q` i?2 AM/2T2M/2Mi
a�KTH2b i@h2biX h?2`27Q`2- i?2 2tT2`BK2Mi �M/ /2b+`BTiBQM Bb i?2 b�K2X

�bbmKTiBQMb

Ç a�KTH2 /�i� Bb MQ`K�HHv /Bbi`B#mi2/,

Ĝ *?2+F 7`2[m2M+v /Bbi`B#miBQMb- [@[ THQibc
Ĝ A7 i?2 /�i� Bb MQi MQ`K�HHv /Bbi`B#mi2/- T`Q+22/- #mi rBi? +�m@

iBQMX h?2 6 i2bi Bb `Q#mbi iQ /2T�`im`2b 7`QK MQ`K�HBiv #2+�mb2
i?2 +?�M+2b Q7 hvT2 A 2``Q` �`2 MQi BM+`2�b2/ #v /2pB�iBQMb 7`QK
MQ`K�HBivc

Ç h?2 ;`QmTb �`2 ?QKQ;2M2Qmb U?�p2 2[m�H p�`B�M+2bV,

Ĝ *?2+F ?QKQ;2M2Biv Q7 p�`B�M+2b UG2p2M2Ƕb i2biVc
Ĝ A7 LPh ?QKQ;2M2Qmb,

» 6Q` #2ir22M@bm#D2+ib p�`B�#H2b- /Q MQi rQ``vX 6 Bb `Q#mbi �M/
pBQH�iBQMb �`2 MQi HBF2Hv iQ BM+`2�b2 i?2 +?�M+2 Q7 hvT2 A 2``Q`
bB;MB}+�MiHvc

» 6Q` rBi?BM@bm#D2+ib p�`B�#H2b- rQ``v- �b i?2 `2bmHib +�M bm;;2bi
7�Hb2 bB;MB}+�Mi 2z2+ibc

Ç AM/2T2M/2M+2 Q7 Q#b2`p�iBQMb b22Kb � `2�bQM�#H2 �bbmKTiBQMb bBM+2
2�+? T�`iB+BT�Mi r�b K2�bm`2/ BM/BpB/m�HHv- BM/2T2M/2Mi Q7 i?2 Qi?@
2`bX



e3 BQ�M ;2Hm BQM�b- K#�- T?X/X

.7 amK Q7
a[m�`2b

J2�M
a[m�`2

6 T UbB;V

:2M/2` R NyeXy NyeXy RR8XN IXyyy
_2bB/m�Hb N3 deeXk dX3

h�#H2 Re, �LPo� `2bmHib BM �S�
7Q`K�i

h2biBM; LQ`K�HBiv

LQ`K�HBiv Bb i2bi2/ bBKBH�`Hv iQ i?2 �M�HvbBb Q7 MQ`K�HBiv T`2b2Mi2/ BM
h?2 i@h2bi +?�Ti2`X SH2�b2 7QHHQr i?2 ;mB/�M+2 T`QpB/2/ BM i?�i b2+iBQMX

h?2 �M�HvbBb Q7 MQ`K�HBiv T`2b2Mi2/ BM i?2 i@h2bi +?�Ti2`- mbBM; #Qi?
pBbm�H �M/ +QKTmi�iBQM K2i?Q/b- bm;;2bib i?�i /2bTBi2 bQK2 /2T�`im`2b
7`QK MQ`K�H /Bbi`B#miBQM- i?2 /�i� 7QHHQrb � MQ`K�H /Bbi`B#miBQMX h?2`2@
7Q`2- i?2 �bbmKTiBQM Q7 MQ`K�HBiv Bb p2`B}2/X

>QKQ;2M2Biv Q7 o�`B�M+2b

G2iǶb mb2 G2p2M2Ƕb i2bi iQ HQQF �i i?2 ?QKQ;2M2Biv Q7 p�`B�M+2bX

G2p2M2^b h2bi 7Q` >QKQ;2M2Biv Q7 o�`B�M+2 U+2Mi2` 4 K2/B�MV
.7 6 p�Hm2 S`U=6V

;`QmT R y yXNe
N3

h?2 i2bi b?Qrb UT = yXy8V i?�i i?2 MmHH ?vTQi?2bBb U>yV i?�i 2`@
`Q` p�`B�M+2b Q7 i?2 +`Bi2`BQM p�`B�#H2 U>2B;?iV �`2 2[m�H �+`Qbb ;`QmTb
U62K�H2b � J�H2bV b?QmH/ #2 �++2Ti2/X

h?2 �LPo� h2bi

.7 amK a[ J2�M a[ 6 p�Hm2 S`U=6V
:2M/2` R Nye Nye RRe Ik2@Re
_2bB/m�Hb N3 dee 3

:2M/2`    
_2bB/m�Hb
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

� bB;MB}+�M+2 p�Hm2 Q7 T I XyyR bm;;2bib i?�i i?2 MmHH ?vTQi?2bBb +�M
#2 `2D2+i2/ b�72Hv �M/ i?2 �Hi2`M�iBp2 ?vTQi?2bBb �++2Ti2/X 6Q` `2TQ`iBM;
i?2 QmiTmi b?QmH/ #2 +QMp2`i2/ iQ i?2 �TT`QT`B�i2 7Q`K�i 7Q` i?2 Tm#@
HB+�iBQM p2Mm2X �b �M 2t�KTH2- i?2 �K2`B+�M Sbv+?QHQ;B+�H �bbQ+B�iBQM
J�Mm�H Q7 aivH2 `2+QKK2M/b i?2 7QHHQrBM; i�#H2 7Q`K�i Uh�#H2 ReVX



J�LPo�, JmHiBTH2 �M�HvbBb Q7 o�`B�M+2

lb2/ iQ +QKT�`2 K2�Mb Q7 KmHiBTH2 +`Bi2`BQM U/2T2M/2MiV p�`B�#H2b #2@
ir22M irQ Q` KQ`2 ;`QmTb /2}M2/ #v i?2 T`2/B+iQ` UBM/2T2M/2MiV p�`B@
�#H2X � /Bz2`2Mi /�i� b2i Bb ;QBM; iQ #2 mb2/ �b �M 2t�KTH2 7Q` i?Bb
�M�HvbBbX hQ #2ii2` mM/2`bi�M/ i?2 2t�KTH2- i?2 bim/v b+2M�`BQ Bb BMi`Q@
/m+2/ #2HQrX

� `2b2�`+? iQ bim/v i?2 2z2+i Q7 `�+2 bi2`2QivTB+�H +`BK2b r�b +QM@
/m+i2/ rBi? Ry8 T�`iB+BT�MibX h?`22 B/2MiB+�H p2`bBQMb Q7 � b+2M�`BQ
�#Qmi � +`BK2- `272`2M+BM; QM2 Q7 i?`22 2i?MB+BiB2b U�7`B+�M@�K2`B+�M-
>BbT�MB+- *�m+�bB�MV r2`2 `�M/QKHv T`2b2Mi2/ iQ i?2 T�`iB+BT�MibX h?2
bim/v K2�bm`2/N3, N3 *QHmKM H�#2Hb �`2, 2i?MB+Biv- TmMBb?-

`2T2�ib- �M/ /BbTQbX
Ç .2T2M/2Mi p�`B�#H2b,

Ĝ S2`+2Bp2/ H2p2H Q7 TmMBb?K2Mi UǳTmMBb?ǴVc
Ĝ S2`+2Bp2/ HBF2HB?QQ/ Q7 +QKKBiiBM; i?2 b�K2 +`BK2 �;�BM Uǳ`2@

T2�iǴVc
Ĝ S2`+2Bp2/ HBF2HB?QQ/ i?�i i?2 `2�bQM i?2 /272M/�Mi +QKKBii2/ i?2

+`BK2 r�b /m2 iQ ?Bbf?2` +?�`�+i2`- Q` /BbTQbBiBQM Uǳ/BbTQbǴVc
Ç AM/2T2M/2Mi p�`B�#H2,

Ĝ 1i?MB+BivNNX NN G�#2Hb mb2/ 7Q` i?2 BM/2T2M/2Mi p�`B@
�#H2- 2i?MB+Biv- �`2, y 4 �7`B+�M@
�K2`B+�M- R 4 >BbT�MB+- �M/ k 4 *�m@
+�bB�MXLmHH >vTQi?2bBb U>yV, AM i?2 TQTmH�iBQM- i?2`2 Bb MQ /Bz2`2M+2 BM

T2`+2Bp2/ H2p2H Q7 TmMBb?K2Mi iQ #2 �/KBMBbi2`2/ iQ i?2 /272M/�Mi- T2`@
+2Bp2/ HBF2HB?QQ/ i?2 /272M/�Mi rBHH +QKKBi i?2 b�K2 +`BK2 �;�BM- �M/
i?2 T2`+2Bp2 HBF2HB?QQ/ i?�i i?2 `2�bQM i?2 /272M/�Mi +QKKBii2/ i?2
+`BK2 r�b /m2 iQ ?Bb Q` ?2` +?�`�+i2` 7Q` �7`B+�M@�K2`B+�M- >BbT�MB+-
�M/ *�m+�bB�M 2i?MB+BiB2bX

h?2 �M�HvbBb Bb � QM2@r�v J�LPo� 7Q` � #2ir22M ;`QmTb /2bB;MX

PmiHB2`b

hQ /2i2`KBM2 r?2i?2` i?2 /�i� b2i ?�b QmiHB2`b H2iǶb mb2 � ;`�T?B+�H
`2T`2b2Mi�iBQMX h?2 T`BK�`v THQi `2T`2b2Mib i?2 Q`/2`2/ b[m�`2/ `Q@



dy BQ�M ;2Hm BQM�b- K#�- T?X/X

#mbi J�?�H�MQ#Bb /Bbi�M+2b �;�BMbi i?2 2KTB`B+�H /Bbi`B#miBQM 7mM+iBQM
MD2

i X P7 i?2 i?`22 �//BiBQM�H ;`�T?b i?2 }`bi b?Qrb i?2 /�i�- i?2 b2+QM/
�ii2KTib iQ ?B;?HB;?i TQi2MiB�H QmiHB2`b �b /2i2+i2/ mbBM; i?2 chisqp /Bb@
i`B#miBQM- �M/ i?2 i?B`/ T`2b2MiBM; i?2 QmiHB2`b #v i?2 �/Dmbi2/ [m�MiBH2
U6BHxKQb2`- :�``2i- �M/ _2BK�MM kyy8VX

S`QD2+iBQM iQ i?2 7B`bi �M/ b2+QM/ `Q#mbi T`BM+BT�H +QKTQM2MibX
S`QTQ`iBQM Q7 iQi�H p�`B�iBQM U2tTH�BM2/ p�`B�M+2V, yXNj3R
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6B;m`2 Rd, PmiHB2`b BM i?2 /�i�b2i

hrQ Q7 THQib BM 6B;m`2 Rd b?Qr irQ +�b2b- 9k �M/ NN- �b TQi2MiB�H
QmiHB2`b r?BH2 i?2 i?B`/- i?2 QmiHB2`b #�b2/ QM �/Dmbi2/ [m�MiBH2b- bm;;2bib
i?�i i?2 /�i�b2i ?�b MQ QmiHB2`bX AM i?Bb +�b2- i?2 /2+BbBQM Bb H27i iQ i?2
`2b2�`+?2`X 1�+? QmiHB2` b?QmH/ #2 �M�Hvx2/ BM/BpB/m�HHv �M/ � /2+BbBQM
b?QmH/ #2 K�/2 B7 Bi Bb iQ #2 `2KQp2/ Q` MQiX h?2 +`Bi2`B� mb2/ 7Q` bm+?
/2+BbBQMb +�M `�M;2 7`QK i?2Q`2iB+�H M2+2bbBiv Q7 BM+Hm/BM; i?2 TQbbB#H2
QmiHB2`b BM i?2 �M�HvbBb iQ i?2 TQBMi ?B;?HB;?i2/ �b QmiHB2` iQ #2 � p�HB/
/�i� TQBMi #�b2/ QM �M BM@/2Ti? �M�HvbBb Q7 i?2 /�i�X AM i?Bb 2t�KTH2-
#2+�mb2 i?2 �M�HvbBb /Q2b MQi +QM+HmbBp2Hv ?B;?HB;?i i?2 irQ +�b2b �b
QmiHB2`b- i?2v rBHH MQi #2 `2KQp2/RyyX Ryy � KQ`2 2ti2MbBp2 �M�HvbBb- QmibB/2

i?2 b+QT2 Q7 i?Bb +?�Ti2`- 7Q+mb2/ QM
i?2 irQ TQbbB#H2 QmiHB2`b +QM/m+i2/ QM
i?2 /�i�b2i H2/ iQ i?2 b�K2 +QM+HmbBQMX



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} dR

�bbmKTiBQMb

"27Q`2 +QM/m+iBM; i?2 �M�HvbBb- �bbmKTiBQMb Q7 MQ`K�HBiv- ?QKQ;2M2Biv
Q7 +Qp�`B�M+2b- ?QKQ;2M2Biv Q7 p�`B�M+2b- �M/ BM/2T2M/2M+2 Q7 Q#b2`p�@
iBQMb M22/ iQ #2 i2bi2/X

amKK�`v bi�iBbiB+b BM+Hm/BM; bF2rM2bb �M/ Fm`iQbBbRyRX RyR AM i?2 QmiTmi- sR `272`b iQ i?2 /2@
T2M/2Mi p�`B�#H2 #2BM; �M�Hvx2/, TmM@
Bb?- `2T2�ib- /BbTQbX.o, TmMBb?

.2b+`BTiBp2 bi�iBbiB+b #v ;`QmT
;`QmT, �7`B+�M@�K2`B+�M

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R k9 9NXjj RRXyN 8yX8 9NXk8 RjXj9

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR jy dR 9R yXy3 @RXRj kXke
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
;`QmT, >BbT�MB+

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R ke 8dXdd R9XdR eyX8 83Xe9 ReXjR

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR k3 dN 8R @yX88 @yXe3 kX3N
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
;`QmT, *�m+�bB�M

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R 88 e8X3N RyX89 ed e8XNR RRX3e

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR 9e 38 jN @yXy9 @RXRj RX9k

h?2 QmiTmi b?Qrb p�`BQmb #�bB+ bi�iBbiB+b- bm+? �b i?2 K2�M Q7 i?2
p�`B�#H2- Bib K2/B�M- K2�M- �M/ bQ 7Q`i?X P7 BMi2`2bi ?2`2 Bb i?2 `2@
TQ`i2/ brF2rM2bb �M/ Fm`iQbBbX h?2 p�Hm2b bm;;2bi � MQ`K�HHv /Bb@
i`B#mi2/ /�i�b2i 7Q` i?2 TmMBb? p�`B�#H2 7Q` 2�+? Q7 i?2 i?`22 2i?MB+
;`QmTbX � bBKBH�` �M�HvbBb Bb T2`7Q`K2/ #2HQr 7Q` i?2 irQ Qi?2` p�`B@
�#H2b BM i?2 �M�HvbBb- `2T2�ib �M/ /BbTQbX AM 2�+? +�b2- i?2 bF2rM2bb �M/
Fm`iQbBb �`2 r2HH rBi?BM i?2 HBKBibX

.o, `2T2�ib

.2b+`BTiBp2 bi�iBbiB+b #v ;`QmT
;`QmT, �7`B+�M@�K2`B+�M

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R k9 k9XRk kXRd k9 k9Xy8 kXNd

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR kR k3 d yXke @RXk9 yX99
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
;`QmT, >BbT�MB+

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R ke k9Xkj kXk8 k9 k9Xjk kXNd

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR ky k3 3 @yXj @R yX99
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
;`QmT, *�m+�bB�M

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R 88 k8X8j RXNN ke k8X83 RX93

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR kR kN 3 @yXkR @yXek yXkd

.o, /BbTQb



dk BQ�M ;2Hm BQM�b- K#�- T?X/X

.2b+`BTiBp2 bi�iBbiB+b #v ;`QmT
;`QmT, �7`B+�M@�K2`B+�M

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/ KBM
sR R k9 kj kXkd kj kkXN kXNd ky

K�t `�M;2 bF2r Fm`iQbBb b2
sR k3 3 yXke @RXyj yX9e
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
;`QmT, >BbT�MB+

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R ke kjX9e kXy9 k9 kjX98 RX93

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR ky kd d @yXR8 @RXR yX9
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
;`QmT, *�m+�bB�M

p�`b M K2�M b/ K2/B�M i`BKK2/ K�/
sR R 88 k9XNR kX9d k8 k8Xyd kXNd

KBM K�t `�M;2 bF2r Fm`iQbBb b2
sR ky kN N @yX99 @yX39 yXjj

oBbm�H 1p�Hm�iBQM Q7 .�i� LQ`K�HBiv

6Q` �M�HvbBb r2 T`Q/m+2 i?2 �TT`QT`B�i2 [[@THQib U6B;X R3V �M/ ?Bb@
iQ;`�Kb U6B;X RNVX � +m`bQ`v `2pB2r Q7 i?2 THQib b22K iQ bm;;2bi i?�i
/2T�`im`2 7`QK MQ`K�HBiv K�v 2tBbi- �i H2�bi 7Q` bQK2 Q7 i?2 ;`QmTbX
P#b2`p2 i?2 iQT@H27i THQi BM 6B;X R3 UH2p2H Q7 TmMBb?K2Mi 7Q` �7`B+�M
�K2`B+�MbVX h?2 TQBMib `2T`2b2MiBM; i?2 /�i� �HB;M M2�iHv �HQM; i?2
/B�;QM�H HBM2- r?B+? bm;;2bib i?�i /�i� Bb MQ`K�HHv /Bbi`B#mi2/X Pi?2`
THQib b?Qr �M a@b?�T2/ /Bbi`B#miBQM Q7 i?2 /�i� TQBMi �HQM;bB/2 i?2 /B�;@
QM�H- r?B+? bm;;2bib /2T�`im`2b 7`QK MQ`K�HBivX h?2 ?BbiQ;`�Kb BM 6B;X
RN b22K iQ bm;;2bi bBKBH�` TQbbB#H2 /2T�`im`2b 7`QK MQ`K�HBivX AM i?Bb
bBim�iBQM 7m`i?2` �M�HvbBb Bb M2+2bb�`v iQ /2i2`KBM2 B7 i?2 �bbmKTiBQM Q7
MQ`K�HBiv Bb K2iX

a?�TB`Q@qBHF h2bi Q7 LQ`K�HBiv

a?�TB`Q@qBHFb Bb mb2/ iQ i2bi MQ`K�HBiv Q7 /�i� 7Q` 2�+? bm#;`QmTX h�#H2
Rd +QK#BM2b bmKK�`v bi�iBbiB+b �M/ i?2 a?�TB`Q@qBHF i2bi 7Q` i?2 /2bB;M
;`QmTbX

h�#H2 Rd b?Qrb i?�i KQbi Q7 i?2 +2HHb UrBi? i?2 2t+2TiBQM Q7 i?2 H�bi
HBM2 BM i?2 i�#H2V- ?�p2 � HQr bB;MB}+�M+2 H2p2H i?�i K�v #2 BM/B+�iBp2
Q7 i?2 7�+i i?�i 2p2M B7 i?2 a?�TB`Q@qBHF i2bi bm;;2bib i?�i i?2 /�i� Bb
rBi?BM i?2 MQ`K�HBiv +QM/BiBQMb- Bib /Bbi`B#miBQM BM 2�+? +2HH Bb MQi �b
+HQb2 iQ i?2 MQ`K�H /Bbi`B#miBQM �b QM2 rQmH/ r�Mi Bi iQ #2X

JmHiBp�`B�i2 LQ`K�HBiv

h?2 ?QKQ;2M2Biv Q7 +Qp�`B�M+2b +�M #2 �M�Hvx2/ mbBM; "QtǶb i2biX qBi?
�M Q#b2`p2/ bB;MB}+�M+2 Q7 Xk i?2 MmHH ?vTQi?2bBb- bi�iBM; i?�i i?2 +Q@
p�`B�M+2 K�i`B+2b Q7 i?2 /2T2M/2Mi p�`B�#H2b �`2 2[m�H �+`Qbb ;`QmTb- Bb
�++2Ti2/X



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} dj

African−American Hispanic Caucasian

−2 −1 0 1 2 −2 −1 0 1 2 −2 −1 0 1 2
20

40

60

80

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

Punish by Ethnicity

African−American Hispanic Caucasian

−2 −1 0 1 2 −2 −1 0 1 2 −2 −1 0 1 2

20

24

28

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

Repeats by Ethnicity

African−American Hispanic Caucasian

−2 −1 0 1 2 −2 −1 0 1 2 −2 −1 0 1 2

20

24

28

32

Theoretical Quantiles

Sa
m

pl
e 

Q
ua

nt
ile

s

Dispos by Ethnicity

6B;m`2 R3, [[@THQib



d9 BQ�M ;2Hm BQM�b- K#�- T?X/X

African−American Hispanic Caucasian

40 60 80 40 60 80 40 60 80
0.00

0.01

0.02

0.03

0.04

punish

de
ns

ity

0

3

6

9

12
Count

Punish by Ethnicity

African−American Hispanic Caucasian

21 24 27 21 24 27 21 24 27
0.0

0.1

0.2

0.3

repeats

de
ns

ity

0.0

2.5

5.0

7.5

10.0

12.5

Count

Repeats by Ethnicity

African−American Hispanic Caucasian

21 24 27 21 24 27 21 24 27
0.0

0.1

0.2

dispos

de
ns

ity

0.0

2.5

5.0

7.5

10.0
Count

Dispos by Ethnicity

6B;m`2 RN, >BbiQ;`�Kb



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} d8

.2T2M/2Mi
o�`B�#H2

1i?MB+Biv ai�iBbiB+ /7 aB;X

G2p2H Q7
TmMBb?@
K2Mi

�7`B+�M
�K2`B+�M

yXNd k8 yXdyj

>BbT�MB+ yXN9 ke yXRRy
*�m+�bB�M yXNd 88 yXRjy

SQi2MiB�H
iQ `2T2�i

�7`B+�M
�K2`B+�M

yXNj k8 yXRyR

>BbT�MB+ yXN8 ke yXR3j

*�m+�bB�M yXNe 88 yXy3d
L�im`�H
/BbTQbBiBQM

�7`B+�M
�K2`B+�M

yXN8 k8 yXRjk

>BbT�MB+ yXNj ke yXydN
*�m+�bB�M yXN9 88 yXyy8

h�#H2 Rd, a?�TB`Q@qBHF i2bi Q7
MQ`K�HBiv

"Qt^b J@i2bi 7Q` >QKQ;2M2Biv Q7
*Qp�`B�M+2 J�i`B+2b

/�i�, p�`B�#H2b
*?B@a[ U�TT`QtXV 4 Rd- /7 4 Rk- T@p�Hm2
4 yXk

G2p2M2Ƕb i2bi Q7 2[m�HBiv Q7 2``Q` p�`B�M+2b,

G2p2H Q7 Sm?Bb?K2Mi

G2p2M2^b h2bi 7Q` >QKQ;2M2Biv Q7 o�`B�M+2 U+2Mi2` 4 K2/B�MV
.7 6 p�Hm2 S`U=6V

;`QmT k RXR9 yXjk
Ryk

SQi2MiB�H iQ _2T2�i

G2p2M2^b h2bi 7Q` >QKQ;2M2Biv Q7 o�`B�M+2 U+2Mi2` 4 K2/B�MV
.7 6 p�Hm2 S`U=6V

;`QmT k yX88 yX83
Ryk

L�im`�H .BbTQbBiBQM

G2p2M2^b h2bi 7Q` >QKQ;2M2Biv Q7 o�`B�M+2 U+2Mi2` 4 K2/B�MV
.7 6 p�Hm2 S`U=6V

;`QmT k yXe8 yX8k
Ryk

G2p2M2Ƕb i2bib Q7 2[m�HBiv Q7 p�`B�M+2b b?Qrb i?�i i?2 2``Q` p�`B�M+2
Q7 �HH i?`22 /2T2M/2Mi p�`B�#H2b Bb 2[m�H �+`Qbb ;`QmTbX

PM2 H�bi �bbmKTiBQM iQ +QMbB/2` @ BM/2T2M/2M+2 Q7 Q#b2`p�iBQMb @
b22Kb `2�bQM�#H2 #2+�mb2 i?2 i`2�iK2Mib r2`2 �/KBMBbi2`2/ BM/BpB/m@
�HHvX



de BQ�M ;2Hm BQM�b- K#�- T?X/X

h?2 J�LPo� h2bi

LQr i?�i i?2 �bbmKTiBQMb ?�p2 #22M i2bi2/ �M/ i?2 `2bmHib b?Qr i?�i
i?2 /�i� b2i Bb �TT`QT`B�i2 7Q` �M�HvbBb- `mM i?2 J�LPo� i2biX

.7 qBHFb �TT`Qt 6 MmK .7 /2M .7
2i?MB+Biv k yXdjR 8Xee e kyy
_2bB/m�Hb Ryk

S`U=6V
2i?MB+Biv RXN2@y8    
_2bB/m�Hb
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

hQ #2ii2` mM/2`bi�M/ r?�i i?2 `2bmHib i2HH mb H2iǶb HQQF �i i?2 2z2+i
bBx2 Uη2VX h?2 i?`2b?QH/ p�Hm2b 7Q` 2p�Hm�iBM; i?2 2z2+i bBx2 UT�`iB�H η2V
�`2 XyR 7Q` bK�HH 2z2+i bBx2- Xy3 7Q` KQ/2`�i2 2z2+i bBx2- �M/ XR9 7Q` H�`;2
2z2+i bBx2X �Mv p�Hm2 #2HQr XyR BM/B+�i2b MQ 2z2+iX

2i��k
2i?MB+Biv yXR98k

h?2 r`Bi2@mT K�v HQQF HBF2 #2HQr,

� bB;MB}+�M+2 p�Hm2 T I XyyR- iQ;2i?2` rBi? 6Ue-kyyV 4 8Xee- T I Xy8
�M/ � H�`;2 2z2+i bBx2- bm;;2bi2/ #v � T�`iB�H η2 = .145(> .14) 7Q` i?2
KmHiBp�`B�i2 i2bib- BM/B+�i2 � bB;MB}+�Mi KmHiBp�`B�i2 2z2+i Q7 2i?MB+Biv
QM i?2 i?`22 /2T2M/2Mi p�`B�#H2bX h?2`27Q`2- i?2 MmHH ?vTQi?2bBb U>yV
+�M #2 `2D2+i2/X

lMBp�`B�i2 ai�iBbiB+b

q?BH2 i?2 J�LPo� KmHiBp�`B�i2 bi�iBbiB+b HQQFb i?2 /2T2M/2Mi p�`B@
�#H2b iQ;2i?2`- Bi K�v �HbQ #2 Q7 BMi2`2bi 7Q` `2b2�`+?2`b iQ HQQF ?Qr
2i?MB+Biv �z2+ib i?2 #2?�pBQ` Q7 2�+? /2T2M/2Mi p�`B�#H2 BM/BpB/m�HHv BM
KmHiBp�`B�i2 +QMi2tiX

_2bTQMb2 R ,
.7 amK a[ J2�M a[ 6 p�Hm2

2i?MB+Biv k 9de3 kj39 RdXR
_2bB/m�Hb Ryk R9k9j R9y

S`U=6V
2i?MB+Biv 92@yd    
_2bB/m�Hb
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

_2bTQMb2 k ,
.7 amK a[ J2�M a[ 6 p�Hm2

2i?MB+Biv k 93 kjX3 8X9k
_2bB/m�Hb Ryk 99N 9X9

S`U=6V
2i?MB+Biv yXyy83   
_2bB/m�Hb



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} dd

@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

_2bTQMb2 j ,
.7 amK a[ J2�M a[ 6 p�Hm2

2i?MB+Biv k de jdX3 eXNd
_2bB/m�Hb Ryk 88j 8X9

S`U=6V
2i?MB+Biv yXyyR9   
_2bB/m�Hb
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

G2p2H Q7 SmMBb?K2Mi

S�`iB�H 2i��k
2i?MB+Biv yXk8y3
_2bB/m�Hb L�

SQi2MiB�H iQ _2T2�i

S�`iB�H 2i��k
2i?MB+Biv yXyNeyR
_2bB/m�Hb L�

L�im`�H .BbTQbBiBQM

S�`iB�H 2i��k
2i?MB+Biv yXRkyj
_2bB/m�Hb L�

h?2 mMBp�`B�i2 bi�iBbiB+b �M�HvbBb b?Qr i?�i 2i?MB+Biv ?�b mMBp�`B�i2
2z2+ib QM �HH i?`22 /2T2M/2Mi p�`B�#H2b �b i?2 bB;MB}+�M+2 T p�Hm2b 7Q`
�HH i?`22 /2T2M/2Mi p�`B�#H2b �`2 I XyRX 6Q` 2z2+i bBx2- 2i?MB+Biv b?Qrb �
H�`;2 2z2+i bBx2 QM i?2 G2p2H Q7 TmMBb?K2Mi UTmMBb?V UT�`iB�H η2 4 Xk8RV-
�M/ KQ/2`�i2 2z2+i bBx2 QM i?2 Qi?2` irQ /2T2M/2Mi p�`B�#H2b- SQi2MiB�H
iQ `2T2�i U`2T2�iV �M/ L�im`�H /BbTQbBiBQM U/BbTQbV- r?B+? ?�p2 p�Hm2b Q7
T�`iB�H η2 = .096 �M/ XRk `2bT2+iBp2HvX





JmHiBTH2 GBM2�` _2;`2bbBQM �M�HvbBb

GBM2�` _2;`2bbBQM Bb mb2/ iQ bim/vf/2b+`B#2 i?2 T`2/B+iBp2 `2H�iBQMb?BT
#2ir22M QM2 +`Bi2`BQM U.oV p�`B�#H2 �M/ QM2 Q` KQ`2 T`2/B+iQ` UAoV
p�`B�#H2UbVX h?2 T`Q+2/m`2 +�M #2 mb2/ iQ 2Bi?2` 2tTHQ`2 i?2 T`2/B+iBp2
`2H�iBQMb?BTb #2ir22M � b2i Q7 p�`B�#H2b Q` iQ i2bi � +�mb�H KQ/2HX Ai +�M
#2 �TTHB2/ r?2M,

Ç h?2 /2T2M/2Mi p�`B�#H2 Bb +QMiBMmQmbc
Ç h?2 BM/2T2M/2Mi p�`B�#H2UbV Bb +QMiBMmQmb- /Bb+`2i2 Q` +�i2;Q`B+�HX

Ai Bb � ?B;?Hv ~2tB#H2 T`Q+2/m`2- 2bT2+B�HHv ?2HT7mH BM MQM@
2tT2`BK2Mi�H `2b2�`+? BM i?2 bQ+B�H b+B2M+2b }2H/ r?2`2 `2@
b2�`+?2`b Q7i2M /2�H rBi? M�im`�HHv Q++m``BM; p�`B�#H2bRykX h?2 Ryk o�`B�#H2b K2�bm`2/ �b i?2v M�im@

`�HHv Q++m` �M/ �`2 MQi K�MBTmH�i2/ BM
�Mv r�v #v i?2 `2b2�`+?2`bX

T`Q+2/m`2 �HHQrb `2b2�`+?2`b iQ /2i2`KBM2 B7 � ;Bp2M b2i Q7 p�`B�#H2b UT`2@
/B+iQ`bV Bb mb27mH BM T`2/B+iBM; � +`Bi2`BQM p�`B�#H2X

h?2 BMi2Mi Q7 i?2 HBM2�` `2;`2bbBQM �M�HvbBb Bb iQ }M/ i?2 #2bi }iiBM;
HBM2 Q7 � b2i Q7 /�i� TQBMibX _2K2K#2`- i?2 bBKTH2 `2;`2bbBQM 2[m�iBQM
Bb Q7 i?2 7Q`K,

Y = a+ bX

Ai Bb i?2 2[m�iBQM `2T`2b2MiBM; � bi`�B;?i HBM2 BM i?2 irQ /BK2MbBQM
TH�M2X AM i?Bb 2[m�iBQM- Y Bb i?2 +`Bi2`BQM p�`B�#H2 Ui?2 `2bTQMb2V- X
Bb i?2 T`2/B+iQ` p�`B�#H2- a Bb i?2 BMi2`+2TiRyj- �M/ b Bb i?2 bHQT2 Q7 i?2 Ryj h?2 p�Hm2 Q7 y r?2M X = 0- Q` i?2

TQBMi r?2`2 i?2 HBM2 BMi2`b2+ib i?2 Y
Up2`iB+�HV �tBbX

HBM2X

JmHiBTH2 HBM2�` `2;`2bbBQM 2tT�M/b QM i?2 bBKTH2 HBM2�` `2;`2bbBQM
KQ/2H �M/ �ii2KTib iQ �++QmMi 7Q` ?Qr KmHiBTH2 T`2/B+iQ`b +QMi`B#mi2
iQ i?2 p�Hm2 Q7 i?2 +`Bi2`BQM p�`B�#H2X AM i?Bb +�b2 i?2 [m2biBQM ?�b i?2
7Q`K,

Y = a+ b1X + b2X + ...+ bnX

h?2 [m2biBQM Bb biBHH QM2 Q7 bi`�B;?i HBM2Ry9X h?2 bi +Q2{+B2Mib `2T`2@ Ry9 lbBM; �H;2#`�- r2 +�M `2r`Bi2 i?2
2[m�iBQM �b,

Y = a+ (b1 + b2 + ...+ bn)X

r?B+? Bb bBKBH�` iQ i?2 T`2pBQmb 2[m�@
iBQM Ub = b1 + b2 + ...+ bnV



3y BQ�M ;2Hm BQM�b- K#�- T?X/X

b2Mi i?2 +QMi`B#miBQMb Q7 2�+? BM/BpB/m�H T`2/B+iQ`X

JmHiBTH2 `2;`2bbBQM �HHQrb `2b2�`+?2`b iQ,

Ç 1tTHQ`2 i?2 `2H�iBQMb?BT #2ir22M i?2 +`Bi2`BQM p�`B�#H2 �M/ i?2 T`2@
/B+iQ` p�`B�#H2b �b � ;`QmT �M/ /2i2`KBM2 r?2i?2` i?2 `2H�iBQMb?BTb
Bb bi�iBbiB+�HHv bB;MB}+�Mic

Ç .2i2`KBM2 ?Qr Km+? Q7 i?2 p�`B�M+2 Q7 i?2 +`Bi2`BQM p�`B�#H2 +�M #2
�++QmMi2/ 7Q` #v i?2 T`2/B+iQ`b- BM/BpB/m�HHv �M/ �b � ;`QmTc

Ç .2i2`KBM2 i?2 `2H�iBp2 BKTQ`i�M+2 Q7 i?2 T`2/B+iQ` p�`B�#H2bX

P7 MQi2 Bb i?2 7�+i i?�i `2;`2bbBQM �M�HvbBb +�MMQi T`QpB/2
bi`QM; 2pB/2M+2 Q7 � +�mb�H `2H�iBQMb?BT #2ir22M i?2 p�`B�#H2b
#mi `�i?2` b?Qr i?�i i?2 }M/BM;b �`2 Q` �`2 MQi +QMbBbi2Mi rBi?
i?2 +�mb�H KQ/2H mM/2` bim/vRy8X AM +�b2 Q7 KQ/2HBM; +�mb�H `2H�@ Ry8 h?2 +Q``2H�iBQM�H M�im`2 Q7 i?2 /�i�

H2�/b iQ KmHiBTH2 TQbbB#H2 r�vb Q7 BMi2`@
T`2iBM; i?2 `2bmHibX

iBQMb- B7 MQM2 Q7 i?2 `2;`2bbBQM +Q2{+B2Mib r2`2 7QmM/ iQ #2 bB;MB}+�Mi-
i?2 KQ/2H 7�BH2/ iQ T�bb � i2biRyeX Rye �Hi2`M�iBp2Hv- B7 bB;MB}+�M+2 r�b Q#@

b2`p2/- i?2 +�mb�H KQ/2H T�bb2/ �M �i@
i2KTi �i /Bb+QM}`K�iBQMXq?2M /2bB;MBM; i?2 bim/v `2b2�`+?2`b K�v MQi ?�p2 bm{+B2Mi FMQrH@

2/;2 iQ /2i2`KBM2 ?Qr i?2 T`2/B+iQ`b �z2+i i?2 +`Bi2`BQM p�`B�#H2X h?2
KQ/2H i?2v #mBH/ Bb i?2B` #2bi ;m2bb #�b2/ QM i?2B` T`BQ` FMQrH2/;2Ryd Ryd "�b2/ QM 2tBbiBM; HBi2`�im`2- T`BQ`

2tT2`B2M+2- Qi?2` 2tT2`BK2Mib i?2v
?�p2 +QM/m+i2/- 2i+X

Q7 i?2 T`Q#H2K i?2v �`2 BMp2biB;�iBM;X 6Q` i?Bb `2�bQM- iQ }M/ i?2 KQ/2H
i?�i #2bi `2T`2b2Mib i?2 T?2MQK2M�- `2;`2bbBQM �M�HvbBb Qz2`b KmHiBTH2
T�i?r�vb 7Q` +QM/m+iBM; i?2 �M�HvbBbX h?Bb 2t�KTH2 HQQFb �i i?2 2Mi2`-
7Q`r�`/- �M/ #�+Fr�`/ `2;`2bbBQM KQ/2HbX

h?2 2Mi2` KQ/2H BM+Hm/2b �HH T`2/B+iQ`b r?BH2 i?2 bi2TrBb2 `2;`2bbBQM
7Q`r�`/ �M/ #�+Fr�`/b KQ/2Hb �ii2KTi iQ `2�+? � KQ`2 T�`bBKQMBQmb
Ub22 P++�KǶb _�xQ` 7Q` /2i�BHbV KQ/2H #v `2/m+BM; i?2 MmK#2` Q7 T`2@
/B+iQ` p�`B�#H2b r?BH2 �ii2KTiBM; iQ 2tTH�BM �b Km+? �b TQbbB#H2 Q7 i?2
+`Bi2`BQM p�`B�#H2X h?2 /Bz2`2M+2b BM i?2 [m�HBiv Q7 i?2 T`2/B+i2/ b+Q`2b
+�M #2 bim/B2/ #v HQQFBM; �i i?2 i?`22 KQ/2Hb bB/2 #v bB/2X � +QKT�`�@
iBp2 �M�HvbBb Q7 i?2 7Q`r�`/ �M/ #�+Fr�`/ KQ/2Hb rBHH Qz2` i?2 QTTQ`im@
MBiv iQ p�HB/�i2 i?2 `2bmHib Q7 i?2 �M�HvbBb r?2M i?2 irQ K2i?Q/b `2�+?
i?2 b�K2 bQHmiBQM U`2;`2bbBQM 2[m�iBQMV Q` B7 i?2v �`2 p2`v +HQb2X

h?2 2Mi2` KQ/2H- �b Bib M�K2 bm;;2bib- rBHH BM+Hm/2 �HH T`2/B+iQ`b BM
i?2 `2;`2bbBQM 2[m�iBQM 7`QK i?2 #2;BMMBM;X h?2 7Q`r�`/ KQ/2H rBHH
2Mi2` i?2 p�`B�#H2b BM i?2 KQ/2H QM2 #v QM2- bi�`iBM; rBi? i?2 T`2/B+iQ`
i?�i ?�b i?2 ?B;?2bi Q`/2` T�`iB�H +Q``2H�iBQM rBi? i?2 +`Bi2`BQM p�`B�#H2-
�M/ i?2M +�H+mH�iBM; i?2 `2;`2bbBQM bi�iBbiB+bX h?2 T`Q+2bb +QMiBMm2b
#v �//BM; i?2 `2K�BMBM; T`2/B+iQ` p�`B�#H2b- QM2 #v QM2- BM /2b+2M/BM;
Q`/2` Q7 i?2B` T�`iB�H +Q``2H�iBQMb rBi? i?2 /2T2M/2Mi p�`B�#H2X h?Bb
+QMiBMm2b �b HQM; �b i?2 �//BiBQM Q7 � M2r T`2/B+iQ` p�`B�#H2 iQ i?2
KQ/2H #`BM;b bB;MB}+�MiRy3 +?�M;2b BM i?2 KQ/2HǶb T`2/B+iBp2 TQr2`RyNX Ry3 h?2 ;QQ/M2bb Q7 }i Q7 �M 2biBK�i2/

bi�iBbiB+�H KQ/2H Bb K2�bm`2/ #v 2B@
i?2` i?2 �F�BF2Ƕb AM7Q`K�iBQM *`Bi2`BQM
U�A*V Q` i?2 "�v2bB�M AM7Q`K�iBQM *`B@
i2`BQM U"A*VX h?2 HQr2` i?2 p�Hm2 Q`
�A* Q` "A* Bb- i?2 #2ii2` i?2 KQ/2H
BbX q?2M i?2 �A*f"A* Q7 irQ bm++2b@
bBp2 KQ/2Hb �`2 +QKT�`2/ �M/ 7QmM/
bB;MB}+�MiHv /Bz2`2Mi- i?2 KQ/2H rBi?
i?2 #2ii2` UHQr2`V p�Hm2b Bb `2i�BM/X
RyN h?2 T`2/B+iBp2 TQr2` Q7 i?2 KQ/2H
Bb `2~2+i2/ BM i?2 p�Hm2 Q7 _kX

h?2 #�+Fr�`/b KQ/2H bi�`ib rBi? i?2 7mHH KQ/2HRRy �M/ +QMiBMm2b #v

RRy h?2 b�K2 KQ/2H �b i?2 2Mi2` KQ/2HX
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`2KQpBM; T`2/B+iQ` p�`B�#H2b QM2 #v QM2- BM i?2 `2p2`b2 Q`/2` Q7 i?2B`
T�`iB�H +Q``2H�iBQM rBi? i?2 +`Bi2`BQM p�`B�#H2X h?2 T`Q+2bb +QMiBMm2b
mMiBH i?2 mT/�i2/ KQ/2H /Q2b MQi BKT`Qp2 QM i?2 T`2pBQmb QM2X

S`BQ` iQ i?2 �M�HvbBb r2 b?QmH/ 7�KBHB�`Bx2 Qm`b2Hp2b rBi? i?2 /�i�X
>2`2 �`2 � 72r i?BM;b iQ /Q iQ #2ii2` mM/2`bi�M/ r?�i r2 �`2 rQ`FBM;
rBi?X

Ç *?2+F 7Q` 2``Q`bRRRc RRR 1X;X- /�i� 2Mi`v- KBbbBM; p�Hm2b- 2i+X
Ç PmiHB2`bc
Ç lMmbm�H /Bbi`B#miBQMbc
Ç *Hmbi2`BM; Q` bvbi2K�iB+ T�ii2`MbRRkc RRk A7 i?2 /�i� ;`QmTb iQ;2i?2` BM +2`@

i�BM r�vb- 7Q`KBM; �`2�b r?2`2 /�i� Bb
+QM+2Mi`�i2/X

Ç �Mvi?BM; 2Hb2 mM2tT2+i2/X

�bbmKTiBQMb

AM `2;`2bbBQM �M�HvbBb �bbmKTiBQMb �`2 BMi2`irBM2/ rBi? i?2 �M�HvbBb Bi@
b2H7X h?�i Bb- bQK2 Q7 i?2 �bbmKTiBQMb +�M QMHv #2 p2`B}2/ QM+2 i?2
KQ/2H ?�b #22M /2}M2/ �M/ �7i2` i?2 �M�HvbBb ?�b #22M `mM �M/ i?2
`2bmHib +QKTmi2/X _2;`2bbBQM �M�HvbBb �bbmKTiBQMb �`2,

Ç GBM2�` `2H�iBQMb?BT #2ir22M i?2 T`2/B+iQ` UAoV p�`B�#H2b �M/ i?2 +`B@
i2`BQM U.oV p�`B�#H2

Ĝ .2i2+i2/ mbBM; THQib Q7 i?2 `2bB/m�HbRRj �;�BMbi 2�+? +QMiBMmQmb RRj h?2 `2bB/m�H Bb i?2 /Bz2`2M+2 #2@
ir22M i?2 Q#b2`p2/ p�Hm2 Q7 i?2 /2T2M@
/2Mi p�`B�#H2 �M/ i?2 p�Hm2 T`2/B+i2/
#v i?2 `2;`2bbBQM KQ/2HX h?2 K2�M Q7
`2bB/m�Hb Bb x2`Q- �b Bb i?2B` bmKX _2bB/@
m�Hb ?2HT mb mM/2`bi�M/ ?Qr r2HH i?2
`2;`2bbBQM HBM2 U2[m�iBQMV �TT`QtBK�i2b
i?2 /�i� 7`QK r?B+? Bi r�b ;2M2`�i2/X

T`2/B+iQ` �M/ T`2/B+iBp2 p�Hm2bc
Ĝ h?2 �bbmKTiBQM Bb pBQH�i2/ r?2M H�`;2 Q` bvbi2K�iB+ /2pB�iBQMb

Q7 i?2 }i HBM2 �`2 Q#b2`p2/ �`QmM/ i?2 y@HBM2RR9X � pBQH�iBQM Bb

RR9 _2T`2b2MiBM; i?2 K2�M Q7 i?2 `2bB/@
m�HbX

BM/B+�iBp2 Q7 � MQM@HBM2�` `2H�iBQMb?BTX

Ç *Q``2+i KQ/2H bT2+B}+�iBQM

Ĝ .2i2+i2/ #v T2`7Q`KBM; i?2 _ a[m�`2/ *?�M;2 i2bi iQ /2i2`KBM2
B7 �//BM; � p�`B�#H2 U;Bp2M i?�i i?2 i?2Q`2iB+�H KQ/2H bmTTQ`ib BiV
iQ i?2 `2;`2bbBQM KQ/2H bB;MB}+�MiHv BM+`2�b2b _ a[m�`2X

Ĝ A7 i?2 _ a[m�`2 *?�M;2 i2bi Bb bB;MB}+�Mi- i?2 p�`B�#H2 b?QmH/ #2
BM+Hm/2/ BM i?2 `2;`2bbBQM KQ/2HX Pi?2`rBb2- B7 i?2 i2bi Bb MQi
bB;MB}+�Mi- /Q MQi BM+Hm/2 i?2 p�`B�#H2X

Ç LQ K2�bm`2K2Mi 2``Q` BM i?2 T`2/B+iQ` UAoV p�`B�#H2b

Ĝ .2i2+i2/ #v 2t�KBMBM; i?2 `2HB�#BHBiv +Q2{+B2Mib 7Q` i?2 T`2/B+iQ`
UAoV p�`B�#H2bc

Ĝ AM�/2[m�i2 `2HB�#BHBiv B7 i?2 +Q2{+B2Mib �`2 H2bb i?�M XdyX

Ç >QKQb+2/�biB+Biv- `2bB/m�Hb ?�p2 +QMbi�Mi p�`B�M+2
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Ĝ .2i2+i2/ #v THQiiBM; i?2 `2bB/m�Hb �;�BMbi 2�+? +QMiBMmQmb T`2/B+@
iQ` �M/ T`2/B+i2/ p�Hm2bc

Ĝ _2H�iBQMb?BT #2ir22M p�`B�#BHBiv Q7 i?2 `2bB/m�Hb �M/ 2Bi?2` i?2 T`2@
/B+iQ` UAoV p�`B�#H2b Q` i?2 T`2/B+i2/ p�Hm2b BM/B+�i2 ?2i2`Qb+2/�b@
iB+BivX

Ç _2bB/m�Hb �`2 BM/2T2M/2Mi- `2~2+iBM; � +Hmbi2`BM; Q` b2`B�H /2T2M/2M+v
T`Q#H2K

Ĝ *Hmbi2`BM; Bb /2i2+i2/ #v mbBM; THQib Q7 `2bB/m�Hb �;�BMbi i?2 ;`QmT@
BM;f+Hmbi2` p�`B�#H2 mbBM; "Qt SHQibc
» h?2 +Hmbi2`BM; �bbmKTiBQM Bb pBQH�i2/ B7 i?2`2 Bb p�`B�#BHBiv BM

i?2 K2/B�M p�Hm2 Q7 i?2 `2bB/m�Hb BM 2�+? ;`QmTc
Ĝ a2`B�H /2T2M/2M+v Bb /2i2+i2/ #v HQQFBM; �i i?2 K2�bm`2 Q7 �miQ@

+Q``2H�iBQM mbBM; i?2 .m`#BM@q�ibQM i2bic
» h?2 b2`B�H /2T2M/2M+v �bbmKTiBQM Bb pBQH�i2/ B7 i?2 .m`#BM@

q�ibQM i2bi `2bmHib BM p�Hm2b H2bb i?2M Q` ;`2�i2` i?�M kX

Ç LQ`K�H /Bbi`B#miBQM Q7 `2bB/m�HbRR8 RR8 AM +�b2 Q7 HBM2�` `2;`2bbBQM- � THQi
Q7 `2bB/m�Hb b?QmH/ HQQF �b � `�M/QK
+HQm/ Q7 TQBMib �HQM;bB/2 i?2 `2;`2bbBQM
HBM2X A7 � T�ii2`M Bb Q#b2`p2/ BM ?Qr i?2
`2bB/m�Hb �`2 �``�M;2/ U2X;X- i?2v b22K
iQ �HB;M �HQM; � +m`p2V- Bi K�v #2 �M
BM/B+�iBQM i?�i � MQM@HBM2�` KQ/2H K�v
#2 � #2ii2` }iX

Ĝ .2i2+i2/ #v mbBM; MQ`K�H T`Q#�#BHBiv THQib �M/ ?BbiQ;`�K THQib Q7
`2bB/m�Hbc

Ĝ LQM@MQ`K�H /Bbi`B#miBQM Q7 `2bB/m�Hb BM/B+�i2 � pBQH�iBQMc
Ĝ _2bB/m�Hb i?�i 7�HH 7�` 7`QK i?2 bi`�B;?i HBM2 BM/B+�i2 � pBQH�iBQMX

h?2 aim/v

� bim/v r�b +QM/m+i2/ BM � JB/r2bi2`M bi�i2 BM i?2 la iQ ;�m;2 +QM@
bmK2`bǶ BMi2`2bi BM Tm`+?�bBM; �M/ +QMbmKBM; i?2 /Bz2`2Mi FBM/b Q7
MmibRRe �p�BH�#H2 QM i?2 K�`F2iX h?2 T`BK�`v 7Q+mb Q7 i?2 bim/v r�b RRe *?2biMmib- T2+�Mb- �M/ #H�+F r�H@

MmibXiQ �ii2KTi iQ T`2/B+i 7mim`2 K�`F2i #2?�pBQ` #�b2/ QM +QMbmKTiBQM Q7-
7�KBHB�`Biv rBi?- �M/ BMi2`2bi BM i?2 T`Q/m+iX h?2 /�i� r�b +QHH2+i2/ mb@
BM; � bm`p2v@ivT2 BMbi`mK2MiX qBi? i?2 2t+2TiBQM Q7 /2KQ;`�T?B+ /�i�-
i?2 [m2biBQMb mb2/ 8@TQBMi GBF2`i b+�H2bX

6Q` i?2 Tm`TQb2 Q7 i?Bb �M�HvbBb- i?`22 p�`B�#H2b- /2}M2/ 7`QK i?2 `�r
/�i�b2i- r2`2 +?Qb2M,

Ç AMi2`2bi BM #mvBM; `�r Mmib 7`QK 7�`K2`b K�`F2ib Q` ;`Q+2`v biQ`2bc
Ç AMi2`2bi BM #mvBM; T`2T�`2/fb2KB T`2T�`2/ T`Q/m+ib i?�i +QMi�BM Mmib

�i 7�`K2`b K�`F2ib Q` 7`QK ;`Q+2`v biQ`2bc
Ç AMi2`2bi BM +QMbmKBM;- BM `2bi�m`�Mib- T`2T�`2/ 7QQ/ i?�i +QMi�BMb

Mmibc

h?2 [m2biBQMM�B`2 r�b 7`22Hv /Bbi`B#mi2/ /m`BM; � HQ+�H 72biBp�HX �
MmK#2` Q7 kjk `2bTQMb2b r2`2 +QHH2+i2/X
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S`2HBKBM�`v ai2Tb

6Q` �HH [m�MiBi�iBp2 bim/B2b Bb �Hr�vb ?2HT7mH iQ 7�KBHB�`Bx2 vQm`b2H7 rBi?
i?2 /�i�- ?Qr Bi HQQFb- 2i+X aQ- H2iǶb HQQF �i i?2 }`bi 72r HBM2b Q7 i?2
/�i�b2iRRdX RRd .m2 iQ i?2 H�`;2 MmK#2` Q7 p�`B@

�#H2b- QMHv i?2 }`b Ry �`2 b?QrMX

.RXR .kXR .jXR 6RXR 6RXk 6RXj 6RX9 6RX8 6RXe 6kXR

j 9 9 j 9 9 8 9 j j
k j k j 8 8 k k 9 9
j 8 8 R R R R R R j
k k R k j 9 j j k k
R R R k 8 8 9 8 8 k

R R R k k k R R R j

h�#H2 R3, 6B`bi 72r `Qrb �M/ p�`B@
�#H2b Q7 i?2 +?2biMmi /�i� b2iX

JBbbBM; *�b2b

.m2 iQ i?2 H�`;2 b�KTH2 �p�BH�#H2- 7Q` i?2 Tm`TQb2 Q7 i?Bb 2t�KTH2- i?2
+�b2b rBi? KBbbBM; p�`B�#H2b r2`2 /2H2i2/ HBbi rBb2X

o�`B�#H2 _2+Q/BM;

L�K2 hvT2 o�Hm2
_�M;2

.2b+`BTiBQM

"mv_�r .o j@R8 AMi2`2bi BM #mvBM; `�r Mmib
S`B+2 Ao j@R8 >Qr Km+? i?2 T`Q/m+iǶb T`B+2 BM~m2M+2b

Tm`+?�b2f+QMbmKTiBQM /2+BbBQM
Zm�HBiv Ao j@R8 >Qr Km+? i?2 T`Q/m+iǶb [m�HBiv BM~m2M+2b

Tm`+?�b2f+QMbmKTiBQM /2+BbBQM
h�bi2 Ao j@R8 >Qr Km+? i?2 T`Q/m+iǶb i�bi2 BM~m2M+2b

Tm`+?�b2f+QMbmKTiBQM /2+BbBQM
GQ+:`QrM Ao j@R8 >Qr Km+? i?2 7�+i i?�i i?2 T`Q/m+i Bb HQ+�HHv

;`QrM BM~m2M+2b Tm`+?�b2f+QMbmKTiBQM /2+BbBQM
S`2T1�b2 Ao j@R8 >Qr Km+? T`Q/m+iǶb 2�b2 Q7 T`2T�`�iBQM

BM~m2M+2b Tm`+?�b2f+QMbmKTiBQM /2+BbBQM
Lmi`BiBQM Ao j@R8 >Qr Km+? T`Q/m+iǶb Mmi`BiBQM 7�+iQ` BM~m2M+2b

Tm`+?�b2f+QMbmKTiBQM /2+BbBQM

h�#H2 RN, o�`B�#H2b BM+Hm/2/ BM
i?2 �M�HvbBb

h?2 bm`p2v r�b /2bB;M2/ iQ 2M�#H2 � /2i�BH2/ bim/v Q7 i?2 K�`F2i- 7Q`
r?B+? `2�bQM i?2 [m2biBQMb mb2/ iQ +QHH2+i i?2 /�i� r2`2 /BpB/2/ #2ir22M
i?2 i?`22 +�i2;Q`B2b Q7 T`Q/m+ib, +?2biMmib- T2+�Mb- �M/ #H�+F r�HMmibX
hQ +�Tim`2 �M Qp2`�HH pB2r Q7 i?2 K�`F2i i?2 i?`22 +�i2;Q`B2b �`2 K2`;2/
BMiQ � bBM;H2 p�`B�#H2X h?Bb 2t�KTH2 �M�HvbBb rBHH HQQF �i i?2 7QHHQrBM;
p�`B�#H2b Uh�#H2 RNRR3V, RR3 h?2 p�Hm2 Q7 � p�`B�#H2 7Q` �HH i?2

p�`B�#H2b HBbi2/ BM h�#H2 RN Bb /2i2`@
KBM2/ #v bmKKBM; i?2 b+Q`2b Q7 i?`22
[m2biBQMb iQ;2i?2`X h?2`27Q`2- B7 i?2
GBF2`i b+�H2 mb2/ Bb 7`QK R iQ 8- i?2
KBMBKmK p�Hm2 Bb j �M/ i?2 K�tBKmK
Bb R8X

h?2 M2r p�`B�#H2b /2b+`B#2/ BM h�#H2 RN �`2 +QKTmi2/- mbBM; �M
�//BiBQM@#�b2/ KQ/2H- #�b2/ QM i?2 T�`iB+BT�MibǶ `2bTQMb2b iQ bm`p2v
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[m2biBQMb Uh�#H2 kyVX h�#H2 kR b?Qrb � 72r HBM2b b?QrBM; i?2 M2rHv
+`2�i2/ p�`B�#H2bX

o�`B�#H2 *QKTQM2Mi Zm2biBQMb

"mv_�r .RXR Y .kXR Y .jXR
S`B+2 6RXR Y 6kXR Y 6jXR
Zm�HBiv 6RXk Y 6kXk Y 6jXk
h�bi2 6RXj Y 6kXj Y 6jXj
GQ+:`QrM 6RX9 Y 6kX9 Y 6jX9

S`2T1�b2 6RX8 Y 6kX8 Y 6jX8
Lmi`BiBQM 6RXe Y 6kXe Y 6jXe

h�#H2 ky, o�`B�#H2 `2+Q/BM;

"mv_�r S`B+2 Zm�HBiv h�bi2 GQ+:`QrM S`2T1�b2 Lmi`BiBQM

RR N Rk Rk R8 Ry N
d RR Rj Rj e e Rk

Rj N RR RR RR RR RR
8 e N Rj N N e
j e R8 R9 Rj R8 R8

j e e e j j 8

h�#H2 kR, _2+Q/2/ p�`B�#H2b

amKK�`v ai�iBbiB+b

�b � }`bi �ii2KTi iQ /Bb+Qp2` �Mv TQbbB#H2 �#MQ`K�HBiB2b BM i?2 /�i� Bi Bb
�Hr�vb ?2HT7mH iQ `mM bmKK�`v bi�iBbiB+b QM i?2 p�`B�#H2b BM i?2 /�i�b2iX

� +m`bQ`v �M�HvbBb Q7 i?2 /�i� BM h�#H2 kk b?Qrb i?�i i?2`2 �`2 MQ
mM2tT2+i2/ T`Q#H2Kb rBi? i?2 /�i�X 6Q` 2t�KTH2- 7Q` �HH p�`B�#H2b i?2
MmK#2` Q7 BM+Hm/2/ +�b2b Bb i?2 b�K2 UR39V- K2�MBM; i?�i i?2`2 �`2 MQ
KBbbBM; +�b2b- i?2 KBM UjV �M/ K�t UR8V `2T`2b2Mib i?2 +Q``2+i `�M;2
/2i2`KBM2/ #v i?2 r�v i?2 p�`B�#H2b r2`2 +QKTmi2/ Uh�#H2b ky �M/ kRVX

"27Q`2 KQpBM; 7Q`r�`/ r2 M22/ iQ /2}M2 i?2 7mHH `2;`2bbBQM KQ/2H �b
i?2 /2+BbBQM iQ #mv �b � 7mM+iBQM Q7 T`B+2- [m�HBiv- i�bi2- ;`Qri? TH�+2-
2�b2 Q7 T`2T�`�iBQM- �M/ Mmi`BiBQM [m�HBiB2bX Ai +�M #2 `2T`2b2Mi2/ �b �
HBM2�` `2H�iBQMb?BT Q7 i?2 bim/vǶb T`2/B+iQ`b,

BuyRaw′ = b0 + b1 · Price+ b2 ·Quality + b3 · Taste
+b4 · LocGrown+ b5 · PrepEase+ b6 ·Nutrition

PmiHB2`b

G2iǶb HQQF �i `2bB/m�Hb THQi }`bi U6B;m`2 kyVX AM i?Bb `2T`2b2Mi�iBQM �M
QmiHB2` rQmH/ #2 � TQBMi bBim�i2/ QmibB/2 i?2 ±3 BMi2`p�HRRN `2T`2b2Mi2/ RRN *QHQ`2/ BM `2/ Q` ?B;?HB;?i2/X
QM i?2 p2`iB+�H UvV �tBbX �++Q`/BM; iQ i?Bb i2bi- QMHv QM2 Q7 i?2 +�b2b Bb
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p�`b M K2�M b/ K2/B�M i`BKK2/ K�/ KBM K�t `�M;2 bF2r Fm`iQbBb b2

"mv_�r R R39 NXRyN jXRky NXy NXRkk kXNe8 j R8 Rk @yXRy83 @yX8k3e yXkjyy
S`B+2 k R39 NXkdd kX8NR NXy NXjk9 kXNe8 j R8 Rk @yXRede yXydNy yXRNRy
Zm�HBiv j R39 RRXkyd kXNkN RkXy RRX8yd kXNe8 j R8 Rk @yX3Rek yXj339 yXkR8N
h�bi2 9 R39 RRXeje kXNjk RkXy RRXN3e kXNe8 j R8 Rk @yX3d88 yX9Rjj yXkReR
GQ+:`QrM 8 R39 NXNk9 jXk98 RyXy RyXy9y kXNe8 j R8 Rk @yXjye9 @yX8j33 yXkjNk

S`2T1�b2 e R39 RyXRR9 jXyj9 RyXy RyXk8y kXNe8 j R8 Rk @yX9ejR @yXkRjN yXkkjd
Lmi`BiBQM d R39 RyXeej jX9d3 RRX8 RyXN9e jXdyd j R8 Rk @yX9N9R @yXekR8 yXk8e9

h�#H2 kk, amKK�`v bi�iBbiB+b 7Q`
i?2 bim/v p�`B�#H2bbBim�i2/ +HQb2 iQ i?2 @j HBKBi �M/ +QmH/ #2 +QMbB/2`2/ �M QmiHB2`X "2+�mb2

i?2`2 �`2 Qi?2` +�b2b i?�i �`2 `2H�iBp2Hv +HQb2 iQ i?2 HBKBib �M/ #2+�mb2
i?2 b�KTH2 bBx2 Bb bm{+B2MiHv H�`;2- 7m`i?2` �M�HvbBb b?QmH/ #2 +QMbB/2`2/
iQ /2i2`KBM2 B7 i?2 /�i� TQBMi Bb � `2�H QmiHB2` Q` MQiX 6Q` i?Bb Tm`TQb2
7m`i?2` i2biBM; rBHH mb2 J�?�H�MQ#Bb /Bbi�M+2bRkyX Rky J�?�H�MQ#Bb /Bbi�M+2 UJ.V Bb i?2

/Bbi�M+2 #2ir22M irQ TQBMib BM KmHiB@
p�`B�i2 bT�+2X Ai K2�bm`2b i?2 /Bbi�M+2
`2H�iBp2 iQ � #�b2 Q` +2Mi`�H TQBMi +QM@
bB/2`2/ �b �M Qp2`�HH K2�M 7Q` KmHiB@
p�`B�i2 /�i� U+2Mi`QB/VX h?2 +2Mi`QB/
Bb � TQBMi BM KmHiBp�`B�i2 bT�+2 r?2`2
i?2 K2�Mb Q7 �HH p�`B�#H2b BMi2`b2+iX

h?2 ?BbiQ;`�K BM 6B;m`2 kR bm;;2bib i?�i i?2`2 Bb �i H2�bi QM2 QmiHB2`
BM i?2 /�i�b2i- BM/B+�i2/ #v i?2 ?B;?HB;?i2/ #�` �i i?2 7�` `B;?i Q7 i?2
?BbiQ;`�KX q?BH2 i?2 �M�HvbBb bQ 7�` i2HHb mb i?�i QmiHB2`b K�v 2tBbi
BM i?2 /�i� b2i- Bi Bb MQi �#H2 iQ ?2HT mb /2i2`KBM2 r?�i BKT�+i i?2b2
QmiHB2`b K�v ?�p2RkRX *QKTmiBM; *QQFb /Bbi�M+2Rkk rBHH T`QpB/2 i?2 RkR *�b2b i?�i K�v HQQF HBF2 QmiHB2`b �i

}`bi bB;?i K�v MQi #2 bQ �7i2` � KQ`2
BM@/2Ti? �M�HvbBbX
Rkk *QQFǶb /Bbi�M+2 Bb � K2�bm`2 mb2/ iQ
2biBK�i2 i?2 BM~m2M+2 Q7 � /�i� TQBMi
BM `2;`2bbBQM �M�HvbBbX Ai K2�bm`2b ?Qr
Km+? /2H2iBM; �M Q#b2`p�iBQM BM~m2M+2b
i?2 `2bmHibX .�i� TQBMib rBi? � H�`;2
p�Hm2 Q7 i?2 +QKTmi2/ *QQFǶb /Bbi�M+2
�`2 TQi2MiB�H QmiHB2`b �M/ b?QmH/ #2
bm#D2+i2/ iQ 7m`i?2` 2t�KBM�iBQMX

K2�Mb 7Q` � +HQb2` �M�HvbBb Q7 TQi2MiB�H QmiHB2`bX 6B;m`2 kk T`2b2Mib �
;`�T?B+�H `2T`2b2Mi�iBQM rBi? TQbbB#H2 QmiHB2`b ?B;?HB;?i2/X

"�b2/ QM *QQFǶb /Bbi�M+2- i?2 /�i�b2i K�v ?�p2 i?`22 QmiHB2`b UQ#@
b2`p�iBQMb 8- ke- �M/ RRyVX *QMbB/2`BM; r?�i r2Ƕp2 H2�`M2/ bQ 7�` �#Qmi
i?2 QmiHB2`b BM i?2 /�i�b2i- r2 ?�p2 irQ QTiBQMb,
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26 6B;m`2 kk, *QQFǶb /Bbi�M+2

iQ /2i2`KBM2 B7 i?2 M2r /�i�b2i ?�b KQ`2c
kX AMp2biB;�i2 i?2b2 QmiHB2`b 7m`i?2` �M/ H2�`M KQ`2 �#Qmi i?2B` BM~m2M+2

�M/ /2i2`KBM2 r?�i TQi2MiB�H H2p2`�;2 i?2v K�v ?�p2 QM i?2 `2bmHib
Q7 i?2 �M�HvbBbX

A7 r2 ?�p2 bm{+B2Mi /�i� TQBMib 7Q` i?2 �M�HvbBbRkj- i?2 2MiB`2 Q#b2`@ Rkj A7 i?2 `2K�BMBM; MmK#2` Q7 `2+Q`/b
�7i2` `2KQpBM; i?2 QmiHB2`b Bb H�`;2`
i?�M i?2 b�KTH2 bBx2 M22/2/ 7Q` �M�H@
vbBbX h?2 b�KTH2 bBx2 Bb QM2 Q7 i?2 /2@
+B/BM; 7�+iQ`b BM ?Qr r2HH i?2 `2bmHib
+�M #2 ;2M2`�HBx2/ iQ i?2 TQTmH�iBQM
i?2 KQ/2H �ii2KTib iQ `2T`2b2MiX

p�iBQM Q` `2+Q`/ BM+Hm/BM; i?2 QmiHB2`b +�M #2 `2KQp2/ 7`QK i?2 /�i� b2iX
�Hi2`M�iBp2Hv- B7 i?2 `2KQp�H Q7 QmiHB2`b `2/m+2b b�KTH2 bBx2 iQQ Km+? Q`
B7 i?2 �M�HvbBb #2;BMb rBi? �M mM/2`bBx2/ b�KTH2- i?2 QmiHB2`b b?QmH/ #2
�M�Hvx2/ 7m`i?2` iQ /2i2`KBM2 B7 i?2v b?QmH/ BM/22/ #2 `2KQp2/ Q` B7
i?2v +�M #2 `2i�BM2/ i?mb BKT`QpBM; i?2 `2H2p�M+2 Q7 i?2 }M/BM;b iQ i?2
TQTmH�iBQMRk9X Rk9 _2KQpBM; Q#b2`p�iBQMb 7`QK i?2

/�i�b2i K�v ?�p2 mMr�Mi2/ 2z2+ibX
6Q` 2t�KTH2- r?2M bim/vBM; QTBMBQMb-
#v `2KQpBM; � `2+Q`/ b?QrBM; �M 2t@
i`2K2- r2 K�v mMBMi2MiBQM�HHv `2KQp2
�M QTBMBQM i?�i K�v #2 `2H2p�Mi iQ i?2
`2bmHib �M/ �z2+i i?2 Qmi+QK2bX h?�i
Bb- QmiHB2`b K�v #2 BM~m2MiB�H Q#b2`p�@
iBQMb i?�i ?�p2 � `2�bQM iQ #2 F2Ti BM
i?2 �M�HvbBbX AM �//BiBQM iQ MmK2`B@
+�H �M�HvbBb- i?2 i?2Q`v- HBi2`�im`2- �M/
T`2pBQmb bim/B2b b?QmH/ #2 mb2/ �b r2HH
iQ ;mB/2 i?2 /2+BbBQMX

qBi? i?Bb bim/v #2BM; mb2/ �b �M 2t�KTH2- r2 rBHH Tm`bm2 i?2 b2+QM/
QTiBQM �M/ HQQF 7m`i?2` BMiQ r?�i H2p2`�;2 QmiHB2`b K�v ?�p2X 6Q` i?�i
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Tm`TQb2 r2 +�M mb2 � b+�ii2` THQi `2T`2b2Mi�iBQM Q7 /2H2i2/ pbX `�r `2bB/@
m�Hb U6B;m`2 kjVX A7 BM i?2 ;`�T?B+�H `2T`2b2Mi�iBQM �HH i?2 TQBMib- �M/
2bT2+B�HHv i?Qb2 ?B;?HB;?i2/ bQ 7�` �b QmiHB2`b- �HB;M �HQM; i?2 /B�;QM�H
Q7 i?2 THQi �`2�- `2T`2b2Mi2/ �b � HBM2- Bi +�M #2 +QM+Hm/2/ i?�i MQM2 Q7
i?2 TQBMib `2T`2b2MiBM; TQi2MiB�H QmiHB2`b ?�b � bB;MB}+�Mi H2p2`�;2 �M/
i?�i Bi K�v #2 `2�bQM�#H2 iQ F22T i?2K BM i?2 /�i�b2iX
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q?BH2 T`BQ` �M�HvbBb K�v BM/B+�i2 i?2 2tBbi2M+2 Q7 TQi2MiB�H QmiHB2`b-
H2p2`�;2 �M�HvbBb bm;;2bib i?2B` BM~m2M+2 Bb bm{+B2MiHv r2�F iQ r�``�Mi
BM+Hm/BM; i?2 Q#b2`p�iBQMb BM i?2 �M�HvbBbX
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40 6B;m`2 k9, LQ`K�H T`Q#�#BHBiv
THQib

JmHiBTH2 `2;`2bbBQM �M�HvbBb �bbmK2b HBM2�` `2H�iBQMb?BTb #2ir22M i?2
p�`B�#H2b BM+Hm/2/ BM i?2 2[m�iBQM �M/ i?2 MQ`K�H /Bbi`B#miBQM Q7 `2bB/@
m�HbX q?2M i?2b2 �bbmKTiBQMb �`2 pBQH�i2/- i?2 }M�H +QM+HmbBQM /`�rM
K�v MQi #2 �++m`�i2X LQ`K�H T`Q#�#BHBiv THQib �`2 mb2/ iQ i2bi i?2b2
�bbmKTiBQMb U6B;m`2 k9 H27iVX h?2 ;`QmTBM; Q7 i?2 TQBMib +HQb2 iQ i?2
bi`�B;?i HBM2Rk8 bmTTQ`ib i?2 �bbmKTiBQM i?�i i?2 `2bB/m�Hb �`2 MQ`K�HHv Rk8 h?2 `2T`2b2Mi�iBQM Bb � [m�MiBH2@

[m�MiBH2 THQi �M/ Bb BMi2`T`2i2/ bBKB@
H�`HvX
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/Bbi`B#mi2/X h?2 b�K2 �bbmKTiBQM Bb �HbQ bmTTQ`i2/ #v i?2 ?BbiQ;`�K
`2T`2b2Mi�iBQM Q7 i?2 `2bB/m�Hb U6B;m`2 k9 `B;?iVX

GBM2�`Biv

� bBKTH2 `2bB/m�Hb pb }ii2/ THQi +�M #2 mb2/ iQ i2bi i?2 HBM2�`Biv �b@
bmKTiBQM U6B;m`2 k8VX A7 HBM2�`Biv Bb Q#b2`p2/- i?2 /�i� TQBMib THQii2/
QM i?2 ;`�T? b?QmH/ `2b2K#H2 � ?QKQ;2M2Qmb +HQm/ �`QmM/ i?2 +2Mi2`
HBM2- r?B+? b?QmH/ #2 �TT`QtBK�i2Hv ?Q`BxQMi�H �i x2`QX �Hi2`M�iBp2Hv- �
T�ii2`M Bb BM/B+�iBp2 Q7 � T`Q#H2K rBi? i?2 HBM2�` KQ/2HX AM i?Bb �M�HvbBb-
i?2 /Bbi`B#miBQM Q7 i?2 TQBMib �M/ i?2 +2Mi2` HBM2 U`2/V bm;;2bi i?�i �
HBM2�` `2H�iBQMb?BT #2ir22M i?2 +`Bi2`BQM �M/ T`2/B+iQ` p�`B�#H2b +�M #2
�bbmK2/X
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6B;m`2 k8, _2bB/m�Hb pbX }ii2/
HBM2�`Biv THQi

1Mi2` Q` 6mHH JQ/2H

lT iQ i?Bb TQBMi i?2 T`2HBKBM�`v �M�HvbBb Q7 i?2 �bbmKTiBQMb ?�b #22M
+QM/m+i2/ mbBM; i?2 7mHH `2;`2bbBQM KQ/2H- r?B+? BM+Hm/2b �HH T`2/B+iQ`
p�`B�#H2bX �b � `2KBM/2`- i?2 `2;`2bbBQM 2[m�iBQM 7Q` i?2 2Mi2` KQ/2H
BbRke, Rke "mv_�rǶ Bb i?2 2biBK�i2/ p�Hm2 Q7

i?2 +`Bi2`BQM p�`B�#H2X

BuyRaw′ = b0 + b1 · Price+ b2 ·Quality + b3 · Taste
+b4 · LocGrown+ b5 · PrepEase+ b6 ·Nutrition

AM `2;`2bbBQM �M�HvbBb i?2 +Q``2H�iBQMb b?QmH/ #2 ?B;? #2ir22M i?2
+`Bi2`BQM �M/ T`2/B+iQ` p�`B�#H2b �M/ HQr #2ir22M T`2/B+iQ` p�`B�#H2bX
h?2`2 �`2 KmHiBTH2 r�vb iQ HQQF �i i?2 +Q``2H�iBQMb #2ir22M i?2 T`2/B+iQ`
p�`B�#H2b �M/ � rB/2 p�`B2iv Q7 ;`�T?B+�H `2T`2b2Mi�iBQMb iQ ?2HT i?2
�M�HvbBbX 6Q` 2t�KTH2- � pBbm�HBx�iBQM Q7 i?2 p�`B�#H2 +Q``2H�iBQMb Bb
b?QrM BM 6B;m`2 keX



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} 3N

Price

4
10

4
10

4 8 12

4
10

4 8 12

0.5

Quality

0.48

0.91
Taste

4 8 12

4 8 12

0.34

0.59

0.59

LocGrown

0.55

0.62
0.65
0.63

PrepEase

4 8 12

4 8 12

4
100.47

0.7

4
100.7

0.67

4
100.77

Nutrition

6B;m`2 ke, S`2/B+iQ`b +Q``2H�iBQM
K�i`Bt

6B;m`2 ke b?Qrb i?2 T`2/B+iQ`b QM i?2 /B�;QM�H- i?2 p�Hm2 Q7 i?2 +Q``2@
H�iBQM +Q2{+B2Mi #2ir22M 2�+? T�B` Q7 irQ T`2/B+iQ`b �#Qp2 i?2 /B�;QM�H-
rBi? H�`;2` 7QMi 7Q` ?B;?2` +Q``2H�iBQMb- �M/ � b+�ii2` THQi Q7 2�+? T�B`
#2HQr i?2 /B�;QM�HX h?2 MmK2`B+�H p�Hm2b Q7 i?2 +Q``2H�iBQM +Q2{+B2Mib
�`2 7�B`Hv 2�bv iQ BMi2`T`2iX h?2 +HQb2` i?2 p�Hm2 Bb iQ R- i?2 ?B;?2` i?2
+Q``2H�iBQM BbX h?2 +HQb2` i?2 p�Hm2 Bb iQ y- i?2 HQr2` i?2 +Q``2H�iBQM BbX
h?2`27Q`2- r2 �`2 HQQFBM; iQ ?�p2 HQr p�Hm2b �+`Qbb i?2 #Q�`/X AM i?Bb
+�b2- [m�HBiv Bb ?B;?Hv +Q``2H�i2/ iQ i�bi2- �b BM/B+�i2/ #v i?2 p�Hm2 Q7
+Q``2H�iBQMb +Q2{+B2Mi Q7 yXNRX

GQQFBM; �i i?2 b+�ii2` THQib #2HQr i?2 /B�;QM�H- r2 r�Mi iQ b22 i?2
/�i� TQBMib /Bbi`B#mi2/ �+`Qbb i?2 THQi �`2� `�i?2` i?�M 7Q`KBM; � T�i@
i2`MX GQQFBM; �i i?2 b�K2 irQ p�`B�#H2b �b /Bb+mbb2/ �#Qp2- i?2 b+�i@
i2`THQi `2T`2b2Mi�iBQM b?Qrb i?2 TQBMib �``�M;2/ +HQb2 iQ �M/ �HQM;bB/2
i?2 `2/ /B�;QM�H HBM2- 7Q`KBM; � /B�;QM�H T�ii2`MX Pi?2` b+�ii2` THQib
K�v HQQF KQ`2 /Bbi`B#mi2/- #mi � +HQb2` BMbT2+iBQM b?Qrb i?�i BM bQK2
Q7 i?2K i?2 K�Mv Q7 i?2 TQBMib �`2 +QM+2Mi`�i2/ BM � T�ii2`M �HQM; i?2
`2/ /B�;QM�H HBM2X

� i�#H2 `2T`2b2Mi�iBQM Q7 i?2 +Q``2H�iBQMb +Q2{+B2Mib #2ir22M i?2
p�`B�#H2b BM i?2 bim/v Uh�#H2 kjV K�v #2 KQ`2 ?2HT7mH- 2bT2+B�HHv r?2M
Bi Bb �bbQ+B�i2/ rBi? � i�#H2 b?QrBM; i?2 bB;MB}+�M+2 H2p2Hb Uh�#H2 k9V Q7
i?2b2 +Q``2H�iBQMbX

h?2 /�i� BM h�#H2 kj bm;;2bib i?�i i?2 ?B;?2` +Q``2H�iBQMb #2ir22M
i?2 +`Bi2`BQM p�`B�#H2 "mv_�r �M/ �Mv Q7 i?2 T`2/B+iQ` p�`B�#H2b Bb rBi?
Zm�HBiv- �i yX9dX

GQQFBM; �i i?2 +Q``2H�iBQMb #2ir22M i?2 T`2/B+iQ` p�`B�#H2b Uh�#H2 kjV
i?2 i?2 �bbQ+B�i2/ T@p�Hm2bRkd Uh�#H2 k9V Bi �TT2�`b i?�i i?Bb /�i� b2i Rkd aB;MB}+�M+2 H2p2Hb Q7 +Q``2H�iBQMb
?�b � T`Q#H2KX h?2 +Q``2H�iBQMb #2ir22M T`2/B+iQ`b �`2 `2H�iBp2Hv ?B;?-



Ny BQ�M ;2Hm BQM�b- K#�- T?X/X

"mv_�r S`B+2 Zm�HBiv h�bi2 GQ+:`QrM S`2T1�b2 Lmi`BiBQM

"mv_�r RXyy yXR3 yX9d yX9R yXjj yXk8 yXj3
S`B+2 yXR3 RXyy yX8y yX93 yXj9 yX88 yX9d
Zm�HBiv yX9d yX8y RXyy yXNR yX8N yXek yXdy
h�bi2 yX9R yX93 yXNR RXyy yX8N yXe8 yXdy
GQ+:`QrM yXjj yXj9 yX8N yX8N RXyy yXej yXed

S`2T1�b2 yXk8 yX88 yXek yXe8 yXej RXyy yXdd
Lmi`BiBQM yXj3 yX9d yXdy yXdy yXed yXdd RXyy

h�#H2 kj, o�`B�#H2 +Q``2H�iBQMb"mv_�r S`B+2 Zm�HBiv h�bi2 GQ+:`QrM S`2T1�b2 Lmi`BiBQM

"mv_�r L� yXyR8 y y y yXyyR y
S`B+2 yXyR8 L� y y y yXyyy y
Zm�HBiv yXyyy yXyyy L� y y yXyyy y
h�bi2 yXyyy yXyyy y L� y yXyyy y
GQ+:`QrM yXyyy yXyyy y y L� yXyyy y

S`2T1�b2 yXyyR yXyyy y y y L� y
Lmi`BiBQM yXyyy yXyyy y y y yXyyy L�

h�#H2 k9, aB;MB}+�M+2 H2p2Hb Q7
p�`B�#H2 +Q``2H�iBQMb7Q` r?B+? `2�bQM i?2B` +QMi`B#miBQM Bb Qp2`H�TTBM;X

Ai ?�b #2+QK2 2pB/2Mi �i i?Bb TQBMi i?�i i?2 /�i�b2i ?�b T`Q#H2KbX
L2p2`i?2H2bb- i?2 �M�HvbBb +�M biBHH #2 +QM/m+i2/ iQ BM7Q`K M2ti bi2TbX
qBi? i?Bb FMQrH2/;2- H2iǶb HQQF �i i?2 `2bmHib Q7 i?2 `2;`2bbBQM �M�HvbBbX

*�HH,
HKU7Q`KmH� 4 "mv_�r � S`B+2 Y Zm�HBiv Y h�bi2 Y GQ+:`QrM Y S`2T1�b2 Y

Lmi`BiBQM- /�i� 4 KvX+?2biMmiV

_2bB/m�Hb,
JBM RZ J2/B�M jZ J�t

@3XR8k @RXd39 yXRde RXeky 8XNde

*Q277B+B2Mib,
1biBK�i2 ai�M/�`/Bx2/ ai/X 1``Q`

UAMi2`+2TiV jXNjNe yXyyyy yXN9y8
S`B+2 @yXyeyd @yXy8y9 yXyN3y
Zm�HBiv yX9dje yX999e yXRd89
h�bi2 @yXy9y9 @yXyjdN yXRdjd
GQ+:`QrM yXyNyN yXyN98 yXy3Nj
S`2T1�b2 @yXRdk8 @yXRedd yXRRdN
Lmi`BiBQM yXRekN yXR3Re yXRy3R

i p�Hm2 S`U=%i%V
UAMi2`+2TiV 9XRN 9X92@y8    
S`B+2 @yXek yX8jej
Zm�HBiv kXdy yXyyde   
h�bi2 @yXkj yX3Re8
GQ+:`QrM RXyk yXjRyk
S`2T1�b2 @RX9e yXR98j
Lmi`BiBQM RX8R yXRjje
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

_2bB/m�H bi�M/�`/ 2``Q`, kXdd QM Rdd /2;`22b Q7 7`22/QK
JmHiBTH2 _@b[m�`2/, yXk9- �/Dmbi2/ _@b[m�`2/, yXkR9
6@bi�iBbiB+, NXkN QM e �M/ Rdd .6- T@p�Hm2, dX9j2@yN
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h?2 2tTH�M�iQ`v TQr2` Q7 i?Bb `2;`2bbBQM KQ/2H Bb BM/B+�i2/ i?2 #v
i?2 p�Hm2 Q7 i?2 �/Dmbi2/ _k 4 yXkR9Rk3 r?B+? i2HH mb i?�i i?2 +m``2Mi Rk3 h?2 p�Hm2 Bb +QKTmi2/ iQ;2i?2`

rBi? i?2 Qi?2` T�`�K2i2`b �M/ K�/2
�p�BH�#H2 BM i?2 QmiTmiX AM i?Bb +�b2 U_
QmiTmiV Bi Bb BM i?2 MQi2b �i i?2 #QiiQK-
i?2 HBM2 iBiH2/ ǳJmHiBTH2 _@b[m�`2/ǴX

KQ/2H �++QmMib 7Q` kRX9W Q7 i?2 p�`B�M+2 Q7 i?2 +`Bi2`BQM p�`B�#H2X h?2
`2;`2bbBQM +Q2{+B2MibRkN +�M #2 7QmM/ BM i?2 +QHmKM H�#2H2/ 1biBK�i2X

RkN h?2 p�Hm2b i?�i `2T`2b2Mi i?2 # +Q@
2{+B2Mib BM i?2 `2;`2bbBQM 2[m�iBQMX

lbBM; i?2b2 +Q2{+B2Mib- i?2 `2;`2bbBQM 2[m�iBQM Bb,

BuyRaw′ = 3.9396− 0.0607 · Price+ 0.4736 ·Quality − 0.0404 · Taste
+0.0909 · LocGrown− 0.1725 · PrepEase+ 0.1629 ·Nutrition

ai�M/�`/Bx2/ β U#2i�V +Q2{+B2Mib Ui?2 ai�M/�`/Bx2/ +QHmKM BM i?2
QmiTmiV �`2 �M BM/B+�iBQM Q7 i?2 `2H�iBp2 BKTQ`i�M+2 Q7 i?2 `2bT2+iBp2
T`2/B+iQ` p�`B�#H2 BM T`2/B+iBM; i?2 p�Hm2 Q7 i?2 +`Bi2`BQM p�`B�#H2X hQ
?2HT mb mM/2`bi�M/ r?B+? Q7 i?2 `2;`2bbBQM +Q2{+B2Mib K�v #2 `2H2p�Mi-
i@h2bib �`2 `mM #2?BM/ i?2 b+2M2b iQ /2i2`KBM2 i?2 bB;MB}+�M+2Rjy Q7 Rjy A7 i?2 +Q2{+B2Mi Bb bB;MB}+�MiHv /B7@

72`2Mi i?�M yX2�+? # +Q2{+B2Mi BM i?2 `2;`2bbBQM 2[m�iBQMX AM i?Bb 2t�KTH2 i?2 H�bi
+QHmKM Q7 i?2 QmiTmiRjR b?Qrb i?�i QMHv i?2 Zm�HBiv T`2/B+iQ` p�`B�#H2 RjR h?2 +QHmKM iBiH2/ S`U=%i%V HBbib

i?2 bB;MB}+�M+2 UT@p�Hm2V Q7 i?2 +Q2{@
+B2MibX h?2 �bi2`BbFb BM/B+�i2 i?2 H2p2H
Q7 bB;MB}+�M+2 #�b2/ QM H2;2M/b b?QrM
BM i?2aB;MB7X +Q/2b HBM2 #2HQr i?2 i�#H2X

Bb bB;MB}+�Mi �i � H2p2H Q7 bB;MB}+�M+2 Q7 yXy8X

h?2 H�bi HBM2 Q7 i?2 `2;`2bbBQM �M�HvbBb QmiTmi b?Qrb i?2 `2bmHib Q7
i?2 �LPo� i2bi B7 i?2 KQ/2H ?�b � bB;MB}+�Mi 2tTH�M�iQ`v TQr2`RjkX AM Rjk h?2 �LoP� i2bi Bb `mM iQ /2i2`@

KBM2 B7 i?2 MmHH ?vTQi?2bBb ?QH/BM; i?�i
�HH +Q2{+B2Mib �`2 y ?QH/b Q` MQiX A7 i?Bb
MmHH ?vTQi?2bBb +�M #2 b�72Hv `2D2+i2/ UT
I yXy8V- i?2M i?2 `2;`2bbBQM KQ/2H /2@
}M2/ BM i?2 �M�HvbBb ?�b � bB;MB}+�Mi
2tTH�M�iQ`v TQr2`X

i?Bb +�b2 i?2 KQ/2H rBi? � T@p�Hm2 I yXy8 i?2 KQ/2H Bb bB;MB}+�MiX �
7mHH �LPo� i�#H2 7Q` i?2 `2;`2bbBQM KQ/2H K�v ?2HT mM/2`bi�M/ Bi � #Bi
7m`i?2`X

�M�HvbBb Q7 o�`B�M+2 h�#H2

_2bTQMb2, "mv_�r
.7 amK a[ J2�M a[ 6 p�Hm2 S`U=6V

S`B+2 R 8d 8d dX9N yXyye3
Zm�HBiv R jj8 jj8 9jXdj 9Xj2@Ry
h�bi2 R y y yXy8 yX3jRk
GQ+:`QrM R Rk Rk RX8k yXkRNR
S`2T1�b2 R 8 8 yXdR yX9yy3
Lmi`BiBQM R Rd Rd kXkd yXRjje
_2bB/m�Hb Rdd Rj88 3

S`B+2   
Zm�HBiv    
h�bi2
GQ+:`QrM
S`2T1�b2
Lmi`BiBQM
_2bB/m�Hb
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

�M �M�HvbBb Q7 i?2 7mHH �LPo� i�#H2Rjj bm;;2bib S`B+2 �b #2BM; � Rjj �b � `2KBM/2`- iQi�H p�`B�M+2 Bb i?2
bmK Q7 irQ p�`B�M+2b, i?2 p�`B�M+2 /m2
iQ i?2 T`2/B+iQ`b UKQ/2HV �M/ i?2 p�`B@
�M+2 /m2 iQ 2``Q`X AM i?2 �LPo� Qmi@
Tmi Bi Bb `2T`2b2Mi2/ #v i?2 bmK Q7
b[m�`2b U+QHmKM ǳamK a[ǴVX h?2 p�Hm2
7Q` 2�+? p�`B�#H2 BM/B+�i2b i?2 p�`B�M+2
�++QmMi2/ 7Q` #v i?2 `2bT2+iBp2 T`2/B+@
iQ`X h?2 ǳ_2bB/m�HbǴ HBM2 �i i?2 #QiiQK
HBbib i?2 mM2tTH�BM2/ U2``Q`V p�`B�M+2X

bB;MB}+�Mi T`2/B+iQ` #2bB/2b Zm�HBivX GQQFBM; �i i?2 H�bi +QHmKM Q7 i?2
i�#H2- i?2 T@p�Hm2b 7Q` 2�+? Q7 i?2 T`2/B+iQ` p�`B�#H2b �`2 /Bz2`2Mi 7`QK
i?Qb2 HBbi2/ BM i?2 `2;`2bbBQM �M�HvbBb QmiTmiX h?2 /Bz2`2M+2b �`2 BM@
/B+�iBp2 Q7 Qp2`H�T #2ir22M i?2 T`2/B+iQ`b r?B+? Bb �M BM/B+�iBQM i?�i
i?2 p�`B�#H2b �`2 MQi T2`72+iHv mM+Q``2H�i2/X h?2 H�`;2bi /Bz2`2M+2b �`2



Nk BQ�M ;2Hm BQM�b- K#�- T?X/X

Q#b2`p2/ 7Q` i?2 irQ p�`B�#H2b BM [m2biBQMRj9X *QMbB/2`BM; i?�i i?2 bi�M@
Rj9 *QKKQM b2Mb2 i2HHb mb i?�i mbm�HHv
[m�HBiv Bb +Q``2H�i2/ rBi? T`B+2 BM i?2
b2Mb2 i?�i ?B;?2` [m�HBiv mbm�HHv /2@
K�M/b ?B;?2` T`B+2b r?BH2 ?B;?2` T`B+2b
K�Mv MQi M2+2bb�`BHv K2�M ?B;?2` [m�H@
BivX

/�`/Bx2/ +Q2{+B2Mi Q7 i?2 Zm�HBiv T`2/B+iQ` Bb bB;MB}+�MiHv H�`;2` i?�M
i?2 QM2 Q7 i?2 S`B+2 T`2/B+iQ`- Zm�HBiv Bb T`Q#�#Hv KQ`2 `2H2p�Mi i?�M
T`B+2 BM i?Bb �M�HvbBbX

h?2 p�`B�M+2 BM~�iBQM 7�+iQ` UoA6VRj8 +�M #2 mb2/ iQ bim/v T`2/B+iQ` Rj8 q?2M KmHiB+QHHBM2�`Biv 2tBbib- i?2
+Q2{+B2Mib Q7 i?2 `2;`2bbBQM 2[m�iBQM
�`2 BM~�i2/X oA6 Bb � K2�bm`2 Q7 ?Qr
Km+? i?2 p�`B�M+2 Bb BM~�i2/ /m2 iQ
KmHiB+QHHBM2�`BivX

KmHiB+QHHBM2�`BivRje �KQM; T`2/B+iQ`bX h?2 ?B;?2` i?2 p�Hm2 Q7 i?2 oA6

Rje JmHiB+QHHBM2�`Biv ?�TT2Mb r?2M irQ
Q` KQ`2 T`2/B+iQ`b �`2 +Q``2H�i2/ rBi?
2�+? Qi?2`X Ai Q++m`b BM K�Mv bim/B2b-
2bT2+B�HHv r?2M i?2 `2b2�`+?2`b QMHv
Q#b2`p2 � T`Q+2bb �M/ /Q MQi ?�p2 +QM@
i`QH Qp2` i?2 p�`B�#H2bX aB;MB}+�Mi KmH@
iB+QHHBM2�`Biv +�M �HbQ #2 �M BM/B+�iBQM
Q7 TQi2MiB�H Bbbm2b rBi? i?2 BMbi`mK2Mi
mb2/ iQ +QHH2+i i?2 /�i�X

Bb- i?2 KQ`2 bB;MB}+�Mi i?2 +QHHBM2�`BivX h?2 oA6 p�Hm2b 7Q` i?2 +m``2Mi
KQ/2H �`2 HBbi2/ #2HQrX

S`B+2 Zm�HBiv h�bi2 GQ+:`QrM
RX89k eXjRy eXkyR kXyyd

S`2T1�b2 Lmi`BiBQM
jXy8N jXjdN

h?2`2 �`2 KmHiBTH2 r�vb iQ BMi2`T`2i i?2 `2bmHib BM i?Bb QmiTmi PM2
r�v rQmH/ #2 iQ �M�Hvx2 i?2 `�r oA6 p�Hm2b �M/ ~�; i?Qb2 rBi? p�Hm2b
;`2�i2` i?2M RyX h?2 QmiTmi BM/B+�i2b i?�i �HH KQ/2H T`2/B+iQ`b `2bT2+i
i?2 +QHHBM2�`Biv �bbmKTiBQMX

�MQi?2` r�v Bb iQ +QKTmi2 b[m�`2 `QQi Q7 i?2 oA6 p�Hm2b �M/ ~�;
i?Qb2 rBi? p�Hm2b ;`2�i2` i?2M k �b ?�pBM; +QHHBM2�`Biv Bbbm2b UQmiTmi Q7
`mMMBM; i?Bb +QKTmi�iBQM Bb BM+Hm/2/ #2HQrVX h?2 QmiTmi #2HQr ~�;b
Zm�HBiv �M/ h�bi2 �b #2BM; +QHHBM2�`X

S`B+2 Zm�HBiv h�bi2 GQ+:`QrM
6�Ga1 h_l1 h_l1 6�Ga1

S`2T1�b2 Lmi`BiBQM
6�Ga1 6�Ga1

:Bp2M i?�i i?2`2 Bb MQ �;`22K2Mi BM i?2 �M�HvbBb- �Hi2`M�iBp2 KQ/@
2HbRjd- /Bb+mbb2/ BM i?2 M2ti b2+iBQMb- +QmH/ #2 ?2HT7mH BM #`BM;BM; bQK2 Rjd 6Q` 2t�KTH2- 7Q`r�`/ �M/ #�+Fr�`/

bi2TrBb2 `2;`2bbBQM KQ/2HbX+H�`Biv iQ i?2b2 Bbbm2bX

qBi? � kRX9W 2tTH�M�iQ`v TQr2` i?Bb KQ/2H Bb MQi +�T�#H2 Q7 2tTH�BMBM;
Km+? Q7 i?2 +`Bi2`BQM p�`B�#H2 p�`B�#BHBiv mbBM; � HBM2�` +QK#BM�iBQM Q7
�HH T`2/B+iQ` p�`B�#H2 2p2M i?Qm;? i?2 KQ/2H Bb bB;MB}+�Mi Qp2`�HHX

�b i?2 KQ/2H QmiTmi bm;;2bib �Mv T`2/B+iBQM K�/2 mbBM; i?Bb KQ/2H
rBHH #2 `2H�iBp2Hv r2�FX 6m`i?2` �M�HvbBb bm;;2bib i?�i i?2 KQ/2HǶb T`2@
/B+iQ`b b?�`2 � HQi Q7 2tTH�M�iQ`v TQr2` rBi? Qp2`H�TTBM; �M/ +QHHBM2�`Biv
#2BM; i?2 K�BM Bbbm2bX �//BiBQM�H KQ/2Hb +�M #2 mb27mH BM mM/2`bi�M/BM;
B7 /Bz2`2Mi- KQ`2 T�`bBKQMBQmbRj3 KQ/2Hb- +�M 2tTH�BM � H�`;2` T2`+2Mi@ Rj3 qBi? 72r2` T`2/B+iQ`bX
�;2 Q7 i?2 p�`B�M+2 Q7 i?2 +`Bi2`BQM p�`B�#H2X

"�+Fr�`/ JQ/2H

�b �M 2t�KTH2- H2iǶb `mM � #�+Fr�`/ bi2TrBb2 `2;`2bbBQM iQ b22 B7 �
KQ`2 T�`bBKQMBQmb KQ/2H 2tBbib �M/ ?Qr i?�i KQ/2H KB;?i HQQF HBF2X AM
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#�+Fr�`/ bi2TrBb2 `2;`2bbBQM i?2 �M�HvbBb bi�`ib rBi? i?2 KQbi +QKTH2t
KQ/2H- r?B+? BM+Hm/2b �HH T`2/B+iQ`bX Ai i?2M bi�`ib iQ #mBH/ M2r KQ/@
2Hb #v `2KQpBM; T`2/B+iQ`b BM `2p2`b2 Q`/2` Q7 i?2B` T�`iB�H +Q``2H�iBQMb
rBi? i?2 +`Bi2`BQM p�`B�#H2X h?Bb T`Q+2bb +QMiBMm2b mMiBH � M2r KQ/2H
#`BM;b MQ bB;MB}+�Mi BKT`Qp2K2Mi BM i?2 KQ/2HǶb 2tTH�M�iQ`v TQr2`RjNX

RjN h?2 ;QQ/M2bb Q7 }i Q7 �M 2biBK�i2/
bi�iBbiB+�H KQ/2H Bb K2�bm`2/ #v 2B@
i?2` i?2 �F�BF2Ƕb AM7Q`K�iBQM *`Bi2`BQM
U�A*V Q` i?2 "�v2bB�M AM7Q`K�iBQM *`B@
i2`BQM U"A*VX h?2 HQr2` i?2 p�Hm2 Q`
�A* Q` "A* Bb- i?2 #2ii2` i?2 KQ/2H
BbX h?2`27Q`2- bi2TrBb2 `2;`2bbBQM rBHH
+QKTmi2 � p�Hm2 7Q` i?2 �A* Q` "A*
7Q` 2�+? bm++2bbBp2 `2;`2bbBQM KQ/2H
�M/ +QKT�`2 Bi rBi? i?2 QM2 +QKTmi2/
7Q` i?2 T`2+2/BM; KQ/2HX A7 i?2 p�Hm2
Bb bB;MB}+�MiHv HQr2`- K2�MBM; � bB;@
MB}+�MiHv #2ii2` }i Q7 i?2 KQ/2H- i?2
KQ/2H Bb `2i�BM2/X Pi?2`rBb2- i?2 �M�H@
vbBb Bb biQTT2/ �M/ i?2 H�bi `2i�BM2/
KQ/2H Bb +QMbB/2`2/ iQ #2 i?2 #2bi }iX

h?2 T`2/B+iQ`b �`2 #2BM; +QMbB/2`2/ QM2 #v QM2 iQ /2i2`KBM2 i?2B` 2z2+i
r?2M `2KQp2/ 7`QK i?2 `2;`2bbBQM 2[m�iBQMX h?2 T`2/B+iQ` r?QǶb /2H2@
iBQM #`BM;b i?2 bK�HH2bi `2/m+iBQM BM _k Bb i?2 +�M/B/�i2 7Q` `2KQp�H BM
i?2 M2ti Bi2`�iBQMXX

ai�`i, �A*4j3RX9
"mv_�r � S`B+2 Y Zm�HBiv Y h�bi2 Y GQ+:`QrM Y S`2T1�b2 Y Lmi`BiBQM

.7 amK Q7 a[ _aa �A*
@ h�bi2 R yX9 Rj88 jdN
@ S`B+2 R kXN Rj83 j3y
@ GQ+:`QrM R dXN Rjej j3y
IMQM2= Rj88 j3R
@ S`2T1�b2 R ReX9 RjdR j3k
@ Lmi`BiBQM R RdX9 Rjdk j3k
@ Zm�HBiv R 88X3 R9RR j3d

ai2T, �A*4jdNX9
"mv_�r � S`B+2 Y Zm�HBiv Y GQ+:`QrM Y S`2T1�b2 Y Lmi`BiBQM

.7 amK Q7 a[ _aa �A*
@ S`B+2 R kXN Rj83 jd3
@ GQ+:`QrM R dX3 Rjej jd3
IMQM2= Rj88 jdN
@ Lmi`BiBQM R RdXj Rjdj j3y
@ S`2T1�b2 R RdXN Rjdj j3y
@ Zm�HBiv R Rj8X3 R9NR jN8

ai2T, �A*4jddX3
"mv_�r � Zm�HBiv Y GQ+:`QrM Y S`2T1�b2 Y Lmi`BiBQM

.7 amK Q7 a[ _aa �A*
@ GQ+:`QrM R 3X3 Rjed jdd
IMQM2= Rj83 jd3
@ Lmi`BiBQM R RdXk Rjde jd3
@ S`2T1�b2 R k8Xj Rj39 jdN
@ Zm�HBiv R Rj9Xk R9Nk jNj

ai2T, �A*4jdd
"mv_�r � Zm�HBiv Y S`2T1�b2 Y Lmi`BiBQM

.7 amK Q7 a[ _aa �A*
IMQM2= Rjed jdd
@ S`2T1�b2 R kyX8 Rj33 jd3
@ Lmi`BiBQM R keXk RjNj jdN
@ Zm�HBiv R R89Xk R8kR jN8

*�HH,
HKU7Q`KmH� 4 "mv_�r � Zm�HBiv Y S`2T1�b2 Y Lmi`BiBQM- /�i� 4 KvX+?2biMmiV

_2bB/m�Hb,
JBM RZ J2/B�M jZ J�t

@dXddN @RX3RN yXkkR RX39k eXyyk

*Q277B+B2Mib,
1biBK�i2 ai/X 1``Q` i p�Hm2

UAMi2`+2TiV jX3ke9 yX3983 9X8k
Zm�HBiv yX99dy yXyNNk 9X8R
S`2T1�b2 @yXRde9 yXRyd9 @RXe9
Lmi`BiBQM yXRNkN yXRyj3 RX3e

S`U=%i%V
UAMi2`+2TiV RXR2@y8    
Zm�HBiv RXk2@y8    



N9 BQ�M ;2Hm BQM�b- K#�- T?X/X

S`2T1�b2 yXRyk
Lmi`BiBQM yXye8 X
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

_2bB/m�H bi�M/�`/ 2``Q`, kXde QM R3y /2;`22b Q7 7`22/QK
JmHiBTH2 _@b[m�`2/, yXkjj- �/Dmbi2/ _@b[m�`2/, yXkk
6@bi�iBbiB+, R3Xk QM j �M/ R3y .6- T@p�Hm2, kXjk2@Ry

h?2 QmiTmi �#Qp2 b?Qrb � i`�+2 Q7 i?2 bm++2bbBp2 KQ/2Hb +QMbB/2`2/
BM i?2 �M�HvbBbX Ai bi�`ib rBi? i?2 7mHH KQ/2HR9y �M/ +QMiBMm2b iQ `2KQp2 R9y h?2 T`2/B+iQ`b �`2 bQ`i2/ BM �b+2M/@

BM; Q`/2` Q7 i?2B` +QMi`B#miBQM iQ i?2
iQi�H p�`B�M+2- `2T`2b2Mi2/ #v i?2 ǳamK
Q7 a[Ǵ +QHmKMX

i?2 T`2/B+iQ` rBi? i?2 bK�HH2bi +QMi`B#miBQM iQ i?2 p�`B�M+2 mMiBH � KQ`2
T�`bBKQMBQmb KQ/2H /Q2b MQi BKT`Qp2 Bib T`2/B+iBp2 TQr2` bB;MB}+�MiHvX
h?2 +`Bi2`B� mb2/ Bb �A*- HBbi2/ �i i?2 iQT Q7 2�+? Bi2`�iBQMX AM i?Bb +�b2-
#v mbBM; #�+Fr�`/ bi2TrBb2 `2;`2bbBQM r2 r2`2 �#H2 iQ bHB;?iHv BKT`Qp2
i?2 T`2/B+iBp2 TQr2` Q7 i?2 KQ/2H #v mbBM; QMHv i?`22 Q7 i?2 T`2/B+@
iQ`b, Zm�HBiv- S`2T1�b2- �M/ Lmi`BiBQMX JQ/2H bmKK�`v b?Qrb i?�i i?2
T`2/B+iBp2 TQr2` BM+`2�b2/ iQ kkW U7`QK kRX9W Q7 i?2 7mHH KQ/2HVX

amKK�`v

h?2 bim/v 2t2KTHB}2/ ?2`2 r�b /2bB;M2/ �b �M 2tTHQ`�iQ`v bim/vX 6Q`
i?�i `2�bQM �Mv Qmi+QK2 r�b 2tT2+i2/ /2bTBi2 i?2 7�+i i?�i i?2 `2@
b2�`+?2`b #2HB2p2/- #�b2/ QM 2tBbiBM; HBi2`�im`2- i?�i i?2 bBt T`2/B+iQ`
p�`B�#H2b rQmH/ #2 7�B`Hv `2HB�#H2 BM 2tTH�BMBM; +QMbmK2`bǶ H2p2H Q7 BMi2`@
2bi BM #mvBM; `�r T`Q/m+ibX

h?2 KmHiBTH2 HBM2�` `2;`2bbBQM �M�HvbBb ?�b T`Q/m+2/ r2�F KQ/2Hb-
rBi? �i KQbi kkW 2tTH�M�iQ`v TQr2`X .m`BM; i?2 �M�HvbBb Bi #2+�K2
2pB/2Mi i?�i T`2/B+iQ` +QHHBM2�`Biv �M/ Qp2`H�TTBM; b22Kb iQ #2 � bB;MB7@
B+�Mi Bbbm2 rBi? i?Bb �M�HvbBbX ai2TrBb2 `2;`2bbBQM r�b �#H2 iQ Qz2` �M
BKT`Qp2/ KQ/2H- �Hi?Qm;? i?2 yX3W BM+`2�b2 BM 2tTH�M�iQ`v TQr2` Bb iQQ
bK�HH iQ #2 K2�MBM;7mH BM `2�H HB72X

h?2 `2bmHib Q7 i?2 �M�HvbBb b22K iQ bm;;2bi i?�i i?2 bim/vǶb /2bB;M
r�b ~�r2/ �M/ i?�i i?2 +m``2Mi /�i� /Q2b MQi ?�p2 bm{+B2Mi TQi2MiB�H
iQ 2tTH�BM K�`F2i #2?�pBQ` �M/ +�MMQi #2 mb2/ �b T`2/B+iQ` 7Q` 7mim`2
#2?�pBQ`X L2p2`i?2H2bb- Bi ?�b T`QpB/2/ i?2 7QmM/�iBQM 7Q` 7m`i?2` bim/B2b
mbBM; � `2pBb2/ /�i� +QHH2+iBQM BMbi`mK2MiX



JmHiBTH2 GQ;BbiB+ _2;`2bbBQM

GQ;BbiB+ `2;`2bbBQM �M�HvbBb `2bTQM/b iQ i?2 M22/b BM K�Mv /QK�BMb iQ
T`2/B+i � +�i2;Q`B+�H #BM�`v `2bTQMb2R9R #�b2/ QM irQ Q` KQ`2 T`2/B+@ R9R � #BM�`v `2bTQMb2 i�F2b p�Hm2b y

Q` RX 6Q` 2t�KTH2- #2ir22M i?2 `B;?i
Q` r`QM; �Mbr2`- #2ir22M bm`pBp�H �M/
/2�i?- Q` #2ir22M iQ #mv �M/ MQi iQ
#mvX

iQ`bX 6Q` 2t�KTH2- 7Q` � `2bTQMb2 U+`Bi2`BQMV p�`B�#H2 rBi? irQ TQbbB#H2
p�Hm2b U2X;X- u2b Q` LQV- HQ;BbiB+ `2;`2bbBQM Qz2`b i?2 TQbbB#BHBiv iQ �i@
i�+? T`Q#�#BHBiv p�Hm2b iQ i?2 `2bTQMb2b ;Bp2M � b2i Q7 T`2/B+iQ`bX h?�i
Bb- HQ;BbiB+ `2;`2bbBQM ?2HTb mM/2`bi�M/ ?Qr KmHiBTH2 T`2/B+iQ` p�`B�#H2b-
iQ;2i?2`- T`2/B+i i?2 `2bTQMb2 Q` +`Bi2`BQM p�`B�#H2 K2K#2`b?BT BM QM2
Q` i?2 Qi?2` Q7 i?2 irQ +�i2;Q`B2b Q7 i?2 /2T2M/2Mi p�`B�#H2X

h?2 /B+?QiQKQmb M�im`2 Q7 i?2 `2bTQMb2 p�`B�#H2 T`2p2Mib i?2 +�H+m@
H�iBQM Q7 � MmK2`B+�H p�Hm2- �b Bi Bb i?2 +�b2 rBi? `2;mH�` `2;`2bbBQM i2bibX
AMbi2�/- Bi mb2b i?2 #BMQKB�H T`Q#�#BHBiv i?2Q`v- rBi? QMHv irQ p�Hm2b iQ
T`2/B+i- �M/ i?2 K�tBKmK HBF2HB?QQ/ K2i?Q/ iQ ;2M2`�i2 � #2bi }iiBM;
2[m�iBQM i?�i Bb mb2/ iQ +H�bbB7v i?2 /�i� iQ i?2 �TT`QT`B�i2 +�i2;Q`v
#�b2/ QM i?2 `2;`2bbBQM +Q2{+B2MibX

h?2 #�bB+ 7Q`KmH� 7Q` GQ;BbiB+ _2;`2bbBQM Bb bBKBH�` iQ i?2 QM2 mb2/
BM GBM2�` _2;`2bbBQM,

logit(P ) = a+ b ·X

6Q` KmHiBTH2 T`2/B+iQ`b- i?2 7Q`KmH� +?�M;2b iQ,

logit(p) = β0 + β1 ·X1 + β2 ·X2 + ...+ βn ·Xn

AM i?2 2[m�iBQM �#Qp2- T Bb i?2 T`Q#�#BHBiv i?2 Qmi+QK2 Q` +?�`�+i2`@
BbiB+ Q7 BMi2`2bi Bb �ii�BM2/- Xi `2T`2b2Mi i?2 T`2/B+iQ`b- �M/ βi `2T`2b2Mi
i?2 `2H�iBp2 +QMi`B#miBQM Q7 i?2b2 7�+iQ`bX

h?2 /2T2M/2Mi p�`B�#H2 BM GQ;BbiB+ _2;`2bbBQM Bb � HQ;Bi- i?2 M�im`�H
HQ;�`Bi?K Q7 i?2 Q//b,

logit(p) = log(odds) = ln(
P

1− P
)



Ne BQ�M ;2Hm BQM�b- K#�- T?X/X

r?2`2 S Bb i?2 T`Q#�#BHBiv Q7 T`2/B+iBM; � R U�ii�BM i?2 Qmi+QK2 Q7
BMi2`2biVX

AM i?2 2M/- r?�i r2 �`2 BMi2`2bi2/ BM Bb i?2 T`Q#�#BHBiv USV i?�i i?2
/2bB`2/ Qmi+QK2 Q++m`bX 6Q` i?�i- r2 M22/ iQ /Q � HBiiH2 #Bi Q7 bBKTH2
�H;2#`�R9k, R9k q?BH2 i?2v K�v HQQF b+�`v �i }`bi

bB;?i- i?2 +QKTmi�iBQMb �`2 bBKTH2 �M/
rBHH #2 2tTH�BM2/ BM +QMi2ti H�i2` BM i?Bb
+?�Ti2`Xln( P

1−P = a+ bX)
P

1−P = ea+bX

P = ea+bX

1+ea+bX

h?2 aim/v

hQ mM/2`bi�M/ � #Bi #2ii2` r?2`2 �M/ ?Qr HQ;BbiB+ `2;`2bbBQM Bb mb2@
7mH- H2iǶb HQQF �i �M 2t�KTH2 bim/v /2bB;M2/ iQ BMp2biB;�i2 i?2 2z2+ib Q7
b2H7@2tTH�M�iBQMR9j QM H2�`M2`bǶ T2`7Q`K�M+2 QM +�mb�H `2�bQMBM; i�bFbX R9j a2H7 2tTH�M�iBQM Bb �M 2tTH�M�iBQM �

H2�`M2` ;2M2`�i2b QM ?Bb Q` ?2` QrM- �b
QTTQb2/ iQ 2tTH�M�iBQMb T`QpB/2/ #v �M
2ti2`M�H bQm`+2 U2X;X- #QQF- BMbi`m+iQ`-
T22`VX

aT2+B}+�HHv- i?Bb bim/v r�b /2bB;M2/ �b � +QKTH2i2Hv `�M/QKBx2/R99-

R99 h?2 T�`iB+BT�Mib r2`2 `�M/QKHv �b@
bB;M2/ iQ QM2 Q` i?2 Qi?2` Q7 i?2 irQ
2tT2`BK2Mi�H ;`QmTbX

irQ ;`QmT U+QMi`QH �M/ i`2�iK2MiV- #2ir22M@bm#D2+ibR98 2tT2`BK2Mi i?�i

R98 "2+�mb2 2�+? T�`iB+BT�Mi Bb K2K@
#2` BM QMHv QM2 Q7 i?2 irQ 2tT2`BK2Mi
;`QmTb, +QMi`QH Q` i`2�iK2MiX

mb2/ b2H7@2tTH�M�iBQM iQ 2HB+Bi +�mb�H K2+?�MBbK 2tTH�M�iBQMb r?2M `2�@
bQMBM; �#Qmi +�mb�HHv HBMF2/ 2p2MibX h?2 i�`;2i }2H/ r�b K2/B+BM2- �
/QK�BM i?�i `2HB2b ?2�pBHv QM i?2 mM/2`bi�M/BM; �M/ mb2 Q7 2ti2MbBp2
�M/ +QKTH2t +�mb�H T`Q+2bb2bX h?2 Qp2`�`+?BM; `2b2�`+? [m2biBQM r�b,

AM i?2 K2/B+�H }2H/- r?2M H2�`M2`b �`2 `2�bQMBM; +�mb�HHv- /Q2b mb@
BM; b2H7@2tTH�M�iBQM iQ 2HB+Bi �M 2tTH�M�iBQM Q7 i?2 +�mb�H K2+?�MBbKUbV
BKT`Qp2- QM �p2`�;2- H2�`M2`bǶ T2`7Q`K�M+2 QM i�bFb BMpQHpBM; bm+? `2�@
bQMBM; T`Q+2bb2b\

"�b2/ QM i?2 2tBbiBM; HBi2`�im`2- i?2 bim/v mb2/ T`QKTib iQ i`�BM
H2�`M2`b iQ b2H7@2tTH�BM #27Q`2 �Mbr2`BM; � [m2biBQMX h?�i Bb- iQ i?BMF
�#Qmi �M/ �ii2KTi iQ 7Q`K�HBx2 BM r`BiBM; i?2 T`BM+BTH2UbV BMpQHp2/ BM
bQHpBM; T`�+iB+2 T`Q#H2Kb T`2b2Mi2/ iQ i?2KX 6Q` i?2 Tm`TQb2 Q7 i?Bb
2tT2`BK2Mi- i?2 T�`iB+BT�Mib r2`2 `�M/QKHv �bbB;M2/ iQ QM2 Q7 i?2 irQ
;`QmTb- +QMi`QH Q` i`2�iK2MiX h?2 T�`iB+BT�Mib BM #Qi? ;`QmTb r2`2 �bF2/
iQ �Mbr2` i?2 b�K2 KmHiBTH2 +?QB+2 [m2biBQMb BM i?2 i`�BMBM; bi�;2- rBi?
i?2 /Bz2`2M+2 i?�i i?Qb2 T�`iB+BT�Mib BM i?2 i`2�iK2Mi ;`QmT r2`2 �bF2/-
BM �//BiBQM iQ �Mbr2`BM; i?2 [m2biBQM �M/ #27Q`2 +?QQbBM; �M �Mbr2`- iQ
7Q`K�HHv 2tTH�BM i?2 +�mb�H K2+?�MBbK #2?BM/ i?2 T`Q#H2K TQb2/ BM i?2
[m2biBQMX h?2 T�`iB+BT�Mib BM i?2 +QMi`QH ;`QmT r2`2 QMHv T`QKTi2/ iQ
+?QQb2 �M �Mbr2`- rBi?Qmi #2BM; T`QKTi2/ iQ 2tTH�BM i?2 K2+?�MBbK
}`biX Ai r�b ?vTQi?2bBx2/ i?�i i?2 T�`iB+BT�Mib i?�i ?�/ � +?�M+2 iQ
T`�+iB+2 b2H7@2tTH�M�iBQM Ui?Qb2 BM i?2 i`2�iK2Mi ;`QmT- r?Q r2`2 �bF2/
iQ 2tTH�BM #27Q`2 `2bTQM/BM;V rQmH/ T2`7Q`K #2ii2`- QM �p2`�;2- i?�M i?2
+QMi`QH ;`QmT QM � bm#b2[m2Mi bBKBH�` T`Q#H2K- 7Q` r?B+? i?2 T`QKTi r�b
`2KQp2/ �M/ �HH T�`iB+BT�Mib- BM #Qi? ;`QmTb- T2`7Q`K2/ i?2 b�K2 i�bFX



[m�MiBi�iBp2 `2b2�`+? #v 2t�KTH2 version : 1.0.0 {β} Nd

G2�`M2`bǶ T2`7Q`K�M+2 r�b K2�bm`2/ mbBM; � bBM;H2 KmHiBTH2@+?QB+2
[m2biBQM rBi? QMHv QM2 +Q``2+i �Mbr2` 7Q` r?B+? H2�`M2`b }`bi b2H2+i2/
�M �Mbr2` i?2v #2HB2p2/ iQ #2 +Q``2+i �M/ i?2M 2tTH�BM2/ i?2 K2+?�MBbK
i?�i bmTTQ`i2/ i?2B` +?QB+2X �M QTTQ`imMBiv iQ +?�M;2 i?2 �Mbr2` r�b
Qz2`2/ iQ i?2 T�`iB+BT�Mib �7i2` i?2v bm#KBii2/ i?2B` 2tTH�M�iBQM Q7 i?2
T?2MQK2M� rBi? � `2[m2bi iQ 2tTH�BM r?v i?2 M2r �Mbr2` Bb #2ii2` i?�M
i?2 T`2pBQmb QM2X h?2 BMbi`mK2Mi �HbQ �bb2bb2/ i?2 T�`iB+BT�MibǶ T`BQ`
FMQrH2/;2 `2H�i2/ iQ i?2 iQTB+ mb2/ BM i2biBM;- #Qi? �b b2H7@�bb2bbK2Mi
�M/- KQ`2 Q#D2+iBp2Hv- i?`Qm;? � b2i Q7 KmHiBTH2 +?QB+2 [m2biBQMbX AM
�//BiBQM- �;2 ;`QmT- ;2M/2`- BM+QK2 ;`QmT- mM/2`;`�/m�i2 K�DQ`- �M/
BMi2M/2/ K2/B+�H bT2+B�HBiv r2`2 +QHH2+i2/ �b /2KQ;`�T?B+ p�`B�#H2bX

�#Qmi j8y }`bi@ �M/ b2+QM/@v2�` K2/B+�H bim/2Mib r2`2 BMpBi2/ iQ
T�`iB+BT�i2 BM i?2 bim/v �M/ T`Q+2bb2b r2`2 b2i BM KQiBQM iQ +QMpBM+2
2MQm;? bim/2Mib iQ T�`iB+BT�i2 iQ �i H2�bi K22i i?2 KBMBKmK b�KTH2 bBx2
Q7 �#Qmi RyyR9eX AM i?2 2M/- i?2 `2+`mBiK2Mi 2zQ`ib ;2M2`�i2/ � b�KTH2 R9e � #�bB+ b�KTH2 bBx2 Q7 33 r�b +QK@

Tmi2/ #�b2/ QM `2+QKK2M/�iBQMb 7`QK
E2TT2H URNNR- TX d9V Q7 �i H2�bi 99 T�`@
iB+BT�Mib T2` ;`QmT 7Q` K2/BmK yXe 27@
72+i bBx2- � TQr2` Q7 yX3- �M/ �M �HT?�
H2p2H Q7 yXy8X _2+QKK2M/�iBQMb 7`QK
Qi?2` �mi?Q`b `�M;2/ 7`QK 9y iQ ey T2`
;`QmTX h?2`27Q`2- � +?QB+2 r�b K�/2
iQ +QMbB/2` 8y T�`iB+BT�Mib T2` ;`QmT
�M �++2Ti�#H2 p�Hm2- r?B+? K�F2b Ryy
T�`iB+BT�Mib i?2 KBMBKmK b�KTH2 bBx2
7Q` i?2 2tT2`BK2MiX

Q7 RRd p�HB/ `2bTQMb2bX

h?Bb 2t�KTH2 rBHH +Qp2` QMHv � bm#b2+iBQM Q7 i?2 7mHH bim/v i?�i r�b
�Mbr2`2/ mbBM; HQ;BbiB+ `2;`2bbBQM �M/ rBHH mb2 � +m`�i2/ /�i� b2iX .�i�
K�MBTmH�iBQM �M/ i`�Mb7Q`K�iBQM T`Q+2/m`2b mb2/ iQ ;2M2`�i2 i?2 /�i�
b2i mb2/ BM i?Bb 2t�KTH2 �`2 MQi +Qp2`2/X h?Bb 2t�KTH2 rBHH 7Q+mb QM i?2
7QHHQrBM; `2b2�`+? [m2biBQM,

.Q2b i?2 T`�+iB+2 Q7 b2H7@2tTH�M�iBQM �b +�mb�H K2+?�MBbK 2HB+Bi�iBQM
i2+?MB[m2 �z2+ib- QM �p2`�;2- H2�`M2`bǶ T2`7Q`K�M+2 QM +�mb�H `2�bQMBM;
i�bFb\

h?2 p�`B�#H2b BM+Hm/2/ BM i?2 KQ/2H �`2,

*�i2;Q`B+�H S2`7Q`K�M+2 a+Q`2 U+`Bi2`BQMf`2bTQMb2- MQKBM�H b+�H2V @
+�H+mH�i2/ �bbB;MBM; � p�Hm2 Q7 y iQ � r`QM; �Mbr2` +?QB+2 Q` � p�Hm2 Q7
R iQ i?2 +Q``2+i �Mbr2` +?QB+2X

1tT2`BK2Mi :`QmT UT`2/B+iQ`- MQKBM�H b+�H2V @ /2i2`KBM2/ #v i?2
;`QmT U+QMi`QH Q` i`2�iK2MiV iQ r?B+? i?2 T�`iB+BT�Mi r�b `�M/QKHv
�bbB;M2/ iQX

u2�` Q7 aim/v U+Qp�`B�i2V @ BMi`Q/m+2/ �b +Qp�`B�i2 iQ +QMi`QH 7Q`
TQi2MiB�H /Bz2`2M+2b BM T2`7Q`K�M+2 /m2 iQ r?2`2 i?2 bim/2Mi Bb bBim@
�i2/ QM i?2 T`Q;`2bbBQM iBK2HBM2 BM K2/B+�H b+?QQH U}`bi Q` b2+QM/ v2�`
K2/B+�H bim/2MibVX h?Bb �ii2KTib iQ �++QmMi 7Q` �//BiBQM�H FMQrH2/;2-
2tT2`B2M+2- �M/ Qi?2` bFBHHb i?�i K�v ?2HT i?2B` T2`7Q`K�M+2 QM +�mb�H
`2�bQMBM; i�bFbX



N3 BQ�M ;2Hm BQM�b- K#�- T?X/X

�bbmKTiBQMb

�b rBi? �HH Qi?2` bi�iBbiB+�H �M�HvbBb i2bib- GQ;BbiB+ _2;`2bbBQM ?�b bQK2
`2[mB`2K2Mib iQ #2 K2i,

Ç h?2 `2bTQMb2 U+`Bi2`BQMV p�`B�#H2 ?�b iQ #2 /B+?QiQKQmb U?�b QMHv
irQ p�Hm2bVX 6Q` i?Bb 2t�KTH2- i?2 `2bTQMb2 p�`B�#H2 Bb /B+?QiQKQmb
#v /2bB;MX h?2`27Q`2- i?Bb �bbmKTiBQM Bb p2`B}2/X

Ç h?2 ;`QmTb U+�i2;Q`B2bV �`2 Kmim�HHv 2t+HmbBp2- K2�MBM; i?�i QM2 +�b2
+�M QMHv #2 BM QM2 Q7 i?2 ;`QmTbX h?2 `�M/QK �bbB;MK2Mi Q7 T�`iB+@
BT�Mib iQ QM2 Q7 i?2 i`2�iK2Mi ;`QmTb- 2Bi?2` +QMi`QH Q` i`2�iK2Mi-
�M/ QMHv QM2 ;`QmT- p2`B}2b i?Bb �bbmKTiBQMX

�M�HvbBb

h?2 /�i� }H2 ?�b #22M T`2T�`2/ #27Q`2?�M/ iQ BM+Hm/2- 7`QK i?2 KQ`2
i?�M ey p�`B�#H2b BM i?2 `�r /�i� b2i- QMHv p�`B�#H2b i?�i K�v #2 `2H2p�Mi
iQ i?Bb �M�HvbBbX aQ- }`bi- H2iǶb 7�KBHB�`Bx2 rBi? i?2 /�i�X h�#H2 k8 b?Qrb
i?2 }`bi 72r /�i� `QrbX

B/b +�b2 v2�` ;`QmT TF b+Q`2

d R R R e y
N R R R Rk R

Ry R R k 3 y
RR R R R RR y
Rk y R k e y

R9 R R k R9 y

h�#H2 k8, GQ;BbiB+ `2;`2bbBQM /�i�

h?2 p�`B�#H2b Q7 BMi2`2bi �`2 ;`QmT- b+Q`2- �M/ v2�`X � }`bi bi2T BM i?2
�M�HvbBb Bb iQ +QMp2`i i?2 p�`B�#H2b BMiQ 7�+iQ`bR9dX 6Q` i?Bb Tm`TQb2 irQ R9d AM _- HQ;BbiB+ `2;`2bbBQM �M�HvbBb `2@

[mB`2b i?2 T`2/B+iQ`b iQ #2 /2}M2/ �b
7�+iQ`bX

M2r p�`B�#H2b- ;`QmT7 �M/ v2�`7 rBHH #2 �//2/ iQ i?2 /�i� b2i- `2T`2b2Mi@
BM; ;`QmT �M/ v2�` �b 7�+iQ`bX PM+2 i?Bb bi2T ?�b #22M T2`7Q`K2/- Bi Bb
iBK2 iQ /2}M2 i?2 KQ/2HX h?2 `2b2�`+? [m2biBQM #2BM; BMp2biB;�i2/ ?2`2
�bFb B7 i?2 i`2�iK2Mi UT`�+iB+2 Q7 b2H7@2tTH�M�iBQMV �z2+ib- QM �p2`�;2-
T2`7Q`K�M+2 QM +�mb�H `2�bQMBM; i�bFbX h?2`27Q`2- i?2 KQ/2H rBHH HQQF
�i ?Qr T2`7Q`K�M+2 U.oV `2T`2b2Mi2/ #v i?2 p�`B�#H2 b+Q`2 Bb `2H�i2/ iQ
i?2 T`2/B+iQ` ;`QmTX h?2 p�`B�#H2 v2�` Bb BMi`Q/m+2/ iQ �++QmMi 7Q` i?2
TQi2MiB�H 2z2+i Q7 i?2 v2�` BM K2/B+�H b+?QQHR93X � bmKK�`v b?Qrb i?2 R93 6B`bi Q` b2+QM/ v2�` bim/2MibX
+QmMi Q7 `2+Q`/b U7`2[m2M+B2bV 7Q` 2�+? +�i2;Q`v 7Q` 2�+? Q7 i?2 T`2/B+iQ`b
+QMp2`i2/ iQ 7�+iQ`bX

:`QmT UR4*QMi`QH :`QmT- k4h`2�iK2Mi :`QmTV

R k
eR 8e
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o�`B�#H2 o�Hm2b .2b+`BTiBQM

h`2�iK2Mi :`QmT y *QMi`QH ;`QmT U`2+Q/2/ �b R BM
Q`B;BM�H /�i�b2i

R h`2�iK2Mi ;`QmT U`2+Q/2/ �b k
BM Q`B;BM�H /�i�b2i

u2�` Q7 aim/v y 6B`bi v2�` K2/B+�H bim/2Mib
U`2+Q/2/ �b R BM Q`B;BM�H /�i�b2i

R a2+QM/ v2�` K2/B+�H bim/2Mib
U`2+Q/2/ �b k BM Q`B;BM�H /�i�b2i

h�#H2 ke, GQ;BbiB+ `2;`2bbBQM T`2@
/B+iQ` U7�+iQ`V `2+Q/BM;

u2�` Q7 aim/v UR46B`bi u2�` aim/2Mib- k4a2+QM/ u2�` aim/2MibV

R k
99 dj

6Q` i?2 �M�HvbBb- _R9N +QMp2`ib i?2 T`2/B+iQ`b U7�+iQ`bV iQ p�Hm2b Q7 y R9N Pi?2` bi�iBbiB+�H �M�HvbBb T�+F�;2b-
bm+? �b aSaa- T2`7Q`K � bBKBH�` +QM@
p2`bBQMX

�M/ RX 6Q` i?2 +m``2Mi �M�HvbBb �M/ /�i� b2i- i?2 `2+Q/BM; UQ` /mKKv
+Q/BM;R8y �b Bi Bb bQK2iBK2b FMQrMV Bb T2`7Q`K2/ �b b?Qrb BM h�#H2 keX R8y Ab i?2 T`Q+2bb Q7 `2+Q/BM; � +�i2;Q`@

B+�H p�`B�#H2 rBi? k Q` KQ`2 H2p2Hb BMiQ
� #BM�`v p�`B�#H2 U+�i2;Q`B+�H p�`B�#H2
rBi? QMHv k H2p2HbV- rBi? p�Hm2b y �M/
R- p�`B�#H2 FMQrM �b /mKKv p�`B�#H2X

h?2 HQ;BbiB+ `2;`2bbBQM 2[m�iBQM �M/ i?2 KQ/2H r2 bi�`i i?Bb �M�HvbBb
rBi? Bb,

logit(p) = β0 + β1 · group+ β2 · year + β3 · group× year

AM i?Bb KQ/2H ;`QmT �M/ v2�` �`2 i?2 K�BM 2z2+ibR8R r?BH2 i?2 i2`K R8R h?2 2z2+i Q7 2�+? p�`B�#H2 i�F2M BM@
/BpB/m�HHv QM i?2 `2bTQMb2 U.oV p�`B@
�#H2X

group × year `2T`2b2Mib i?2 BMi2`�+iBQM 2z2+iR8kX G2iǶb HQQF �i ?Qr �
R8k h?2 +QK#BM2/- bBKmHi�M2Qmb- 2z2+i
Q7 i?2 irQ p�`B�#H2b i�F2M iQ;2i?2`X

bmKK�`v Q7 i?Bb KQ/2H HQQFb HBF2X

*�HH,
;HKU7Q`KmH� 4 b+Q`2 � ;`QmT7 Y v2�`7 Y ;`QmT7  v2�`7- 7�KBHv 4 #BMQKB�H-

/�i� 4 HQ;_2;V

.2pB�M+2 _2bB/m�Hb,
JBM RZ J2/B�M jZ J�t

@RXjN9 @yXNNk @yXd3R yXNd8 RXej9

*Q277B+B2Mib,
1biBK�i2 ai/X 1``Q` x p�Hm2

UAMi2`+2TiV @yXN998 yX9989 @kXRk
;`QmT7k @yXy38k yXe389 @yXRk
v2�`7k yX9Nk8 yX8eR8 yX33
;`QmT7k,v2�`7k RXyjje yX3jde RXkj

S`U=%x%V
UAMi2`+2TiV yXyj9  
;`QmT7k yXNyR
v2�`7k yXj3y
;`QmT7k,v2�`7k yXkRd
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

U.BbT2`bBQM T�`�K2i2` 7Q` #BMQKB�H 7�KBHv i�F2M iQ #2 RV

LmHH /2pB�M+2, R8NXRy QM RRe /2;`22b Q7 7`22/QK
_2bB/m�H /2pB�M+2, R93Xd9 QM RRj /2;`22b Q7 7`22/QK
�A*, R8eXd

LmK#2` Q7 6Bb?2` a+Q`BM; Bi2`�iBQMb, 9



Ryy BQ�M ;2Hm BQM�b- K#�- T?X/X

GQQFBM; �i i?2 QmiTmi �#Qp2- Bi +�M #2 MQi2/ i?�i i?2 M�K2 Q7 i?2
p�`B�#H2b BM i?2 H27i +QHmKM Bb �++QKT�MB2/ #v � p�Hm2X h?�i Bb #2+�mb2
_R8j +QMp2`ib i?2 T`2/B+iQ`b BM � T`Q+2bb FMQrM �b /mKKv Q` i`2�iK2Mi R8j Pi?2` bi�iBbiB+�H �M�HvbBb bQ7ir�`2

�TTHB+�iBQM T2`7Q`K i?2 b�K2 +QMp2`@
bBQMX

+Q/BM;X Ai +`2�i2b � b2i Q7 /B+?QiQKQmbR89 p�`B�#H2b Ub22 h�#H2 ke �b r2HHV
R89 .B+?QiQKQmb p�`B�#H2b ?�p2 QMHv
irQ p�Hm2b

r?2`2 2�+? H2p2H Q7 i?2 T`2/B+iQ` Bb +QMi`�bi2/ iQ � T`2/2}M2/ `272`2M+2
H2p2H +?Qb2M iQ #2 �b QM2 Q7 i?2 p�Hm2b Q7 i?2 `2bT2+iBp2 T`2/B+iQ` p�`B�#H2X
AM i?Bb �M�HvbBb i?2 p�`B�#H2b ?�p2 QMHv irQ H2p2Hb- i?2`27Q`2 i?2 T`Q+2bb
+QMbBbib Q7 +?QQbBM; � `272`2M+2 H2p2H �b QM2 Q7 i?2 irQ p�Hm2bX AM i?Bb +�b2
i?2 p�Hm2 R U`2T`2b2MiBM; i?2 +QMi`QH ;`QmTV Bb b2H2+i2/ �b i?2 `272`2M+2
H2p2HX h?2 p�Hm2 kR88 BM i?2 QmiTmi BM/B+�i2b i?�i i?2 i`2�iK2Mi ;`QmT R88 AM i?2 QmiTmi _ mb2b i?2 p�Hm2b Q7

Q`B;BM�H p�`B�#H2b R �M/ k �M/ MQi i?2
BMi2`M�H p�Hm2b Q7 y �M/ R Bi mb2b 7Q`
�M�HvbBbX h?Bb Bb #2+�mb2 r?BH2 i?2
�M�HvbBb mb2b MmK#2`b- i?2 QmiTmi +�M
mb2 bi`BM;b iQ T`QpB/2 KQ`2 BM7Q`K�@
iBQM- B7 i?2 /�i� r�b +QHH2+i2/ �M/ 2M@
i2`2/ rBi? bi`BM; H�#2Hb Q` p�Hm2bX

U`2T`2b2Mi2/ #v i?2 p�Hm2 k BM i?2 Q`B;BM�H /�i�b2iV Bb +QMi`�bi2/ iQ i?2
`272`2M+2 H2p2H- i?2 +QMi`QH ;`QmTX A7 i?2 T`2/B+iQ` ?�b KQ`2 i?�M irQ
H2p2Hb- QM2 Q7 i?2 H2p2Hb rBHH #2 +?Qb2M �b `272`2M+2 H2p2H �M/ irQ Q` KQ`2
/B+?QiQKQmb p�`B�#H2b rBHH #2 ;2M2`�i2/ 7Q` i?2 `2K�BMBM; H2p2Hb- i?�i
+QMi`�bi 2�+? Q7 i?2K rBi? i?2 `272`2M+2 H2p2HX 1�+? Q7 i?2b2 H2p2Hb rBHH
#2 2Mi2`2/ �b � b2T�`�i2 7�+iQ` BM i?2 QmiTmiX

h?2 �M�HvbBb Q7 i?2 7mHH KQ/2H b?Qrb i?�i i?2`2 K�v #2 MQ bB;MB}+�Mi
K�BM 2z2+ib Q` BMi2`�+iBQM 2z2+ibX L2p2`i?2H2bb- 7m`i?2` �M�HvbBb +�M #2
+QM/m+i2/ iQ H2�`M B7 i?2`2 K�v #2 � KQ/2H i?�i- mbBM; QMHv � bm#b2i Q7
i?2 p�`B�#H2b- K�v b?Qr bB;MB}+�M+2X 6Q` i?Bb Tm`TQb2 � bi2TrBb2 HQ;BbiB+
`2;`2bbBQM +�M #2 +QM/m+i2/X

aBKBH�` iQ KmHiBTH2 HBM2�` `2;`2bbBQM- i?2 bi2TrBb2 �M�HvbBb +�M #2
+QM/m+i2/ 2Bi?2` 7Q`r�`/ Q` #�+Fr�`/X h?2 7Q`r�`/ �TT`Q�+? bi�`ib rBi?
� #H�MF KQ/2H �M/ 2Mi2`b 2�+? i2`K QM2 �i � iBK2- +QKTmi2b i?2 KQ/2H-
�M/ +QKT�`2b Bi �;�BMbi i?2 T`2pBQmb QM2X h?2 T`Q+2bb rBHH +QMiBMm2
�b HQM; �b i?2 /Bz2`2M+2 BM T`2/B+iBp2 TQr2` #2ir22M i?2 KQ`2 +QKTH2t
KQ/2HR8e �M/ Bib T`2/2+2bbQ` Bb bB;MB}+�MiX PM+2 Bi }M/b �M BMbB;MB}+�Mi R8e >�b KQ`2 p�`B�#H2b i?�M i?2 T`2pB@

Qmb QM2X;�BM BM T`2/B+iBp2 TQr2`- i?2 T`Q+2bb biQTbX h?2 #�+Fr�`/ �TT`Q�+? HQQFb
�i i?BM;b BM `2p2`b2X Ai bi�`ib rBi? i?2 7mHH KQ/2H �M/ bi�`ib `2KQpBM;
p�`B�#H2b BM /2+`2�bBM; Q`/2` Q7 i?2B` +QMi`B#miBQM iQ iQi�H p�`B�M+2X

6Q` i?Bb bT2+B}+ +�b2- +QMbB/2`BM; i?�i r2 bi�`i2/ rBi? i?2 7mHH KQ/2HR8d R8d EMQrM �b 2Mi2` KQ/2H- BM r?B+?
+�b2 �HH i2`Kb Q7 i?2 KQ/2H �`2 2Mi2`2/
�i i?2 #2;BMMBM;X

r2ǶHH mb2 i?2 #�+Fr�`/ �TT`Q�+?X h?2 QmiTmi Q7 i?Bb KQ/2H bm;;2bib i?�i
� KQ`2 T�`bBKQMBQmb KQ/2H 2tBbibX Ai BM+Hm/2b QMHv i?2 K�BM 2z2+ib �M/
b?Qrb bB;MB}+�M+2 7Q` v2�` �M/ i?2 KQ/2HǶb +QMbi�MiR83X �M �LPo� R83 h?2 UAMi2`+2TiV HBM2 Q7 i?2 QmiTmiX
�M�HvbBb +QM/m+i2/ #2ir22M i?2 +QKT2iBM; KQ/2Hb b?Qrb r?B+? 7�+iQ`UbV
r2`2 2HBKBM�i2/X

ai�`i, �A*4R8eXd
b+Q`2 � ;`QmT7 Y v2�`7 Y ;`QmT7  v2�`7

.7 .2pB�M+2 �A*
@ ;`QmT7,v2�`7 R R8y R8e
IMQM2= R9N R8d

ai2T, �A*4R8eXj
b+Q`2 � ;`QmT7 Y v2�`7
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.7 .2pB�M+2 �A*
IMQM2= R8y R8e
@ ;`QmT7 R R8j R8d
@ v2�`7 R R8e Rey

*�HH,
;HKU7Q`KmH� 4 b+Q`2 � ;`QmT7 Y v2�`7- 7�KBHv 4 #BMQKB�H- /�i� 4 HQ;_2;V

.2pB�M+2 _2bB/m�Hb,
JBM RZ J2/B�M jZ J�t

@RXjRN @RXyeR @yXdy8 RXy9k RXdjN

*Q277B+B2Mib,
1biBK�i2 ai/X 1``Q` x p�Hm2

UAMi2`+2TiV @RXke9 yXjNj @jXkk
;`QmT7k yXey3 yXj3N RX8e
v2�`7k yXN39 yX9Re kXjd

S`U=%x%V
UAMi2`+2TiV yXyyRj   
;`QmT7k yXRR3R
v2�`7k yXyR3y  
@@@
aB;MB7X +Q/2b,
y ^   ^ yXyyR ^  ^ yXyR ^ ^ yXy8 ^X^ yXR ^ ^ R

U.BbT2`bBQM T�`�K2i2` 7Q` #BMQKB�H 7�KBHv i�F2M iQ #2 RV

LmHH /2pB�M+2, R8NXRy QM RRe /2;`22b Q7 7`22/QK
_2bB/m�H /2pB�M+2, R8yXk3 QM RR9 /2;`22b Q7 7`22/QK
�A*, R8eXj

LmK#2` Q7 6Bb?2` a+Q`BM; Bi2`�iBQMb, 9

aQ H2iǶb HQQF �i r?�i i?2 �LPo� QmiTmi i2HHb mbX

ai2T .7 .2pB�M+2 _2bB/X .7
R L� L� RRj
k @ ;`QmT7,v2�`7 R RX8jN RR9
_2bB/X .2p �A*

R R93Xd R8eXd
k R8yXj R8eXj

h?2 �LPo� �M�HvbBb b?Qrb i?�i r?2M i?2 BMi2`�+iBQM 7�+iQ` r�b
2HBKBM�i2/- i?2 KQ/2HǶb �A* ?�b BKT`Qp2/ bHB;?iHv- 2z2+iBp2Hv K�FBM;
i?Bb KQ`2 T�`bBKQMBQmb KQ/2H � #2ii2` T`2/B+iQ` 7Q` i?2 `2bTQMb2 p�`B�#H2
i?�M i?2 7mHH KQ/2HX hQ BMi2`T`2i i?2 `2bmHib r2 M22/ iQ HQQF �;�BM �i
i?2 ;2M2`B+ 2[m�iBQM Q7 i?2 HQ;BbiB+ `2;`2bbBQM,

logit(p) = β0 + β1 · group+ β2 · year + β3 · group× year

6`QK i?2 HQ;BbiB+ `2;`2bbBQM QmiTmi- i?2 β +Q2{+B2Mib BM i?2 HQ;BbiB+
`2;`2bbBQM 2[m�iBQM �`2 7QmM/ BM i?2 1biBK�i2 +QHmKMX h?2`27Q`2- rBi?
p�Hm2b- i?2 2[m�iBQM #2+QK2b,

logit(p) = −1.264 + 0.6084 · group+ 0.9836 · year

h?2 Q//b `�iBQ +QKTmi2/ 7Q` 2�+? Q7 i?2 T�`�K2i2`b �`2 BM/B+�iQ`b Q7
i?2 Q//b Q7 T2`7Q`KBM; #2ii2` U�Mbr2`BM; +Q``2+iHvV p2`bmb i?2 Q//b Q7



Ryk BQ�M ;2Hm BQM�b- K#�- T?X/X

T2`7Q`KBM; rQ`b2 U�Mbr2`BM; BM+Q``2+iHvV Bb BM+`2�b2/ Q` /2+`2�b2/ #v �
7�+iQ` BM/B+�i2/ #v i?2 p�Hm2 Q7 i?2 Q//b `�iBQX h?2 /B`2+iBQM Bb T`Q@
pB/2/ #v i?2 bB;M Q7 i?2 `�r 2biBK�i2/ β +Q2{+B2MiX A7 i?2 +Q2{+B2Mi
Bb M2;�iBp2- i?2 Q//b �`2 /2+`2�b2/ #v i?2 +QKTmi2/ p�Hm2 r?BH2 B7 i?2
+Q2{+B2Mi Bb TQbBiBp2- i?2 Q//b �`2 BM+`2�b2/ #v i?2 p�Hm2 Q7 i?2 Q//b
`�iBQX

h?2 Q//b `�iBQ 7Q` ;`QmT,

group odds ratio = e0.6084 = 1.84

h?2`27Q`2- ?QH/BM; i?2 v2�` Q7 bim/v +QMbi�Mi- #2BM; BM i?2 i`2�iK2Mi
;`QmTR8N BM+`2�b2b i?2 Q//b Q7 T`27Q`KBM; #2ii2` `�i?2` i?�M rQ`b2 #v R8N AM/B+�i2/ #v i?2 MmK#2` k �i i?2

2M/ Q7 i?2 p�`B�#H2 M�K2 BM i?2 HQ;BbiB+
`2;`2bbBQM QmiTmiX

� 7�+iQ` Q7 RX39X h?�i Bb- #2BM; BM i?2 i`2�iK2Mi ;`QmTRey BM+`2�b2b #v
Rey S�`iB+BT�Mib BM i?2 i`2�iK2Mi ;`QmT
r2`2 T`QKTi2/ iQ mb2 b2H7@2tTH�M�iBQM
iQ ?2HT BKT`Qp2 b+Q`2X

39W i?2 i?2 Q//b Q7 � #2ii2` T2`7Q`K�M+2 b+Q`2 i?�M #v #2BM; BM i?2
+QMi`QH ;`QmTX

h?2 Q//b `�iBQ 7Q` v2�`,

year odds ratio = e0.9836 = 2.67

h?Bb bm;;2bib i?�i- ?QH/BM; i?2 i`2�iK2Mi +QMbi�Mi- #2BM; � b2+QM/
v2�`ReR K2/B+�H bim/2Mi BM+`2�b2b i?2 Q//b Q7 T2`7Q`KBM; #2ii2` `�i?2` ReR AM/B+�i2/ #v i?2 MmK#2` k �i i?2

2M/ Q7 i?2 p�`B�#H2 M�K2 BM i?2 HQ;BbiB+
`2;`2bbBQM QmiTmiX

i?�M rQ`b2 #v � 7�+iQ` Q7 kXed- K2�MBM; b2+QM/ v2�` K2/B+�H bim/2Mib
b22 � RedW BM+`2�b2 BM Q//b 7Q` � #2ii2` T2`7Q`K�M+2 b+Q`2X

h?Bb +QM+Hm/2b i?2 HQ;BbiB+ `2;`2bbBQM �M�HvbBb i2biX L2p2`i?2H2bb- 2p@
2`v bi�iBbiB+�H i2bi Bb `mM BM i?2 +QMi2ti Q7 � bim/v �M/ QM+2 i?2 `2bmHib
�`2 FMQr- i?2v b?QmH/ #2 BMi2`T`2i2/ BM i?�i +QMi2tiX L2ti b2+iBQM- r?BH2
MQi `2H2p�Mi iQ i?2 �TTHB+�iBQM Q7 i?2 GQ;BbiB+ _2;`2bbBQM �M�HvbBb- Bb
BMi2M/2/ iQ Qz2` BMbB;?ib BM ?Qr i?2 `2bmHib Q7 i?2 �M�HvbBb K�v #2 BM@
i2`T`2i2/ BM i?2 +QMi2ti Q7 i?2 bim/vX

�//BiBQM�H �M�HvbBb @ hGf._

h?2 `2bmHib Q7 i?2 �M�HvbBb bQ 7�` �`2 KBt2/- b?QrBM; i?�i i?2 i`2�iK2Mi
Bib2H7- r?BH2 biBHH BM+Hm/2/ BM i?2 2[m�iBQM- /Q2b MQi b?Qr � bB;MB}+�Mi
K�BM 2z2+i BM i?2 Qp2`�HH b�KTH2X G2iǶb HQQF �i bQK2 Q7 i?2 2H2K2Mib
i?�i K�v ?�p2 BKT�+i2/ i?2 `2bmHib- �//BiBQM�H BM7Q`K�iBQM �#Qmi i?2
bim/vǶb /2bB;M- �M/ ?Qr i?2b2 �z2+i /�i� �M�HvbBbX

6B`bi- ;Bp2M i?2 TQTmH�iBQM Q7 bim/2Mib �i i?2 K2/B+�H b+?QQH r�b `2H@
�iBp2Hv bK�HH �M/ +QMbB/2`BM; i?2 2tT2+i2/ T2`+2Mi�;2 Q7 `2bTQM/2Mib-
b2+QM/ v2�` K2/B+�H bim/2Mib Qz2`2/ �M BMbm{+B2Mi T�`iB+BT�Mi TQQHX
h?2`27Q`2- #�b2/ QM i?2 iBK2HBM2 Q7 i?2 bim/v �M/ i?2 +m``B+mH� �i i?2
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K2/B+�H b+?QQH- r?B+? 2Mbm`2/ i?�i i?2 T�`iB+BT�Mib ?�/ bm{+B2Mi FMQrH@
2/;2 Q7 `2H2p�Mi /QK�BMb- � /2+BbBQM r�b K�/2 iQ BM+Hm/2 }`bi v2�` K2/@
B+�H bim/2Mib �b r2HHX

a2+QM/- i?2 HBi2`�im`2 �M/ T`BQ` TBHQi bim/B2b bm;;2bi2/ i?�i T`BQ`
FMQrH2/;2 BM /QK�BMb `2H2p�Mi iQ i?2 T`�+iB+2 �M/ i2bi [m2biBQMb K�i@
i2`bX h?2`27Q`2- i?2 bim/v BM+Hm/2/ #Qi? � bm#D2+iBp2 K2�bm`2 Q7 T`BQ`
FMQrH2/;2- �b � b2H7@2p�Hm�iBQM �bb2bbK2Mi `2TQ`i2/ #v i?2 T�`iB+BT�Mib-
�M/ � KQ`2 Q#D2+iBp2- i?Qm;? #`B27- 2p�Hm�iBQM Q7 i?2 T�`iB+BT�MibǶ T`BQ`
FMQrH2/;2 mbBM; KmHiBTH2 +?QB+2 [m2biBQMbX AM+Hm/BM; }`bi v2�` K2/B+�H
bim/2Mib Qz2`2/ � +?�M+2 iQ #2ii2` mM/2`bi�M/ i?2 2z2+ib Q7 T`BQ` FMQrH@
2/;2 �b Bi Bb 2tT2+i2/ i?Bb T`BQ` FMQrH2/;2 iQ #2 H2bb 2ti2MbBp2 i?�M i?�i
Q7 b2+QM/ v2�` K2/B+�H bim/2MibX

qBi? i?Bb M2r FMQrH2/;2- i?2 KQ/2H i?�i ?�b #22M T`2b2Mi2/ i?mb
7�` +�M #2 2ti2M/2/ iQ �++QmMi 7Q` i?2 2z2+ib Q7 T`BQ` FMQrH2/;2 r?BH2
+QMi`QHHBM; 7Q` i?2 v2�` Q7 bim/vX "v BMi`Q/m+BM; T`BQ` FMQrH2/;2 BM i?2
`2;`2bbBQM 2[m�iBQM- i?2 KQ/2H b2H2+i2/ BM+Hm/2/ �M BMi2`�+iBQM #2ir22M
T`BQ` FMQrH2/;2 �M/ i`2�iK2Mi ;`QmT r?B+? bm;;2bib i?�i i?2 i`2�iK2Mi
rQ`Fb /Bz2`2MiHv 7Q` /Bz2`2Mi H2p2Hb Q7 T`BQ` FMQrH2/;2X

h?2 2tBbi2M+2 Q7 �M BMi2`�+iBQM i2`K Bb `2H2p�Mi #2+�mb2 i?2 BMi2`T`2@
i�iBQM +�M MQ HQM;2` #2 +QM/m+i2/ 7Q` 2�+? BM/BpB/m�H T`2/B+iQ` r?BH2
?QH/BM; i?2 Qi?2`b +QMbi�Mi �b 2tTH�BM2/ 7Q` �M BMi2`T`2i�iBQM Q7 � HQ;Bb@
iB+ `2;`2bbBQM b?QrBM; QMHv K�BM 2z2+ibX AM i?Bb +�b2- i?2 BMi2`T`2i�iBQM
+Qp2`b KmHiBTH2 bBKTH2 `2;`2bbBQM 2[m�iBQMb- 7Q` 2�+? H2p2H Q7 i?2 T`2/B+@
iQ`b i?�i �`2 T�`i Q7 i?2 BMi2`�+iBQM i2`KX 6Q` 2t�KTH2- +QMbB/2` i?2
7QHHQrBM; `2;`2bbBQM 2[m�iBQMRek, Rek TF 4 T`BQ` FMQrH2/;2

logit(p) = β0 + β1 · group+ β2 · pk + β3 · group× pk + β4 · year

h?2 BMi2`�+iBQM i2`K Bb `2T`2b2Mi2/ #v group × pkX 6Q` i?Bb 2[m�@
iBQM- �M�HvbBb +�M #2 +QM/m+i2/ 7Q` i?2 irQ H2p2Hb Q7 i?2 ;`QmT Uy 4
+QMi`QH ;`QmT- R 4 i`2�iK2Mi ;`QmTV- #v 2Mi2`BM; i?2 p�Hm2b y Q` R BMiQ
i?2 2[m�iBQMX h?Bb rBHH T`Q/m+2 i?2 7QHHQrBM; irQ `2;`2bbBQM 2[m�iBQMb-
r?B+? QMHv BM+Hm/2 K�BM 2z2+ib �M/ +�M #2 BMi2`T`2i2/ �b /2b+`B#2/
#27Q`2X

6Q` ;`QmT 4 y U+QMi`QH ;`QmTV,

logit(p) = β0 + β2 · pk + β4 · year

h?2 BMi2`T`2i�iBQM rBHH MQr /Bb+mbb i?2 Q//b `�iBQ Q7 T`BQ` FMQrH2/;2
iQ �z2+i i?2 `2bTQMb2 p�`B�#H2 7Q` i?2 T�`iB+BT�Mib BM i?2 +QMi`QH ;`QmT
QMHvX
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6Q` ;`QmT 4 R Ui`2�iK2Mi ;`QmTV,

logit(p) = β0 + β1 + β2 · pk + β3 · pk + β4 · year

q?B+? +�M #2 7m`i?2` `2/m+2/ iQ,

logit(p) = (β0 + β1) + (β2 + β3) · pk + β4 · year

h?2 `2bmHiBM; 2[m�iBQM Bb BMi2`T`2i2/ QMHv BM i?2 +QMi2ti Q7 i?2 i`2�i@
K2Mi ;`QmT �M/ +�M HQQF � i?2 Q//b `�iBQ 7Q` i?2 H2p2Hb Q7 i?2 T`BQ`
FMQrH2/;2 T`2/B+iQ` iQ BM~m2M+2 i?2 `2bTQMb2 p�`B�#H2X
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�M/`2rb- 6`�MF JX- G�m`� EH2K- h2``2M+2 LX .�pB/bQM- PǶJ�HH2vS�i`B+F
JX- �M/ qBHH�`/ G _Q/;2`bX RN3RX � :mB/2 7Q` a2H2+iBM; ai�iBbiB+�H
h2+?BM[m2b 7Q` �M�HvxBM; aQ+B�H a+B2M+2 .�i�X kM/ 2/X am`p2v _2b2�`+?
*2Mi2`- AMbiBimi2/ 7Q` _2b2�`+?- h?2 lMBp2`bBiv Q7 JB+?B;�M- �M �`#Q`-
JAX

�`M?2BK- o�H2MiBM- a�M/2` :`22MH�M/- �M/ J+a?�M2 "H�F2X kyRNX
ǳ_2iB`2 ai�iBbiB+�H aB;MB}+�M+2XǴ L�im`2 8ed, jy8ĜdX ?iiTb,ff/QBX
Q`;fRyXRyj3f/9R83e@yRN@yy38d@NX

"�`QM- _X JX- �M/ .X �X E2MMvX RN3eX ǳh?2 JQ/2`�iQ`@J2/B�iQ`
o�`B�#H2 .BbiBM+iBQM BM aQ+B�H Sbv+?QHQ;B+�H _2b2�`+?, *QM+2Tim�H- ai`�i2@
;B+- �M/ ai�iBbiB+�H *QMbB/2`�iBQMbXǴ CQm`M�H Q7 S2`bQM�HBiv �M/ aQ+B�H
Sbv+?QHQ;v 8R UeV, RRdjĜ3kX

"mHK2`- JX:X RNdNX S`BM+BTH2b Q7 ai�iBbiB+bX .Qp2`X

*Q+?`�M- qX:X RNddX a�KTHBM; h2+?MB[m2bX j`/ 2/X L2r uQ`F, CQ?M
qBH2v � aQMbX

*Q?2M- CX RNddX ai�iBbiB+�H SQr2` �M�HvbBb 7Q` i?2 "2?�pBQ`�H a+B@
2M+2bX L2r uQ`F, �+�/2KB+ S`2bbX

ěěěX RNNkX ǳ� SQr2` S`BK2`XǴ Sbv+?QHQ;B+�H "mHH2iBM RRk, R88Ĝ8NX

1p2`Bii- "`B�M- �M/ hQ`bi2M >Qi?Q`MX kyRRX �M AMi`Q/m+iBQM iQ �T@
THB2/ JmHiBp�`B�i2 �M�HvbBb rBi? _X aT`BM;2`- L2r uQ`F- LuX

6BHxKQb2`- SX- _X:X :�``2i- �M/ *X _2BK�MMX kyy8X ǳJmHiBp�`B�i2
PmiHB2` .2i2+iBQM BM 1tTHQ`�iBQM :2Q+?2KBbi`vXǴ *QKTmi2`b �M/ :2Q@
b+B2M+2b- MQX jR, 8dNĜ3dX

6`2v- "`m+2 "X kyReX h?2`2Ƕb � ai�i 7Q` h?�i5 q?�i iQ .Q �M/ q?2M
iQ .Q AiX a�;2 Sm#HB+�iBQMb- AM+X

>�i+?2`- 1XCX- GXc ai2T�MbFBX RNN9X � ai2T@#v@ai2T �TT`Q�+? iQ lbBM;
i?2 a�b avbi2K 7Q` lMBp�`B�i2 �M/ JmHiBp�`B�i2 ai�iBbiB+bX a�aX

>�i+?2`- GX RNN9X � ai2T@#v@ai2T �TT`Q�+? iQ lbBM; a�b 7Q` 6�+iQ`
�M�HvbBb �M/ ai`m+im`�H 1[m�iBQM JQ/2HBM;X a�a AMbiBimi2 AM+X

https://doi.org/10.1038/d41586-019-00857-9
https://doi.org/10.1038/d41586-019-00857-9
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>QHK#2+F- :`�vbQM LX RNNdX ǳhQr�`/ h2`KBMQHQ;B+�H- *QM+2Tim�H-
�M/ ai�iBbiB+�H *H�`Biv BM i?2 aim/v Q7 J2/B�iQ`b �M/ JQ/2`�iQ`b, 1t@
�KTH2b 7`QK i?2 *?BH/@*HBMB+�H �M/ S2/B�i`B+ Sbv+?QHQ;v GBi2`�im`2bXǴ
CQm`M�H Q7 *QMbmHiBM; �M/ *HBMB+�H Sbv+?QHQ;v e8 U9V, 8NNX

CQM2b- J�`F- o�H :2#bFB- J�`F PMbHQr- �M/ �MM S�+FK�MX kyykX
ǳai�iBbiB+�H SQr2` BM aimii2`BM; _2b2�`+?� hmiQ`B�HXǴ CQm`M�H Q7 aT22+?-
G�M;m�;2- �M/ >2�`BM; _2b2�`+? 98 UkV, k9jĜ88X

E2MMv- .�pB/ �X RN3dX ai�iBbiB+b 7Q` i?2 aQ+B�H �M/ "2?�pBQ`�H a+B@
2M+2bX GBiiH2- "`QrMc *QKT�MvX

E2TT2H- :X RNNRX .2bB;M �M/ �M�HvbBbX � _2b2�`+?2`Ƕb >�M/#QQFX
1M;H2rQQ/ *HBzb- LC, S`2MiB+2 >�HHX

E`mbF�H- qBHHB�K >2M`vX RN33X ǳJB`�+H2b �M/ ai�iBbiB+bX h?2 *�@
bm�H �bbmKTiBQM Q7 AM/2T2M/2M+2XǴ CQm`M�H Q7 i?2 �K2`B+�M ai�iBbiB+�H
�bbQ+B�iBQM- MQX 3j, NkNĜ9yX

G2rB+FB- S�r2H- �M/ h?QK�b >BHHX kyy8X ai�iBbiB+b, J2i?Q/b �M/
�TTHB+�iBQMbX ai�iaQ7i AM+X

GQ/B+Q- J�`;m2`Bi2 :X- .2�M hX aT�mH/BM;- �M/ E�i?2`BM2 >X oQ2;iH2X
kyyeX J2i?Q/b BM 1/m+�iBQM�H _2b2�`+?X CQbb2v@"�bbX � qBH2v AKT`BMi-
a�M 6�M+Bb+Q- *�X

J+.QM�H/- CX>X kyR9X >�M/#QQF Q7 "BQHQ;B+�H ai�iBbiB+bX j`/ 2/X
"�HiBKQ`2- J�`vH�M/, aT�`Fv >Qmb2 Sm#HBb?BM;X

J2M�`/- aX kyRyX GQ;BbiB+ _2;`2bbBQMX 6`QK AMi`Q/m+iQ`v iQ �/p�M+2/
*QM+2Tib �M/ �TTHB+�iBQMbX h?Qmb�M/ P�Fb- *�, a�:1 Sm#HB+�iBQMb-
AM+X

Pb#Q`M2- C�bQM- �M/ 1H�M2 q�i2`bX kyykX ǳ6Qm` �bbmKTiBQMb Q7
JmHiBTH2 _2;`2bbBQM h?�i _2b2�`+?2`b a?QmH/ �Hr�vb h2biXǴ S`�+iB+�H
�bb2bbK2Mi- _2b2�`+? � 1p�Hm�iBQM 3 UkVX

S�M- J GBM;X kyReX S`2T�`BM; GBi2`�im`2 _2pB2rb, Zm�HBi�iBp2 �M/
Zm�MiBi�iBp2 �TT`Q�+?2bX _QmiH2/;2X

S2/?�xm`- 1XCX RNNdX JmHiBTH2 _2;`2bbBQM BM "2?�pBQ`�H _2b2�`+?X 1t@
TH�M�iBQM �M/ S`2/B+iBQMX h?B`/ 1/BiBQMX q�/brQ`i?fh?QKbQM G2�`M@
BM; AM+X

_Q/;2`b- CXGX- �M/ qX�X LB+2r�M/2`X RN33X ǳh?B`i22M q�vb iQ GQQF
�i i?2 *Q``2H�iBQM *Q2{+B2MiXǴ h?2 �K2`B+�M ai�iBbiB+B�M 9k URV, 8NĜeeX
?iiT,ffrrrXDbiQ`XQ`;fbi�#H2fke38kejX

a�HKQM- q2bH2v *X RNN3X *�mb�HBiv �M/ 1tTH�M�iBQMX L2r uQ`F,
Pt7Q`/ lMBp2`bBiv S`2bbX

a�rBHQrbFv- a?HQKQ aX kyyNX ǳL2r 1z2+i aBx2 _mH2b Q7 h?mK#XǴ
CQm`M�H Q7 JQ/2`M �TTHB2/ ai�iBbiB+�H J2i?Q/b 3 UkV, 8NdĜNNX ?iiTb,
ff/QBXQ`;fRyXkkkjdfDK�bKfRk8dyj8RyyX
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a+?QKK2`- JX RNNyX ǳ1z2+ib Q7 "2HB27b �#Qmi i?2 L�im`2 Q7 EMQrH@
2/;2 QM *QKT`2?2MbBQMXǴ CQm`M�H Q7 1/m+�iBQM�H Sbv+?QHQ;vX

a+?`�r- :X- GX.X "2M/Bt2M- �M/ JX1X .mMFH2X kyykX ǳS2`bQM�H 1TBb@
i2KQHQ;vX h?2 Sbv+?QHQ;v Q7 "2HB27b �#Qmi EMQrH2/;2 �M/ EMQrBM;XǴ
AM- 2/Bi2/ #v "X EX >Q72` �M/ SX _X SBMi`B+?- keRĜRd8X G�r`2M+2 1`H@
#�mK �bbQ+B�i2bX

a2HiK�M- >Qr�`/ CX kyR3X 1tT2`BK2Mi�H .2bB;M �M/ �M�HvbBbX .QrM@
HQ�/2/ 7`QK ?iiT,ffrrrXbi�iX+KmX2/mf ?b2HiK�MfjyNf"QQFf"QQFXT/7X

aHQK�M- ai2p2MX kyy8X *�mb�H JQ/2HbX >Qr S2QTH2 h?BMF �#Qm i?2
qQ`H/ �M/ Aib �Hi2`M�iBp2bX L2r uQ`F, Pt7Q`/ lMBp2`bBiv S`2bbX

ai2p2Mb- C SX kyykX �TTHB2/ JmHiBp�`B�i2 ai�iBbiB+b 7Q` i?2 aQ+B�H a+B@
2M+2bX 6Qm`i? 1/BiBQMX J�?r�?- LC, G�m`2M+2 1`H#�mK �M/ �bbQ+B�i2bX
J�?r�?- LC, G�m`2M+2 1`H#�mKc �bbQ+B�i2bX

ah>.�X kyR3X ǳai�iBbiB+�H hQQHb 7Q` >B;?@h?`Qm;?Tmi .�i� �M�Hv@
bBbXǴ q2#bBi2X ?iiT,ffrrrXbi?/�X+QKf2M;HBb?fX

o2M�#H2b- .XJX- qXLXc aKBi?X kyR3X ǳ�M AMi`Q/m+iBQM iQ _XǴ *_�L
Uh?2 *QKT`2?2MbBp2 _ �`+?Bp2 L2irQ`FVX kyR3X

o2`x�MB- CQ?MX kyR9X lbBM; _ 7Q` AMi`Q/m+iQ`v ai�iBbiB+bX a2+QM/X
*_* S`2bbX

q�bb2`bi2BM- _QM�H/ GX- �M/ LB+QH2 �X G�x�`X kyReX ǳh?2 �b�Ƕb
ai�i2K2Mi QM S@o�Hm2b, *QMi2ti- S`Q+2bb- �M/ Sm`TQb2XǴ h?2 �K2`B@
+�M ai�iBbiB+B�M dy UkV, RkNĜjjX ?iiTb,ff/QBXQ`;fRyXRy3yfyyyjRjy8X
kyReXRR89Ry3X

qBH2v- G�``v �X- CQb?m� 6Xc S�+2X kyR8X "2;BMMBM; _X �M AMi`Q/m+iBQM
iQ ai�iBbiB+bH S`Q;`�KKBM;X a2+QM/ 1/BiBQMX �T`2bbX

u�K�M2- h�`QX RNedX ai�iBbiB+b- �M AMi`Q/m+iQ`v �M�HvbBbX kM/ 2/X
L2r uQ`F, >�`T2`c _QrX

http://www.sthda.com/english/
https://doi.org/10.1080/00031305.2016.1154108
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