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R S�T2`b mbBM; *1a T`Q/m+iBQM 7mM+iBQMb �HbQ �bbmK2 2[mBHB#`BmK K2+?�MBbKb 7Q` bm#biBimiBQM �M/ T`B+2b i?�i
�`2 MQi +QKTH2i2Hv `2�HBbiB+ 7Q` i?2 b?Q`i `mM /vM�KB+b BM i?2 +m``2Mi +QMi2tiX *QMbB/2` �;�BM Qm` `2bi�m`�Mi
2t�KTH2X AM �M 2[mBHB#`BmK KQ/2H rBi? � *1a T`Q/m+iBQM 7mM+iBQM- B7 i?2 QmiTmi Q7 `2bi�m`�Mib Bb +QMbi`�BM2/- i?2
`2H�iBp2 T`B+2 Q7 `2bi�m`�Mib rBHH BKK2/B�i2Hv BM+`2�b2- �M/ }`Kb rBHH +?QQb2 � `2H�iBp2Hv HQr2` H2p2H Q7 `2bi�m`�Mi
BMTmib- �M/ � `2H�iBp2Hv ?B;?2` H2p2H Q7 Qi?2` BMTmibX AM i?2 +m``2Mi +QMi2ti i?2 +HQbm`2 Q7 rQ`F +�Mi22Mb BM bi22H
7�+iQ`B2b Bb MQi /`Bp2M #v BM+`2�b2/ T`B+2b #mi TQHB+v �M/ Bi Bb MQi +H2�` i?�i Bi Bb �z2+iBM; bi22H QmiTmi- Q` i?�i
Bi Bb bm#biBimi2/ #v Qi?2` BMTmibX

j



�HHQr }`Kb iQ F22T T`Q/m+BM; �b HQM; �b i?2v ?�p2 i?2 BMTmib i?�i �`2 �#bQHmi2Hv M2+2bb�`v-
r?B+? r2 +�HH ǳ+`BiB+�H BMTmibǴX h?2 bi22H BM/mbi`v +�MMQi T`Q/m+2 bi22H rBi?Qmi B`QM �M/ 2M2`;v-
#mi Bi +�M QT2`�i2 7Q` � +QMbB/2`�#H2 T2`BQ/ Q7 iBK2 rBi?Qmi `2bi�m`�Mib Q` HQ;BbiB+b +QMbmHi�MibX
aT2+B}+�HHv- r2 K�F2 i?2 �bbmKTiBQM i?�i B7 `2bi�m`�Mib +�MMQi bmTTHv i?2 bi22H BM/mbi`v- i?2
bi22H BM/mbi`v bBKTHv F22Tb T`Q/m+BM; �i i?2 b�K2 `�i2X h?Bb Bb Q7 +Qm`b2 QMHv �M �TT`QtBK�iBQMX
hQ F22T i?2 b�K2 2t�KTH2- #v MQi mbBM; `2bi�m`�Mib- i?2 +Qbib Q7 i?2 bi22H BM/mbi`v �`2 `2/m+2/
�M/- +2i2`Bb T�`B#mb- Bib T`Q}ib BM+`2�b2X AM `2�HBiv- MQM@+`BiB+�H BMTmib K�v ?�p2 �M BKT�+i
QM bi22H QmiTmi i?�i +QmH/ #2 KQ/2H2/ �b � b?Q+F iQ T`Q/m+iBpBivX >Qr2p2`- r2 i?BMF i?�i
/m`BM; i?2 b?Q`i iBK2@b+�H2b Q7 i?2 T�M/2KB+- i?2b2 T`Q#H2Kb �`2 b2+QM/@Q`/2` 2z2+ib- �M/ Qm`
T`Q/m+iBQM 7mM+iBQM T`QpB/2b � #2ii2` �bbmKTiBQM i?�M G2QMiB27 Q` *1a T`Q/m+iBQM 7mM+iBQMbX

AM Q`/2` iQ /2i2`KBM2 r?B+? BMTmib �`2 +`BiB+�H �M/ r?B+? �`2 MQi- r2 mb2 � bm`p2v i?�i
A>a J�`FBi T2`7Q`K2/ �i Qm` `2[m2biX AM i?Bb bm`p2v i?2v �bF2/ ǳ*�M T`Q/m+iBQM +QMiBMm2 BM
BM/mbi`v s B7 BMTmi u Bb MQi �p�BH�#H2 7Q` irQ KQMi?b\ǴX h?2 HBbi Q7 TQbbB#H2 BM/mbi`B2b s �M/
u r�b /`�rM 7`QK i?2 88 BM/mbi`B2b BM i?2 qQ`H/ AMTmi@PmiTmi .�i�#�b2X h?Bb [m2biBQM r�b
T`2b2Mi2/ iQ jy /Bz2`2Mi BM/mbi`v �M�Hvbib r?Q r2`2 2tT2`ib BM BM/mbi`v sX 1�+? Q7 i?2K r�b
�bF2/ iQ `�i2 i?2 BKTQ`i�M+2 Q7 2�+? Q7 Bib BMTmib uX h?2v �bbB;M2/ � b+Q`2 Q7 R B7 i?2v #2HB2p2/
BMTmi u Bb +`BiB+�H- y B7 Bi Bb MQi +`BiB+�H- �M/ yX8 B7 Bi Bb BM@#2ir22M- rBi? i?2 TQbbB#BHBiv Q7 � `�iBM;
Q7 L� B7 i?2v +QmH/ MQi K�F2 � Dm/;2K2MiX q2 i?2M �TTHv i?2 G2QMiB27 7mM+iBQM iQ i?2 HBbi Q7
+`BiB+�H BMTmib- B;MQ`BM; MQM@+`BiB+�H BMTmibX q2 2tT2`BK2Mi2/ rBi? b2p2`�H TQbbB#H2 i`2�iK2Mib
7Q` BM/mbi`B2b rBi? `�iBM;b Q7 yX8 �M/ 7QmM/ i?�i r2 ;2i bQK2r?�i #2ii2` 2KTB`B+�H `2bmHib #v
i`2�iBM; i?2K �b MQM@+`BiB+�H Ui?Qm;? �i T`2b2Mi r2 /Q MQi ?�p2 bm{+B2Mi 2pB/2M+2 iQ `2bQHp2
i?Bb [m2biBQM mM�K#B;mQmbHvVX

"2bB/2b i?2 #2bTQF2 T`Q/m+iBQM 7mM+iBQM /Bb+mbb2/ �#Qp2- r2 �HbQ BMi`Q/m+2 � *PoA.@
RN@bT2+B}+ i`2�iK2Mi Q7 +QMbmKTiBQMX JQbi KQ/2Hb /Q MQi BM+Q`TQ`�i2 i?2 /2K�M/ b?Q+Fb
i?�i �`2 +�mb2/ #v +?�M;2b BM +QMbmK2` T`272`2M+2b BM Q`/2` iQ KBMBKBx2 `BbF Q7 BM72+iBQMX
h?2 p�bi K�DQ`Biv Q7 i?2 HBi2`�im`2 ?�b 7Q+mb2/ QM i?2 �#BHBiv iQ rQ`F 7`QK ?QK2- �M/ bQK2
bim/B2b BM+Q`TQ`�i2 HBbib Q7 2bb2MiB�H pbX BM2bb2MiB�H BM/mbi`B2b- #mi �HKQbi MQ T�T2`b ?�p2 �HbQ
2tTHB+BiHv �//2/ b?Q+Fb iQ +QMbmK2` T`272`2M+2bX U"�[�22 � 6�`?B UkykyV Bb �M 2t+2TiBQM- #mi
i?2 i`2�iK2Mi Bb QMHv i?2Q`2iB+�HVX >2`2 r2 mb2 i?2 2biBK�i2b 7`QK /2H _BQ@*?�MQM� 2i �HX
UkykyV- r?B+? �`2 i�F2M 7`QK � T`QbT2+iBp2 bim/v #v i?2 *QM;`2bbBQM�H "m/;2i P{+2 UkyyeVX
h?2b2 2biBK�i2b �`2 +`m/2- #mi r2 �`2 MQi �r�`2 Q7 2biBK�i2b i?�i �`2 �Mv #2ii2`X �b r2
r`Bi2- /�i� QM �+im�H +QMbmKTiBQM bi�`ib iQ #2+QK2 �p�BH�#H2c r?�i r2 ?�p2 b22M bQ 7�` Bb
[m�HBi�iBp2Hv +QMbBbi2Mi rBi? i?2 b?Q+Fb T`2/B+i2/ #v i?2 *"P- rBi? K�bbBp2 b?Q+Fb iQ i?2
?QbTBi�HBiv BM/mbi`v- i`�p2H �M/ `2+`2�iBQM- KBH/2` U#mi H�`;2V b?Q+Fb 2Hb2r?2`2- �M/ BM+`2�b2/
2tT2Mb2b BM ;`Q+2`B2bf7QQ/ `2i�BH U�M/2`b2M 2i �HX kyky- *�`p�H?Q 2i �HX kyky- *?2M 2i �HX kykyVX
"2bB/2b i?2 BMBiB�H b?Q+F- r2 �HbQ �ii2KTi iQ BMi`Q/m+2 `2�HBbiB+ /vM�KB+b 7Q` `2+Qp2`v �M/
7Q` b�pBM;bX h?2 b?Q+Fb iQ QM@bBi2 +QMbmKTiBQM BM/mbi`B2b �`2 KQ`2 HQM; H�biBM;- �M/ b�pBM;b
7`QK i?2 H�+F Q7 +QMbmKTiBQM Q7 bT2+B}+ ;QQ/b �M/ b2`pB+2b /m`BM; HQ+F/QrM �`2 QMHv T�`iB�HHv
`2�HHQ+�i2/ iQ Qi?2` 2tT2Mb2bX

h?2 }`bi bi2T BM i?2 �M�HvbBb Q7 Qm` KQ/2H Bb 2KTB`B+�H p�HB/�iBQM, q2 +QKT�`2 KQ/2H
T`2/B+iBQMb iQ i?2 2+QMQKB+ /�i� i?�i bi�iBbiB+�H �;2M+B2b ?�p2 bi�`i2/ iQ /Bbb2KBM�i2X hQ
+QKT�`2 iQ lE /�i�- r2 bi�`i i?2 HQ+F/QrM BM Qm` KQ/2H QM J�`+? kjrd- �M/ F22T Bi 7Q` irQ
KQMi?bX 6Q` kykyZR- r2 }M/ � RXdW `2/m+iBQM BM :.S +QKT�`2/ iQ kyRNZ9- r?B+? Bb +HQb2
iQ i?2 kW 2�`Hv 2biBK�i2 `2+2MiHv `2H2�b2/ #v i?2 P{+2 7Q` L�iBQM�H ai�iBbiB+bX 6Q` kykyZk-
r2 7Q`2+�bi i?�i :.S rQmH/ #2 kRX8W HQr2` i?�M BM kyRNZ9- r?B+? Bb BM i?2 `�M;2 Q7 7Q`2+�bib
T`QpB/2/ #v 2+QMQKB+ BMbiBimiBQMb �M/ +QMbmHiBM; }`KbX q2 �HbQ +QKT�`2 KQ/2H T`2/B+iBQMb iQ
b2+iQ`�H mM2KTHQvK2Mi /�i�- }M/BM; ;QQ/ �;`22K2MiX

�b � b2+QM/ bi2T- r2 BMp2biB;�i2 bQK2 i?2Q`2iB+�H T`QT2`iB2b Q7 i?2 KQ/2HX Pm` �M�HvbBb
K�F2b Bi +H2�` i?�i #QiiH2M2+Fb BM bmTTHv +?�BMb +�M bi`QM;Hv bmTT`2bb �;;`2;�i2 2+QMQKB+
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QmiTmiX h?2 2ti2Mi iQ r?B+? i?Bb Bb i`m2 /2T2M/b QM i?2 T`Q/m+iBQM 7mM+iBQMX h?2b2 2z2+ib
�`2 2ti`2K2Hv bi`QM; rBi? i?2 G2QMiB27 T`Q/m+iBQM 7mM+iBQM- �`2 Km+? r2�F2` rBi? � HBM2�`
T`Q/m+iBQM 7mM+iBQM Ur?B+? �HHQrb mM`2�HBbiB+�HHv bi`QM; bm#biBimiBQMbV �M/ ?�p2 �M BMi2`K2/B�i2
2z2+i rBi? Qm` KQ/B}2/ G2QMiB27 7mM+iBQMX L2irQ`F 2z2+ib +�M bi`QM;Hv BM?B#Bi `2+Qp2`v- �M/
+�M +�mb2 +QmMi2`@BMimBiBp2 `2bmHib- bm+? �b bBim�iBQMb BM r?B+? `2QT2MBM; � 72r BM/mbi`B2b +�M
�+im�HHv /2T`2bb 2+QMQKB+ QmiTmiX

Pm` i?B`/ bi2T- r?B+? Bb i?2 F2v �BK Q7 i?Bb T�T2`- Bb iQ }M/ � ;QQ/ +QKT`QKBb2 #2ir22M
i?2 2+QMQKB+ #2M2}i Q7 `2QT2MBM; BM/mbi`B2b �M/ M2;�iBp2 ?2�Hi? +QMb2[m2M+2b Q7 /QBM; bQX Ai
Bb rQ`i? F22TBM; BM KBM/ i?�i K�Mv ?2�Hi? Qmi+QK2b /2T2M/ QM i?2 bi�i2 Q7 i?2 2+QMQKv- bQ
i?�i F22TBM; i?2 2+QMQKv +HQb2/ �HbQ ?�b M2;�iBp2 ?2�Hi? +QMb2[m2M+2bX

h?2 7mM/�K2Mi�H T`BM+BTH2b Q7 2TB/2KB+ bT`2�/BM; �`2 `2H�iBp2Hv r2HH mM/2`biQQ/- �M/ Bi Bb
+H2�` i?�i bQ+B�H /Bbi�M+BM; K2�bm`2b `2/m+2 i?2 bT`2�/BM; Q7 *PoA.@RN UC�`pBb 2i �HX kyky-
J�B2` � "`Q+FK�MM kyky- �`2M�b 2i �HX kykyVX h?2 /B{+mHiv +QK2b rBi? Q#i�BMBM; ;QQ/
2biBK�i2b Q7 i?2 F2v T�`�K2i2`b i?�i ;Qp2`M i?2 7�i2 Q7 �M 2TB/2KB+- �M/ BM T�`iB+mH�`- i?2
`2T`Q/m+iBQM MmK#2` R0- r?B+? ;Bp2b i?2 MmK#2` Q7 b2+QM/�`v +�b2b 7Q` 2�+? T`BK�`v +�b2 BM
� H�`;2Hv mM�z2+i2/ TQTmH�iBQMX A7 R0 Bb �#Qp2 QM2- i?2 /Bb2�b2 bT`2�/b iQ � ;Bp2M T2`+2Mi�;2
Q7 i?2 TQTmH�iBQM- Qi?2`rBb2 i?2 2TB/2KB+ /B2b QmiX AM i?Bb T�T2`- r2 bB/2@i`�+F i?2 T`Q#H2K Q7
/2p2HQTBM; � 7mHH@~2/;2/ 2TB/2KB+ bT`2�/BM; KQ/2H- �M/ 7Q+mb QM 2biBK�iBM; R0X q2 /2+QKTQb2
i?2 `2T`Q/m+iBQM MmK#2` BMiQ i?2 BM72+iBQMb +�mb2/ #v +QMi�+ib /m`BM; rQ`F- /m`BM; +QMbmKT@
iBQM- /m`BM; Tm#HB+ i`�MbTQ`i- �M/ BM Qi?2` +QMi2tib- BX2X ?QK2 �M/ Qi?2` bQ+B�H BMi2`�+iBQMbX
q2 mb2 `2+2Mi +QMi�+i bm`p2v /�i� 7`QK ar2/2M iQ 2biBK�i2 i?2 b?�`2 Q7 BM72+iBQM /m2 iQ 2�+?
ivT2 Q7 +QMi�+iX 6Q` 2�+? BM/mbi`v r2 2biBK�i2 Bib `2H�iBp2 +QMi`B#miBQM iQ Qp2`�HH rQ`F �M/
+QMbmKTiBQM BM72+iBQMbX 6Q` BMbi�M+2- i?2 >2�Hi? b2+iQ` Bb `2bTQMbB#H2 7Q` KQ`2 rQ`F@`2H�i2/
BM72+iBQMb i?�M i?2 6Q`2bi`v b2+iQ`X h?Bb Bb #2+�mb2 rQ`F2`b ?�p2 KQ`2 +QMi�+ib- +QMi�+ib �`2
KQ`2 `BbFv- �M/ i?2`2 �`2 KQ`2 >2�Hi? rQ`F2`b i?�M 6Q`2bi`v rQ`F2`bX �b �MQi?2` 2t�KTH2- i?2
_2i�BH �M/ _2bi�m`�Mi b2+iQ`b +QMi`B#mi2 Km+? KQ`2 iQ +QMbmKTiBQM BM72+iBQMb i?�M i?2 JBMBM;
b2+iQ`- #2+�mb2 i?2`2 �`2 pB`im�HHv MQ /B`2+i +QMbmKTiBQM �+iBpBiB2b BM i?2 JBMBM; BM/mbi`vX

q2 2biBK�i2 i?2 2TB/2KBQHQ;B+�H +QMb2[m2M+2b Q7 b+2M�`BQb 7Q` +QKBM; Qmi Q7 HQ+F/QrMX GB7i@
BM; i?2 HQ+F/QrM 7Q` � bT2+B}+ BM/mbi`v ?�b b2p2`�H 2z2+ib, rQ`F2`b Q7 i?Bb BM/mbi`v +QMi`B#mi2
iQ BM+`2�b2/ rQ`F@`2H�i2/ BM72+iBQMc +QMbmK2`b Q7 i?Bb BM/mbi`v UB7 �MvV +QMi`B#mi2 iQ BM+`2�b2/
+QMbmKTiBQM@`2H�i2/ BM72+iBQMbc rQ`F2`b Q7 i?Bb BM/mbi`v +QMi`B#mi2 iQ BM+`2�b2/ Tm#HB+ i`�MbTQ`i
BM72+iBQMbc �M/ }M�HHv- +?BH/`2M Q7 i?2b2 rQ`F2`b ;Q #�+F iQ b+?QQH B7 i?2 rQ`F2`b +�MMQi rQ`F
7`QK ?QK2- +QMi`B#miBM; iQ BM+`2�b2/ b+?QQH@`2H�i2/ BM72+iBQMbX q2 �bbmK2 BM �HH i?2 b+2M�`BQb
i?�i rQ`F2`b r?Q +�M rQ`F 7`QK ?QK2 +QMiBMm2 rQ`FBM; `2KQi2HvX

q2 T`2b2Mi � bmKK�`v Q7 Qm` `2@QT2MBM; b+2M�`BQb `2bmHib BM i?2 M2ti b2+iBQMX q2 i?2M
T`2b2Mi BM /2i�BH Qm` 2+QMQKB+ KQ/2H �M/ Bib +�HB#`�iBQM BM a2+iBQM jX q2 b?Qr Qm` KQ/2H
T`2/B+iBQMb 7Q` i?2 lE 2+QMQKv BM a2+iBQM 9 �M/ /Bb+mbb T`Q/m+iBQM M2irQ`F 2z2+ib �M/ `2@
QT2MBM; bBM;H2 BM/mbi`B2b BM a2+iBQM 8X q2 BMi`Q/m+2 i?2 2TB/2KB+ KQ/2H �M/ T`2b2Mi 2z2+ib Q7
`2@bi�`iBM; i?2 2+QMQKv QM BM72+iBQmb +QMi�;BQM BM a2+iBQM eX q2 +QM+Hm/2 BM a2+iBQM dX

k � br22i bTQi 7Q` T�`iB�HHv `2QT2MBM; i?2 2+QMQKv rBi? QMHv
� KBMBK�H #QQbi iQ i?2 2TB/2KB+

6B;X R bmKK�`Bx2b Qm` #QiiQK HBM2 `2bmHib- T`2b2MiBM; i?2 i`�/2@Qz #2ir22M BM+`2�bBM; 2+QMQKB+
T`Q/m+iBQM �M/ KBiB;�iBM; i?2 bT`2�/ Q7 i?2 T�M/2KB+ mM/2` }p2 /Bz2`2Mi b+2M�`BQbX h?2 #�`b
QM i?2 H27i b?Qr 2biBK�i2b Q7 R0 �M/ i?2 #�`b QM i?2 `B;?i b?Qr :.S �b � T2`+2Mi�;2 Q7 i?2
T`2@HQ+F/QrM :.SX 6Q` +QKT�`BbQM- T`2@HQ+F/QrM Bb b?QrM QM i?2 H27iX h?2 b+2M�`BQb �`2,
F22TBM; HQ+F/QrMc QT2MBM; J�Mm7�+im`BM; �M/ *QMbi`m+iBQM Ur?B+? Bb b?Q`i 7Q` 7mHHv `2@QT2MBM;
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�;`B+mHim`2- JBMBM;- J�Mm7�+im`BM;- liBHBiB2b �M/ *QMbi`m+iBQMVc QT2MBM; �HH BM/mbi`B2b 2t+2Ti
+QMbmK2`@7�+BM; BM/mbi`B2bc b�K2- #mi �//BiBQM�HHv QT2MBM; b+?QQHbc �M/ QT2MBM; �HH BM/mbi`B2bX

q2 }M/ i?�i � irQ@KQMi? HQ+F/QrM ?�b � bi`QM; BKT�+i QM i?2 2+QMQKv- rBi? ;`Qbb QmiTmi-
p�Hm2 �//2/- �M/ +QMbmKTiBQM /2+`2�b2/ #v 26%- 25%- �M/ 18%- `2bT2+iBp2Hv- +QKT�`2/ iQ
i?2 lE T`2@HQ+F/QrM H2p2HbX *QKT�`2/ iQ i?2 2+QMQKvǶb T2`7Q`K�M+2 #27Q`2 i?2 HQ+F/QrM- �M
�//BiBQM�H KQMi? Q7 HQ+F/QrM rQmH/ /2+`2�b2 :.S 7`QK d8W iQ d9W- r?BH2 `2@QT2MBM; QMHv
i?2 J�Mm7�+im`BM; �M/ *QMbi`m+iBQM b2+iQ`b rQmH/ BM+`2�b2 :.S 7`QK 75% iQ 76% BM � KQMi?X
_2@QT2MBM; �HH b2+iQ`b 2t+2Ti i?Qb2 i?�i �`2 +QMbmK2`@7�+BM; rQmH/ BM+`2�b2 :.S iQ 82% Q7 Bib
T`2@HQ+F/QrM p�Hm2- BX2X BM � KQMi? Bi rQmH/ BM+`2�b2 :.S #v 3 T2`+2Mi�;2 TQBMib rBi? `2bT2+i
iQ i?2 HQ+F/QrM b+2M�`BQX PT2MBM; �HH BM/mbi`B2b QMHv �//b �M �//BiBQM�H kW #QQbi iQ :.SX
LQi2 i?�i i?2 b+2M�`BQ rBi? �HH BM/mbi`B2b QT2M ?�b QMHv 39W Q7 T`2@HQ+F/QrM :.SX h?Bb Bb /m2
iQ � +QK#BM�iBQM Q7 � T2`bBbi2Mi /2T`2bbBQM BM /2K�M/ 7Q` BM/mbi`B2b HBF2 `2bi�m`�Mib U2p2M B7
i?2v �`2 QT2MV �M/ i?2 7�+i i?�i +QMbmK2` 2tT2+i�iBQMb i�F2 iBK2 iQ `2+Qp2`X

6B;m`2 R, >Qr /Bz2`2Mi TQHB+v b+2M�`BQb �z2+i R0 �M/ 2+QMQKB+ QmiTmiX h?2 +QHQm`2/ #�`b b?Qr i?2
2tT2+i2/ `2T`Q/m+iBQM MmK#2` Q7 i?2 2TB/2KB+ 7Q` 2�+? TQHB+v b+2M�`BQX .Bz2`2Mi +QHQm`b /2bB;M�i2 i?2 �+iBpBiB2b
i?�i +�mb2 i?2 2TB/2KB+ iQ bT`2�/X h?2 Tm`TH2 #�`b /2MQi2 i?2 T2`+2Mi�;2 BM+`2�b2 BM p�Hm2 �//2/ `2H�iBp2 iQ
HQ+F/QrM � KQMi? �7i2` i?2 2+QMQKv Bb QT2M2/ mM/2` 2�+? b+2M�`BQX "H�+F HBM2b �`2 irQ bi�M/�`/ /2pB�iBQM 2``Q`
#�`bX LQi2 i?�i r2 ?�p2 MQ`K�HBx2/ i?2 BM72+iBQM `�i2b 7Q` �HH b+2M�`BQb bQ i?�i i?2v +Q``2bTQM/ iQ i?2 C�`pBb 2i �HX
UkykyV bim/v /m`BM; HQ+F/QrMX UPm` 2biBK�i2 /m`BM; HQ+F/QrM Bb `Qm;?Hv R0 ≈ 0.90c i?2B` 2biBK�i2 Bb 0.62c i?2b2
�;`22 rBi? i?2 2``Q` #�`bVX LQi2 i?�i J�Mm7�+im`BM; �M/ *QMbi`m+iBQM �HbQ BM+Hm/2b KBMBM;- �;`B+mHim`2- �M/ �
72r Qi?2`bX

� +QKT�`BbQM iQ Qm` T`2/B+iBQMb 7Q` i?2 BM+`2�b2 BM R0 mM/2` 2�+? b+2M�`BQ b?Qrb i?�i 7Q`
i?2 b+2M�`BQ r?2`2 �HH BM/mbi`B2b 2t+2Ti +QMbmK2` 7�+BM; BM/mbi`B2b �`2 QT2M2/- i?2 BM+`2�b2 BM
R0 `2H�iBp2 iQ HQ+F/QrM Bb bK�HHX AM +QMi`�bi- �b bQQM �b b+?QQHb �`2 QT2M R0 `Bb2b /`�K�iB+�HHv-
�M/ Bb p2`v HBF2Hv ;`2�i2` i?�M QM2X A7 i?2 2+QMQKv Bb 7mHHv `2QT2M2/- i?2 T`2/B+i2/ `Bb2 BM R0 Bb
p2`v HBF2Hv bm#bi�MiB�HHv ;`2�i2` i?�M QM2X LQi2 i?�i r?2M i?2 2+QMQKv Bb 7mHHv `2QT2M2/ r2 }M/
�M R0 biBHH /Bbim`#BM;Hv ;`2�i2` i?�M QM2- �Hi?Qm;? Km+? HQr2` i?�M i?2 T`2@HQ+F/QrM p�Hm2-
�b r2 �bbmK2 i?�i rQ`F 7`QK ?QK2 +QMiBMm2b �M/ MQM@rQ`F `2H�i2/ bQ+B�H /Bbi�M+BM; K2�bm`2b
+QMiBMm2X �MQi?2` `2�bQM 7Q` i?Bb Bb i?�i r2 `2MQ`K�HBx2 �HH Qm` 2TB/2KBQHQ;B+�H `2bmHib #v i?2
7�+iQ` Q7 0.62/0.90- +Q``2bTQM/BM; iQ i?2 `�iBQ Q7 Qm` Q`B;BM�H 2biBK�i2 iQ i?�i Q7 C�`pBb 2i �HX
UkykyV 7Q` i?2 HQ+F/QrM bBim�iBQM- i?mb 2Mbm`BM; i?�i Qm` 2biBK�i2 7Q` i?2 HQ+F/QrM b+2M�`BQ
+Q``2bTQM/b iQ i?2B`bX q2 /B/ i?Bb #2+�mb2 r2 722H i?�i i?2 `2H�iBp2 p�Hm2b Q7 Qm` 2biBK�i2/ R0

�+`Qbb /Bz2`2Mi b+2M�`BQb �`2 KQ`2 `2HB�#H2 i?�M i?2 �#bQHmi2 p�Hm2b- �M/ r2 /272` iQ T`Q72bbBQM�H
2TB/2KBQHQ;Bbib 7Q` 2biBK�iBM; i?2 �#bQHmi2 p�Hm2bX Ai Bb BKTQ`i�Mi iQ #2�` BM KBM/ i?�i �HH
i?2b2 p�Hm2b �`2 mM+2`i�BM- �M/ i?2 mM+2`i�BMiB2b TQi2MiB�HHv K�F2 i?2 /Bz2`2M+2 BM /2i2`KBMBM;

e



r?2i?2` i?2`2 rBHH #2 � b2+QM/ r�p2 Q7 i?2 2TB/2KB+ BM i?2 lEX q2 b?QmH/ �HbQ bi`2bb i?2
mM+2`i�BMiB2b BM i?2 2+QMQKB+ `2bmHib Ĝ �b r2 rBHH b?Qr ?2`2- i?2v /2T2M/ `�i?2` b2MbBiBp2Hv QM
�bbmKTiBQMb �#Qmi i?2 T`Q/m+iBQM 7mM+iBQMX

h?mb- Qm` `2bmHib bm;;2bi i?�i i?2`2 Bb � ǳbr22i bTQiǴ- +Q``2bTQM/BM; iQ i?2 b+2M�`BQ BM r?B+?
�HH 2t+2Ti +QMbmK2` 7�+BM; BM/mbi`B2b `2QT2M- rBi? b+?QQHb `2K�BMBM; +HQb2/ 7Q` i?2 +?BH/`2M Q7
T�`2Mib r?Q /Q MQi rQ`F Q` +�M rQ`F 7`QK ?QK2Xk h?Bb b+2M�`BQ T`QpB/2b � ;QQ/ +QK#BM�iBQM
Q7 � KBMBK�H T`2/B+i2/ BM+`2�b2 BM R0 �M/ � bm#bi�MiB�H 2+QMQKB+ #QQbi Qp2` `2K�BMBM; BM
HQ+F/QrMX

h?2 Q{+B�H lE ;Qp2`MK2Mi ;mB/2HBM2b 7Q` *PoA.@RN `2+Qp2`v ǳai2T QM2Ǵ UmMiBH CmM2 RbiVj

`2+QKK2M/ i?�i- BM �//BiBQM iQ b2+iQ`b i?�i r2`2 T`2pBQmbHv +QMbB/2`2/ 2bb2MiB�H- K�Mm7�+im`BM;
�M/ +QMbi`m+iBQM b?QmH/ `2QT2M- #mi i?�i +QMbmK2`@7�+BM; BM/mbi`B2b bm+? �b ?QbTBi�HBiv �M/
MQM@2bb2MiB�H `2i�BH b?QmH/ `2K�BM +HQb2/X Pp2`�HH- i?Bb b+2M�`BQ +Q``2bTQM/b iQ bQK2i?BM; BM
#2ir22M Qm` b2+QM/ �M/ i?B`/ b+2M�`BQ- /2T2M/BM; QM r?2i?2` b2+iQ`b bm+? �b #mbBM2bb b2`pB+2b
7mHHv `2QT2MX "v +QMi`�bi- Qi?2` +QmMi`B2b U2X;X 6`�M+2V `2QT2M2/ T2`bQM�H b2`pB+2b �M/ MQM@
2bb2MiB�H `2i�BH bQQM �7i2` HQ+F/QrM r�b HB7i2/- r?B+? rQmH/ +Q``2bTQM/ iQ bQK2i?BM; #2ir22M
Qm` 7Qm`i? �M/ }7i? b+2M�`BQ U/2T2M/BM; QM r?2i?2` b+?QQHb �`2 QT2MVX

j 1+QMQKB+ JQ/2H
hQ �M�Hvb2 i?2 2+QMQKB+ #2M2}ib Q7 bi�;2/ `2@QT2MBM; r2 BMi`Q/m+2 � b2+iQ`�H K�+`Q2+QMQKB+
KQ/2H i?�i r�b BMbTB`2/ #v i?2 rQ`F Q7 "�iiBbiQM 2i �HX UkyydV- >�HH2;�ii2 Ukyy3V- >2M`B2i 2i �HX
UkyRkV �M/ AMQm2 � hQ/Q UkyRNVX q2 +QK#BM2 2H2K2Mib Q7 i?2b2 KQ/2Hb �M/ 2ti2M/ i?2K
iQ BM+Hm/2 M2r 72�im`2bX Pm` KQ/2H BM+Q`TQ`�i2b T`Q/m+iBQM M2irQ`F 2z2+ib i?�i +�M �KTHB7v
2+QMQKB+ b?Q+Fb #Qi? mTbi`2�K �M/ /QrMbi`2�KX

AM Qm` KQ/2H T`Q/m+2`b 2tT2`B2M+2 bmTTHv b?Q+Fb +�mb2/ #v � M�iBQMrB/2 HQ+F/QrMX AM i?2
HQ+F/QrM rQ`F2`b BM MQM@2bb2MiB�H BM/mbi`B2b r?Q �`2 mM�#H2 iQ rQ`F 7`QK ?QK2 #2+QK2 mMT`Q@
/m+iBp2- `2bmHiBM; BM HQr2`2/ T`Q/m+iBp2 +�T�+BiB2b Q7 BM/mbi`B2bX �i i?2 b�K2 iBK2 /2K�M/@bB/2
b?Q+Fb ?Bi �b +QMbmK2`b �/Dmbi i?2B` +QMbmKTiBQM T`272`2M+2b iQ �pQB/ ;2iiBM; BM72+i2/X q2
mb2 i?2 }`bi@Q`/2` bmTTHv �M/ /2K�M/ b?Q+Fb T`2/B+i2/ #v /2H _BQ@*?�MQM� 2i �HX UkykyV iQ
BMBiB�HBb2 Qm` K�+`Q KQ/2HX

Pm` KQ/2H Bb QT2M@bQm`+2 �M/ +�M #2 /QrMHQ�/2/ iQ;2i?2` rBi? �HH `2H2p�Mi /�i�9X q2 �HbQ
T`QpB/2 �M BMi2`�+iBp2 QMHBM2 BMi2`7�+2 7Q` Qm` KQ/2H- �HHQrBM; i?2 mb2` iQ 2tTHQ`2 �Hi2`M�iBp2
b+2M�`BQb �M/ T�`�K2i2` `�M;2b8X

jXR hBK2HBM2
� iBK2 bi2T t BM Qm` 2+QMQKv +Q``2bTQM/b iQ QM2 /�vX h?2`2 �`2N BM/mbi`B2be- QM2 `2T`2b2Mi�iBp2
}`K 7Q` 2�+? BM/mbi`v- �M/ QM2 `2T`2b2Mi�iBp2 ?Qmb2?QH/ i?�i QrMb i?2 BM/mbi`B2bX 1p2`v /�v,

RX 6B`Kb ?B`2 Q` }`2 rQ`F2`b /2T2M/BM; QM r?2i?2` i?2B` rQ`F7Q`+2 r�b BMbm{+B2Mi Q` `2/mM@
/�Mi iQ +�``v Qmi T`Q/m+iBQM BM i?2 T`2pBQmb /�vX

kX h?2 `2T`2b2Mi�iBp2 ?Qmb2?QH/ /2+B/2b Bib +QMbmKTiBQM /2K�M/ �M/ BM/mbi`B2b TH�+2 Q`/2`b
7Q` BMi2`K2/B�i2 ;QQ/bX

kh?Bb mM/2`bi�M/�#Hv +`2�i2b +?BH/+�`2 T`Q#H2Kb �M/ rBHH `2[mB`2 +`2�iBp2 bQHmiBQMb- �M/ Qm` KQ/2H Bb MQi
/2bB;M2/ iQ �++QmMi 7Q` i?2 M2;�iBp2 2z2+ib QM ?2�Hi? �M/ 7mim`2 ?mK�M +�TBi�H i?�i +HQb2/ b+?QQH +�M +`2�i2X

j ?iiTb,ffrrrX;QpXmFf;Qp2`MK2MifTm#HB+�iBQMbfQm`@TH�M@iQ@`2#mBH/@i?2@mF@;Qp2`MK2Mib@+QpB/@RN@
`2+Qp2`v@bi`�i2;v U�++2bb2/, kykyfy8fkRVX

9 ?iiTb,ff/QBXQ`;fRyX8k3Rfx2MQ/QXj3j9RReX
8 ?iiTb,ff�MiQM@TB+?H2`Xb?BMv�TTbXBQflEn*PoA.@RNn2+QMQKB+nbBKmH�iQ`f
e a22 �TT2M/Bt :- h�#H2b Rk@Rj 7Q` � +QKT`2?2MbBp2 bmKK�`v Q7 MQi�iBQMb mb2/X

d



6B;m`2 k, a+?2K�iB+ KQ/2H +?`QMQHQ;vX

jX AM/mbi`B2b T`Q/m+2 �b Km+? �b i?2v +�M iQ b�iBb7v /2K�M/- ;Bp2M i?�i i?2v +QmH/ #2 HBKBi2/
#v H�+F Q7 +`BiB+�H BMTmib Q` H�+F Q7 rQ`F2`bX

9X A7 BM/mbi`B2b /Q MQi T`Q/m+2 2MQm;?- i?2v /Bbi`B#mi2 i?2B` T`Q/m+iBQM iQ }M�H +QMbmK2`b
�M/ Qi?2` BM/mbi`B2b QM � T`Q `�i� #�bBb- i?�i Bb- T`QTQ`iBQM�HHv iQ /2K�M/X

8X AM/mbi`B2b mT/�i2 i?2B` BMp2MiQ`v H2p2Hb- �M/ T`Q}ib �M/ H�#Q` +QKT2Mb�iBQM �`2 /Bb@
i`B#mi2/ iQ ?Qmb2?QH/bX

h?2 KQ/2H Bb BMBiB�HBx2/ �i iBK2 t = 0 BM i?2 bi2�/v bi�i2 +Q``2bTQM/BM; iQ BMTmi /�i�X q2
�TTHv i?2 T�M/2KB+ b?Q+Fb QM /�v tbi�`inHQ+F/QrM �M/ F22T i?2 2+QMQKv BM HQ+F/QrM mMiBH /�v
t2M/nHQ+F/QrMX �i i?�i TQBMi r2 `2KQp2 i?2 bmTTHv@bB/2 `2bi`B+iBQMb +Q``2bTQM/BM; iQ i?2 b+2M�`BQX
aQK2 +QMbmKTiBQM /2K�M/@bB/2 b?Q+Fb `2K�BM BM TH�+2 mMiBH i?2 T�M/2KB+ Bb bmTT`2bb2/ QM /�v
t2M/nT�M/2KB+X AM Qm` b+2M�`BQb r2 /Q MQi HB7i b?Q+Fb Q7 Qi?2` }M�H /2K�M/ b?Q+Fb UBMp2biK2Mi-
BMi2`M�iBQM�H i`�/2VX 6B;X k b+?2K�iB+�HHv /BbTH�vb i?2 Qp2`�HH +?`QMQHQ;v Q7 i?2 KQ/2HX

jXk �++QmMiBM; bi`m+im`2
G2i xi,t /2MQi2 iQi�H QmiTmi Q7 BM/mbi`v i �i iBK2 t �M/ Zji,t i?2 BMi2`K2/B�i2 +QMbmKTiBQM #v
BM/mbi`v i Q7 ;QQ/ jX AM/mbi`v i Bb /2K�M/ �M/ j Bb bmTTHvX q2 �/QTi i?2 bi�M/�`/ +QMp2MiBQM
i?�i BM i?2 BMTmi@QmiTmi K�i`Bt +QHmKMb `2T`2b2Mi /2K�M/ �M/ `Qrb `2T`2b2Mi bmTTHvX AM �M
2+QMQKv rBi? MQ ǳ2t+2bbǴ QmiTmi- BX2X BM r?B+? �HH T`Q/m+2/ QmiTmi Bb mb2/ mT- i?2 QmiTmi Q7 i
Bb 2[m�H iQ

xi,t =
N∑

j=1

Zij,t + ci,t + fi,t, URV

r?2`2 ci,t Bb ?Qmb2?QH/ +QMbmKTiBQM Q7 ;QQ/ i �i iBK2 bi2T t �M/ fi,t Bb �HH Qi?2` U2tQ;2MQmbV
}M�H /2K�M/- BM+Hm/BM; ;Qp2`MK2Mi +QMbmKTiBQM �M/ 2tTQ`ibX

q2 H2i li,t /2MQi2 H�#Q` +QKT2Mb�iBQM iQ rQ`F2`b BM BM/mbi`v iX h?Bb �HbQ BM/B+�i2b i?2
MmK#2` Q7 rQ`F2`b 2KTHQv2/ BM BM/mbi`v i- mM/2` i?2 �bbmKTiBQM i?�i �HH rQ`F2`b 2KTHQv2/ BM
i?2 b�K2 BM/mbi`v 2�`M i?2 b�K2 r�;2X S`Q}ib Q7 BM/mbi`v i +�M i?2M #2 r`Bii2M �b

πi,t = xi,t −
N∑

j=1

Zji,t − li,t − ei,t, UkV

3



r?2`2 ei,t `2T`2b2Mib �HH Qi?2` 2tT2Mb2b Ui�t2b- BKTQ`ib- 2i+XVX LQi2 i?�i r2 /Q MQi KQ/2H
T?vbB+�H +�TBi�H 2tTHB+BiHv- �M/ r2 i�F2 T`B+2b �b iBK2@BMp�`B�MiX

6Q` iQi�H QmiTmi- iQi�H H�#Q` BM+QK2- iQi�H T`Q}ib �M/ iQi�H ?Qmb2?QH/ +QMbmKTiBQM r2 r`Bi2

x̃t ≡
N∑

i=1

xi,t, UjV

l̃t ≡
N∑

i=1

li,t, U9V

π̃t ≡
N∑

i=1

πi,t, U8V

c̃t ≡
N∑

i=1

ci,t, UeV

`2bT2+iBp2HvX q2 7Q+mb QM i?2b2 7Qm` p�`B�#H2b r?2M /Bb+mbbBM; �;;`2;�i2 2+QMQKB+ BKT�+ib Q7
i?2 T�M/2KB+ BM bm#b2[m2Mi b2+iBQMbX

Pm` �M�HvbBb Bb #�b2/ QM i?2 lE 2+QMQKvX q2 mb2 i?2 H�i2bi `2H2�b2 Q7 i?2 qQ`H/ AMTmi@
PmiTmi .�i�#�b2 UqAP.V UhBKK2` 2i �HX kyR8V iQ /2i2`KBM2 i?2 `2H2p�Mi p�Hm2b 7Q` ;`Qbb QmiTmi
xi,0- BMi2`K2/B�i2 +QMbmKTiBQM Zij,0- ?Qmb2?QH/ +QMbmKTiBQM ci,0- Qi?2` }M�H /2K�M/ fi,0- H�#Q`
+QKT2Mb�iBQM li,0- �M/ �HH Qi?2` 2tT2Mb2b ei,0 UkyR9 p�Hm2bVX Pp2`�HH- r2 +�M /BbiBM;mBb? 88
b2T�`�i2 BM/mbi`B2bX

jXj .2K�M/
Ai rBHH #2+QK2 BKTQ`i�Mi iQ /BbiBM;mBb? #2ir22M /2K�M/- i?�i Bb Q`/2`b TH�+2/ #v +mbiQK2`b iQ
bmTTHB2`b- �M/ �+im�H `2�HBx2/ i`�Mb�+iBQMbX �HH i?2 bi2Tb QmiHBM2/ �#Qp2 �`2 `2�HBx2/ i`�Mb�+iBQMb-
r?B+? KB;?i Q` KB;?i MQi #2 2[m�H iQ /2K�M/X

AM/mbi`v /2K�M/X h?2 iQi�H /2K�M/ 7�+2/ #v BM/mbi`v i �i iBK2 t- di,t- Bb i?2 bmK Q7 i?2
/2K�M/ 7`QK �HH Bib +mbiQK2`b-

di,t =
N∑

j=1

Oij,t + cdi,t + fd
i,t, UdV

r?2`2 Oij,t U7Q` Q`/2`bV /2MQi2b i?2 /2K�M/ 7`QK BM/mbi`v j- cdi,t i?2 /2K�M/ 7`QK ?Qmb2?QH/b
�M/ fd

i,t �HH Qi?2` }M�H /2K�M/X

_2+BT2bX AM/mbi`B2b T`Q/m+2 QmiTmi �++Q`/BM; iQ � T`Q/m+iBQM `2+BT2 2M+Q/2/ BM i?2 i2+?MB+�H
+Q2{+B2Mi K�i`Bt A- r?2`2 i?2 2H2K2Mi Aij = Zij,0/xj,0 Bb i?2 2tT2Mb2 BM BMTmi i T2` mMBi Q7
QmiTmi jX q2 rBHH `2H�t i?2 �bbmKTiBQM Q7 }t2/ T`Q/m+iBQM `2+BT2b- bBM+2 MQi 2p2`v BMTmi Bb
+`BiB+�H 7Q` T`Q/m+iBQM BM i?2 b?Q`i@`mM Ub22 �TT2M/Bt *VX AM/mbi`B2b �Hr�vb /2K�M/ �M/ �BK
iQ +QMbmK2 BMTmib �++Q`/BM; iQ i?2B` `2+BT2- 2p2M B7 H�+FBM; MQM@+`BiB+�H BMTmib /Q2b MQi +�mb2
BKK2/B�i2 2z2+ib QM Bib QmiTmi BM i?2 b?Q`i iBK2 ?Q`BxQM +QMbB/2`2/ ?2`2X

AMp2MiQ`B2bX .m2 iQ i?2 /vM�KB+ M�im`2 Q7 i?2 KQ/2H- T`Q/m+iBQM �M/ /2K�M/ �`2 MQi BKK2@
/B�i2X AMbi2�/ BM/mbi`B2b mb2 �M BMp2MiQ`v Q7 BMTmib BM T`Q/m+iBQMX q2 H2i Sij,t /2MQi2 i?2 biQ+F
Q7 K�i2`B�H i ?2H/ BM jǶb BMp2MiQ`vX 1�+? BM/mbi`v j �BKb iQ F22T � i�`;2i BMp2MiQ`v njZij,0 Q7

N



2p2`v `2[mB`2/ BMTmi i iQ 2Mbm`2 T`Q/m+iBQM 7Q` nj 7m`i?2` /�vbdX q2 2tTH�BM ?Qr r2 +�HB#`�i2
i?2 T�`�K2i2`b nj BM �TT2M/Bt "X

AMi2`K2/B�i2 /2K�M/X AMi2`K2/B�i2 /2K�M/ 7QHHQrb i?2 /vM�KB+b Q`B;BM�HHv BMi`Q/m+2/ #v
>2M`B2i 2i �HX UkyRkV �M/ �/QTi2/ #v AMQm2 � hQ/Q UkyRNV BM i?2 +QMi2ti Q7 }`K@H2p2H T`Q/m+iBQM
M2irQ`F KQ/2HbX hQ b�iBb7v BM+QKBM; /2K�M/ U7`QK t − 1V �M/ iQ `2/m+2 i?2 ;�T iQ Bib i�`;2i
BMp2MiQ`v- �M BM/mbi`v j K�F2b Q`/2`b iQ Bib bmTTHB2`b �i 2p2`v iBK2 bi2T tX JQ`2 bT2+B}+�HHv-
BM/mbi`v j /2K�M/b 7`QK BM/mbi`v i

Oij,t = Aijdj,t−1 +
1

τ
[njZij,0 − Sij,t], U3V

r?2`2 τ BM/B+�i2b ?Qr [mB+FHv �M BM/mbi`v �/Dmbib Bib /2K�M/ /m2 iQ �M BMp2MiQ`v ;�TX aK�HH
τ +Q``2bTQM/b iQ `2bTQMbBp2 BM/mbi`B2b i?�i �BK iQ +HQb2 BMp2MiQ`v ;�Tb [mB+FHvX AM +QMi`�bi- B7
τ Bb H�`;2- BMi2`K2/B�i2 /2K�M/ �/Dmbib bHQrHv BM `2bTQMb2 iQ BMp2MiQ`v ;�TbX AM i?2 HBi2`�im`2
r2 }M/ /Bz2`2Mi +?QB+2b 7Q` τ - `�M;BM; 7`QK R U>2M`B2i 2i �HX kyRkV iQ jy U>�HH2;�ii2 kyRkV iBK2
bi2TbX AM Qm` bBKmH�iBQMb- r2 +?QQb2 �M BMi2`K2/B�i2 p�Hm2 τ = 10X q2 T`2b2Mi b2MbBiBpBiv i2bib
rBi? `2bT2+i iQ τ BM �TT2M/Bt .X9X

*QMbmKTiBQM /2K�M/X q2 H2i +QMbmKTiBQM /2K�M/ 7Q` ;QQ/ i #2

cdi,t = θi,tc̃
d
t , UNV

r?2`2 θi,t Bb � T`272`2M+2 +Q2{+B2Mi- ;BpBM; i?2 b?�`2 Q7 ;QQ/b 7`QK BM/mbi`v i Qmi Q7 iQi�H
+QMbmKTiBQM /2K�M/ c̃dt X h?2 +Q2{+B2Mib θi,t 2pQHp2 2tQ;2MQmbHv- 7QHHQrBM; �bbmKTiBQMb QM ?Qr
+QMbmK2` T`272`2M+2b +?�M;2 /m`BM; i?2 p�`BQmb T?�b2b Q7 i?2 T�M/2KB+c b22 a2+iBQM jX8- 1[X
Uk8VX

hQi�H +QMbmKTiBQM /2K�M/ 2pQHp2b 7QHHQrBM; �M �/�Ti2/ �M/ bBKTHB}2/ p2`bBQM Q7 i?2 +QM@
bmKTiBQM 7mM+iBQM BM Jm2HH#�m2` UkykyVX AM T�`iB+mH�`- c̃dt 2pQHp2b �++Q`/BM; iQ

log c̃dt = ρ log c̃dt−1 +
1− ρ

2
log
(
ml̃t
)
+

1− ρ

2
log
(
ml̃pt

)
+ ε̃t, URyV

r?2`2 l̃t Bb +m``2Mi H�#Q` BM+QK2- l̃pt Bb �M 2biBK�iBQM Q7 T2`K�M2Mi BM+QK2 �M/ m Bb i?2 b?�`2 Q7
H�#Q` BM+QK2 i?�i Bb mb2/ iQ +QMbmK2 }M�H /QK2biB+ ;QQ/b- BX2X i?�i Bb M2Bi?2` b�p2/ MQ` mb2/ 7Q`
+QMbmKTiBQM Q7 BKTQ`i2/ ;QQ/bX 6`QK Qm` /�i� r2 }M/ m = 0.82X *QMbmKTiBQM /2K�M/ /m`BM;
i?2 T�M/2KB+ Bb �z2+i2/ #v � +?�M;2 Q7 T2`K�M2Mi BM+QK2 2tT2+i�iBQMb �M/ i?2 2tQ;2MQmb b?Q+F
i2`K ε̃tc b22 a2+iBQM jX8- 1[bX UkkV �M/ Uk9VX h?2 T�`�K2i2` ρ BM/B+�i2b bHm;;Bb? �/DmbiK2Mi
iQ M2r +QMbmKTiBQM H2p2HbX �bbmKBM; i?�i � iBK2 bi2T +Q``2bTQM/b iQ � [m�`i2`- Jm2HH#�m2`
UkykyV i�F2b ρ = 0.6- BKTHvBM; i?�i KQ`2 i?�M dyW Q7 �/DmbiK2Mi iQ M2r +QMbmKTiBQM H2p2Hb
Q++m`b rBi?BM irQ �M/ � ?�H7 [m�`i2`bX q2 KQ/B7v ρ iQ �++QmMi 7Q` Qm` /�BHv iBK2b+�H2, "v
H2iiBM; ρ̄ = 0.6- r2 i�F2 ρ = 1− (1− ρ̄)/90 iQ Q#i�BM i?2 b�K2 iBK2 �/DmbiK2Mi �b BM Jm2HH#�m2`
UkykyV3X LQi2 i?�i- BM i?2 bi2�/v bi�i2- #v /2}MBiBQM T2`K�M2Mi BM+QK2 +Q``2bTQM/b iQ +m``2Mi
BM+QK2- BX2X l̃pt = l̃t- �M/ i?mb iQi�H +QMbmKTiBQM /2K�M/ +Q``2bTQM/b iQ ml̃tXN

d *QMbB/2`BM; �M BMTmi@bT2+B}+ i�`;2i BMp2MiQ`v rQmH/ `2[mB`2 ;2M2`�HBxBM; nj iQ � K�i`Bt rBi? 2H2K2Mib nij -
r?B+? Bb 2�bv BM Qm` +QKTmi�iBQM�H 7`�K2rQ`F #mi /B{+mHi iQ +�HB#`�i2 2KTB`B+�HHvX

3 AM �M �miQ`2;`2bbBp2 T`Q+2bb HBF2 i?2 QM2 BM 1[X URyV- �#Qmi dyW Q7 �/DmbiK2Mi iQ M2r H2p2Hb Q++m`b BM �
iBK2 ι `2H�i2/ BMp2`b2Hv iQ i?2 T2`bBbi2M+v T�`�K2i2` ρX G2iiBM; Q /2MQi2 i?2 [m�`i2`Hv iBK2b+�H2 +QMbB/2`2/ #v
Jm2HH#�m2` UkykyV- iBK2 iQ �/DmbiK2Mi ιQ Bb ;Bp2M #v ιQ = 1/(1− ρ̄)X aBM+2 r2 r�Mi iQ F22T �TT`QtBK�i2Hv i?2
b�K2 iBK2 iQ �/DmbiK2Mi +QMbB/2`BM; � /�BHv iBK2 b+�H2- r2 }t ιD = 90ιQX q2 i?2M Q#i�BM i?2 T�`�K2i2` ρ BM
i?2 /�BHv iBK2b+�H2 bm+? i?�i Bi vB2H/b ιD �b iBK2 iQ �/DmbiK2Mi- M�K2Hv 1/(1 − ρ) = ιD = 90ιQ = 90/(1 − ρ̄)X
_2�``�M;BM; ;Bp2b i?2 7Q`KmH� i?�i `2H�i2b ρ �M/ ρ̄X

N hQ b22 i?Bb- MQi2 i?�i BM i?2 bi2�/v bi�i2 c̃dt = c̃dt−1X JQpBM; i?2 +QMbmKTiBQM i2`Kb QM i?2 H27i ?�M/ bB/2
�M/ /BpB/BM; #v 1− ρ i?`Qm;?Qmi vB2H/b log c̃dt = log

(
ml̃t

)
+ ε̃tX qBi? MQ 2tQ;2MQmb b?Q+F- r2 }M/ c̃dt = ml̃tX

Ry



hQ i2bi `Q#mbiM2bb- r2 T`2b2Mi KQ/2H `2bmHib 7Q` �Hi2`M�iBp2 +QMbmKTiBQM 7mM+iBQMb BM �T@
T2M/Bt .X9X q2 }M/ i?�i Qm` bBKmH�iBQMb �`2 ?B;?Hv `Q#mbi �;�BMbi �Hi2`M�iBp2 +QMbmKTiBQM
KQ/2HbX

Pi?2` +QKTQM2Mib Q7 }M�H /2K�M/X AM �//BiBQM- �M BM/mbi`v i �HbQ 7�+2b /2K�M/ fd
i,t 7`QK

bQm`+2b i?�i r2 /Q MQi KQ/2H �b 2M/Q;2MQmb p�`B�#H2b BM Qm` 7`�K2rQ`F- bm+? �b ;Qp2`MK2Mi
Q` BM/mbi`B2b BM 7Q`2B;M +QmMi`B2bX fd

i,t Bb MQi �z2+i2/ #v i?2 /vM�KB+b Q7 i?2 KQ/2HX q2 /Bb+mbb
i?2 +QKTQbBiBQM �M/ +�HB#`�iBQM Q7 fd

i,t BM /2i�BH BM a2+iBQM jX8X

jX9 amTTHv
1p2`v BM/mbi`v �BKb iQ b�iBb7v BM+QKBM; /2K�M/ #v T`Q/m+BM; i?2 `2[mB`2/ �KQmMi Q7 QmiTmiX
S`Q/m+iBQM Bb bm#D2+i iQ i?2 7QHHQrBM; irQ 2+QMQKB+ +QMbi`�BMib,

S`Q/m+iBp2 +�T�+BivX 6B`bi- �M BM/mbi`v ?�b }MBi2 T`Q/m+iBQM +�T�+Biv x+�T
i,t - /2T2M/BM; QM

i?2 �KQmMi Q7 �p�BH�#H2 H�#Q` BMTmiX AMBiB�HHv 2p2`v BM/mbi`v 2KTHQvb li,0 Q7 H�#Q` �M/ T`Q/m+2b
�i 7mHH +�T�+Biv x+�T

i,0 = xi,0X q2 �bbmK2 i?�i T`Q/m+iBp2 +�T�+Biv /2T2M/b HBM2�`Hv QM H�#Q`
BMTmib-

x+�T
i,t =

li,t
li,0

x+�T
i,0 . URRV

AMTmi #QiiH2M2+FbX a2+QM/- i?2 T`Q/m+iBQM Q7 �M BM/mbi`v KB;?i #2 +QMbi`�BM2/ /m2 iQ �M
BMbm{+B2Mi bmTTHv Q7 +`BiB+�H BMTmibX h?Bb +�M #2 +�mb2/ #v T`Q/m+iBQM M2irQ`F /Bb`mTiBQMbX
q?BH2 i?2 2KTB`B+�H BMi2`K2/B�i2 +QMbmKTiBQM �i i?2 BMBiB�H iBK2 bi2T Bb 2K#Q/B2/ BM i?2 i2+?@
MB+�H +Q2{+B2Mi K�i`Bt A- MQi 2p2`v BMTmi Bb M2+2bb�`BHv +`BiB+�H 7Q` T`Q/m+iBQMX JQ/2HBM; i?2
b2p2`2M2bb Q7 BMi2`K2/B�i2 BMTmi +QMbi`�BMib `2�HBbiB+�HHv `2[mB`2b �M mM/2`bi�M/BM; Q7 ?Qr +`Bi@
B+�H BMTmib �`2 BM i?2 T`Q/m+iBQM Q7 � ;Bp2M BM/mbi`v U"�``Qi � a�mp�;M�i kyReVX

q2 mb2 i?2 `�iBM;b Q7 A>a J�`FBi �M�Hvbib iQ /Bz2`2MiB�i2 i?`22 ivT2b Q7 BMTmib, +`BiB+�H-
BKTQ`i�Mi �M/ MQM@+`BiB+�H BMTmib U�TT2M/Bt *VX A7 �M BM/mbi`v `mMb Qmi Q7 +`BiB+�H BMTmib-
2+QMQKB+ T`Q/m+iBQM ?�Hib BKK2/B�i2HvX *QMp2`b2Hv- B7 �M BM/mbi`v `mMb Qmi Q7 MQM@+`BiB+�H
BMTmib- r2 �bbmK2 i?�i 2+QMQKB+ T`Q/m+iBQM Bb MQi �z2+i2/X q2 �HbQ ?�p2 `�iBM;b QM BKTQ`i�Mi
#mi MQi +`BiB+�H BMTmibX �b � #�b2HBM2 r2 i`2�i BKTQ`i�Mi BMTmib �b MQM@+`BiB+�HX AM a2+iBQM 8XR
r2 BMp2biB;�i2 BM /2i�BH ?Qr �Hi2`M�iBp2 �bbmKTiBQMb QM i?2 BMTmi@T`Q/m+iBQM `2H�iBQMb?BT �z2+i
2+QMQKB+ BKT�+ibX

6Q` � ;Bp2M b2i Q7 BMTmib B7 i?2`2 �`2 MQ HBKBib QM T`Q/m+iBQM +�T�+BiB2b- BM/mbi`v i +�M
T`Q/m+2

xBMT
i,t = min

j∈Vi

{
Sji,t

Aji

}
, URkV

r?2`2 Vi Bb i?2 b2i Q7 +`BiB+�H bmTTHB2`b iQ BM/mbi`v iX A7 2p2`v BMTmi Bb +`BiB+�H- 2p2`v BMTmi Bb
#BM/BM;- �M/ i?Bb `2/m+2b iQ � G2QMiB27 T`Q/m+iBQM 7mM+iBQMX

PmiTmi H2p2H +?QB+2 �M/ BMTmi mb�;2X aBM+2 �M BM/mbi`v �BKb iQ b�iBb7v BM+QKBM; /2K�M/
rBi?BM Bib T`Q/m+iBQM +QMbi`�BMib- `2�HBx2/ T`Q/m+iBQM �i iBK2 bi2T t Bb

xi,t = min{x+�T
i,t , xBMT

i,t , di,t}. URjV

h?mb T`Q/m+iBQM H2p2H Q7 �M BM/mbi`v Bb +QMbi`�BM2/ #v i?2 bK�HH2bi Q7 i?`22 p�Hm2b, H�#Q`@
+QMbi`�BM2/ T`Q/m+iBQM +�T�+Biv x+�T

i,t - BMi2`K2/B�i2 BMTmi@+QMbi`�BM2/ T`Q/m+iBQM +�T�+Biv xBMT
i,t -

Q` iQi�H /2K�M/ di,tX

RR



h?2 H2p2H Q7 QmiTmi i?2M /2i2`KBM2b i?2 �+im�H mb2 Q7 BMTmib �++Q`/BM; iQ i?2 T`Q/m+iBQM
`2+BT2X AM/mbi`v i mb2b �M �KQmMi Ajixi,t Q7 BMTmi j- mMH2bb j Bb MQi +`BiB+�H �M/ i?2 �KQmMi Q7 j
BM iǶb BMp2MiQ`v Bb H2bb i?�M Ajixi,tX AM i?Bb +�b2- i?2 [m�MiBiv +QMbmK2/ Q7 BMTmi j #v BM/mbi`v
i Bb 2[m�H iQ i?2 `2K�BMBM; BMp2MiQ`v biQ+F Q7 j@BMTmib Sji,t < Ajixi,tX

_�iBQMBM;X qBi?Qmi �Mv �/p2`b2 b?Q+Fb- BM/mbi`B2b �`2 �Hr�vb �#H2 iQ K22i iQi�H /2K�M/-
BX2X xt = dtX "mi BM +�b2 Q7 T`Q/m+iBQM +�T�+Biv Q`f�M/ BMTmi #QiiH2M2+Fb- BM/mbi`B2b K�v MQi
#2 �#H2 iQ K22i iQi�H /2K�M/- xi,t < di,t- bQ i?2v M22/ iQ `�iBQM i?2B` QmiTmiX q2 �bbmK2
bBKTH2 T`QTQ`iBQM�H `�iBQMBM;- �Hi?Qm;? �Hi2`M�iBp2 `�iBQMBM; K2+?�MBbKb +QmH/ #2 +QMbB/2`2/
U2X;X AMQm2 � hQ/Q UkyRNVVX

h?2 }M�H /2HBp2`v 7`QK BM/mbi`v i iQ BM/mbi`v j i?2M Bb i?2 b?�`2 Q7 Q`/2`b `2+2Bp2/

Zij,t = Oij,t
xi,t
di,t

. UR9V

>Qmb2?QH/b `2+2Bp2 � b?�`2 Q7 i?2B` /2K�M/

ci,t = cdi,t
xi,t
di,t

, UR8V

�M/ i?2 `2�HBx2/ }M�H +QMbmKTiBQM Q7 �;2Mib rBi? 2tQ;2MQmb }M�H /2K�M/ Bb

fi,t = fd
i,t
xi,t
di,t

. UReV

AMp2MiQ`v mT/�iBM;X h?2 BMp2MiQ`v Q7 j 7Q` 2p2`v BMTmi i Bb mT/�i2/ �++Q`/BM; iQ

Sij,t+1 = min {Sij,t + Zij,t −Aijxj,t, 0} . URdV

AM � G2QMiB27 T`Q/m+iBQM 7mM+iBQM- r?2`2 2p2`v BMTmi Bb +`BiB+�H- i?2 KBMBKmK QT2`�iQ` rQmH/ MQi
#2 M22/2/ bBM+2 T`Q/m+iBQM +QmH/ M2p2` +QMiBMm2 QM+2 BMp2MiQ`B2b �`2 `mM /QrMX Ai Bb M2+2bb�`v
?2`2- bBM+2 r?2M BMp2MiQ`B2b Q7 MQM@+`BiB+�H BMTmib i �`2 /2TH2i2/- BM/mbi`v j T`Q/m+2b QmiTmi
mbBM; H2bb ;QQ/b i i?�M Aijxj,tX

>B`BM; �M/ }`BM;X 6B`Kb �/Dmbi i?2B` H�#Q` 7Q`+2 /2T2M/BM; QM r?B+? T`Q/m+iBQM +QMbi`�BMib
BM 1[X URjV �`2 #BM/BM;X A7 i?2 +�T�+Biv +QMbi`�BMi x+�T

i,t Bb #BM/BM;- BM/mbi`v i /2+B/2b iQ ?B`2
�b K�Mv rQ`F2`b �b M2+2bb�`v iQ K�F2 i?2 +�T�+Biv +QMbi`�BMi MQ HQM;2` #BM/BM;X *QMp2`b2Hv- B7
2Bi?2` BMTmi +QMbi`�BMib xBMT

i,t Q` /2K�M/ +QMbi`�BMib di,t �`2 #BM/BM;- BM/mbi`v i H�vb Qz rQ`F2`b
mMiBH +�T�+Biv +QMbi`�BMib #2+QK2 #BM/BM;X JQ`2 7Q`K�HHv- �i iBK2 t H�#Q` /2K�M/ #v BM/mbi`v
i Bb ;Bp2M #v ldi,t = li,t−1 +∆li,t- rBi?

∆li,t =
li,0
xi,0

[
min{xBMT

i,t , di,t}− x+�T
i,t

]
. UR3V

LQi2 i?�i i?2 i2`K li,0/xi,0 `2~2+ib i?2 �bbmKTiBQM i?�i i?2 H�#Q` b?�`2 BM T`Q/m+iBQM Bb +QMbi�Mi
Qp2` i?2 +QMbB/2`2/ T2`BQ/X q2 �bbmK2 7`B+iBQMb BM i?2 H�#Q` K�`F2i BM � b2Mb2 i?�i Bi i�F2b
iBK2 7Q` }`Kb iQ �/Dmbi i?2B` H�#Q` BMTmibX aT2+B}+�HHv- r2 �bbmK2 i?�i BM/mbi`B2b +�M BM+`2�b2
i?2B` H�#Q` 7Q`+2 QMHv #v � 7`�+iBQM γ> BM /B`2+iBQM Q7 i?2B` i�`;2iX aBKBH�`Hv- BM/mbi`B2b +�M
/2+`2�b2 i?2B` H�#Q` 7Q`+2 QMHv #v � 7`�+iBQM γ6 BM i?2 /B`2+iBQM Q7 i?2B` i�`;2iX AM i?2 �#b2M+2
Q7 �//BiBQM�H TQHB+B2b r2 mbm�HHv ?�p2 γ6 > γ>- BM/B+�iBM; i?�i Bi Bb 2�bB2` 7Q` }`Kb iQ H�v Qz
2KTHQv2/ i?�M ?B`2 M2r rQ`F2`bX AM/mbi`v@bT2+B}+ 2KTHQvK2Mi 2pQHp2b i?2M �++Q`/BM; iQ

li,t =

{
li,t−1 + γ>∆li,t B7 ∆li,t ≥ 0,

li,t−1 + γ6∆li,t B7 ∆li,t < 0.
URNV
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�b r2 /Bb+mbb 7m`i?2` BM a2+iBQM jXe- γ> �M/ γ6 +�M #2 BMi2`T`2i2/ �b TQHB+v p�`B�#H2bX 6Q`
2t�KTH2- i?2 BKTH2K2Mi�iBQM Q7 � 7m`HQm;?BM; b+?2K2 K�F2b `2@?B`BM; Q7 2KTHQv22b 2�bB2`- +Q`@
`2bTQM/BM; iQ �M BM+`2�b2 BM γ>X AM Qm` #�b2HBM2 bBKmH�iBQMb r2 +?QQb2 γ> = 1/30 �M/ γ6 = 2γ>X
:Bp2M Qm` /�BHv iBK2 b+�H2- i?Bb Bb � `�i?2` `�TB/ �/DmbiK2Mi Q7 i?2 H�#Q` 7Q`+2X q2 T`2b2Mi
b2MbBiBpBiv i2bib 7Q` i?2b2 T�`�K2i2`b BM �TT2M/Bt .X9X

jX8 S�M/2KB+ b?Q+F
hBK2HBM2 h?2 bBKmH�iBQM bi�`ib BM i?2 bi2�/v bi�i2X 6Q` bBKTHB+Biv r2 H2i i?2 T�M/2KB+ b?Q+F
?Bi �i i?2 b�K2 iBK2 �b i?2 HQ+F/QrM bi�`ib- BX2X r2 /Q MQi i�F2 BMiQ �++QmMi `2/m+2/ /2K�M/
#27Q`2?�M/X q2 H2i i?2 HQ+F/QrM H�bi 7Q` irQ KQMi?b Uey iBK2 mMBibV- �M/ i?2M HB7i Bi �++Q`/BM;
iQ i?2 bT2+B}+�iBQMb #2HQrX

amTTHv b?Q+Fb �i 2p2`v iBK2 bi2T /m`BM; i?2 HQ+F/QrM �M BM/mbi`v i 2tT2`B2M+2b �M U2t@
Q;2MQmbV }`bi@Q`/2` H�#Q` bmTTHv b?Q+F εSi,t ∈ [0, 1] i?�i [m�MiB}2b H�#Q` `2/m+iBQMbX h?2b2
`2/m+iBQMb �`2 +�mb2/ #v i?2 H�+F Q7 H�#Q` i?�i r�b T`2pBQmbHv T`QpB/2/ #v rQ`F2`b BM MQM@
2bb2MiB�H BM/mbi`B2b U/2H _BQ@*?�MQM� 2i �HX kyky- 6�M� 2i �HX kyky- :�H�bbQ kykyV r?Q +�MMQi
rQ`F `2KQi2Hv U/2H _BQ@*?�MQM� 2i �HX kyky- .BM;2H � L2BK�M kyky- :QiiHB2# 2i �HX kyky-
EQ`2M � S2iǒ kykyVX 6Q` BMbi�M+2- B7 �M BM/mbi`v Bb MQM@2bb2MiB�H- �M/ MQM2 Q7 Bib 2KTHQv@
22b +�M rQ`F 7`QK ?QK2- Bi 7�+2b � H�#Q` bmTTHv `2/m+iBQM Q7 RyyW /m`BM; HQ+F/QrM BX2X-
εSi,t = 1, ∀t ∈ [tbi�`inHQ+F/QrM, t2M/nHQ+F/QrM)X AMbi2�/- B7 �M BM/mbi`v Bb +H�bbB}2/ �b 7mHHv 2bb2MiB�H-
Bi 7�+2b MQ H�#Q` bmTTHv b?Q+F �M/ εSi,t = 0 ∀tX

G2iiBM; li,0 #2 i?2 BMBiB�H H�#Q` bmTTHv #27Q`2 i?2 HQ+F/QrM- i?2 K�tBKmK �KQmMi Q7 H�#Q`
�p�BH�#H2 iQ BM/mbi`v i �i iBK2 t Bb ;Bp2M �b

lK�t
i,t = (1− εSi,t)li,0. UkyV

A7 εSi,t > 0- i?2 T`Q/m+iBp2 +�T�+Biv Q7 BM/mbi`v i rBHH #2 bK�HH2` i?�M BM i?2 BMBiB�H bi�i2 Q7 i?2
2+QMQKvX q2 �bbmK2 i?�i i?2 `2/m+iBQM Q7 iQi�H QmiTmi Bb T`QTQ`iBQM�H iQ i?2 HQbb Q7 H�#Q`X AM
i?�i +�b2 i?2 T`Q/m+iBp2 +�T�+Biv Q7 BM/mbi`v i �i iBK2 t Bb

x+�T
i,t =

li,t
li,0

x+�T
i,0 ≤ (1− εSi,t)xi,0. UkRV

_2+�HH 7`QK a2+iBQM jX9 i?�i }`Kb +�M ?B`2 �M/ }`2 iQ �/Dmbi i?2B` T`Q/m+iBp2 +�T�+Biv iQ /2K�M/
�M/ bmTTHv +QMbi`�BMibX h?mb- T`Q/m+iBp2 +�T�+Biv +�M #2 HQr2` i?�M i?2 BMBiB�H bmTTHv b?Q+FX
>Qr2p2`- /m`BM; HQ+F/QrM i?2v +�M M2p2` ?B`2 KQ`2 i?�M (1− εSi,t)li,0 rQ`F2`bX A7 i?2 HQ+F/QrM
Bb mMrQmM/ 7Q` �M BM/mbi`v i- }`bi@Q`/2` bmTTHv b?Q+Fb �`2 `2KQp2/- BX2X r2 b2i εSi,t = 0- 7Q`
t ≥ t2M/nHQ+F/QrMX

amTTHv b?Q+F +�HB#`�iBQM hQ BMBiB�HBb2 i?2 2+QMQKB+ KQ/2H rBi? }`bi@Q`/2` bmTTHv b?Q+Fb
7`QK i?2 T�M/2KB+ r2 mb2 i?2 b?Q+F T`2/B+iBQMb Q7 i?2 `2+2Mi bim/v #v /2H _BQ@*?�MQM� 2i �HX
UkykyVX AM /2H _BQ@*?�MQM� 2i �HX UkykyV bmTTHv b?Q+Fb Q7 i?2 T�M/2KB+ �`2 /2`Bp2/ #v [m�MiB7v@
BM; r?B+? rQ`F �+iBpBiB2b Q7 /Bz2`2Mi Q++mT�iBQMb +�M #2 T2`7Q`K2/ 7`QK ?QK2 U_2KQi2@G�#Q`@
AM/2tV �M/ #v mbBM; i?2 Q++mT�iBQM�H +QKTQbBiBQMb Q7 BM/mbi`B2bX JQ`2Qp2`- i?2 T`2/B+iBQMb �HbQ
i�F2 BMiQ �++QmMi r?2i?2` �M BM/mbi`v Bb 2bb2MiB�H BM i?2 b2Mb2 i?�i Bi M22/b iQ +QMiBMm2 QT2`�i@
BM; /m`BM; � HQ+F/QrMX h?2 T`2/B+iBQMb Q7 }`bi@Q`/2` b?Q+Fb �`2 #�b2/ QM i?2 la 2+QMQKv mbBM;
� /Bz2`2Mi BM/mbi`B�H +H�bbB}+�iBQM bvbi2KX h?2b2 T`2/B+iBQMb i?2`27Q`2 M22/ iQ #2 �/QTi2/ 7Q`
i?2 lE 2+QMQKv �M/ i?2 qAP. BM/mbi`v +H�bbB}+�iBQM �b r2 QmiHBM2 BM /2i�BH BM �TT2M/Bt �X

6Q` i?2 lE r2 2biBK�i2 i?�i 67% Q7 i?2 rQ`F 7Q`+2 ?�b �M 2bb2MiB�H DQ#X >Qr2p2`- Km+? Q7
i?Bb 2bb2MiB�H rQ`F +�M #2 /QM2 `2KQi2Hv U2X;X ;Qp2`MK2Mi �M/ }M�M+B�H b2`pB+2bVX AM iQi�H r2
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2biBK�i2 i?�i 44% Q7 rQ`F2`b +�M rQ`F `2KQi2Hv �M/ i?�i 37% Q7 rQ`F2`b �`2 +m``2MiHv ;QBM;
iQ rQ`F- �bbmKBM; i?�i T2QTH2 rQ`F 7`QK ?QK2 r?2M2p2` TQbbB#H2X

*QMbmKTiBQM /2K�M/ b?Q+Fb � }`bi b?Q+F iQ +QMbmKTiBQM /2K�M/ Q++m`b i?`Qm;? `2@
/m+iBQMb BM +m``2Mi BM+QK2 �M/ 2tT2+i�iBQMb 7Q` T2`K�M2Mi BM+QK2X 1tT2+i�iBQMb 7Q` T2`K�@
M2Mi BM+QK2 /2T2M/ QM r?2i?2` ?Qmb2?QH/b 2tT2+i � o@b?�T2/ pbX G@b?�T2/ `2+Qp2`v- i?�i Bb-
r?2i?2` i?2v 2tT2+i i?�i i?2 2+QMQKv rBHH [mB+FHv #QmM+2 #�+F iQ MQ`K�H Q` i?2`2 rBHH #2 �
T`QHQM;2/ `2+2bbBQMX G2i 2tT2+i�iBQMb 7Q` T2`K�M2Mi BM+QK2 l̃pt #2 bT2+B}2/ #v

l̃pt = ξt l̃0 UkkV

AM i?Bb 2[m�iBQM- i?2 T�`�K2i2` ξt +�Tim`2b i?2 7`�+iBQM Q7 T`2@T�M/2KB+ H�#Q` BM+QK2 l̃0 i?�i
?Qmb2?QH/b 2tT2+i iQ `2i�BM BM i?2 HQM; `mMX q2 }`bi ;Bp2 � 7Q`KmH� 7Q` ξt �M/ i?2M 2tTH�BM i?2
p�`BQmb +�b2bX

ξt =






1, t < tbi�`inHQ+F/QrM,

ξL = 1− 1
2

l̃0−l̃tbi�`inHQ+F/QrM
l̃0

, tbi�`inHQ+F/QrM ≤ t ≤ t2M/nHQ+F/QrM,

1− ρ+ ρξt−1 + νt−1, t > t2M/nHQ+F/QrM.

UkjV

"27Q`2 HQ+F/QrM- r2 H2i ξt ≡ 1X .m`BM; HQ+F/QrM- 7QHHQrBM; Jm2HH#�m2` UkykyV r2 �bbmK2 i?�i
ξt Bb 2[m�H iQ QM2 KBMmb ?�H7 i?2 `2H�iBp2 `2/m+iBQM BM H�#Q` BM+QK2 i?�i ?Qmb2?QH/b 2tT2`B2M+2
/m2 iQ i?2 /B`2+i H�#Q` bmTTHv b?Q+F- �M/ /2MQi2 i?�i p�Hm2 #v ξLX U6Q` 2t�KTH2- ;Bp2M �
`2H�iBp2 `2/m+iBQM BM H�#Q` BM+QK2 Q7 ReW- ξL = 0.92XVRy �7i2` HQ+F/QrM- r2 �bbmK2 i?�i 8yW
Q7 ?Qmb2?QH/b #2HB2p2 BM � o@b?�T2/ `2+Qp2`v- r?BH2 8yW #2HB2p2 BM �M G@b?�T2/ `2+Qp2`vX q2
KQ/2H i?2b2 2tT2+i�iBQMb #v H2iiBM; ξt 2pQHp2 �++Q`/BM; iQ �M �miQ`2;`2bbBp2 T`Q+2bb Q7 Q`/2`
QM2- r?2`2 i?2 b?Q+F i2`K νt Bb � T2`K�M2Mi b?Q+F i?�i `2~2+ib #2HB27b BM �M G@b?�T2/ `2+Qp2`vX
qBi? 8yW Q7 ?Qmb2?QH/b #2HB2pBM; BM bm+? � `2+Qp2`v T�ii2`M- Bi Bb νt ≡ −(1− ρ)(1− ξL)/2XRR

AM �//BiBQM iQ i?2 BM+QK2 2z2+i- /m`BM; � T�M/2KB+ +QMbmKTiBQMfb�pBM; /2+BbBQMb �M/ +QM@
bmK2` T`272`2M+2b Qp2` i?2 +QMbmKTiBQM #�bF2i �`2 +?�M;BM;- H2�/BM; iQ }`bi@Q`/2` /2K�M/
b?Q+Fb U*QM;`2bbBQM�H "m/;2i P{+2 kyye- /2H _BQ@*?�MQM� 2i �HX kykyVX 6Q` 2t�KTH2- +QM@
bmK2`b �`2 HBF2Hv iQ /2K�M/ H2bb b2`pB+2b 7`QK i?2 ?QbTBi�HBiv BM/mbi`v- 2p2M B7 Bi Bb �#H2 iQ
bmTTHv i?2b2 b2`pB+2bX h`�MbTQ`i Bb p2`v HBF2Hv iQ 7�+2 bm#bi�MiB�H /2K�M/ `2/m+iBQMb- /2bTBi2
#2BM; +H�bbB}2/ �b �M 2bb2MiB�H BM/mbi`v BM K�Mv +QmMi`B2bX � F2v [m2biBQM Bb r?2i?2` `2/m+iBQMb
BM /2K�M/ 7Q` ǳ`BbFvǴ ;QQ/b �M/ b2`pB+2b Bb +QKT2Mb�i2/ #v �M BM+`2�b2 BM /2K�M/ 7Q` Qi?2`
;QQ/b �M/ b2`pB+2b- Q` B7 HQr2` /2K�M/ 7Q` `BbFv ;QQ/b i`�MbH�i2b BMiQ ?B;?2` b�pBM;bX

q2 +QMbB/2` � /2K�M/ b?Q+F p2+iQ` εt- r?Qb2 +QKTQM2Mib εi,t �`2 i?2 `2H�iBp2 +?�M;2b BM
/2K�M/ 7Q` ;QQ/b Q7 BM/mbi`v iX h?2b2 +QKTQM2Mib 2pQHp2 BM i?2 p�`BQmb T?�b2b Q7 i?2 T�M/2KB+-

Ry.m`BM; HQ+F/QrM- H�#Q` BM+QK2 K�v #2 7m`i?2` `2/m+2/ /m2 iQ }`BM;X 6Q` bBKTHB+Biv- r2 +?QQb2 MQi iQ KQ/2H
i?2 2z2+i Q7 i?2b2 7m`i?2` }`BM;b QM T2`K�M2Mi BM+QK2X

RRh?2 bT2+B}+�iBQM BM 1[X UkjV `2~2+ib i?2 7QHHQrBM; �bbmKTiBQMb, UBV iBK2 iQ �/DmbiK2Mi Bb i?2 b�K2 �b
7Q` +QMbmKTiBQM /2K�M/- 1[X URyVc UBBV �#b2Mi T2`K�M2Mi b?Q+Fb- νt = 0 �7i2` bQK2 t- ξt `2im`Mb iQ QM2- BX2X
T2`K�M2Mi BM+QK2 K�i+?2b +m``2Mi BM+QK2c UBBBV rBi? 8yW ?Qmb2?QH/b #2HB2pBM; BM �M G@b?�T2/ `2+Qp2`v- ξt
`2�+?2b � bi2�/v bi�i2 ;Bp2M #v 1− (1− ξL)/2, rBi? ξL = 0.92 �b BM i?2 2t�KTH2 �#Qp2- ξt `2�+?2b � bi2�/v bi�i2
�i yXNe- bQ i?�i T2`K�M2Mi BM+QK2 `2K�BMb bim+F 7Qm` T2`+2Mi�;2 TQBMib #2HQr T`2@HQ+F/QrM +m``2Mi BM+QK2X
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�b /2}M2/ BM i?2 7QHHQrBM; 2[m�iBQMb,

εi,t =






0, B7 t < tbi�`inHQ+F/QrM,

εDi , B7 tbi�`inHQ+F/QrM ≤ t < t2M/nHQ+F/QrM,

0, B7 MQ QM@bBi2 +QMbmKTiBQM Q7 i �
t ≥ t2M/nHQ+F/QrM,

εDi
log 100 log

(
100− 99t

t2M/nT�M/2KB+

)
, B7 QM@bBi2 +QMbmKTiBQM Q7 i �

t2M/nHQ+F/QrM ≤ t < t2M/nT�M/2KB+,

0, B7 t ≥ t2M/nT�M/2KB+.

Uk9V

q2 mb2 i?2 2biBK�i2b #v i?2 *QM;`2bbBQM�H "m/;2i P{+2 UkyyeV- /2H _BQ@*?�MQM� 2i �HX UkykyV-
r?B+? r2 /2MQi2 #v εDi - iQ T�`�K2i2`Bx2 εi,t /m`BM; HQ+F/QrMX _Qm;?Hv bT2�FBM;- i?2b2 b?Q+Fb
�`2 K�bbBp2 7Q` `2bi�m`�Mib �M/ i`�MbTQ`i- KBH/ 7Q` K�Mm7�+im`BM;- MmHH 7Q` miBHBiB2b- �M/ TQbBiBp2
7Q` ?2�Hi? Ub22 �TT2M/Bt �VX

q?2M i?2 HQ+F/QrM Bb HB7i2/- /2K�M/ b?Q+Fb 7Q` BM/mbi`B2b i?�i /Q MQi BMpQHp2 QM@bBi2 +QM@
bmKTiBQM �`2 `2KQp2/c BM +QMi`�bi- /2K�M/ 7Q` BM/mbi`B2b i?�i BMpQHp2 QM@bBi2 +QMbmKTiBQM
U`2bi�m`�Mib- i?2�i`2b- 2i+XVRk ;Q2b #�+F iQ MQ`K�H KQ`2 bHQrHv- �M/ BM � MQM@HBM2�` r�vX h?2
bT2+B}+�iBQM BM 1[X Uk9V +�Tim`2b i?2 B/2� i?�i /2K�M/ 7Q` QM@bBi2 +QMbmKTiBQM BM/mbi`B2b Bb
HBF2Hv iQ `2bmK2 p2`v bHQrHv �7i2` HQ+F/QrM �M/ iQ �++2H2`�i2 iQr�`/b Bib T`2@T�M/2KB+ H2p2H �b
i?2 T�M/2KB+ �TT`Q�+?2b �M 2M/ UQ` �i H2�bi Bb T2`+2Bp2/ iQ +QK2 iQ � +QM+HmbBQMVXRj _2+2Mi 2p@
B/2M+2 7`QK i`�Mb�+iBQM /�i� BM *?BM� U*?2M 2i �HX kykyV #�+Fb i?2 �bbmKTiBQM i?�i /2K�M/ 7Q`
i?2b2 BM/mbi`B2b `2bmK2b KQ`2 bHQrHv i?�M 7Q` BM/mbi`B2b i?�i /Q MQi 7�+2 QM@bBi2 +QMbmKTiBQMX
�M BHHmbi`�iBQM 7Q` i?`22 BM/mbi`B2b i?�i 2Bi?2` /Q MQi 2tT2`B2M+2 �Mv /2K�M/ b?Q+F- 2tT2`B2M+2
� /2K�M/ b?Q+F QMHv /m`BM; HQ+F/QrM Q` 2tT2`B2M+2 � /2K�M/ b?Q+F i?`Qm;?Qmi i?2 T�M/2KB+
Bb ;Bp2M BM 6B;X jX

q2 MQr 2tTH�BM ?Qr i?2 /2K�M/ b?Q+F p2+iQ` �z2+ib +QMbmKTiBQM /2K�M/X _2+�HH 7`QK
1[X UNV- cdi,t = θi,tc̃dt - i?�i +QMbmKTiBQM /2K�M/ Bb i?2 T`Q/m+i Q7 i?2 iQi�H +QMbmKTiBQM b+�H�`
c̃dt �M/ i?2 T`272`2M+2 p2+iQ` θt- r?Qb2 +QKTQM2Mib θi,t `2T`2b2Mi i?2 b?�`2 Q7 iQi�H /2K�M/ 7Q`
;QQ/ iX q2 BMBiB�HBx2 i?2 T`272`2M+2 p2+iQ` #v +QMbB/2`BM; i?2 BMBiB�H +QMbmKTiBQM b?�`2b- i?�i Bb
θi,0 = ci,0/

∑
j cj,0X "v /2}MBiBQM- i?2 BMBiB�H T`272`2M+2 p2+iQ` θ0 bmKb iQ QM2- �M/ r2 F22T i?Bb

MQ`K�HBx�iBQM �i �HH 7QHHQrBM; iBK2 bi2TbX hQ /Q bQ- r2 +QMbB/2` �M �mtBHB�`v T`272`2M+2 p2+iQ`
θ̄t- r?Qb2 +QKTQM2Mib θ̄i,t �`2 Q#i�BM2/ #v �TTHvBM; i?2 b?Q+F p2+iQ` εi,tX h?�i Bb- r2 /2}M2
θ̄i,t = θi,0(1− εi,t) �M/ /2}M2 θi,t �b

θi,t =
θ̄i,t∑
j θ̄j,t

=
(1− εi,t)θi,0∑
j(1− εj,t)θj,0

. Uk8V

h?2 /Bz2`2M+2 1 −
∑

i θ̄i,t Bb i?2 �;;`2;�i2 `2/m+iBQM BM +QMbmKTiBQM /2K�M/ /m2 iQ i?2
/2K�M/ b?Q+F- r?B+? rQmH/ H2�/ iQ �M 2[mBp�H2Mi BM+`2�b2 BM i?2 b�pBM; `�i2X >Qr2p2`- ?Qmb2@
?QH/b K�v MQi r�Mi iQ b�p2 �HH i?2 KQM2v i?�i i?2v �`2 MQi bT2M/BM;X 6Q` 2t�KTH2- i?2v KQbi

Rk 6Q` /2+B/BM; r?2i?2` �M BM/mbi`v 7�+2b QM@bBi2 +QMbmKTiBQM r2 mb2 i?2 b�K2 HBbi i?�i r2 +QKTBH2/ 7Q` i?2
2TB/2KB+ KQ/2H- bmTTH2K2MiBM; Bi rBi? BM/mbi`B2b i?�i �`2 MQi p2`v BM72+iBQmb +QHH2+iBp2Hv- #mi i?�i BM/BpB/m�HHv
+QmH/ #2 T2`+2Bp2/ �b `BbFvX 6Q` 2t�KTH2- BM72+iBQMb r?BH2 #mvBM; � +�` �`2 � M2;HB;B#H2 b?�`2 Q7 �HH BM72+iBQMb-
#mi pBbBiBM; � +�` b2HH2` KB;?i #2 T2`+2Bp2/ �b `BbFvX aT2+B}+�HHv- r2 +H�bbB7v �b BM/mbi`B2b BMpQHpBM; QM@bBi2
+QMbmKTiBQM i?Qb2 rBi? i?2 7QHHQrBM; +Q/2b, :98- :9d- >9N- >8y- >8R- >8k- >8j- A- Ge3- JeNnJdy- P39- S38-
_na- hX

Rj LQi2 i?�i i?2 bT2+B}+�iBQM BM 1[X Uk9V �HbQ �HHQrb 7Q` � bK�HH #mKT BM +QMbmKTiBQM /2K�M/ �i i?2 iBK2 i?2
HQ+F/QrM Bb HB7i2/X
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6B;m`2 j, AHHmbi`�iBQM Q7 /2K�M/ b?Q+FbX 1H2+i`B+Biv U#Hm2 HBM2V /Q2b MQi 2tT2`B2M+2 �Mv /2K�M/ b?Q+Fc T�T2`
K�Mm7�+im`BM; U;`22M HBM2V QMHv 2tT2`B2M+2b � KQ/2`�i2 /2K�M/ b?Q+F /m`BM; HQ+F/QrMc `2bi�m`�Mib U`2/ HBM2V
2tT2`B2M+2 � bi`QM; /2K�M/ b?Q+F /m`BM; HQ+F/QrM- �M/ i?2M i?2 /2K�M/ b?Q+F `2K�BMb T2`bBbi2Mi BM i?2 BMBiB�H
T?�b2 Q7 `2QT2MBM;- /Bb�TT2�`BM; QMHv �b i?2 2M/ Q7 i?2 T�M/2KB+ �TT`Q�+?2bX

HBF2Hv r�Mi iQ bT2M/ QM 7QQ/ i?2 KQM2v i?�i i?2v �`2 b�pBM; QM `2bi�m`�MibX h?2`27Q`2- r2
/2}M2 i?2 �;;`2;�i2 /2K�M/ b?Q+F ε̃t BM 1[X URyV �b

ε̃t = ∆s

(
1−

N∑

i=1

θ̄i,t

)
(1− ρ), UkeV

r?2`2 ∆s Bb i?2 +?�M;2 BM i?2 b�pBM;b `�i2X q?2M ∆s = 1- ?Qmb2?QH/b b�p2 �HH i?2 KQM2v
i?�i i?2v �`2 MQi TH�MMBM; iQ bT2M/ QM BM/mbi`B2b �z2+i2/ #v /2K�M/ b?Q+Fbc r?2M ∆s = 0-
i?2v bT2M/ �HH i?�i KQM2v QM ;QQ/b �M/ b2`pB+2b 7`QK BM/mbi`B2b i?�i �`2 �z2+i2/ H2bbX 6Q` Qm`
bBKmH�iBQMb- r2 i�F2 �M BMi2`K2/B�i2 p�Hm2 ∆s = 0.5X 6BM�HHv- i?2 i2`K (1 − ρ) Bb M22/2/ iQ
�++QmMi 7Q` i?2 �miQ`2;`2bbBp2 T`Q+2bb BM 1[X URyVXR9

.2K�M/ b?Q+F +�HB#`�iBQMX LQi2 i?�i qAP. /BbiBM;mBb?2b }p2 ivT2b Q7 }M�H /2K�M/,
UAV 6BM�H +QMbmKTiBQM 2tT2M/Bim`2 #v ?Qmb2?QH/b- UAAV 6BM�H +QMbmKTiBQM 2tT2M/Bim`2 #v MQM@
T`Q}i Q`;�MBb�iBQMb b2`pBM; ?Qmb2?QH/b- UAAAV 6BM�H +QMbmKTiBQM 2tT2M/Bim`2 #v ;Qp2`MK2Mi UAoV
:`Qbb }t2/ +�TBi�H 7Q`K�iBQM �M/ UoV *?�M;2b BM BMp2MiQ`B2b �M/ p�Hm�#H2bX �//BiBQM�HHv- �HH
}M�H /2K�M/ p�`B�#H2b �`2 �p�BH�#H2 7Q` 2p2`v +QmMi`vX h?2 2M/Q;2MQmb +QMbmKTiBQM p�`B�#H2
ci,0 +Q``2bTQM/b iQ UAV- #mi QMHv 7Q` /QK2biB+ +QMbmKTiBQMX �HH Qi?2` }M�H /2K�M/ +�i2;Q`B2b-
BM+Hm/BM; �HH ivT2b Q7 2tTQ`ib- �`2 �#bQ`#2/ BMiQ fi,0X

q2 �TTHv /Bz2`2Mi BMBiB�H b?Q+Fb iQ i?2 /Bz2`2Mi /2K�M/ +�i2;Q`B2b T`2b2Mi2/ �#Qp2X 6Q`
/QK2biB+ }M�H /2K�M/ p�`B�#H2b r2 �bbmK2 i?2 7QHHQrBM; BMBiB�H b?Q+Fb, q2 mb2 i?2 2biBK�i2b
7`QK *QM;`2bbBQM�H "m/;2i P{+2 UkyyeV �M/ /2H _BQ@*?�MQM� 2i �HX UkykyV iQ +�HB#`�i2 i?2
+QMbmKTiBQM /2K�M/ b?Q+F p�`B�#H2 εDi r?B+? r2 �TTHv iQ i?2 }M�H +QMbmKTiBQM p�`B�#H2b UAV
�M/ UAAVX q2 �bbmK2 i?�i BMp2biK2Mi UAoV Bb `2/m+2/ #v 8XeW- BM HBM2 rBi? i?2 la "m`2�m Q7
1+QMQKB+ �M�HvbBb U"1�V 2biBK�i2b 7Q` i?2 `2/m+iBQM BM BMp2biK2Mi BM i?2 la 7`QK kyRNZ9
iQ kykyZRX q2 /Q MQi �TTHv �Mv 2tQ;2MQmb b?Q+Fb iQ +�i2;Q`B2b UAAAV 6BM�H +QMbmKTiBQM
2tT2M/Bim`2 #v ;Qp2`MK2Mi �M/ UoV *?�M;2b BM BMp2MiQ`B2b �M/ p�Hm�#H2bX

R9A7 ε̃t r�b +QMbi�Mi- BM i?2 bi2�/v bi�i2 log c̃dt rQmH/ #2 `2/m+2/ #v ∆s
(
1−

∑N
i=1 θ̄i,t

)
X

Re



hQ BMBiB�HBb2 i?2 KQ/2H rBi? 7Q`2B;M /2K�M/ b?Q+Fb- r2 mb2 i?2 `2+2Mi 2biBK�i2b QM i`�/2
#v i?2 qQ`H/ h`�/2 P`;�MBb�iBQMX AM i?2B` `2+2Mi 7Q`2+�bi BMi2`M�iBQM�H i`�/2 Bb T`2/B+i2/ iQ
/2+HBM2 #2ir22M Rk@jjW 7Q` 1m`QT2�M +QmMi`B2b U"2FF2`b 2i �HX kykyVX q2 7QHHQr i?2 T2bbBKBbiB+
b+2M�`BQ Q7 i?2 qhP �M/ �bbmK2 � /`QT Q7 jjW BM 7Q`2B;M BMi2`K2/B�i2 �M/ }M�H /2K�M/X

� bmKK�`v Q7 �HH b?Q+Fb Bb T`QpB/2/ BM �TT2M/Bt �- h�#H2 8X h?2`2 Bb +QMbB/2`�#H2 mM+2`@
i�BMiv BM Qm` 2biBK�i2b Q7 }`bi@Q`/2` /2K�M/ b?Q+Fb- r?B+? r2 �BK iQ `2/m+2 BM i?2 7mim`2 #v
+QHH2+iBM; �//BiBQM�H /�i�X >Qr2p2`- b2MbBiBpBiv i2bib b?QrM BM �TT2M/Bt .XR bm;;2bi i?�i Qm`
KQ/2H T`2/B+iBQMb �`2 7�B`Hv `Q#mbi �;�BMbi mM+2`i�BMiB2b BM i?2 b?Q+F 2biBK�i2bX

jXe SQHB+v BMi2`p2MiBQM
�M 2tQ;2MQmb TQHB+vK�F2` Ĝ i?2 ;Qp2`MK2Mi Ĝ +�M BM~m2M+2 2+QMQKB+ Qmi+QK2b BM i?`22 TQbbB#H2
r�vbX 6B`bi- i?2 F2v TQHB+v r?B+? r2 �`2 +QMbB/2`BM; Bb i?2 BKTH2K2Mi�iBQM �M/ rBi?/`�r�H
Q7 � HQ+F/QrMX q?BH2 i?2 BKTH2K2Mi�iBQM Q7 � HQ+F/QrM �z2+ib �HH BM/mbi`B2b bBKmHi�M2QmbHv
�++Q`/BM; iQ i?2 2tQ;2MQmb }`bi@Q`/2` bmTTHv �M/ /2K�M/ b?Q+Fb- i?2 HQ+F/QrM +�M #2 mMrQmM/
7Q` /Bz2`2Mi b2ib Q7 BM/mbi`B2bX q2 2tT2`BK2Mi rBi? /Bz2`2Mi `2@QT2MBM; b+2M�`BQb r?B+? r2 �HbQ
2p�Hm�i2 rBi? `2bT2+i iQ i?2B` BKT�+i QM BM72+iBQmb +QMi�;BQM Ua2+iBQM eVX

a2+QM/- i?2 ;Qp2`MK2Mi +�M �HbQ T�v Qmi �//BiBQM�H bQ+B�H #2M2}ib iQ rQ`F2`b iQ +QKT2Mb�i2
BM+QK2 HQbb2bX .m`BM; i?2 T�M/2KB+ QMHv � 7`�+iBQM Q7 i?2 BMBiB�H H�#Q` 7Q`+2 Bb 2KTHQv2/- /m2
#Qi? iQ /B`2+i b?Q+Fb �M/ bm#b2[m2Mi }`BM;f7m`HQm;?BM;- `2bmHiBM; BM HQr2` H�#Q` +QKT2Mb�iBQM-
BX2X l̃t < l̃0- 7Q` t ≥ tbi�`inHQ+F/QrMX h?2 ;Qp2`MK2Mi +�M `2BK#m`b2 � 7`�+iBQM b Q7 i?2 BM+QK2 HQbb
l̃t − l̃0 �b bQ+B�H #2M2}ib- BM+`2�bBM; /BbTQb�#H2 BM+QK2 Q7 ?Qmb2?QH/b iQ

l̃∗t = l̃t + b(l̃0 − l̃t). UkdV

6QHHQrBM; i?2 +m``2Mi lE TQHB+v QM 7m`HQm;?BM;- r2 b2i b = 0.8 BM Qm` /27�mHi bBKmH�iBQMbX
�b � i?B`/ TQHB+v /BK2MbBQM r2 +QMbB/2` H�#Q` 7Q`+2 �/DmbiK2Mi T�`�K2i2`b γ> �M/ γ6X

_2+�HH 7`QK 1[X URNV i?�i i?2 H�`;2` i?2b2 T�`�K2i2`b- i?2 [mB+F2` }`Kb +�M �/Dmbi i?2B` H�#Q`
BMTmibX >B`BM; �M/ }`BM; Q7 2KTHQv22b +�M #2 +QbiHv rBi?Qmi 7m`i?2` bmTTQ`i #v i?2 ;Qp2`MK2MiX
q2 �bbmK2 i?�i � 7m`HQm;?BM; TQHB+v b+?2K2 BM+`2�b2b i?2 ~2tB#BHBiv Q7 �//BM; �M/ `2KQpBM;
H�#Q` BMTmib iQ �M BM/mbi`vX

q2 2tTHQ`2 BM � bQK2r?�i bivHBx2/ r�v i?2 2z2+i Q7 7m`HQm;?BM; QM i?2 2+QMQKv #v p�`vBM;
T�`�K2i2`b b- γ> �M/ γGX a2iiBM; i?2b2 T�`�K2i2`b iQ H�`;2` p�Hm2b `2T`2b2Mib � `2;BK2 r?2`2
7m`HQm;?BM; Bb 2M+Qm`�;2/ #v i?2 ;Qp2`MK2Mi- r?2`2�b bK�HH2` p�Hm2b BM/B+�i2 i?2 #mbBM2bb@�b@
mbm�H b+2M�`BQ rBi?Qmi 7m`HQm;?BM;X

9 1+QMQKB+ BKT�+i Q7 *PoA.@RN QM i?2 lE 2+QMQKv
q2 MQr b?Qr `2bmHib Q7 i?2 2+QMQKB+ KQ/2H �M/ +QKT�`2 KQ/2H T`2/B+iBQMb iQ /�i�X q2 7Q+mb
QM i?2 #�b2HBM2 +�HB#`�iBQM /Bb+mbb2/ �#Qp2X 6Q` +QMp2MB2M+2 �HH KQ/2H T�`�K2i2`b �`2 `2TQ`i2/
�;�BM BM h�#H2 kX

q2 H2i i?2 KQ/2H bi�`i BM i?2 bi2�/v bi�i2 �i i?2 #2;BMMBM; Q7 kykyX h?2 2+QMQKv `2bib BM
bi2�/v bi�i2 mMiBH J�`+? kj`/- �i r?B+? TQBMi r2 �TTHv i?2 T�M/2KB+ b?Q+FX 6Q` i?Bb bBKmH�iBQM
r2 �bbmK2 i?�i HQ+F/QrM H�bib irQ KQMi?b- mMiBH J�v kj`/- �i r?B+? TQBMi �HH bmTTHv@bB/2
`2bi`B+iBQMb �`2 mMrQmM/X q2 b?Qr i?Bb bT2+B}+ b+2M�`BQ 7Q` BHHmbi`�iBQM Tm`TQb2b- r?BH2 r2
+QMbB/2` Qi?2` `2QT2MBM; b+2M�`BQb BM a2+iBQMb 8Xj �M/ eX8X q2 H2i i?2 KQ/2H `mM 7Q` �MQi?2`
KQMi? �M/ � ?�H7- mMiBH i?2 2M/ Q7 CmM2- iQ �M�Hvb2 Bib `2+Qp2`v T�i?X q2 /Q MQi `mM i?2
KQ/2H 7m`i?2` BM i?2 7mim`2- #Qi? #2+�mb2 Q7 i?2 ;`2�i mM+2`i�BMiB2b BMpQHp2/ �M/ #2+�mb2 Qm`
�bbmKTiBQMb QM MQM@+`BiB+�H BMTmib �`2 QMHv p�HB/ 7Q` � HBKBi2/ iBK2 bT�MX

Rd



h�#H2 k, S�`�K2i2`b Q7 i?2 2+QMQKB+ KQ/2H 7Q` Qm` #�b2HBM2 bBKmH�iBQMbX

L�K2 avK#QH o�Hm2
*QMbmKTiBQM 7mM+iBQM 1[X URyV
S`Q/m+iBQM 7mM+iBQM 1[bX URRV@URjV
AMp2MiQ`v �/DmbiK2Mi τ Ry
lTr�`/ H�#Q` �/DmbiK2Mi γH Rfjy
.QrMr�`/ H�#Q` �/DmbiK2Mi γF RfR8
*QMbmKTiBQM �/DmbiK2Mi ρ yXN3d
:Qp2`MK2Mi #2M2}ib # yX3
*?�M;2 BM b�pBM;b `�i2 ∆s yX8

6B;X 9 b?Qrb KQ/2H `2bmHib 7Q` T`Q/m+iBQM U;`Qbb QmiTmiVc `2bmHib 7Q` Qi?2` BKTQ`i�Mi p�`B@
�#H2b- bm+? �b T`Q}ib- +QMbmKTiBQM �M/ H�#Q` +QKT2Mb�iBQM UM2i Q7 ;Qp2`MK2Mi #2M2}ibV �`2
bBKBH�`X q?2M i?2 HQ+F/QrM bi�`ib- i?2`2 Bb � bm//2M /`QT BM 2+QMQKB+ �+iBpBiv- b?QrM #v �
b?�`T /2+`2�b2 BM T`Q/m+iBQMX � b2+QM/ bK�HH2` /`QT BM T`Q/m+iBQM Q++m`b �i i?2 #2;BMMBM;
Q7 �T`BH- /m2 iQ bQK2 b2`pB+2 b2+iQ`b 7m`i?2` `2/m+BM; T`Q/m+iBQMX h?`Qm;?Qmi i?2 bBKmH�iBQM-
?Qr2p2`- b2`pB+2 b2+iQ`b i2M/ iQ T2`7Q`K #2ii2` i?�M K�Mm7�+im`BM;- i`�/2- i`�MbTQ`i �M/ �+@
+QKKQ/�iBQM b2+iQ`bX h?2 K�BM `2�bQM Bb i?�i KQbi b2`pB+2 b2+iQ`b 7�+2 #Qi? HQr2` bmTTHv
�M/ /2K�M/ b?Q+Fb- �b � ?B;? b?�`2 Q7 rQ`F2`b +�M 2z2+iBp2Hv rQ`F 7`QK ?QK2- �M/ i?2`2 Bb
MQ QM@bBi2 +QMbmKTiBQM 7Q` KQbi #mbBM2bb �M/ T`Q72bbBQM�H b2`pB+2bX AM 7�+i- +QMbmKTiBQM 2p2M
BM+`2�b2b 7Q` b2p2`�H BM/mbi`B2b U+QMbmKTiBQM Q7 ?2�Hi? Bb �M 2t�KTH2VX

q?2M i?2 HQ+F/QrM Bb HB7i2/- i?2 2+QMQKv bi�`ib �TT`Q�+?BM; Bib T`2pBQmb H2p2H- #mi i?Bb Bb
MQi �HH �+?B2p2/ #v i?2 2M/ Q7 CmM2X q?BH2 bQK2 b2+iQ`b [mB+FHv `2im`M +HQb2 iQ T`2@HQ+F/QrM
H2p2Hb- `2+Qp2`v 7Q` Qi?2` b2+iQ`b Bb Km+? bHQr2`X 6Q` 2t�KTH2- _2bi�m`�Mib �M/ h`�MbTQ`i
U;`22M HBM2bV `2+Qp2` p2`v bHQrHv- /m2 iQ i?2 �bbmKTiBQM i?�i +QMbmK2`b �`2 +�miBQmb iQr�`/b
BM/mbi`B2b i?�i BMpQHp2 QM@bBi2 +QMbmKTiBQM Ub22 a2+iBQM jX8 �M/ 6B;X jVX h?2 �;;`2;�i2 H2p2H
Q7 +QMbmKTiBQM �HbQ /Q2b MQi `2im`M iQ T`2@HQ+F/QrM H2p2Hb- /m2 iQ � `2/m+iBQM BM 2tT2+i�iBQMb
Q7 T2`K�M2Mi BM+QK2 �bbQ+B�i2/ rBi? #2HB27b BM �M G@b?�T2/ `2+Qp2`v Ua2+iBQM jXjV- �M/ /m2 iQ
i?2 7�+i i?�i r2 /Q MQi `2KQp2 b?Q+Fb iQ BMp2biK2Mi �M/ 2tTQ`ib Ub22 a2+iBQM jX8VX

*QMbB/2`BM; #Qi? i?2 HQ+F/QrM T2`BQ/ �M/ i?2 TQbi@HQ+F/QrM T�`iB�H `2+Qp2`v- Qm` 7Q`2+�bi
7Q` :.S BM i?2 b2+QM/ [m�`i2` Q7 kyky +QKT�`2/ iQ i?2 H�bi [m�`i2` Q7 kyRN Bb @kRX8WX h?Bb
2biBK�i2 Bb KQ`2 T2bbBKBbiB+ i?�M i?2 K�DQ`Biv Q7 7Q`2+�bib 7Q` i?2 lE 2+QMQKv /QM2 #v 2+QMQKB+
BMbiBimiBQMb �M/ +QMbmHiBM; }`Kb-R8 r?B+?- QM �p2`�;2- �`2 �`QmM/ @R8WX >Qr2p2`- Bi Bb KQ`2
QTiBKBbiB+ i?�M i?2 2biBK�i2 #v i?2 "�MF Q7 1M;H�M/- r?B+? T`2/B+ib � @k8W `2/m+iBQM BM
�;;`2;�i2 :.SXRe

hQ i2bi ?Qr `2�HBbiB+ i?2 `2bmHib Q7 Qm` KQ/2H �`2 r2 +QKT�`2 �b K�Mv KQ/2H T`2/B+iBQMb iQ
/�i� �b TQbbB#H2X 6Q` �;;`2;�i2 /�i�- r2 7Q+mb QM i?2 lE- �HbQ +QMbB/2`BM; aT�BM- 6`�M+2- �M/
Ai�HvX

h?2 lE `2+2MiHv `2H2�b2/ 2�`Hv 2biBK�i2b Q7 M�iBQM�H �++QmMib BM i?2 }`bi [m�`i2` Q7 kykyXRd

"2+�mb2 HQ+F/QrM bi�`i2/ BM i?2 lE QMHv QM J�`+? kj- i?2 BKT�+i QM i?2 lE 2+QMQKv Qp2` �HH
i?2 }`bi [m�`i2` r�b KQ/2biX AM/22/- :.S `2/m+2/ #v �#Qmi kW- �M/ +QMbmKTiBQM /2+`2�b2/
#v RXdWX _mMMBM; Qm` KQ/2H mMiBH i?2 2M/ Q7 J�`+?- r2 }M/ � :.S `2/m+iBQM Q7 RXdW �M/

R8?iiTb,ffrrrX;QpXmFf;Qp2`MK2Mif+QHH2+iBQMbf/�i�@7Q`2+�bib
Rea22 i?2 KQM2i�`v TQHB+v `2TQ`i Q7 J�v kyky U?iiTb,ffrrrX#�MFQ72M;H�M/X+QXmFf@fK2/B�f#Q2f7BH2bf

KQM2i�`v@TQHB+v@`2TQ`ifkykyfK�vfKQM2i�`v@TQHB+v@`2TQ`i@K�v@kykyV- b2+iBQM k ǳ*m``2Mi 2+QMQKB+ +QM/B@
iBQMbǴX

Rd?iiTb,ffrrrXQMbX;QpXmFf2+QMQKvf;`Qbb/QK2biB+T`Q/m+i;/Tf#mHH2iBMbf;/T7B`bi[m�`i2`Hv2biBK�i2mFf
D�Mm�`viQK�`+?kyky
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Aggregate Agriculture and industry Trade, transport, restaurants Business and social services

6B;m`2 9, 1+QMQKB+ T`Q/m+iBQM �b � 7mM+iBQM Q7 iBK2X q2 THQi T`Q/m+iBQM U;`Qbb QmiTmiV �b � 7mM+iBQM
Q7 iBK2 7Q` 2�+? Q7 i?2 88 BM/mbi`B2bX �;;`2;�i2 T`Q/m+iBQM Bb � i?B+F #H�+F HBM2 �M/ 2�+? b2+iQ` Bb +QHQ`2/X
�;`B+mHim`�H �M/ BM/mbi`B�H b2+iQ`b �`2 +QHQ`2/ `2/c i`�/2- i`�MbTQ`i- �M/ `2bi�m`�Mib �`2 +QHQ`2/ ;`22Mc b2`pB+2
b2+iQ`b �`2 +QHQ`2/ #Hm2X �HH b2+iQ`�H T`Q/m+iBQMb �`2 MQ`K�HBx2/ iQ i?2B` T`2@HQ+F/QrM H2p2Hb- �M/ 2�+? HBM2 bBx2
Bb T`QTQ`iBQM�H iQ i?2 bi2�/v@bi�i2 ;`Qbb QmiTmi Q7 i?2 +Q``2bTQM/BM; b2+iQ`X

� +QMbmKTiBQM `2/m+iBQM Q7 RXjWX G�#Q` +QKT2Mb�iBQM �+im�HHv BM+`2�b2/ BM i?2 lE #v yX3W-
r?BH2 BM Qm` KQ/2H Bi /2+`2�b2/ #v yXjWX q?BH2 /�i� 7Q` H�#Q` +QKT2Mb�iBQM �`2 T`Q#�#Hv
MQi �z2+i2/ #v QMHv � r22F Q7 HQ+F/QrM- Bi Bb BMi2`2biBM; i?�i #Qi? BM /�i� �M/ BM Qm` KQ/2H
+QMbmKTiBQM /2+`2�b2/ KQ`2 i?�M BM+QK2- � T2+mHB�` 72�im`2 Q7 i?Bb T�M/2KB+@BM/m+2/ `2+2bbBQM
UJm2HH#�m2` kykyVX

aT�BM- 6`�M+2- �M/ Ai�Hv ?�p2 `2TQ`i2/ � H�`;2` 2z2+iX _2K�`F�#Hv- `2+2MiHv `2H2�b2/ /�i�
7`QK bi�iBbiB+�H Q{+2b `2p2�Hb i?�i �HH i?2b2 +QmMi`B2b 2tT2+i � /2+HBM2 BM :.S Q7 �`QmM/ 8W BM
kyky@ZR- r?B+? Bb bm#bi�MiB�HHv H�`;2` i?�M i?2 kW `2/m+iBQM BM i?2 lEX aBM+2 i?Bb Bb KQbiHv
/m2 iQ i?2b2 +QmMi`B2b bi�`iBM; rB/2bT`2�/ HQ+F/QrMb #2ir22M QM2 �M/ irQ r22Fb 2�`HB2` i?�M
i?2 lE- r2 `2`mM Qm` KQ/2H bi�`iBM; HQ+F/QrM QM J�`+? R8X AM i?Bb +�b2- r2 }M/ i?�i [m�`i2`Hv
:.S /2+`2�b2b #v jXjWX h?Bb Bb bQK2r?�i Qz i?2 8W K�`F- #mi T�`i Q7 i?2 2``Q` T`Q#�#Hv
+QK2b 7`QK i?2 7�+i i?�i r2 +�HB#`�i2 Qm` KQ/2H QM lE /�i� U2X;X AP i�#H2bV- �M/ r2 �bbmK2 MQ
`2/m+iBQM BM :.S �i �HH #27Q`2 J�`+? R8 UBM +QMi`�bi iQ i?2 2pB/2M+2 Q7 /Bb`mTiBQMb BM bmTTHv
+?�BMb- `2/m+2/ BMi2`M�iBQM�H i`�p2H �M/ 2�`Hv `2�+iBQM #v bQK2 +QMbmK2`b T`BQ` iQ i?Bb /�i2VX

aQ 7�`- r2 +QMbB/2`2/ i2biBM; /�i� �;;`2;�i2/ �i i?2 M�iBQM�H H2p2H- �M/ QMHv T2`i�BMBM; �i
KQbi iQ i?2 }`bi R8 /�vb Q7 HQ+F/QrMX >Qr2p2`- r2 r�Mi iQ i2bi i?2 T`2/B+iBQMb Q7 Qm` KQ/2H �i
� /2i�BH2/ b2+iQ`�H H2p2H- �M/ �HbQ 2tTHQ`2 ?Qr Qm` KQ/2H 7�`2b /22T2` BMiQ i?2 HQ+F/QrM T2`BQ/X
h?2 #2bi b2+iQ`�H /�i� i?�i r2 +QmH/ }M/ r2`2 `2H2�b2/ #v i?2 ai�i2b Q7 q�b?BM;iQM �M/ h2t�b-
r?B+? `2H2�b2/ r22FHv mM2KTHQvK2Mi +H�BKb /�i� �i � ?B;? H2p2H Q7 BM/mbi`B�H /Bb�;;`2;�iBQMX
AM T�`iB+mH�`- q�b?BM;iQM `2H2�b2/ /�i� mT iQ e@/B;Bi L�A*a- r?BH2 h2t�b `2H2�b2/ /�i� 7Q` Rd
#`Q�/ BM/mbi`B2bXR3 hQ +QKT�`2 rBi? i?2 T`2/B+iBQMb Q7 Qm` KQ/2H- r2 K�F2 i?2 ?vTQi?2bBb i?�i

R3q2 ?�/ iQ +H2�M i?2 /�i� BKTmiBM; bQK2 KBbbBM; BM7Q`K�iBQM �M/ iQ /Q � +`Qbbr�HF 7`QK L�A*a iQ qAP.

RN



6B;m`2 8, *QKT�`BbQM Q7 KQ/2H T`2/B+iBQMb iQ /�i�X AM #Qi? T�M2Hb- QM #Qi? �t2b- r2 b?Qr i?2 `�iBQ
#2ir22M 2KTHQvK2Mi 9k Uq�b?BM;iQMV Q` j8 Uh2t�bV /�vb �7i2` i?2 b?Q+F �M/ 2KTHQvK2Mi #27Q`2 i?2 b?Q+FX
.Qib �`2 b+�H2/ �++Q`/BM; iQ 2KTHQvK2Mi b?�`2bX h?2 /Qib H�#2Hb `272` iQ BM/mbi`v +Q/2b- b22 �TT2M/Bt 7Q` i?2
+Q``2bTQM/BM; M�K2bX h?2 B/2MiBiv HBM2 Bb b?QrM 7Q` `272`2M+2X

`2H�iBp2 `2/m+iBQMb BM 2KTHQvK2Mi �+`Qbb /Bz2`2Mi b2+iQ`b �`2 bBKBH�` BM i?2 lE �b BM q�b?BM;iQM
�M/ h2t�bc 7Q` 2t�KTH2- `2bi�m`�Mi rQ`F2`b �`2 KQ`2 HBF2Hv iQ #2 }`2/ Q` 7m`HQm;?2/ i?�M rQ`F2`b
BM 7QQ/ K�Mm7�+im`BM; BM �HH i?2b2 TH�+2bX q2 +QMbB/2` mM2KTHQvK2Mi +H�BKb 7`QK J�`+? R9
i?`Qm;? �T`BH k8 7Q` q�b?BM;iQM- �M/ i?`Qm;? �T`BH R3 7Q` h2t�bX q?BH2 J�`+? R9 r�b MQi
i?2 Q{+B�H bi�`i Q7 HQ+F/QrM 7Q` 2Bi?2` ai�i2- mM2KTHQvK2Mi +H�BKb bi�`i2/ iQ bTBF2 /m`BM; i?�i
r22F- K�FBM; Bi i?2 B/2�H bi�`iBM; TQBMi iQ +QKT�`2 i?2 T`2/B+iBQMb Q7 Qm` KQ/2H iQ /�i�X hQ
`mM i?2 KQ/2H 7Q` i?2 b�K2 iBK2 bT�M �b i?2 /�i�- r2 `mM Bi 7Q` 9k /�vb �7i2` BKTQbBM; HQ+F/QrM
iQ +QKT�`2 iQ q�b?BM;iQM /�i�- �M/ 7Q` j8 /�vb 7Q` h2t�b /�i�X

6B;m`2 8 b?Qrb i?2 `�iBQ Q7 2KTHQvK2Mi H2p2Hb QM �T`BH k8 iQ 2KTHQvK2Mi H2p2Hb QM J�`+?
R9- #Qi? BM i?2 KQ/2H �M/ BM i?2 q�b?BM;iQM /�i�- �+`Qbb �HH b2+iQ`bX h?2 S2�`bQM +Q``2H�iBQM
#2ir22M i?2 KQ/2HǶb T`2/B+iBQMb �M/ i?2 /�i� Bb 0.44- �M/ i?2 +Q``2H�iBQM r2B;?i2/ #v i?2
2KTHQvK2Mi b?�`2 Q7 2�+? b2+iQ` Bb 0.66X h?Bb BM/B+�i2b i?�i T`2/B+iBQMb 7Q` i?2 H�`;2bi b2+iQ`b �`2
KQ`2 �++m`�i2X AM KQbi +�b2b i?2 KQ/2H bQK2r?�i Qp2`2biBK�i2b i?2 `2/m+iBQM BM 2KTHQvK2MiX
>Qr2p2`- BM � 72r +�b2b 2KTHQvK2Mi `2/m+iBQM Bb �+im�HHv mM/2`2biBK�i2/- 7Q` 2t�KTH2 BM ?2�Hi?
UZ- H�`;2 /Qi QM i?2 `B;?iVX

*QKT�`BbQM rBi? h2t�b /�i� vB2H/b bBKBH�` `2bmHib- 2t+2Ti i?�i BM i?Bb +�b2 i?2 KQ/2H p�biHv
Qp2`2biBK�i2b i?2 MmK#2` Q7 }`BM;bX >Qr2p2`- +Q``2H�iBQMb �`2 ?B;?2` BM i?Bb +�b2- �b i?2 S2�`bQM
+Q``2H�iBQM +Q2{+B2Mi Bb yXe3 �M/ i?2 r2B;?i2/ +Q``2H�iBQM +Q2{+B2Mi Bb yXdkX

q2 T2`7Q`K i?2 b�K2 +QKT�`BbQM #2ir22M KQ/2H T`2/B+iBQMb �M/ 2KTB`B+�H /�i� 7Q` �Hi2`@
M�iBp2 bT2+B}+�iBQMb BM �TT2M/Bt .X8X *QMbB/2`BM; �HH b2MbBiBpBiv +�b2b bim/B2/ BM �TT2M/Bt .-
i?2 +Q``2H�iBQM +Q2{+B2Mib HBbi2/ �#Qp2 �`2 p2`v `Q#mbiX h?2 QMHv 2t+2TiBQM Bb i?2 +�b2 BM r?B+?
r2 +QMbB/2` � G2QMiB27 T`Q/m+iBQM 7mM+iBQM- r?2`2 i?2 +Q``2H�iBQM #2ir22M KQ/2H T`2/B+iBQMb
�M/ /�i� 2p2M #2+QK2b M2;�iBp2X h?2 +Q``2H�iBQM Bb �HbQ HQr B7 r2 +QMbB/2` BKTQ`i�Mi BMTmib �b
+`BiB+�H Q` ?�H7@+`BiB+�HX

Pp2`�HH- r2 i�F2 #Qi? i?2 �;;`2;�i2 �M/ b2+iQ`�H `2bmHib �b �M BM/B+�iBQM i?�i i?2 Qmi+QK2b
Q7 i?2 KQ/2H �`2 BM ;QQ/ [m�HBi�iBp2 �;`22K2Mi rBi? i?2 `2�HBivX h?2`2 `2K�BMb bQK2 bB;MB}+�Mi
[m�MiBi�iBp2 /Bz2`2M+2b- #mi �HbQ � bm#bi�MiB�H K�`;BM 7Q` BKT`Qp2K2Mi �b r2 ?�p2 MQi }ii2/
K�Mv T�`�K2i2`b- /2K�M/ b?Q+Fb +�M #2 BKT`Qp2/- �M/ r2 ?�p2 iQ +QKT�`2 � lE KQ/2H iQ
bi�i2@H2p2H la /�i�X q2 �HbQ i�F2 i?2 `2bmHi �b � +H2�` BM/B+�iBQM i?�i i?2 G2QMiB27 T`Q/m+iBQM
7mM+iBQM T`Q/m+2b T`2/B+iBQMb �i Q//b rBi? 2KTB`B+�H /�i�- bmTTQ`iBM; Qm` KQ/2HBM; +?QB+2 Q7
+QMbB/2`BM; MQM@+`BiB+�H BMTmibX
b2+iQ`X .2i�BHb �`2 �p�BH�#H2 mTQM `2[m2biX

ky



8 amTTHv- /2K�M/ �M/ M2irQ`F 2z2+ib
8XR S`Q/m+iBQM �M/ BMTmi +`BiB+�HBiv
� F2v BMMQp�iBQM Q7 Qm` KQ/2H Bb i?�i Bi mb2b � T`Q/m+iBQM 7mM+iBQM i?�i /BbiBM;mBb?2b #2ir22M
+`BiB+�H �M/ MQM@+`BiB+�H BMTmib- #�b2/ QM i?2 A>a J�`FBi �M�Hvbi `�iBM;bX hQ #2ii2` mM/2`bi�M/
?Qr /Bz2`2Mi �bbmKTiBQMb QM BMTmi +`BiB+�HBiv BM~m2M+2 Qmi+QK2b- r2 BKTH2K2Mi2/ p�`BQmb bT2+@
B}+�iBQMbX

h?2 KQbi `B;B/ +�b2 Bb i?2 G2QMiB27 T`Q/m+iBQM 7mM+iBQM- BM r?B+? 2p2`v TQbBiBp2 2Mi`v BM i?2
i2+?MB+�H +Q2{+B2Mi K�i`Bt A Bb � #BM/BM; BMTmi iQ �M BM/mbi`v- `2/m+BM; ǳBMTmi #QiiH2M2+FbǴ-
1[X URkV- iQ

xBMT
i,t = min

{j: Aji>0}

{
Sji,t

Aji

}
, Uk3V

AM i?Bb +�b2 �M BM/mbi`v rQmH/ ?�Hi T`Q/m+iBQM BKK2/B�i2Hv B7 BMp2MiQ`B2b Q7 �Mv BMTmi �`2 `mM
/QrM- 2p2M 7Q` bK�HH �M/ TQi2MiB�HHv M2;HB;B#H2 BMTmib X

�i i?2 Qi?2` 2ti`2K2- r2 BKTH2K2Mi � HBM2�` T`Q/m+iBQM 7mM+iBQM 7Q` r?B+? �HH BMTmib �`2
T2`72+iHv bm#biBimi�#H2X >2`2- T`Q/m+iBQM BM �M BM/mbi`v +�M biBHH +QMiBMm2 B7 BMTmib +�MMQi
#2 T`QpB/2/- �b HQM; �b i?2`2 Bb bm{+B2Mi bmTTHv Q7 �Hi2`M�iBp2 BMTmibX h?mb- i?2`2 Bb MQ BMTmi
#QiiH2M2+Fb 7Q` BM/BpB/m�H BMTmib- ?Qr2p2`- T`Q/m+iBQM +�M #2 +QMbi`�BM2/ B7 i?2 BMTmi BMp2MiQ`B2b
�`2 BMbm{+B2MiX AM i?Bb +�b2 r2 ?�p2

xBMT
i,t =

∑
j Sji,t∑
j Aji

. UkNV

LQi2 i?�i BMi2`K2/B�i2 BMTmib �`2 T2`72+iHv bm#biBimi�#H2 BM i?Bb +�b2- #mi � H�+F Q7 H�#Q` bmTTHv
+�MMQi #2 +QKT2Mb�i2/ #v Qi?2` BMTmibX

q2 �HbQ BKTH2K2Mi2/ i?`22 /Bz2`2Mi T`Q/m+iBQM 7mM+iBQM bT2+B}+�iBQMb #�b2/ QM i?2 +`BiB@
+�HBiv `�iBM;b Q7 A>a J�`FBi �M�HvbibX _2+�HH i?�i r2 /2}M2 +`BiB+�H BMTmib �b i?Qb2 i?�i r2`2
`�i2/ R- MQM +`BiB+�H i?Qb2 i?�i r2`2 `�i2/ y- �M/ BKTQ`i�Mi i?Qb2 i?�i r2`2 `�i2/ yX8X 6B`bi-
r2 mb2 i?2 #�b2HBM2 T`Q/m+iBQM 7mM+iBQM Q7 i?2 K�BM i2ti r?2`2 r2 b2i �HH BMTmi `�iBM;b Q7 yX8
2[m�H iQ y Ui?Bb K�F2b i?2K MQM@+`BiB+�H BMTmibVX a2+QM/- r2 b2i �HH yX8 BMTmi `�iBM;b 2[m�H iQ
R iQ K�F2 i?2K +`BiB+�H BMTmibX h?Bb KQp2b mb +HQb2` iQ i?2 G2QMiB27 T`Q/m+iBQM 7mM+iBQMX �b �
i?B`/ +�b2- r2 BKTH2K2Mi i?2 bT2+B}+�iBQM r?2`2 �M BM/mbi`vǶb T`Q/m+iBQM b+�H2b T`QTQ`iBQM�HHv
iQ i?2 yX8 `�iBM; Q7 BKTQ`i�Mi BMTmibX h?mb- r2 ?�p2

xBMT
i,t = min

{∀j∈Vi, ∀k∈Ui}

{
Sji,t

Aji
,
1

2

(
Ski,t

Aki
+ x+�T

i,0

)}
, UjyV

r?2`2 Vi Bb i?2 b2i Q7 +`BiB+�H BMTmib �M/ Ui Bb i?2 b2i Q7 BKTQ`i�Mi BMTmib iQ BM/mbi`v iX h?Bb
K2�Mb i?�i B7 �M BKTQ`i�Mi BMTmi ;Q2b /QrM #v 8yW +QKT�`2/ iQ BMBiB�H H2p2Hb- T`Q/m+iBQM Q7
i?2 BM/mbi`v rQmH/ /2+`2�b2 #v k8WX AM +�b2 i?2 biQ+F Q7 i?Bb BMTmi Bb 7mHHv /2TH2i2/- T`Q/m+iBQM
/`QTb iQ 8yW Q7 BMBiB�H H2p2HbX

AM 6B;X e r2 b?Qr bBKmH�iBQM `2bmHib QM iQi�H T`Q/m+iBQM x̃t- H�#Q` +QKT2Mb�iBQM l̃t- T`Q}ib
π̃t �M/ ?Qmb2?QH/ +QMbmKTiBQM c̃tc 1[X UjV@UeVX LQi2 i?�i p�Hm2 �//2/ Bb i?2 bmK Q7 T`Q}ib �M/
H�#Q` +QKT2Mb�iBQMX AM i?2 bBKmH�iBQM- tbi�`inHQ+F/QrM = 2-RN �M/ i?2`2 Bb MQ `2@QT2MBM; BM i?2
7QHHQrBM; bBt KQMi?b UR3y /�vbVX

�b 2tT2+i2/ r2 }M/ i?2 H�`;2bi /`QT 7Q` �HH 2+QMQKB+ p�`B�#H2b 7Q` i?2 G2QMiB27 T`Q/m+@
iBQM 7mM+iBQM- r?2`2 2p2`v BMTmi +�M TQi2MiB�HHv #2+QK2 #BM/BM; U#H�+F HBM2VX 6Q` i?2 G2QMiB27

RN*?QQbBM; � iBK2 bi2T 7Q` �TTHvBM; i?2 T�M/2KB+ b?Q+F Bb �`#Bi`�`v- �b i?2 KQ/2H `2bib BM bi2�/v bi�i2
#27Q`2?�M/X AM a2+iBQM 9 r2 +?Qb2 J�`+? 23`/ �b i?2 bi�`iBM; /�i2 Q7 HQ+F/QrM iQ 2�bBHv +QKT�`2 iQ lE [m�`i2`Hv
/�i�- BM i?2 7QHHQrBM; r2 �TTHv i?2 T�M/2KB+ b?Q+F �i t = 2- rBi? MQ HQbb BM ;2M2`�HBivX

kR



2+QMQKv Qm` KQ/2H T`2/B+ib `Qm;?Hv � dyW /`QT BM ;`Qbb QmiTmi- +QMbmKTiBQM �M/ H�#Q` +QK@
T2Mb�iBQM Qp2` i?2 M2ti bBt KQMi?b B7 i?2 HQ+F/QrM +QMiBMm2bX

�;�BM BM HBM2 rBi? BMimBiBQM- r2 Q#i�BM i?2 KBH/2bi 2+QMQKB+ BKT�+ib 7Q` i?2 HBM2�` T`Q/m+iBQM
7mM+iBQM U#Hm2VX h?2`2 Bb biBHH � bm#bi�MiB�H /`QT BM �HH p�`B�#H2b /m2 iQ }`bi@Q`/2` b?Q+Fb- #mi
HBiiH2 7m`i?2` �/DmbiK2Mi `2bmHiBM; 7`QK M2irQ`F 2z2+ibX

h?2 T`Q/m+iBQM 7mM+iBQM bT2+B}+�iBQMb mbBM; i?2 `2bmHib Q7 i?2 A>a J�`FBi bm`p2v HB2 bQK2@
r?2`2 BM #2ir22M i?2b2 irQ 2ti`2K2bX h`2�iBM; �HH BKTQ`i�Mi BMTmib �b +`BiB+�H �HbQ vB2H/b �
b2p2`2 /`QT BM 2+QMQKB+ T`Q/m+iBQM �M/ �HH Qi?2` p�`B�#H2b U;`22MVX h?2 `2/ HBM2 BM/B+�i2b i?2
b+2M�`BQ r?2`2 �HH BKTQ`i�Mi BMTmib �`2 +QMbB/2`2/ iQ #2 MQM@+`BiB+�H- r?B+? Bb i?2 #�b2HBM2
bT2+B}+�iBQM Q7 Qm` KQ/2HX h?2 `2bmHib 7Q` i?Bb +�b2 �`2 KQ`2 bBKBH�` iQ i?2 HBM2�` T`Q/m+iBQM
7mM+iBQM- �Hi?Qm;? bHB;?iHv KQ`2 b2p2`2 /m2 iQ i?2 ?B;?2` `BbF Q7 H�+FBM; +`BiB+�H BMTmibX h`2�iBM;
BKTQ`i�Mi BMTmib �b ?�H7@+`BiB+�H bm+? i?�i QmiTmi b+�H2b rBi? i?2 BMTmib #v i?2 7�+iQ` Q7 Rfk Bb
i?2 ǵK2/B�MǶ b+2M�`BQ BM i?2b2 bBKmH�iBQMb- �b BM/B+�i2/ #v i?2 Q`�M;2 HBM2X

AM �TT2M/Bt .Xj r2 b?Qr i?2 `2+Qp2`v T�i?b �7i2` `2@QT2MBM; i?2 2MiB`2 2+QMQKvX �Hi?Qm;?
i?2 T`Q/m+iBQM 7mM+iBQMb +�M vB2H/ bm#bi�MiB�HHv /Bz2`2Mi 2+QMQKB+ BKT�+ib BM HQ+F/QrM- i?2v
+QMp2`;2 BM i?2 HQM;@`mM �7i2` i?2 2+QMQKv Bb `2@QT2M2/X
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6B;m`2 e, *QKT�`BbQM Q7 T`Q/m+iBQM 7mM+iBQMb 7Q` BM/2}MBi2 HQ+F/QrMX hQi�H QmiTmi- `2�HBx2/ +QMbmKT@
iBQM- T`Q}ib �M/ H�#Q` +QKT2Mb�iBQM 7Q` }p2 T`Q/m+iBQM 7mM+iBQM bT2+B}+�iBQMb �7i2` i?2 HQ+F/QrM Bb BKTQb2/
�i t = 2 U/�b?2/ p2`iB+�H HBM2VX �HH p�Hm2b �`2 MQ`K�HBx2/ iQ i?2 BMBiB�H MQ@HQ+F/QrM bi2�/v bi�i2 �M/ i?2`2
Bb MQ `2@QT2MBM; Q7 BM/mbi`B2bX GBM2�` U#Hm2V /2MQi2b � HBM2�` T`Q/m+iBQMX h?2 `2/ HBM2 `2T`2b2Mib i?2 #�b2HBM2
T`Q/m+iBQM 7mM+iBQM rBi? �HH BKTQ`i�Mi UyX8V BMTmib #2BM; b2i iQ #2 MQM@+`BiB+�HX h?2 Q`�M;2 HBM2 Bb i?2 +�b2 r?2`2
T`Q/m+iBQM b+�H2b rBi? � 7�+iQ` Q7 Rfk rBi? BKTQ`i�Mi BMTmibX h?2 ;`22M HBM2 UBKTQ`i�Mi4RV Bb i?2 +�b2 r?2`2
�HH BKTQ`i�Mi BMTmib �`2 i`2�i2/ �b +`BiB+�HX h?2 #H�+F HBM2 i?2 G2QMiB27 T`Q/m+iBQM 7mM+iBQM r?2`2 �HH BMTmib �`2
+`BiB+�HX

kk



8Xk 6B`bi@Q`/2` b?Q+Fb- b?Q+F T`QT�;�iBQM �M/ iQi�H BKT�+i
Pm` KQ/2H Bb BMBiB�HBb2/ rBi? i?2 }`bi@Q`/2` bmTTHv �M/ /2K�M/ b?Q+Fb /Bb+mbb2/ BM a2+iBQM jX8
�M/ bBKmH�i2b ?Qr i?2 2+QMQKB+ bvbi2K i`�MbH�i2b i?2b2 b?Q+Fb BMiQ Qp2`�HH 2+QMQKB+ BKT�+ibX
_2+�HH i?�i 2tQ;2MQmb bmTTHv b?Q+Fb H2�/ iQ �M BKK2/B�i2 `2/m+iBQM BM ;`Qbb QmiTmiX q2 H2i
i?2 /B`2+i QmiTmi b?Q+F #2

Pa/B`2+i
i ≡

xb?Q+F2/
i,0 − xi,0

xi,0
=

(1− εSi,0)xi,0 − xi,0

xi,0
= −εSi,0, UjRV

r?B+? Bb 2[mBp�H2Mi iQ }`bi@Q`/2` bmTTHv b?Q+FbX aBKBH�`Hv- 2tQ;2MQmb /2K�M/ b?Q+Fb BMbi�Mi�@
M2QmbHv /2+`2�b2 }M�H +QMbmKTiBQMX JQ`2 7Q`K�HHv- r2 /2}M2 /B`2+i }M�H +QMbmKTiBQM b?Q+Fb
�b

*a/B`2+i
i ≡

cb?Q+F2/
i,0 + f b?Q+F2/

i,0 − ci,0 − fi,0

ci,0 + fi,0
. UjkV

h?2 mTT2` T�M2H Q7 6B;X d pBbm�HBb2b 7Q` 2�+? b2+iQ` Q7 i?2 lE 2+QMQKv i?2 `2/m+iBQM BM ;`Qbb
QmiTmi Pa/B`2+i

i �M/ }M�H +QMbmKTiBQM *a/B`2+i
i �b � `2bmHi Q7 }`bi@Q`/2` b?Q+FbX q?BH2 bQK2

BM/mbi`B2b bm+? �b 6Q`2bi`v �M/ GQ;;BM; U�ykV 7�+2 H�`;2` BKK2/B�i2 `2/m+iBQMb BM ;`Qbb QmiTmi
i?�M }M�H +QMbmKTiBQM- i`�MbTQ`i BM/mbi`B2b U>9N@8RV 2tT2`B2M+2 Km+? H�`;2` M2;�iBp2 b?Q+Fb
BM }M�H +QMbmKTiBQMX _2/m+iBQMb BM #Qi? }M�H +QMbmKTiBQM �M/ ;`Qbb QmiTmi �`2 2MQ`KQmb 7Q`
�++QKKQ/�iBQM �M/ 6QQ/ a2`pB+2 �+iBpBiB2b UAVX

q2 �HbQ [m�MiB7v ?B;?2`@Q`/2` BKT�+ib QM ;`Qbb QmiTmi UbmTTHv@bB/2V �M/ }M�H +QMbmKTiBQM
U/2K�M/@bB/2VX h?2b2 BM/B`2+i 2z2+ib �`2 iBK2@/2T2M/2Mi bBM+2 Qp2`�HH 2+QMQKB+ T2`7Q`K�M+2
+?�M;2b BM iBK2 �b +�M #2 b22M 7`QK i?2 bBKmH�iBQMb �#Qp2X LQi2 i?�i ?B;?2`@Q`/2` BKT�+ib
BM ;`Qbb QmiTmi /Q MQi M2+2bb�`BHv M22/ iQ #2 +�mb2/ #v bmTTHv@bB/2 b?Q+Fb #mi +QmH/ �HbQ
`2bmHi 7`QK � H�+F Q7 /2K�M/X *QMp2`b2Hv- }M�H +QMbmKTiBQM `2/m+iBQMb +�M bi2K 7`QK HQr2`2/
T`Q/m+iBQM H2p2HbX q2 H2i i?2 iQi�H QmiTmi b?Q+F �i �Mv iBK2 /2MQi2

PaiQi�H
i,t = xi,t/xi,0 − 1.

h?2 BM/B`2+i QmiTmi b?Q+F Bb i?2M +QKTmi2/ �b i?2 `2bB/m�H Q7 i?2 iQi�H QmiTmi b?Q+F PaiQi�H
i,t

�M/ /B`2+i QmiTmi b?Q+F Pa/B`2+i
i X h?mb- 7Q` i?2 BM/B`2+i QmiTmi b?Q+F r2 ?�p2

PaBM/B`2+i
i,t = PaiQi�H

i,t −Pa/B`2+i
i . UjjV

aBKBH�`Hv- r2 +QKTmi2 BM/B`2+i }M�H +QMbmKTiBQM b?Q+Fb �b

*aBM/B`2+i
i,t = *aiQi�H

i,t − *a/B`2+i
i , Uj9V

r?2`2 *aiQi�H
i,t = (ci,t + fi,t)/(ci,0 + fi,0)− 1 Bb i?2 Qp2`�HH }M�H +QMbmKTiBQM b?Q+FX

h?2 +2Mi2` T�M2H Q7 6B;X d b?Qrb � b+�ii2` THQi r?2`2 i?2 t@�tBb /2MQi2b /B`2+i QmiTmi
b?Q+Fb Pa/B`2+i

i �M/ i?2 v@�tBb BM/B`2+i QmiTmi b?Q+Fb Pa/B`2+i
i,t 7Q` t = 60- BX2X irQ KQMi?b BMiQ

HQ+F/QrMX SQBMib b+�ii2` BM �M BMp2`i2/ G@b?�T2 BM/B+�iBM; i?�i BM/mbi`B2b i?�i 2tT2`B2M+2 H�`;2
/B`2+i QmiTmi b?Q+Fb /Q MQi `2/m+2 T`Q/m+iBQM Km+? KQ`2 BM i?2 +Qm`b2 Q7 i?2 HQ+F/QrMX AM
+QMi`�bi- K�Mv BM/mbi`B2b i?�i 2tT2`B2M+2 HBiiH2 Q` MQ /B`2+i b?Q+Fb iQ i?2B` T`Q/m+iBp2 +�T�+BiB2b
/QrMbBx2 2+QMQKB+ T`Q/m+iBQM bm#bi�MiB�HHv �7i2` irQ KQMi?bX

h?2 #QiiQK T�M2H Q7 6B;X d Bb i?2 b�K2 #mi 7Q` }M�H +QMbmKTiBQM BMbi2�/ Q7 QmiTmiX �Hi?Qm;?
bBKBH�` T�ii2`Mb +�M #2 Q#b2`p2/- i?2`2 �`2 �HbQ � 72r H�`;2` /Bz2`2M+2bX 6Q` i?2 K�DQ`Biv Q7 BM@
/mbi`B2b i?2`2 �`2 H2bb 2ti`2K2 /B`2+i �M/ BM/B`2+i 2z2+ib QM }M�H +QMbmKTiBQMX h?2b2 BM/mbi`B2b
i?mb HB2 +HQb2` iQ i?2 B/2MiBiv HBM2X q?BH2 �HH ?B;?2`@Q`/2` bmTTHv@bB/2 2z2+ib �`2 MQM@TQbBiBp2-
�HKQbi ?�H7 Q7 i?2 BM/mbi`B2b 7�+2 TQbBiBp2 ?B;?2`@Q`/2` +QMbmKTiBQM 2z2+ib- �Hi?Qm;? i?2v i2M/

kj



iQ #2 p2`v bK�HHX LQi2 i?�i i?2 p�bi K�DQ`Biv UNkWV biBHH 7�+2 M2;�iBp2 iQi�H +QMbmKTiBQM 27@
72+ibX SQbBiBp2 p�Hm2b QM i?2 v@�tBb BM/B+�i2 i?�i ?B;?2`@Q`/2` BKT�+ib QM }M�H +QMbmKTiBQM �`2
bHB;?iHv KBiB;�iBM; BMBiB�H b?Q+FbX 6Q` 2t�KTH2- h`�MbTQ`i �M/ q�`2?QmbBM; BM/mbi`B2b U>9N@8kV
�`2 bm#bi�MiB�HHv ?Bi #v /B`2+i /2K�M/ b?Q+FbX h?2 iQi�H BKT�+i �7i2` irQ KQMi?b Q7 HQ+F/QrM
Bb bQK2r?�i #2HQr i?2b2 H2p2HbX

k9
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A: Agriculture

B: Mining

C: Manufacturing

D: Electricity

E: Utilities

F: Construction

G: Trade

H: Transport

I: Accommodation

J: ICT

K: Finance

L: Real Estate

M: Business S.

N: Priv. Admin

O: Pub. Admin

P: Education

Q: Health

R: Other S.

T: Households

●

●

−ΔOutp. > −ΔCons.

−ΔCons. > −ΔOutp.

6B;m`2 d, lTT2` T�M2H, a2+iQ`�H }`bi@Q`/2` b?Q+Fb BM i?2 lE 2+QMQKv QM i?2 bmTTHv �M/ /2K�M/ bB/2bX
h?2 �t2b ;Bp2 W@`2/m+iBQMb BM ;`Qbb QmiTmi Uv@�tBbV �M/ BM }M�H +QMbmKTiBQM Ut@�tBbVX � #Hm2 /BbF BM/B+�i2b i?�i
i?2 KQM2i�`v b?Q+F BM �#bQHmi2 i2`Kb Bb H�`;2` QM i?2 bmTTHv bB/2 i?�M QM i?2 /2K�M/ bB/2 U#Hm2 /BbFb +�M i?mb
HB2 �#Qp2 i?2 B/2MiBiv HBM2 �M/ pB+2 p2`b�VX .BbF bBx2 +Q``2bTQM/b iQ BMBiB�H ;`Qbb QmiTmi Q7 BM/mbi`B2bX .2i�BHb QM
i?2 b?Q+Fb �M/ BM/mbi`v H�#2Hb +�M #2 7QmM/ BM �TT2M/Bt �- h�#H2 8X *2Mi2` T�M2H, *QKT�`BbQM Q7 /B`2+i
�M/ BM/B`2+i QmiTmi b?Q+FbX .B`2+i bmTTHv b?Q+Fb b?QrM �b `2/m+iBQM BM b2+iQ`�H QmiTmi Ut@�tBbV THQii2/
�;�BMbi BM/B`2+i BKT�+ib QM b2+iQ`�H T`Q/m+iBQM Uv@�tBbVX AM/mbi`B2b i?�i 7�+2 � H�`;2 BMBiB�H bmTTHv b?Q+F i2M/ iQ
2tT2`B2M+2 bK�HH2` ?B;?2`@Q`/2` BKT�+ib- r?BH2 ?B;?2`@Q`/2` 2z2+ib +�M #2 H�`;2 7Q` BM/mbi`B2b i?�i 2tT2`B2M+2/
HBiiH2 Q` MQ BMBiB�H bmTTHv b?Q+FX "QiiQK T�M2H, *QKT�`BbQM Q7 /B`2+i �M/ BM/B`2+i }M�H +QMbmKTiBQM
b?Q+FbX .B`2+i }M�H /2K�M/ b?Q+Fb Ut@�tBbV THQii2/ �;�BMbi BM/B`2+i BKT�+ib QM }M�H /2K�M/ Uv@�tBbVX .BbF bBx2
+Q``2bTQM/b iQ BMBiB�H H2p2H Q7 }M�H /2K�M/ b�iBb}2/ T2` BM/mbi`vX

k8



q2 �HbQ mb2/ Qm` }`bi@Q`/2` b?Q+Fb iQ +�HB#`�i2 bBKTH2` i`�/BiBQM�H BMTmi@QmiTmi KQ/2Hb
Ub22 JBHH2` � "H�B` UkyyNV 7Q` �M 2t+2HH2Mi Qp2`pB2rVX q2 b?Qr BM �TT2M/Bt .Xe i?�i mM/2`
Km+? bBKTHB}2/ KQ/2H T�`�K2i`Bx�iBQMb r2 +�M `2+Qp2` i?2 +H�bbB+ G2QMiB27 KQ/2H �M/ ;2i
bBKBH�` b2+iQ`�H T`2/B+iBQMb �b i?2 :Qb? KQ/2H BM bi2�/v bi�i2X h?2 T`Q#H2K rBi? i?2b2 KQ/2Hb
Bb i?�i i?2v �`2 MQi �#H2 iQ i�F2 bmTTHv �M/ /2K�M/ b?Q+Fb BMiQ �++QmMi �i i?2 b�K2 iBK2X
q?BH2 �Hi2`M�iBp2 AP KQ/2Hb bm+? �b i?2 KBt2/ 2M/Q;2MQmbf2tQ;2MQmb KQ/2H U.B2ix2M#�+?2` �
JBHH2` kyR8V +�M #2 mb2/ rBi? bBKmHi�M2Qmb bmTTHv �M/ /2K�M/ +QMbi`�BMib- i?2 KQ/2H /Q2b MQi
M2+2bb�`BHv vB2H/ 72�bB#H2 bQHmiBQMb +Q``2bTQM/BM; iQ TQbBiBp2 QmiTmi �M/ +QMbmKTiBQM p�Hm2bX
h?Bb Bb BM/22/ r?�i r2 }M/ 7Q` i?2 lE 2+QMQKvX *�HB#`�iBM; i?2 KBt2/ 2M/Q;2MQmbf2tQ;2MQmb
AP KQ/2H iQ Qm` }`bi@Q`/2` b?Q+Fb `2bmHib BM BM72�bB#H2 2+QMQKB+ �HHQ+�iBQMbX

q2 MQr /2KQMbi`�i2 ?Qr i?2 }`bi@Q`/2` b?Q+Fb b?QrM BM 6B;X d �`2 �KTHB}2/ i?`Qm;? i?2
T`Q/m+iBQM M2irQ`F �M/ ?Qr i?2v �z2+i Qp2`�HH 2+QMQKB+ BKT�+iX hQ 2p�Hm�i2 i?2 `2H�iBp2 +QM@
i`B#miBQMb Q7 bmTTHv �M/ /2K�M/ b?Q+Fb iQ Qp2`�HH Qmi+QK2b- r2 `mM i?2 7QHHQrBM; bBKmH�iBQMb,
6B`bi- r2 `mM i?2 #�b2HBM2 KQ/2H b2imT r?2`2 #Qi? BMBiB�H bmTTHv �M/ /2K�M/ b?Q+Fb �`2 T`2b2Mi
�b /Bb+mbb2/ �#Qp2X a2+QM/- r2 `mM i?2 KQ/2H +QMbB/2`BM; QMHv bmTTHv b?Q+Fb- BX2X r2 b2i �HH
+QMbmK2` /2K�M/ b?Q+Fb iQ x2`Q- εDi = 0- �b r2HH �b `2KQp2 �HH b?Q+Fb iQ Qi?2` }M�H /2K�M/
+�i2;Q`B2b- BX2X fd

i,t = fd
i,0

�b � i?B`/ bBKmH�iBQM b+2M�`BQ r2 `mM i?2 KQ/2H rBi? �HH BMBiB�H bmTTHv b?Q+Fb brBi+?2/ Qz
�M/ BM+Hm/2 QMHv BMBiB�H /2K�M/ b?Q+FbX

6B;X 3 b?Qrb 7Qm` F2v K�+`Q2+QMQKB+ p�`B�#H2b UiQi�H QmiTmi x̃t- +QMbmKTiBQM c̃t- T`Q}ib π̃t
�M/ H�#Q` +QKT2Mb�iBQM l̃tV 7Q` �HH i?`22 bBKmH�iBQM b+2M�`BQb- #Qi? r?2M HQ+F/QrM +QMiBMm2b
UbQHB/ HBM2bV �M/ r?2M i?2 HQ+F/QrM Bb HB7i2/ 7Q` �HH BM/mbi`B2b �7i2` ey /�vb U/�b?2/ HBM2bVX AM
�TT2M/Bt .Xk- r2 `mM i?2 b�K2 bBKmH�iBQMb 7Q` �Hi2`M�iBp2 T`Q/m+iBQM 7mM+iBQMbX Ai #2+QK2b
+H2�` i?�i /2K�M/ b?Q+Fb H2�/ iQ Km+? bK�HH2` 2+QMQKB+ BKT�+ib i?�M bmTTHv b?Q+Fb U#Hm2 pbX
`2/ bQHB/ HBM2bVX PM i?2 Qi?2` ?�M/- r2 }M/ i?�i i?2 2+QMQKv `2+Qp2`b Km+? [mB+F2` �7i2` i?2
HQ+F/QrM B7 i?2`2 �`2 MQ /2K�M/ b?Q+Fb- �b BM/B+�i2/ #v i?2 H�`;2 TQbBiBp2 bHQT2 Q7 i?2 `2/
/�b?2/ HBM2X q?2M i?2`2 �`2 QMHv /2K�M/ b?Q+Fb- `2+Qp2`v Bb bHQrX AM i?Bb +�b2 mMrBM/BM;
i?2 2+QMQKv 7`QK HQ+F/QrM #`BM;b HBKBi2/ TQbBiBp2 2z2+ib /m2 iQ T2`bBbi2M+2 BM 2tTQ`ib �M/
BMp2biK2Mi b?Q+Fb- bHm;;Bb? +QMbmKTiBQM �/�Ti�iBQM �M/ � TQ`iBQM Q7 +QMbmK2`b #2HB2pBM; BM
�M G@b?�T2/ `2+Qp2`vX

ai`BFBM;Hv- r2 Q#b2`p2 i?�i Qp2`�HH M2;�iBp2 2+QMQKB+ BKT�+i BM HQ+F/QrM Bb H�`;2` B7 i?2
KQ/2H 2+QMQKv 7�+2b QMHv bmTTHv b?Q+Fb BMbi2�/ Q7 #2BM; 2tTQb2/ iQ bmTTHv �M/ /2K�M/ b?Q+Fb
bBKmHi�M2QmbHv U`2/ pbX #H�+F bQHB/ HBM2VX A7 /2K�M/ b?Q+Fb �`2 �#b2Mi- iQi�H QmiTmi HB2b `Qm;?Hv
8W #2HQr i?2 #�b2HBM2 b+2M�`BQ r?2`2 #Qi? ivT2b Q7 b?Q+Fb �`2 T`2b2Mi- 2t+2Ti 7Q` i?2 }`bi 2H2p2M
/�vbX

q?v Bb Bi i?�i im`MBM; Qz /2K�M/ b?Q+Fb H2�/b iQ H�`;2` �/p2`b2 Qp2`�HH BKT�+ib\ h?2
`2�bQM Bb i?�i BM +�b2 Q7 H�`;2 bmTTHv +QMbi`�BMib �M/ MQ `2/m+iBQM BM }M�H /2K�M/- i?2`2 Bb
?B;?2` +QKT2iBiBQM 7Q` `2H�iBp2Hv 72r ;QQ/bX A7 T`Q/m+2`b +�MMQi b�iBb7v �;;`2;�i2 /2K�M/- i?2v
M22/ iQ `�iBQM i?2B` QmiTmi iQ +mbiQK2`b U`2+�HH i?�i r2 mb2 T`QTQ`iBQM�H `�iBQMBM;VX AM +�b2
Q7 H�`;2 �;;`2;�i2 /2K�M/ 2p2`v +mbiQK2` `2+2Bp2b QMHv � `2H�iBp2Hv bK�HH b?�`2- r?B+? +QmH/
#2 2p2M H2bb 7Q` bQK2 BM/mbi`B2b +QKT�`2/ iQ i?2 b+2M�`BQ r?2`2 /2K�M/ b?Q+Fb �`2 im`M2/
QMX A7 i?2b2 ;QQ/b �`2 +`BiB+�H BMTmib- T`Q/m+iBQM BM +QM+2`M2/ BM/mbi`B2b rBHH +QK2 /QrM QM+2
BMp2MiQ`B2b Q7 i?2b2 BMTmib �`2 `mM /QrMX h?mb- `2KQpBM; /2K�M/ b?Q+Fb +�M BM+`2�b2 i?2 `BbF Q7
BMTmi #QiiH2M2+Fb BM T`Q/m+iBQMX Smi bBKTHv- /2+`2�bBM; }M�H /2K�M/ Q7 bQK2 F2v BMi2`K2/B�i2
;QQ/b 2Mbm`2b +QMiBMm2/ bmTTHv Q7 i?2b2 BMi2`K2/B�i2 ;QQ/b iQ Qi?2` BMi2`K2/B�i2 BM/mbi`B2bX

AM i?2 T�`iB+mH�` +�b2 +QMbB/2`2/ ?2`2- Bi im`Mb Qmi i?�i b2p2`�H H�`;2 BM/mbi`B2b ?�p2 iQ
`2/m+2 T`Q/m+iBQM �b � +QMb2[m2M+2 Q7 }2`+2 +QKT2iBiBQM 7Q` +`BiB+�H BMTmib- �b +�M #2 b22M BM
6B;X N �VX qBi?Qmi /2K�M/ b?Q+Fb BM/mbi`B2b bm+? �b >2�Hi? UZV- 1/m+�iBQM US38V- _2�H 1bi�i2
UGe3V Q` Ah UCek@jV T`Q/m+2 mT iQ k8W H2bb r?2M +QKT�`2/ iQ i?2 #�b2HBM2 +�b2 irQ r22Fb

ke



�7i2` HQ+F/QrMX �Hi?Qm;? b2p2`�H Qi?2` BM/mbi`B2b bm+? �b J�Mm7�+im`BM; *?2KB+�Hb U*kyV �M/
S?�`K�+2miB+�Hb U*kRV T`Q/m+2 bm#bi�MiB�HHv KQ`2 rBi?Qmi /2K�M/ b?Q+Fb- i?Bb /Q2b MQi Qzb2i
i?2 Qp2`�HH �/p2`b2 2z2+i QM i?2 2+QMQKv �b � r?QH2X h?Bb +�M #2 i?Qm;?i Q7 �b � +QQ`/BM�iBQM
7�BHm`2X

hQ #2ii2` mM/2`bi�M/ ?Qr i?Bb ?�TT2Mb r2 xQQK BMiQ i?2 }`bi R8 /�vb Q7 6B;X 3 �VX �b
�M BHHmbi`�iBp2 2t�KTH2 BM 6B;X N #V- r2 b?Qr ?Qr T`Q/m+iBQM +QMbi`�BMib BM J�Mm7�+im`BM;
1H2+i`QMB+ U*keV H2�/ iQ H�`;2` BMTmi #QiiH2M2+Fb BM Ah UCek@jV BM i?2 �#b2M+2 Q7 BMBiB�H /2K�M/
b?Q+FbX h?2`2 Bb MQ /Bz2`2M+2 BM J�Mm7�+im`BM; 1H2+i`QMB+ T`Q/m+iBQM U#H�+F HBM2V 7Q` #Qi?
b+2M�`BQb /m2 iQ #BM/BM; +�T�+Biv +QMbi`�BMib- #mi Bi 7�+2b H�`;2` �;;`2;�i2 /2K�M/ B7 i?2`2 �`2
MQ /2K�M/ b?Q+Fb U#Hm2 +`Qbb2bV +QKT�`2/ iQ #Qi? b?Q+Fb #2BM; T`2b2Mi U`2/ +`Qbb2bVX h?mb-
b2+iQ` Ah 7Q` r?B+? J�Mm7�+im`BM; 1H2+i`QMB+ ;QQ/b �`2 +`BiB+�H BMTmib ?�b iQ `mM /QrM Bib BMTmi
BMp2MiQ`B2b [mB+F2` B7 i?2`2 �`2 MQ /2K�M/ b?Q+Fb U#Hm2 /�b?2/ HBM2V- bBM+2 b2+iQ` J�Mm7�+im`BM;
1H2+i`QMB+ +�M /2HBp2` H2bb ;QQ/b BM i?Bb +�b2X h?Bb Bb `2~2+i2/ BM iQi�H QmiTmi Q7 AhX A7 i?2`2 �`2
MQ /2K�M/ b?Q+Fb T`2b2Mi- Ah T`Q/m+iBQM Bb ?B;?2` 7Q` i?2 }`bi 72r iBK2 bi2Tb U#Hm2 bQHB/ HBM2V-
#mi /`QTb #2HQr i?2 #�b2HBM2 T`Q/m+iBQM Q7 #Qi? bmTTHv �M/ /2K�M/ b?Q+Fb U`2/ bQHB/ HBM2VX q2
Q#b2`p2 bBKBH�` /vM�KB+b 7Q` Qi?2` BM/mbi`B2b �b r2HHX
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Baseline Only demand shocks Only supply shocks
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6B;m`2 3, .vM�KB+ 2z2+i Q7 bmTTHv b?Q+Fb pbX /2K�M/ b?Q+FbX LQ`K�HBx2/ p�Hm2b Q7 ;`Qbb QmiTmi-
`2�HBx2/ +QMbmKTiBQM- T`Q}ib �M/ H�#Q` +QKT2Mb�iBQM 7Q` /Bz2`2Mi b?Q+F b+2M�`BQbX "�b2HBM2 U`2/V /2MQi2b i?2
KQ/2H /27�mHi b2imT r?2`2 #Qi? bmTTHv �M/ /2K�M/ b?Q+Fb �`2 mb2/X h?2 #H�+Ff`2/ HBM2 b?Qrb i?2 +�b2 r?2`2
QMHv /2K�M/fbmTTHv b?Q+Fb �`2 brBi+?2/ QMX h?2 HQ+F/QrM bi�`ib �i t = 0 �M/ 2M/b 7Q` �HH BM/mbi`B2b �7i2` irQ
KQMi?b �i t = 60 Up2`iB+�H /�b?2/ HBM2bVX

A01

A02

A03

B

C10.C12

C13.C15

C16

C17
C18

C19

C20
C21

C22

C23

C24
C25

C26
C27

C28

C29

C30

C31_C32

C33

D35
E36

E37.E39

F

G45 G46
G47

H49

H50

H51

H52

H53

I

J58

J59_J60 J61

J62_J63

K64

K65K66

L68

M69_M70
M71

M72
M73

M74_M75

N

O84
P85 QR_S

T

0.25

0.50

0.75

1.00

0.25 0.50 0.75 1.00
Production (supply+demand shocks)

Pr
od

uc
tio

n 
(n

o 
de

m
an

d 
sh

oc
ks

)

2 4 6 8 10 12 14

0.
2

0.
4

0.
6

0.
8

1.
0

Days

Production C26
Production J62−3 (baseline)
Production J62−3 (no d shocks)
Demand C26 (baseline)
Demand C26 (no d shocks)
Inventory of C26 in J62−3 (baseline)
Inventory of C26 in J62−3 (no d shocks)

6B;m`2 N, >Qr +�M T`Q/m+iBQM /2+`2�b2 r?2M /2K�M/ b?Q+Fb �`2 `2KQp2/\ G27i T�M2H, *QKT�`BM;
MQ`K�HBx2/ T`Q/m+iBQM �i i?2 b2+iQ`�H H2p2H irQ r22Fb �7i2` HQ+F/QrM r?2M bmTTHv �M/ /2K�M/ b?Q+Fb �`2 im`M2/
QM Ut@�tBbV �M/ rBi? /2K�M/ b?Q+Fb im`M2/ Qz Uv@�tBbVX � 72r H�`;2 b2+iQ`b �+?B2p2 bm#bi�MiB�HHv H2bb T`Q/m+iBQM
B7 i?2`2 �`2 MQ BMBiB�H /2K�M/ b?Q+Fb BM i?2 2+QMQKvX _B;?i T�M2H, � b2+iQ`�H 2t�KTH2 Q7 /QrMbi`2�K b?Q+F
T`QT�;�iBQM Q7 i?2 ǳ"�b2HBM2Ǵ �M/ ǳPMHv bmTTHv b?Q+FbǴ b+2M�`BQb BM 6B;X 3X a2+iQ` Ah UAaA* Cek@jV T`Q/m+2b
H2bb �7i2` RR iBK2 bi2Tb B7 i?2`2 �`2 MQ /2K�M/ b?Q+Fb BM i?2 2+QMQKv U#Hm2 bQHB/ HBM2V +QKT�`2/ iQ #Qi? bmTTHv
�M/ /2K�M/ b?Q+Fb #2BM; T`2b2Mi U`2/ bQHB/V- bBM+2 Bi [mB+FHv `mMb Qmi Q7 +`BiB+�H BMTmi *ke- J�Mm7X 1H2+i`QMB+-
BMp2MiQ`B2b U#Hm2 pbX `2/ /�b?2/ HBM2VX *ke T`Q/m+2b i?2 b�K2 BM #Qi? +�b2b U#H�+F HBM2V /m2 iQ #BM/BM; +�T�+Biv
+QMbi`�BMibX A7 i?2`2 �`2 MQ BMBiB�H /2K�M/ b?Q+Fb- *ke 7�+2b ?B;?2` �;;`2;�i2 /2K�M/ U#Hm2 pbX `2/ +`Qbb2bVX
.m2 iQ ?B;?2` /2K�M/ 7Q` *ke ;QQ/b �M/ HQr2` T`Q/m+iBQM Q7 *ke ;QQ/b- Ah `2+2Bp2b H2bb *ke B7 i?2`2 �`2 MQ
/2K�M/ b?Q+Fb BM i?2 2+QMQKvX

h?2 +�b2 Q7 J�Mm7�+im`BM; 1H2+i`QMB+ T`Q/m+iBQM �M/ i?2 +QmTH2/ QmiTmi Q7 i?2 Ah b2+iQ`
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2t2KTHB}2b i?2 +QKTH2tBiv Q7 b?Q+F T`QT�;�iBQM i?`Qm;? T`Q/m+iBQM M2irQ`FbX q2 ?B;?HB;?i
b2p2`�H bi`BFBM; 72�im`2b Q7 i?Bb �M�HvbBb r?B+? i2M/ iQ #2 2MiB`2Hv M2;H2+i2/ BM KQbi K�+`Q2+Q@
MQKB+ bim/B2b- 2p2M B7 i?2v BM+Q`TQ`�i2 BM/mbi`v@bT2+B}+ 2z2+ibX

6B`bi- i?2 bT2+B}+�iBQM Q7 T`Q/m+iBQM 7mM+iBQMb �M/ BMTmi +`BiB+�HBiv TH�vb �M BKTQ`i�Mi `QH2X
JQbi 2+QMQKB+ �M�Hvb2b mb2 bQK2 7Q`K Q7 *1a T`Q/m+iBQM 7mM+iBQMb rBi? MQM@x2`Q bm#biBimiBQM
+Q2{+B2MibX lM/2` i?Bb �TT`Q�+?- r?BH2 Bi Bb BM T`BM+BTH2 TQbbB#H2 iQ +QMbi`m+i 2H�#Q`�i2/ *1a
M2bib r?2`2 /Bz2`2Mi /2;`22b Q7 bm#biBimi�#BHBiv �`2 �HHQr2/ #2ir22M /Bz2`2Mi BMTmib Q7 � ;Bp2M
b2+iQ` U"�[�22 � 6�`?B kykyV- BM T`�+iB+2 Bi Bb bQ ?�`/ iQ +�HB#`�i2 i?2 T�`�K2i2`b i?�i QMHv QM2
U"�``Qi � a�mp�;M�i kyReV Q` � 72r U"�[�22 � 6�`?B kyky- "QM�/BQ 2i �HX kykyV T�`�K2i2`b �`2
bT2+B}2/X LQM2 Q7 i?2 `2+2Mi AP T�T2`b ?�p2 +QMbB/2`2/ /Bz2`2Mi /2;`22b Q7 bm#biBimiBQM #2ir22M
;`QmTb Q7 BMi2`K2/B�i2 BMTmibX h?2 bm`p2v +QMbB/2`2/ ?2`2 U�TT2M/Bt *V BMbi2�/ BMi`Q/m+2b �
/BbiBM+iBQM #2ir22M +`BiB+�H �M/ MQM@+`BiB+�H BMTmib- 7Q` 2�+? b2T�`�i2 BM/mbi`v- �HHQrBM; mb iQ
F22T i?2 G2QMiB27 �bbmKTiBQM Q7 � bi`QM; H�+F Q7 bm#biBimi�#BHBiv 7Q` +`BiB+�H BMTmib- r?B+? Bb
�`;m�#Hv � F2v 72�im`2 Q7 b?Q`i@`mM /vM�KB+b �7i2` H�`;2 b?Q+Fb- r?BH2 �i i?2 b�K2 iBK2 MQi
�HHQrBM; bQK2 MQM@+`BiB+�H BMTmib iQ T`2p2Mi T`Q/m+iBQMX h?Bb Bb � bi2T iQr�`/ KQ`2 `2�HBbK-
�b BM 2t+2TiBQM�H +B`+mKbi�M+2b HBF2 � T�M/2KB+- r2 #2HB2p2 i?�i Bi Bb HBF2Hv i?�i }`Kb +�M
biBHH QT2`�i2 2p2M B7 b2p2`�H BMTmib i?�i i?2v mbm�HHv mb2 �`2 MQi �p�BH�#H2X P7 +Qm`b2- i?Bb Bb
�/KBii2/Hv BKT2`72+i �M/ +QmH/ #2 BKT`Qp2/- �M/ r2 ?�p2 K�/2 i?2 bi`QM; �bbmKTiBQM i?�i i?2
H�+F Q7 mb2 � MQM@+`BiB+�H BMTmi bBKTHv /Q2b MQi /2+`2�b2 T`Q/m+iBQM �M/ i`�MbH�i2 BMiQ ?B;?2`
T`Q}ibX �bbmKBM; � /`QT BM T`Q/m+iBpBiv BM i?Bb +�b2 rQmH/ +?�M;2 i?2 [m�MiBi�iBp2 `2bmHib- #mi
rQmH/ MQi- ?Qr2p2`- 7mM/�K2Mi�HHv +?�M;2 i?2 /vM�KB+bX

a2+QM/- i?2 bBx2 Q7 BMp2MiQ`B2b ?2H/ #v BM/mbi`B2b Bb +`m+B�HX aBKBH�` iQ 2[mBiv #mz2`b BM }M�M@
+B�H /Bbi`2bb KQ/2Hb- BMp2MiQ`B2b �+i �b #mz2`b �;�BMbi T`Q/m+iBQM b?Q+Fb Q`B;BM�iBM; mTbi`2�K
�M/ T`QT�;�iBM; /QrMbi`2�KX AMp2MiQ`v 2z2+ib �`2 MQi T`2b2Mi BM KQbi K�+`Q2+QMQKB+ bim/B2b
U6�p2`Q 2i �HX kyky- "Q/2Mbi2BM 2i �HX kyky- 1B+?2M#�mK 2i �HX kyky- J+EB##BM � 62`M�M/Q kykyV
�M/ AP KQ/2Hb Ub22 h�#H2 RV- �M/ QMHv �TT2�` BM � p2`v bivHBx2/ K�MM2` BM Qi?2` 2KTB`B+�H rQ`F
UJ�M/2H � o22iBH kyky- AMQm2 � hQ/Q kykyVX .2i�BH2/ BM7Q`K�iBQM QM BMTmi@bT2+B}+ BMp2MiQ`B2b
QM BM/mbi`v �M/ }`K H2p2Hb- �b r2HH �b QM #2?�pBQm` �M/ BMp2MiQ`v K�M�;2K2Mi `mH2b- +QmH/
p�biHv BKT`Qp2 Qm` mM/2`bi�M/BM; Q7 b?Q+F T`QT�;�iBQM BM T`Q/m+iBQM M2irQ`FbX

h?B`/- /vM�KB+b `2�HHv K�ii2` Qp2` i?2 b?Q`i iBK2 ?Q`BxQMb `2H2p�Mi 7Q` i?2 T�M/2KB+ HQ+F@
/QrM �M/ Bib BKK2/B�i2 �7i2`K�i?X Ai +�M i�F2 /�vb iQ r22Fb 7Q` b?Q+Fb iQ +�b+�/2 i?`Qm;?
b2p2`�H H�v2`b Q7 � H�`;2 T`Q/m+iBQM M2irQ`F �M/ Qm` bBKmH�iBQMb bm;;2bi i?�i Bi +�M i�F2 KQMi?b
mMiBH i?2 /vM�KB+b `2�+? � bi2�/v bi�i2X JQ`2Qp2`- i?2 T`2b2M+2 Q7 BMTmi #QiiH2M2+Fb /m2 iQ i?2
H�+F Q7 +`BiB+�H BMTmib +�M �KTHB7v BMBiB�H b?Q+Fb BM ?B;?Hv MQMHBM2�` r�vb Ub22 �TT2M/Bt .XRVX
h?2 T`QT�;�iBQM Q7 b?Q+Fb Bb T�i?@/2T2M/2MiX h?Bb Bb /m2 iQ i?2 7�+i i?�i /Bz2`2Mi BM/mbi`B2b
+�M ?�p2 p2`v /Bz2`2Mi +mbiQK2`b- `2bmHiBM; BM ?2i2`Q;2M2Qmb +QMi�;BQM /vM�KB+b i?�i /2T2M/
QM ǳr?Q ;2ib ?Bi }`biǴX :2M2`�H 2[mBHB#`BmK KQ/2Hb �M/ KQbi BMTmi@QmiTmi KQ/2Hb BKTHB+BiHv �b@
bmK2 x2`Q �/DmbiK2Mi iBK2 �M/ +QKT�`2 T`2@ �M/ TQbi@b?Q+F 2[mBHB#`BmK bi�i2b Q7 i?2 2+QMQKv
iQ [m�MiB7v Qp2`�HH BKT�+ibX Pm` �M�HvbBb bm;;2bib i?�i i?2 b?Q+F T`QT�;�iBQM /vM�KB+b TH�v �M
BKTQ`i�Mi `QH2 BM i?2 b?Q`i iBK2 ?Q`BxQMb Q7 T�M/2KB+ HQ+F/QrMbX AM Qi?2` rQ`/b- 2[mBHB#`BmK
+QKT�`�iBp2 bi�iB+ Bb r�``�Mi2/ QMHv r?2M �/DmbiK2Mi Bb 7�bi2` i?�M i?2 �``Bp�H Q7 M2r b?Q+F
U�M/Q 2i �HX RNejVX h?Bb Bb MQi i?2 +�b2 +m``2MiHv- r?2`2 i?2 HB7iBM; Q7 i?2 HQ+F/QrM ?�TT2Mb
#27Q`2 i?2 bvbi2K ?�b ?�/ � +?�M+2 iQ `2�+? i?2 HQ+F/QrM bi2�/v@bi�i2X

8Xj _2@QT2MBM; � M2irQ`F 2+QMQKv
q2 M2ti BMp2biB;�i2 ?Qr mMrBM/BM; bQ+B�H /Bbi�M+BM; K2�bm`2b BM +2`i�BM b2+iQ`b �z2+ib Qp2`�HH
2+QMQKB+ QmiTmiX q2 +QMbB/2` KQ`2 `2�HBbiB+ `2@QT2MBM; b+2M�`BQb BM a2+iBQM eX8 iQ;2i?2` rBi?
i?2B` BKT�+i QM BM72+iBQMX >2`2- r2 7Q+mb QM KQ`2 bivHBx2/- i?2Q`2iB+�HHv BMi2`2biBM;- 2t�KTH2b
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mM/2` /Bz2`2Mi T`Q/m+iBQM 7mM+iBQM �bbmKTiBQMb iQ #2ii2` mM/2`bi�M/ i?2 /`BpBM; 7Q`+2b #2?BM/
Qp2`�HH BKT�+ib Q7 bi�;2/ `2@QT2MBM;X

q2 bim/v i?2 7QHHQrBM; bBKmH�iBQMb, �b #27Q`2 r2 `2T`2b2Mi i?2 2+QMQKv BM HQ+F/QrM #v
BMBiB�HBbBM; i?2 KQ/2H �b mbm�H rBi? }`bi@Q`/2` b?Q+FbX q2 i?2M +QMbB/2` irQ +�b2bX 6B`bi- i?2
`2@QT2MBM; b+2M�`BQ r?2`2 HQ+F/QrM Bb `2HB2p2/ �7i2` irQ KQMi?b 7Q` � ;Bp2M b2i Q7 BM/mbi`B2b-
BX2X 7Q` i?Qb2 BM/mbi`B2b r2 b2i εSi,t = 0 �M/ /2K�M/ �/Dmbib �b /Bb+mbb2/ BM a2+iBQM jX8X a2+QM/-
i?2 HQ+F/QrM b+2M�`BQ- r?2`2 i?2 HQ+F/QrM +QMiBMm2b �M/ MQ b?Q+Fb �`2 `2KQp2/X q2 i?2M
+QKT�`2 i?2 irQ b+2M�`BQb iQ [m�MiB7v i?2 #QQbi BM 2+QMQKB+ �+iBpBiv Q7 `2@QT2MBM; � ;Bp2M
BM/mbi`v +QKT�`2/ iQ i?2 HQ+F/QrMX

6B;X Ry bmKK�`Bb2b Qm` }M/BM;bX 1�+? T�M2H b?Qrb iQi�H T`Q/m+iBQM MQ`K�HBx2/ #v T`2@
b?Q+F QmiTmi QM i?2 v@�t2b 7Q` #Qi? b+2M�`BQb U`2@QT2M b2+iQ`b BM `2/- +QMiBMm2/ HQ+F/QrM BM
#H�+FVX h?2 t@�t2b b?Qrb i?2 MmK#2` Q7 /�vb r?2`2 /�v x2`Q Bb r?2M i?2 HQ+F/QrM Bb HB7i2/ BM i?2
`2@QT2MBM; b+2M�`BQX h?mb- i?2 2+QMQKv r�b �H`2�/v irQ KQMi?b BM HQ+F/QrM #27Q`2 /�v x2`Q
r?B+? Bb MQi b?QrM bBM+2 T`Q/m+iBQM Bb B/2MiB+�H 7Q` #Qi? b+2M�`BQb /m`BM; i?�i T2`BQ/X S�M2H
+QHmKMb `2T`2b2Mi bBKmH�iBQM `2bmHib 7Q` /Bz2`2Mi T`Q/m+iBQM 7mM+iBQM bT2+B}+�iBQMbX S�M2H `Qrb
BM/B+�i2 i?2 BM/mbi`B2b r?B+? �`2 `2@QT2M2/ B7 i?2 HQ+F/QrM Bb `2H�t2/X

h?2 2+QMQKB+ #QQbi Q7 `2@QT2MBM; p�`B2b H�`;2Hv #2ir22M /Bz2`2Mi b2+iQ`b �M/ �HbQ /2T2M/b
bi`QM;Hv QM i?2 T`Q/m+iBQM KQ/2 �bbmK2/X G2i mb }`bi +QMbB/2` i?2 G2QMiB27 T`Q/m+iBQM 7mM+iBQM
UH27i T�M2HbVX >2`2- r2 }M/ � ?m;2 BM+`2�b2 BM 2+QMQKB+ �+iBpBiv B7 i?2 ?B;?Hv mTbi`2�K T`BK�`v
b2+iQ`b U�;`B+mHim`2 �M/ JBMBM;V �`2 `2@QT2M2/X LQi2 i?�i T`BK�`v b2+iQ`b QMHv �++QmMi 7Q`
kW Q7 lEǶb iQi�H 2+QMQKB+ QmiTmiX PT2MBM; T`BK�`v b2+iQ`b ?�b Km+? bK�HH2` 2z2+ib r?2M
mbBM; i?2 #�b2HBM2 T`Q/m+iBQM 7mM+iBQM- r?2`2 BMTmib �`2 QMHv T�`iB�HHv +`BiB+�H- �M/ i?2 HBM2�`
T`Q/m+iBQM 7mM+iBQM- r?2`2 BMTmib �`2 �`2 MQi +`BiB+�H �i �HHX
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Leontief Baseline Linear
A
ll

P
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ary

M
anufacturing

R
ecreaation

6B;m`2 Ry, 1+QMQKB+ T2`7Q`K�M+2 Q7 BM/2}MBi2 HQ+F/QrM �M/ `2@QT2MBM; bBM;H2 b2+iQ`b 7Q` /Bz2`2Mi
T`Q/m+iBQM 7mM+iBQMbX "H�+F HBM2b BM/B+�i2 iQi�H QmiTmi B7 i?2 HQ+F/QrM +QMiBMm2b �M/ `2/ HBM2b B7 QMHv QM2
;Bp2M b2+iQ` Bb `2@QT2M2/ �i t = 0X *QHmKMb `2T`2b2Mi /Bz2`2Mi T`Q/m+iBQM 7mM+iBQMb- `Qrb /2MQi2 i?2 b2+iQ`b
r?B+? �`2 `2@QT2M2/X h?2 H27i +QHmKM b?Qr i?2 2z2+i Q7 `2@QT2MBM; 7Q` /Bz2`2Mi b2+iQ`b BM � G2QMiB27 2+QMQKvX
h?2 +2Mi2` �M/ `B;?i +QHmKMb b?Qr i?2 b�K2 7Q` i?2 #�b2HBM2 �M/ HBM2�` T`Q/m+iBQM 7mM+iBQMb- `2bT2+iBp2HvX _Qr
R b?Qrb 2+QMQKB+ 2z2+ib Q7 `2@QT2MBM; QMHv T`BK�`v b2+iQ`b UAaA* � �M/ "VX _Qr k b?Qrb i?2 b�K2 7Q` QT2MBM;
J�Mm7�+im`BM; UAaA* *V- `Qr j 7Q` ǳ_2+`2�iBQMǴ UAaA* A- _- aV �M/ `Qr 9 7Q` QT2MBM; �HH b2+iQ`b bBKmHi�M2QmbHvX
LQi2 i?�i i?2 b+�H2 Q7 i?2 v@�t2b p�`B2b #2ir22M T�M2HbX

q?2M `2@QT2MBM; i?2 Km+? H�`;2` K�Mm7�+im`BM; b2+iQ`b UR8W Q7 iQi�H QmiTmiV- r2 Q#i�BM �
+QKTH2i2Hv /Bz2`2Mi BKT�+i QM 2+QMQKB+ QmiTmiX ai`BFBM;Hv- r2 }M/ 7Q` � G2QMiB27 T`Q/m+iBQM
7mM+iBQM i?�i 2+QMQKB+ QmiTmi +�M #2 HQr2` B7 K�Mm7�+im`BM; b2+iQ`b �`2 QT2M2/X h?2 `2�bQM
Bb bBKBH�` iQ r?v bK�HH2` �;;`2;�i2 b?Q+Fb +�M H2�/ iQ H�`;2` Qp2`�HH BKT�+ib �b /Bb+mbb2/ BM
6B; 3X J�Mm7�+im`BM; Bb � H�`;2 b2+iQ` `2HvBM; QM K�Mv BMTmib r?B+? �`2 +`BiB+�H BMTmib 7Q`
Qi?2` b2+iQ`b iQQX S`Q/m+iBQM +QMbi`�BMib BM Qi?2` BM/mbi`B2b KB;?i `2M/2` Bi BKTQbbB#H2 iQ
T`QpB/2 H�`;2` �KQmMib Q7 i?Qb2 BMTmibX A7 K�Mm7�+im`BM; b2+iQ`b �`2 `2@QT2M2/- +QKT2iBiBQM 7Q`
i?Qb2 b+�`+2 BMTmib BM+`2�b2b- `2bmHiBM; BM H2bb BMi2`K2/B�i2 +QMbmKTiBQM 7Q` MQM@K�Mm7�+im`BM;
BM/mbi`B2b r?B+? KB;?i 7�+2 BMTmi #QiiH2M2+Fb �b � +QMb2[m2M+2X q2 /Q MQi Q#b2`p2 i?Bb 7Q`
i?2 �Hi2`M�iBp2 T`Q/m+iBQM 7mM+iBQM b2imTb r?B+? `2H�t i?2 bi`QM; G2QMiB27 �bbmKTiBQMX >2`2-
2+QMQKB+ QmiTmi BM+`2�b2b #v k@j T2`+2Mi�;2 TQBMibX

q2 }M/ �;�BM p2`v /Bz2`2Mi `2bmHib r?2M `2QT2MBM; Pi?2` a2`pB+2b �M/ 6QQ/ �M/ �++QK@
KQ/�iBQM- ?2`2 7Q` #`2pBiv +�HH2/ `2+`2�iBQMX h?2b2 b2+iQ`b �`2 H�`;2 UeW Q7 iQi�H QmiTmiV �M/
?2�pBHv �z2+i2/ #v i?2 HQ+F/QrM bBM+2 i?2v BM+Hm/2 i?2�i2`b- ?Qi2Hb- `2bi�m`�Mib �M/ Qi?2` bQ@
+B�H �+iBpBiB2bX Ai Bb BMi2`2biBM; i?�i QT2MBM; i?2b2 BM/mbi`B2b ?�b MQ BKT�+i QM Qp2`�HH 2+QMQKB+
T`Q/m+iBQM r?2M �bbmKBM; � G2QMiB27 T`Q/m+iBQM 7mM+iBQMX h?Bb Bb #2+�mb2 i?2b2 �`2 ?B;?Hv
/QrMbi`2�K BM/mbi`B2b �M/ i?2B` 2+QMQKB+ QmiTmi Bb Q7 HBiiH2 bB;MB}+�M+2 7Q` i?2 BMi2`K2/B�i2
+QMbmKTiBQM Q7 Qi?2` BM/mbi`B2bX h?mb- QT2MBM; `2+`2�iBQM�H b2+iQ`b ?�b KQbiHv /2K�M/@bB/2
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2z2+ib- �M/ ;Bp2M i?2 +�T�+Biv +QMbi`�BMib Q7 mTbi`2�K b2+iQ`b i?Bb 2ti`� /2K�M/ +�MMQi #2
b�iBb}2/- `2bmHiBM; BM MQ +?�M;2 BM Qp2`�HH T`Q/m+iBQMX q2 }M/ TQbBiBp2 2z2+ib Q7 QT2MBM; `2+`2@
�iBQM�H b2+iQ`b mM/2` i?2 �Hi2`M�iBp2 T`Q/m+iBQM 7mM+iBQM �bbmKTiBQMb r?2`2 iQi�H T`Q/m+iBQM
BM+`2�b2b bHB;?iHv �#Qp2 HQ+F/QrM H2p2HbX

h?2 #QiiQK `Qr Q7 T�M2Hb +QKT�`2b i?2 `2bi�`i Q7 i?2 2+QMQKv r?2M i?2 HQ+F/QrM Bb HB7i2/
7Q` �HH BM/mbi`B2b bBKmHi�M2QmbHvX h?2 H�`;2bi 2+QMQKB+ #QQbi Bb ;Bp2M BM i?2 G2QMiB27 2+QMQKv
r?B+? `2@bi�`ib �i p2`v HQr H2p2Hb �7i2` HQ+F/QrMX h?2 `2+Qp2`v T�i?b �`2 bBKBH�` Q7 Qm` #�b2@
HBM2 �M/ i?2 HBM2�` T`Q/m+iBQM 7mM+iBQMX LQi2 i?�i `2+Qp2`v Bb MQi BMbi�Mi�M2Qmb- #mi i�F2b �
+QMbB/2`�#H2 �KQmMi Q7 iBK2X � KQMi? �7i2` `2@QT2MBM;- i?2 2+QMQKv biBHH QT2`�i2b r2HH #2HQr
BMBiB�H T`Q/m+iBQM H2p2HbX

e h?2 2z2+i Q7 `2QT2MBM; QM i?2 `2T`Q/m+iBQM MmK#2`
q2 �ii2KTi iQ [m�MiB7v i?2 2z2+ib Q7 i?2 `2@QT2MBM; b+2M�`BQb QM R0- i?2 `2T`Q/m+iBQM MmK#2`
Q7 i?2 2TB/2KB+ i?�i mHiBK�i2Hv /2i2`KBM2b i?2 Qp2`�HH MmK#2` Q7 /2�i?bX

_�i?2` i?�M +QmTHBM; � +QKTH2i2 2TB/2KBQHQ;B+�H KQ/2H rBi? i?2 2+QMQKB+ KQ/2H- r2 7Q+mb
QM /2i2`KBMBM; R0 #v KQ/2HHBM; QMHv i?2 BM72+iBQM `�i2 �b Bi p�`B2b �+`Qbb 2+QMQKB+ b+2M�`BQbX
Ai Bb BHHmbi`�iBp2 iQ +QMbB/2` � bBKTH2 aA_ KQ/2H-

Ṡ = −βSI/M, Uj8V
İ = βSI/M − γI,

Ṙ = γI,

r?2`2 /Qib Qp2` � p�`B�#H2 /2MQi2 Bib iBK2 /2`Bp�iBp2- S Bb i?2 MmK#2` Q7 T2QTH2 r?Q �`2 bmb@
+2TiB#H2- I Bb i?2 MmK#2` r?Q �`2 BM72+i2/- �M/ R Bb i?2 MmK#2` r?Q ?�p2 `2+Qp2`2/- �M/
M = S + I +R i?2 iQi�H TQTmH�iBQM- r?B+? r2 �bbmK2 +QMbi�MiX

h?2 KQ/2H ?�b irQ T�`�K2i2`b- i?2 i`�MbKBbbBQM `�i2 β �M/ i?2 `2+Qp2`v `�i2 γX q2 7Q+mb QM
i?2 2�`Hv bi�;2 Q7 i?2 2TB/2KB+- i?�i Bb- r?2M i?2 MmK#2` Q7 `2+Qp2`2/ BM/BpB/m�Hb Bb bK�HH rBi?
`2bT2+i iQ i?2 `2bi Q7 i?2 TQTmH�iBQM �M/ i?2`2 Bb MQ ?2`/ BKKmMBiv kyX h?2 `�i2 Q7 2tTQM2MiB�H
;`Qri? BM i?2 2�`Hv bi�;2b Q7 i?2 2TB/2KB+ Bb R0 = β/γ- �M/ Bb i?2 F2v T�`�K2i2` /2i2`KBMBM;
i?2 Qmi+QK2 Q7 i?2 Qmi#`2�FX q?2M R0 < 1- i?2 Qmi#`2�F Bb KBMBK�H- #mi r?2M R0 ≥ 1-
i?2 Qmi#`2�F `2�+?2b � }MBi2 T`QTQ`iBQM Q7 i?2 TQTmH�iBQM- �M/ H�`;2` R0 BKTHB2b � H�`;2` }M�H
MmK#2` Q7 BM/BpB/m�Hb BM72+i2/X

q?BH2 γ Bb H�`;2Hv mM�z2+i2/ #v Tm#HB+ ?2�Hi? K2�bm`2b �#b2Mi �Mv i`2�iK2Mib 7Q` i?2 /Bb2�b2-
β /2T2M/b bi`QM;Hv QM Tm#HB+ TQHB+B2b �M/ BM/BpB/m�H #2?�pBQ`X aBM+2 r2 �`2 BMi2`2bi2/ BM R0-
�M/ γ Bb `2H�iBp2Hv +QMbi�Mi- r2 7Q+mb QM KQ/2HHBM; βX hQ +QKTmi2 R0- r2 mb2

R0(t) = βt/γ ∝ βt. UjeV

q2 MQr /Bb+mbb ?Qr r2 +QKTmi2 βt- �M/ +QK2 #�+F iQ +QKTmiBM; R0 �i i?2 2M/ Q7 i?2 b2+iBQMX

eXR .2+QKTQbBM; BM72+iBQM �+`Qbb �+iBpBiB2b
h?2 T�`�K2i2` β 2M+QKT�bb2b irQ 7�+iQ`b, i?2 MmK#2` Q7 +QMi�+ib �M/ i?2 `BbF Q7 BM72+iBQM
/m`BM; � +QMi�+iX lbm�HHv 2TB/2KBQHQ;Bbib i`v iQ /BbiBM;mBb? #2ir22M +QMi�+ib �i ?QK2- b+?QQH-
rQ`F- �M/ Qi?2` TH�+2b UJQbbQM; 2i �HX kyy3- JBFQH�D+xvF � E`2ixb+?K�` kyy3- J+*`22b? 2i �HX
kyRN- ai`ƺK;`2M 2i �HX kyRd- 62`;mbQM 2i �HX kyky- .m 2i �HX kykyVX q?BH2 r2 �HbQ r�Mi iQ /BbiBM@
;mBb? ?QK2@#�b2/ �M/ rQ`F@#�b2/ +QMi�+ib- BM i?2 +QMi2ti Q7 `2QT2MBM; BM/mbi`B2b � F2v [m2biBQM

kyhQ ;Bp2 �M mTT2` #QmM/- oQHHK2` 2i �HX UkykyV `2+2MiHv `2TQ`i2/ �M �ii�+F `�i2 Q7 �`QmM/ RjW 7Q` GQK#�`/v-
i?2 KQbi �z2+i2/ `2;BQM Q7 Ai�HvX

jk



Bb i?�i Q7 +QMbmKTiBQM@#�b2/ BM72+iBQMb U1B+?2M#�mK 2i �HX kykyVX 6Q` BMbi�M+2- `2QT2MBM; +BM2@
K�b rQmH/ TQb2 � i?`2�i iQ T2QTH2 rQ`FBM; BM +BM2K�b- #mi i?2 MmK#2` Q7 +QMbmK2`b �ii2M/BM;
+BM2K�b Bb p�biHv H�`;2` i?�M i?2 MmK#2` Q7 rQ`F2`bX h?mb- /�i� QM i?2 MmK#2` Q7 +QMi�+ib �i
rQ`F rQmH/ 7�BH iQ +�Tim`2 i?Bb `BbFX

q2 /2+QKTQb2 β BMiQ }p2 bQm`+2b Q7 BM72+iBQM, BM72+iBQMb �i i?2 rQ`FTH�+2 UβwV- BM72+iBQMb
�i b+?QQH UβsV- BM72+iBQMb /m`BM; +QMbmKTiBQM �+iBpBiB2b UβcV- BM72+iBQMb /m`BM; +QKKmiBM; UβT V
�M/ BM72+iBQMb i?�i �`2 MQi BM~m2M+2/ #v r?2i?2` Q` MQi �M BM/mbi`v Bb QT2M U7Q` b?Q`i- ǳ?QK2Ǵ
BM72+iBQMb βhVX q2 r`Bi2

β(t) = β∗
(
βw(t) + βs(t) + βc(t) + βT (t) + βh(t)

)
, UjdV

r?2`2 β∗ Bb � /Bb2�b2 bT2+B}+ T�`�K2i2`- �M/ i?2 +QKTQM2Mib bmK mT iQ QM2 r?2M i?2 2+QMQKv
Bb 7mHHv QT2M Ut = 0V-

βw(0) + βs(0) + βc(0) + βT (0) + βh(0) = 1. Uj3V
AM �TT2M/Bt 1 r2 b?Qr ?Qr r2 +�M /2`Bp2 i?Bb 2[m�iBQM �M/ i?2 7mM+iBQM�H 7Q`K 7Q` 2�+?
βx(t) r?2`2 x = w, s, c, T, h. qBi? i?Bb 7Q`KmH�iBQM r2 +�M K2�bm`2 β∗ mbBM; /�i� QM i?2
bT22/ Q7 /BzmbBQM Q7 i?2 pB`mb BM � 7mHHv QT2M 2+QMQKvX aBM+2 i?2`2 �`2 2biBK�i2b Q7 R0 #27Q`2
i?2 HQ+F/QrM- �M/ +QMbB/2`BM; 1[X UjeV- iQ 2p�Hm�i2 R0 /m`BM; i?2 HQ+F/QrM �M/ 7Q` p�`BQmb
b+2M�`BQb r2 QMHv M22/ iQ 2p�Hm�i2 i?2 +?�M;2b iQ 2�+? Q7 i?2 i2`Kb rBi?BM i?2 T�`2Mi?2bBb BM
1[X UjdVX hQ /Q i?Bb r2 `2Hv QM bQ+B�H +QMi�+i bm`p2vb i?�i 2biBK�i2 i?2 BMi2MbBiv@r2B;?i2/
MmK#2` Q7 +QMi�+ib Q7 �M �p2`�;2 T2`bQM �+`Qbb 2�+? �+iBpBiv Ub22 h�#H2 j �M/ �TT2M/Bt 6 7Q`
/2i�BHbVX

aQm`+2 Q7 BM72+iBQM avK#QH a?�`2 Q7 BMi2MbBiv@
r2B;?i2/ +QMi�+ib

qQ`F βw yXkN
a+?QQH βs yXk3
*QMbmK2 βc yXRe
h`�MbTQ`i βT yXye
>QK2@`2H�i2/ βh yXkR
amK R

h�#H2 j, *�HB#`�iBQM Q7 p�Hm2b 7Q` 1[bX UjdV@Uj3V- mbBM; Qm` BMi2MbBiv@r2B;?i2/ b?�`2 Q7 +QMi�+ib T2` �+iBpBiv
/2`Bp2/ 7`QK ai`ƺK;`2M 2i �HX UkyRdV- b22 �TT2M/Bt 6X

eXk .2+QKTQbBM; rQ`F �M/ +QMbmKTiBQM BM72+iBQM �+`Qbb BM/mbi`B2b
Pm` ;Q�H Bb iQ 7Q+mb QM r?�i ?�TT2Mb r?2M b+?QQHb �M/fQ` � ;`QmT Q7 BM/mbi`B2b �`2 QT2M2/
7Q` rQ`F �M/fQ` 7Q` +QMbmKTiBQMX hQ /Q i?Bb r2 bTHBi i?2 TQTmH�iBQM BMiQ i?`22 +�i2;Q`B2b,
� 7`�+iBQM ηs �`2 bim/2Mib �M/ TmTBHb- � 7`�+iBQM ηu �`2 MQM@rQ`FBM; �/mHib- �M/ i?2 `2bi �`2
rQ`F2`b- r?B+? r2 7m`i?2` bTHBi BMiQ N BM/mbi`B2b- 2�+? +QMi�BMBM; � b?�`2 ηi Q7 i?2 TQTmH�iBQM-
bQ i?�i r2 ?�p2

ηs + ηu +
N∑

i=1

ηi = 1. UjNV

h?2 �/mHi MQM@rQ`FBM; TQTmH�iBQM UBM+Hm/BM; i?2 BM�+iBp2 �M/ mM2KTHQv2/ TQTmH�iBQMV /Q
MQi T`Q/m+2 QmiTmi �M/ +�MMQi ;2i BM72+i2/ i?`Qm;? i?2 rQ`F Q` bim/v +?�MM2HX aim/2Mib
�M/ TmTBHb /Q MQi T`Q/m+2 QmiTmi- #mi i?2v /Q BMi2`�+i rBi? Qi?2`b �M/ +�M ;2i BM72+i2/ �i
b+?QQHX qQ`F2`b T`Q/m+2 2+QMQKB+ QmiTmi �M/ +�M ;2i BM72+i2/ i?`Qm;? i?2 rQ`F +?�MM2HX h?2
2+QMQKB+ QmiTmi �M/ `BbF Q7 BM72+iBQM Q7 � rQ`F2` Bb /2i2`KBM2/ #v i?2 BM/mbi`v i?2v rQ`F BMX

jj



AM r?�i 7QHHQrb r2 +QMbB/2` TQHB+v p�`B�#H2b i?�i �z2+i 2�+? Q7 i?2 β i2`Kb BM 1[X UjdVX 6Q`
BMbi�M+2- QM2 Q7 i?2 F2v TQHB+v p�`B�#H2b Bb

δi,w ≡ a?�`2 Q7 rQ`F2`b Q7 BM/mbi`v i i?�i ;Q iQ rQ`F T?vbB+�HHvX
q2 /272` iQ i?2 M2ti bm#b2+iBQM i?2 /2i�BHb Q7 ?Qr r2 +QKTmi2 i?Bb b?�`2 BM 2�+? b+2M�`BQX
q2 MQr b?Qr ?Qr 2�+? i2`K Q7 1[X UjdV UrQ`F- b+?QQHb- +QMbmKTiBQM- i`�MbTQ`i �M/ ?QK2V Bb
+QKTmi2/- �M/ BM T�`iB+mH�` ?Qr i?2v /2T2M/ QM δi,w �M/ Qi?2` TQHB+v p�`B�#H2b Ub22 �TT2M/Bt
1 �M/ 6 7Q` KQ`2 /2i�BHbVX

>QK2@`2H�i2/X q2 �bbmK2 i?�i βh(t) Bb mM�z2+i2/ #v r?2i?2` Q` MQi � ;Bp2M BM/mbi`v QT2MbX
>Qr2p2`- r2 �++QmMi 7Q` `2/m+iBQM BM ?Qmb2?QH/ BMi2`�+iBQMb /m`BM; HQ+F/QrM /m2 iQ bQ+B�H
/Bbi�M+BM; ;mB/2HBM2bX q2 �bbmK2 i?�i

βh(t) = βh(0)
(
(1− δh)κ+ δh

)
,

r?2`2 δh Bb � TQHB+v p�`B�#H2 i?�i i�F2b i?2 p�Hm2 y B7 bQ+B�H /Bbi�M+BM; 7Q` 7�KBHvf7`B2M/b +QM@
i�+ib Bb BM TH�+2 �M/ R Qi?2`rBb2- �M/ κ Bb i?2 b?�`2 Q7 bQ+B�Hf7�KBHvf7`B2M/b +QMi�+ib i?�i �`2
MQi �pQB/�#H2 #v bQ+B�H /Bbi�M+BM;X q2 +�HB#`�i2 i?Bb #v �bbmKBM; i?�i κ Bb i?2 b?�`2 Q7 ?Qmb2@
?QH/f?QK2 +QMi�+ib- �M/ U1 − κV Bb i?2 b?�`2 Q7 +QMi�+ib /m2 iQ pBbBiBM; 7`B2M/b �M/ `2H�iBp2b-
iBK2 BM 7�KBHv +�`b- �M/ +QMi�+ib BM Tm#HB+ m`#�M bT�+2bX �b /Bb+mbb2/ BM �TT2M/Bt 6- r2 }M/
κ = 0.76X

qQ`F@`2H�i2/X A/2�HHv- r2 rQmH/ r�Mi iQ FMQr i?2 b?�`2 Q7 rQ`F@`2H�i2/ BM72+iBQMb i?�i �`2
/m2 iQ rQ`F2`b Q7 BM/mbi`v iX q2 �`2 mM�#H2 iQ Q#i�BM i?Bb- #mi 7`QK P L1h /�i� r2 +�M
2biBK�i2 �M BM/2t Q7 2tTQbm`2 iQ BM72+iBQMX hQ BM+Q`TQ`�i2 i?Bb BM7Q`K�iBQM- r2 �bbmK2

βw(t) = βw(0)
N∑

i=1

δi,w
ηibi,w∑N

k=1 ηkbk,w
, U9yV

r?2`2 δi,w Bb � TQHB+v p�`B�#H2 i?�i Bb 2[m�H iQ R BM i?2 T`2@HQ+F/QrM T2`BQ/ UKQ`2 /2i�BHb
#2HQrV- bi,w Bb �M BM/B+�iQ` Q7 BMi2MbBiv r2B;?i2/ MmK#2` Q7 +QMi�+ib BM BM/mbi`v i- �M/ ηi Bb
i?2 b?�`2 Q7 TQTmH�iBQM BM BM/mbi`v iX hQ +�HB#`�i2 bi,w- r2 i�F2 P L1h Q++mT�iBQM@H2p2H /�i�
QM i?2 2tTQbm`2 iQ BM72+iBQM �M/ QM T?vbB+�H T`QtBKBivX q2 +QMbi`m+i 2tTQbm`2 iQ BM72+iBQM
�M/ T?vbB+�H T`QtBKBiv BM/2t2b �i i?2 BM/mbi`v H2p2H #v mbBM; i?2 b?�`2 Q7 Q++mT�iBQMb BM 2�+?
BM/mbi`v- �M/ i?2M +QMbi`m+i bi,w �b i?2 �p2`�;2 Q7 i?2 BM/mbi`v@H2p2H 2tTQbm`2 iQ BM72+iBQM �M/
T?vbB+�H T`QtBKBivX

a+?QQHbX q2 KQ/2H bim/2Mib �M/ TmTBHb b2T�`�i2Hv UrQ`F2`b BM 1/m+�iBQM 7�+2 � `BbF mM/2`
i?2 ǳqQ`F@`2H�i2/Ǵ +�i2;Q`vVX q2 �bbmK2 i?�i i?2 b+?QQH +HQbm`2 BKTHB2b i?�i �HH +?BH/`2M �#Qp2
R9 U� b?�`2 1− gV �`2 MQi �HHQr2/ iQ b+?QQH- �M/ i?Qb2 �i R9 Q` #2HQr U� b?�`2 gV �`2 �HHQr2/ B7
i?2B` T�`2Mib rQ`F #mi +�MMQi rQ`F 7`QK ?QK2X h?Bb 2t+Hm/2b 7`QK b+?QQH i?2 +?BH/`2M Q7 i?2
�/mHi MQM rQ`FBM; TQTmH�iBQM- �M/ r2 �bbmK2 i?�i i?2 bim/2Mib �M/ TmTBHb /Q MQi rQ`FX G2i
δs #2 QM2 B7 b+?QQHb �`2 QT2M �b MQ`K�H- �M/ x2`Q B7 i?2v �`2 T�`iB�HHv +HQb2/X h?2M- i?2 7`�+iBQM
Q7 i?2 bim/2Mib �M/ TmTBHb TQTmH�iBQM i?�i �`2 �ii2M/BM; b+?QQH Bb

µs =

(
δs + (1− δs)

(
g

N∑

i=1

δi,wηi

))
. U9RV

6Q` bBKTHB+Biv- r2 �bbmK2 i?�i i?2 b+?QQH BM72+iBQM `�i2 b+�H2b HBM2�`Hv rBi? i?2 7`�+iBQM Q7
bim/2Mib �ii2M/BM; b+?QQHb �b 7QHHQrb-

βs(t) = βs(0)µ
s. U9kV

j9



*QMbmKTiBQM@`2H�i2/X q2 T`Q+22/ �b 7Q` rQ`F@`2H�i2/ BM72+iBQMb- �M/ r`Bi2

βc(t) = βc(0)
N∑

i=1

δi,cbi,c, U9jV

r?2`2 δi,c Bb � TQHB+v p�`B�#H2 i?�i Bb 2[m�H iQ R BM i?2 T`2@HQ+F/QrM T2`BQ/ UKQ`2 /2i�BHb #2HQrV-
�M/ i?2 bi,c �`2 bm+? i?�i

∑N
i=1 bi,c = 1X hQ +�HB#`�i2 bi,c- r2 /2`Bp2 7`QK ai`ƺK;`2M 2i �HX

UkyRdV � #`2�F/QrM Q7 +QMbmKTiBQM@`2H�i2/ +QMi�+ib BMiQ i?Qb2 `2H�i2/ iQ _2i�BH- i?Qb2 `2H�i2/
iQ _2bi�m`�Mib- �M/ i?Qb2 `2H�i2/ iQ aTQ`ib o2Mm2bX q2 i?2M K�T 2�+? Q7 i?2b2 i?`22 +�i2;Q`B2b
BMiQ � bBM;H2 b2T�`�i2 qAP. +H�bbB}+�iBQMX

Sm#HB+ i`�MbTQ`iX 6Q`K�HHv i`�MbTQ`i Bb Dmbi �M BM/mbi`v r?2`2 +QMbmK2`b `BbF +�i+?BM; i?2
pB`mbX >Qr2p2`- BM Qi?2` +QMbmKTiBQM@`2H�i2/ BM/mbi`B2b- i?2 MmK#2` Q7 +QMbmK2`b /2T2M/b
QMHv r?2i?2` i?Bb T�`iB+mH�` BM/mbi`v Bb QT2MX h`�MbTQ`i Bb /Bz2`2Mi #2+�mb2 i?2 MmK#2` Q7
T2QTH2 i�FBM; i`�MbTQ`i /2T2M/b QM ?Qr K�Mv Qi?2` BM/mbi`B2b �`2 QT2M @ B7 �HH BM/mbi`B2b �`2
QT2M- i`�BMb �`2 T�+F2/ �M/ i?2`2 �`2 KQ`2 +QMi�+ibfBM72+iBQMbX h?2`27Q`2 r2 i`2�i h`�MbTQ`i
b2T�`�i2Hv- �M/ r2 �bbmK2 i?�i �HH i`�MbTQ`i@`2H�i2/ BM72+iBQMb �`2 #2ir22M +QKKmi2`bX A7 r2
�bbmK2 i?�i i?2 MmK#2` Q7 +QMi�+ib Q7 QM2 +QKKmi2` Bb T`QTQ`iBQM�H iQ i?2 MmK#2` Q7 Qi?2`
+QKKmi2`b- BM72+iBQMb �`2 T`QTQ`iBQM�H iQ i?2 b[m�`2 Q7 i?2 T`QTQ`iBQM Q7 mbm�H +QKKmi2`b i?�i
/Q +QKKmi2 BM � ;Bp2M b+2M�`BQX h?mb- r2 ?�p2

βT (t) = βT (0)

(
µsηs +

∑N
i=1 δi,wηi

ηs +
∑N

i=1 ηi

)2

U99V

r?2`2 i?2 H27i i2`K BMbB/2 i?2 T�`2Mi?2bBb +Q``2bTQM/b iQ bim/2Mi +QKKmi2`b �M/ i?2 `B;?i
i2`K iQ rQ`F +QKKmi2`bX h?2 i2`K BM i?2 /2MQKBM�iQ` Bb � MQ`K�HBxBM; 7�+iQ` i?�i ;m�`�Mi22b
+QMbBbi2M+v �i iBK2 t = 0. Ua22 �TT2M/Bt 1 7Q` /2i�BHb QM i?2 /2`Bp�iBQMVX

eXj SQHB+v b+2M�`BQb, `2QT2MBM; b2H2+i2/ BM/mbi`B2b

� TQHB+v Bb � b2i Λ ≡
{
{δi,c}i=1...N , {δi,w}i=1...N , δs, δh

}
X Ai Bb ?2HT7mH iQ }`bi MQi2 i?2 p�Hm2b Q7

Λ #27Q`2 �M/ �7i2` i?2 HQ+F/QrMX

S`2@GQ+F/QrMX �HH BM/mbi`B2b �`2 QT2M 7Q` rQ`F2`b �M/ +QMbmK2`bX �HH b+?QQHb �`2 QT2M �M/
i?2`2 Bb MQ 7`B2M/b �M/ 7�KBHv bQ+B�H /Bbi�M+BM;X

δi,w(S`2@GQ+F/QrM) = 1

δi,c(S`2@GQ+F/QrM) = 1

δs(S`2@GQ+F/QrM) = 1

δh(S`2@GQ+F/QrM) = 1

AM i?Bb +�b2- β(t) = β∗X

a+2M�`BQ A, 6mHH HQ+F/QrMX qQ`F2`b ;Q iQ rQ`F T?vbB+�HHv B7 �M/ QMHv B7 i?2v �`2 2bb2MiB�H
�M/ i?2v +�MMQi rQ`F 7`QK ?QK2- r?B+? ?�TT2Mb 7Q` � b?�`2 Q7 rQ`F2`b 2[m�H iQ eiw(1 − ri)-
r?2`2 eiw Bb i?2 /2;`22 iQ r?B+? i?2 BM/mbi`v Bb 2bb2MiB�H- �M/ ri Bb i?2 _2KQi2 G�#Q` AM/2t Ub22

j8



�TT2M/Bt � 7Q` /2i�BHb QM ?Qr r2 2biBK�i2 eiw �M/ ri 7Q` 2�+? BM/mbi`vVX *QMbmK2`b +QMbmK2
T?vbB+�HHv QMHv r?�i i?2v +�M +QMbmK2 T?vbB+�HHvX

δi,w(GQ+F/QrM) = ei,w(1− ri)

δi,c(GQ+F/QrM) = ei,c

δs(GQ+F/QrM) = 0

δh(GQ+F/QrM) = 0

r?2`2 ei,c Bb �M ǳ2bb2MiB�H +QMbmKTiBQM BM/2tǴX 6Q` 2�+? BM/mbi`v UBM 7�+i- `2i�BH Bb i?2 QMHv `2H2@
p�Mi QM2V- Bi BM/B+�i2b ?Qr Km+? Q7 BM72+iBQM@`2H�i2/ +QMbmKTiBQM Bb biBHH QT2M /m`BM; HQ+F/QrMX
AM T`�+iB+2- r2 �bbmK2 ei,c = 0 7Q` �HH BM/mbi`B2b 2t+2Ti `2i�BH- �M/ ei,c = ei,w 7Q` `2i�BH- i?�i Bb-
r2 �bbmK2 i?�i i?2 b?�`2 Q7 i?2 `2i�BH@#�b2/ BM72+iBQMb i?�i +QMiBMm2 /m`BM; HQ+F/QrM +�M #2
T`QtB2/ #v i?2 b?�`2 Q7 `2i�BH rQ`F2`b r?Q �`2 2bb2MiB�HX

q2 +QMbB/2` 7Qm` /2;`22b Q7 `2QT2MBM;, `Qm;?Hv bT2�FBM;- `2QT2MBM; QMHv K�Mm7�+im`BM; �M/
+QMbi`m+iBQM- `2QT2MBM; 2p2`vi?BM; 2t+2Ti +QMbmK2`@7�+BM; BM/mbi`B2b UrBi? Q` rBi?Qmi 7mHHv `2@
QT2MBM; b+?QQHbV- �M/ `2QT2MBM; 2p2`vi?BM;X 6Q` �HH b+2M�`BQb r2 �bbmK2 i?�i 7`B2M/b �M/ 7�KBHv
bQ+B�H /Bbi�M+BM; `2K�BMb BM TH�+2- δh = 0- �M/ �M/ i?�i 2p2`vQM2 i?�i +�M rQ`F 7`QK ?QK2
+QMiBMm2b iQ rQ`F `2KQi2HvX h�#H2 9 b?Qrb i?2 K�BM b+2M�`BQb �M/ i?2 F2v /BK2MbBQMb BM r?B+?
i?2v /Bz2`X

A AA AAA Ao o oA
a+2M�`BQ GQ+F/QrM J�Mm7�+im`BM;

�M/ *QMbi`m+@
iBQM

�HH 2t+2Ti
+QMbmK2`@
7�+BM;X

�HH 2t+2Ti
+QMbmK2`@
7�+BM;-
a+?QQHb
QT2M2/

PT2M S`2@
HQ+F/QrM

qQ`F 7`QK ?QK2\ u2b u2b u2b u2b u2b LQ
a+?QQHb QT2M\ S�`iB�HHv S�`iB�HHv S�`iB�HHv 6mHHv 6mHHv 6mHHv
PM@bBi2 +QMbmKTiBQM QT2M\ LQ LQ LQ LQ u2b u2b
>QK2@`2H�i2/ /Bbi�M+BM;\ u2b u2b u2b u2b u2b LQ

h�#H2 9, aBt b+2M�`BQb 7Q` `2QT2MBM; i?2 2+QMQKvX

a+2M�`BQ AA, J�Mm7�+im`BM; �M/ *QMbi`m+iBQMX q2 H�#2H i?Bb b+2M�`BQ ǳJ�Mm7�+im`BM;
�M/ *QMbi`m+iBQMǴ 7Q` b?Q`i- #mi r2 K2�M QT2MBM; �HH �@6 BM/mbi`B2b, �;`B+mHim`2- JBMBM;-
J�Mm7�+im`BM;- liBHBiB2b �M/ *QMbi`m+iBQMX "2+�mb2 �HH rQ`F2`b r?Q +�M rQ`F 7`QK ?QK2 /Q
bQ- r2 ?�p2

δi,w(J�Mm7�+im`BM; �M/ *QMbi`m+iBQM) =
{
(1− ri) ∀i ∈ �@6,
ei,w(1− ri) ∀i ∈ :@h.

δi,c(J�Mm7�+im`BM; �M/ *QMbi`m+iBQM) = ei,c ∀i.

a+2M�`BQ AAA, �HH 2t+2Ti +QMbmK2`@7�+BM;X h?Bb K2�Mb QT2MBM; �HH BM/mbi`B2b U�@hV- 2t@
+2Ti i?2 i?`22 ǳ+QMbmK2`@7�+BM;Ǵ BM/mbi`B2b :9d U_2i�BHV- A U�++QKKQ/�iBQM �M/ 6QQ/V- �M/
_a UPi?2` a2`pB+2b- r?B+? BM+Hm/2b `2+`2�iBQM �M/ T2`bQM�H b2`pB+2bVX

δi,w(�HH 2t+2Ti +QMbmK2`@7�+BM;X) =
{
eiw(1− ri) ∀i ∈

{
:9d- A- _a

}
,

(1− ri) Qi?2`rBb2.
δi,c(�HH 2t+2Ti +QMbmK2`@7�+BM;X) = ei,c ∀i.

je



a+2M�`BQ Ao, �HH 2t+2Ti +QMbmK2`@7�+BM;X Y a+?QQHbX h?Bb Bb i?2 b�K2 �b a+2M�`BQ AAA-
#mi r2 �bbmK2 i?�i b+?QQHb �`2 7mHHv QT2M BMbi2�/ Q7 `2+2BpBM; QMHv +?BH/`2M Q7 rQ`F2`b r?Q
+�MMQi rQ`F 7`QK ?QK2- i?�i Bb δs = 1

a+2M�`BQ o, PT2MX q2 `2QT2M �HH BM/mbi`B2b 7Q` rQ`F �M/ +QMbmKTiBQMX

δi,w(�HH QT2M) = (1− ri) ∀i
δi,c(�HH QT2M) = 1 ∀i.

eX9 *QKTmiBM; R0

q2 �bbmK2 i?�i #27Q`2 i?2 HQ+F/QrM- R0(T`2@HQ+F/QrM) = 2.6 UC�`pBb 2i �HX kykyVX h?2M r2
+QKTmi2 ?Qr β Bb `2/m+2/ #v bQ+B�H /Bbi�M+BM; K2�bm`2b /m`BM; i?2 HQ+F/QrMX h?Bb ;Bp2b mb �M
2biBK�i2 Q7 i?2 HQ+F/QrM R0 r?B+? r2 /2MQi2 R̃0

R̃0 = R0(T`2@HQ+F/QrM)×
β(HQ+F/QrM)

β(T`2@HQ+F/QrM) U98V

q2 }M/ R̃0 ≈ 0.90X >Qr2p2`- i?2 `2+2Mi bim/v #v C�`pBb 2i �HX UkykyV }M/b i?�i BM i?2 lE
/m`BM; HQ+F/QrM- R0 ≈ 0.62X Ai Bb MQi bm`T`BbBM; i?�i r2 Qp2`2biBK�i2 i?2 HQ+F/QrM R0- �b Qm`
KQ/2H /Q2b MQi BM+Q`TQ`�i2 �HH i?2 #�bB+ b�MBi�`v K2�bm`2b i?�i rQmH/ �TTHv iQ i?2 +QMi�+ib
i?�i ?�p2 MQi #22M `2/m+2/X 6Q` BMbi�M+2- r2 +QMbB/2` bmT2`K�`F2i BM72+iBQMb iQ bi�v i?2 b�K2
#2+�mb2 bmT2`K�`F2ib �`2 QT2M- #mi bQ+B�H /Bbi�M+BM; �TTHB2b BM bmT2`K�`F2ib �M/ i?2`2 �`2
2ti`� +H2�MBM; T`Q+2/m`2b BM TH�+2X �MQi?2` 2t�KTH2 rQmH/ #2 2bb2MiB�H rQ`F2`bX AM Qm` KQ/2H-
2bb2MiB�H rQ`F2`b +QMi`B#mi2 iQ BM72+iBQMb MQr Dmbi �b i?2v /B/ #27Q`2- r?BH2 BM `2�HBiv Bi Bb HBF2Hv
i?�i i?2B` +QM/BiBQMb ?�p2 #22M K�/2 �i H2�bi � #Bi b�72`X � }M�H 2t�KTH2 BM+Hm/2b i?2 2z2+i Q7
BM7Q`K�iBQM +�KT�B;Mb QM ?�M/ r�b?BM;X hQ i�F2 i?Bb BMiQ �++QmMi- r2 `2b+�H2 �HH Qm` 2biBK�i2b
7Q` i?2 b+2M�`BQb bQ i?�i i?2v bi�`i 7`QK � HQ+F/QrM p�Hm2 �i yXekX

R0(Λ) =
0.62

R̃0
× β(Λ)

β(T`2@HQ+F/QrM) U9eV

h?Bb `2b+�HBM; BKTHB2b i?�i 7mHHv `2@QT2MBM; i?2 2+QMQKv #�+F iQ i?2 T`2@HQ+F/QrM bBim�iBQM
Ui?�i Bb- `2KQpBM; �HH HBKBi�iBQMb iQ rQ`F- +QMbmKTiBQM- b+?QQH �M/ bQ+B�H +QMi�+i- r?BH2 F22TBM;
i?2 2ti`� b�MBi�`v T`2+�miBQMbV rQmH/ #`BM; R0 iQ (0.62/1.04)× 2.6 = 1.55X

q2 Q#i�BM bi�M/�`/ 2``Q`b 7Q` R0 �b 7QHHQrbX C�`pBb 2i �HX UkykyV `2TQ`i � T`2@HQ+F/QrM
K2�M R0 Q7 kXe rBi? � bi�M/�`/ 2``Q` Q7 yX89- i?�i Bb- � bi�M/�`/ 2``Q` Q7 0.54/2.6 = 21% Q7 i?2
K2�MX h?2B` TQbi@HQ+F/QrM 2biBK�i2 Bb 0.62 rBi? � N8W +QM}/2M+2 BMi2`p�H UyXjd @ yX3NV- i?�i
Bb- � bi�M/�`/ 2``Q` Q7 ((0.62 − 0.37)/2)/0.62 = 20% Q7 i?2 K2�MX AM pB2r Q7 i?Bb- r2 �bbmK2
i?�i 7Q` �HH Qm` 2biBK�i2b- QM2 bi�M/�`/ 2``Q` �Hr�vb 2[m�H kyW Q7 i?2 K2�M R0 2biBK�i2bX q2
`2TQ`i +QM}/2M+2 BMi2`p�Hb �b irQ bi�M/�`/ 2``Q`b �`QmM/ i?2 K2�MX

eX8 1+QMQKB+ T2`7Q`K�M+2 pbX BM72+iBQMb, b2+iQ`@bT2+B}+ `2@QT2MBM;
q2 MQr b?Qr bBKmH�iBQMb 7Q` i?2 7Qm` 2+QMQKB+ b+2M�`BQb QmiHBM2/ BM a2+iBQM eXj, HQ+F/QrM-
QT2M K�Mm7�+im`BM; �M/ +QMbi`m+iBQM- QT2M �HH BM/mbi`B2b 2t+2Ti +QMbmK2`@7�+BM; QM2b- QT2M �HH
BM/mbi`B2b Ub+?QQH QT2MBM; /Q2b MQi �z2+i 2+QMQKB+ b+2M�`BQVX

jd
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6B;m`2 RR, _2QT2MBM; b+2M�`BQbX q2 b?Qr T`Q/m+iBQM MQ`K�HBx2/ iQ T`2@HQ+F/QrM H2p2Hb- 7Q` 7Qm` KQMi?b
bBM+2 HQ+F/QrM bi�`ib- �bbmKBM; HQ+F/QrM Bb HB7i2/ X q2 +QMbB/2` i?2 7Qm` 2+QMQKB+ b+2M�`BQb QmiHBM2/ BM a2+iBQM
eXjX

�b +�M #2 b22M BM 6B;m`2 RR- F22TBM; i?2 HQ+F/QrM H2�/b iQ � 7m`i?2` `2/m+iBQM BM T`Q/m+iBQM-
/m2 iQ }`Kb 2t?�mbiBM; i?2B` BMp2MiQ`B2bX _2@QT2MBM; QMHv �HH �@6 BM/mbi`B2b U�;`B+mHim`2-
JBMBM;- J�Mm7�+im`BM;- liBHBiB2b �M/ *QMbi`m+iBQMV H2�/b iQ �M BM+`2�b2 BM T`Q/m+iBQM- ?Qr2p2`
i?2 DmKT Bb Km+? #B;;2` r?2M QT2MBM; �HH BM/mbi`B2b 2t+2Ti +QMbmK2`@7�+BM; QM2bX *QMp2`b2Hv-
i?2`2 Bb MQi � H�`;2 #2M2}i BM i2`Kb Q7 T`Q/m+iBQM 7`QK QT2MBM; +QMbmK2`@7�+BM; BM/mbi`B2bX hQ
+QKTmi2 i?2 BM+`2�b2b BM T`Q/m+iBQM BM 6B;m`2 R- r2 +QMbB/2` i?2 }`bi jy /�vb �7i2` HQ+F/QrM
Bb HB7i2/c �b Bi Bb 2�bv iQ b22- i?2 2+QMQKv Bb 7�` 7`QK +QKTH2i2Hv `2+Qp2`BM; �7i2` jy /�vb- �b
/Bb+mbb2/ BM a2+iBQM 9X

h?2`2 Bb � i`�/2@Qz #2ir22M �M BM+`2�b2 BM T`Q/m+iBQM �M/ KBiB;�iBM; i?2 2TB/2KB+ bT`2�/
r?2M QT2MBM; BM/mbi`B2bX AM i?2 #�` THQi BM 6B;X R r2 BHHmbi`�i2 i?Bb i`�/2@QzX h?2 #�`b QM
i?2 H27i b?Qr Qm` 2biBK�i2b Q7 R0- i?2 ?B;?2` i?2 #�`- i?2 7�bi2` i?2 2TB/2KB+ bT`2�/X h?2 #�`b
QM i?2 `B;?i b?Qr i?2 :.S U�b � T2`+2Mi�;2 Q7 i?2 T`2@HQ+F/QrM :.SV Q7 2�+? b+2M�`BQX AM
a+2M�`BQ AA- r?2`2 J�Mm7�+im`BM; �M/ *QMbi`m+iBQM QT2M- i?2 2z2+i QM R0 Bb M2;HB;B#H2- #mi ?�b
� j T2`+2Mi�;2 TQBMib ?B;?2` :.S i?�M i?2 HQ+F/QrM b+2M�`BQX h?2 M2;HB;B#H2 BM+`2�b2 BM R0 Bb
/m2 iQ i?2 HQr T2`+2Mi�;2 Q7 i?2 H�#Q` 7Q`+2 i?�i `2bmK2b rQ`FX 15% Q7 i?2 2KTHQv2/ T2QTH2
rQ`F BM A−F BM/mbi`B2b- �M/ QMHv 10% +�MMQi rQ`F 7`QK ?QK2X 6m`i?2`KQ`2- 6% r2`2 �H`2�/v
rQ`FBM; QM@bBi2 /m2 iQ i?2 2bb2MiB�H M�im`2 Q7 i?2B` rQ`FX h?mb- mM/2` b+2M�`BQ AA- QMHv 4% Q7
i?2 2KTHQv2/ H�#Q` 7Q`+2 `2bmK2 QM@bBi2 rQ`FX

a+2M�`BQ AAA T`2b2Mib � bHB;?i BM+`2�b2 BM R0 rBi? `2bT2+i iQ i?2 HQ+F/QrM b+2M�`BQX h?2
bHB;?i BM+`2�b2 Bb KQbiHv #2+�mb2 MQM@+QMbmK2`@7�+BM; BM/mbi`B2b 7`QK G − RnS ?�p2 � ?B;?
`2KQi2 H�#Q` BM/2tX h?2`27Q`2- �bbmKBM; i?�i �HH i?2 rQ`F2`b i?�i +�M i2H2rQ`F bi�v ?QK2- i?2
MmK#2` Q7 T2QTH2 `2im`MBM; iQ rQ`F Bb bK�HHX a+2M�`BQ AAA ?�b � 3 T2`+2Mi�;2 TQBMib ?B;?2` :.S
i?�M i?2 HQ+F/QrM b+2M�`BQX h?Bb Bb /m2 iQ � /B`2+i 2z2+i �b r2HH �b � BM/B`2+i 2z2+i r?2`2
#mbBM2bb b2`pB+2b MQr `2bmK2 rQ`F BM i�M/2K rBi? T`BK�`v �M/ b2+QM/�`v b2+iQ`- HB7iBM; F2v
#QiiH2M2+Fb BM bmTTHv +?�BMbX

a+2M�`BQ Ao- r?2`2 r2 BM+Hm/2 QT2MBM; b+?QQHb 7Q` �HH +?BH/`2M UMQi QMHv 7Q` i?2 #2HQr R9
+?BH/`2M Q7 T2QTH2 rQ`FBM; QM@bBi2V- BM+`2�b2b R0 bm#bi�MiB�HHvX qBi? 17% Q7 i?2 TQTmH�iBQM
#2BM; 14 v2�`b QH/ Q` vQmM;2`- Bi Bb MQi bm`T`BbBM; i?�i QT2MBM; b+?QQHb BM+`2�b2b i?2 bT22/ Q7
i?2 2TB/2KB+ bT`2�/X aBM+2 r2 /Q MQi +QMbB/2` T`Q/m+iBpBiv /2+`2�b2 /m2 iQ +?BH/+�`2 rQ`F-
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i?2 :.S Q7 a+2M�`BQ Ao Bb 2[m�H iQ i?2 :.S BM a+2M�`BQ AAAX a+2M�`BQ o- r?2`2 +QMbmK2`@
7�+BM; BM/mbi`B2b QT2M- BM+`2�b2b bm#bi�MiB�HHv 2TB/2KB+ bT`2�/ /m2 iQ i?2 b?�`2 Q7 +QMi�+ib i?�i
?�TT2M BM `2bi�m`�Mib- ?Qi2Hb- ;vKb- 2i+X >Qr2p2`- i?2`2 Bb QMHv � k T2`+2Mi�;2 TQBMi BM+`2�b2
BM :.S +QKT�`2/ iQ i?2 T`2pBQmb b+2M�`BQX h?Bb Bb KQbiHv /m2 iQ � H�+F Q7 `2+Qp2`v BM /2K�M/
7Q` i?2 ?QbTBi�HBiv �M/ `2+`2�iBQM BM/mbi`B2bX

d .Bb+mbbBQM
AM i?Bb T�T2` r2 ?�p2 BMp2biB;�i2/ ?Qr HQ+FBM; /QrM �M/ `2@QT2MBM; i?2 2+QMQKv �b � TQHB+v
`2bTQMb2 iQ i?2 *PoA.@RN T�M/2KB+ �z2+ib 2+QMQKB+ T2`7Q`K�M+2 �M/ +QMi�;BQMX q2 BMi`Q@
/m+2/ � MQp2H 2+QMQKB+ KQ/2H bT2+B}+�HHv /2bB;M2/ iQ �//`2bb i?2 mMB[m2 72�im`2b Q7 i?2 +m``2Mi
T�M/2KB+X h?2 KQ/2H Bb BM/mbi`v@bT2+B}+- BM+Q`TQ`�iBM; i?2 T`Q/m+iBQM M2irQ`F �M/ BMp2MiQ`v
/vM�KB+bX q2 mb2 bm`p2v `2bmHib #v BM/mbi`v 2tT2`ib iQ KQ/2H ?Qr +`BiB+�H /Bz2`2Mi BMTmib
�`2 BM i?2 T`Q/m+iBQM Q7 � bT2+B}+ BM/mbi`vX q2 +�HB#`�i2 i?2 KQ/2H iQ i?2 lE 2+QMQKv �M/
}M/ i?�i irQ KQMi?b �7i2` HQ+F/QrM ;`Qbb QmiTmi �M/ +QMbmKTiBQM �`2 /QrM #v kdW r?2M
+QKT�`2/ iQ T`2@HQ+F/QrM H2p2HbX

q2 }M/ i?�i BM/mbi`B2b �`2 �z2+i2/ #v /B`2+i /2K�M/ �M/ bmTTHv b?Q+Fb BM ?B;?Hv ?2i@
2`Q;2M2Qmb r�vbX q?BH2 K�Mv K�Mm7�+im`BM; BM/mbi`B2b 7�+2 H�`;2 bmTTHv b?Q+Fb- i`�MbTQ`i
BM/mbi`B2b 2tT2`B2M+2 KQbiHv /2K�M/@bB/2 b?Q+FbX Pi?2` BM/mbi`B2b BM+Hm/BM; ?Qi2Hb �M/ `2bi�m@
`�Mib �`2 bm#bi�MiB�HHv 2tTQb2/ iQ #Qi? b?Q+F ivT2b bBKmHi�M2QmbHvX q2 }M/ bBKBH�` BM/mbi`B�H
?2i2`Q;2M2Biv 7Q` ?B;?2`@Q`/2` BKT�+ibX

q2 �M�Hvb2/ ?Qr b?Q+Fb T`QT�;�i2 i?`Qm;? i?2 T`Q/m+iBQM M2irQ`F- `2bmHiBM; BM MQM@i`BpB�H
2+QMQKB+ BKT�+ibX 6B`bi- r2 ?�p2 b?QrM i?�i BMTmi +`BiB+�HBiv TH�vb �M BKTQ`i�Mi `QH2 BM i?2
/QrMbi`2�K �KTHB}+�iBQM Q7 b?Q+FbX a2+QM/- r2 7QmM/ i?�i BMp2MiQ`v H2p2Hb +�M �+i �b #mz2`b
�;�BMbi T`Q/m+iBQM b?Q+Fb �M/ �`2 +`m+B�H 7Q` mM/2`bi�M/BM; 2+QMQKB+ BKT�+ib Ĝ �M �bT2+i
mbm�HHv M2;H2+i2/ BM Qi?2` bim/B2bX h?B`/- Bi ?�b #2+QK2 2pB/2Mi i?�i iBK2 b+�H2b K�ii2` �b
b?Q+F T`QT�;�iBQM Bb MQi BKK2/B�i2 #mi i�F2b iBK2X Pp2`�HH- r2 }M/ i?�i }`bi@Q`/2` b?Q+Fb +�M
#2 i`�MbH�i2/ BMiQ Qp2`�HH BKT�+ib BM ?B;?Hv MQMHBM2�` r�vbX q2 2p2M }M/ +�b2b r?2`2 bK�HH2`
�;;`2;�i2 b?Q+Fb +�M H2�/ iQ H�`;2` 2+QMQKB+ BKT�+ib �b � `2bmHi Q7 mM#�H�M+2/ bmTTHv �M/
/2K�M/ /vM�KB+bX h?Bb ǵ+QQ`/BM�iBQM 7�BHm`2Ƕ bm;;2bib i?�i Bi +QmH/ #2 /�M;2`Qmb iQ `2@QT2M
bBM;H2 b2+iQ`b Q7 i?2 2+QMQKv #v i?2Kb2Hp2b rBi?Qmi mM/2`bi�M/BM; ?Qr i?2v �`2 2K#2//2/ BM
i?2 T`Q/m+iBQM M2irQ`FX Pm` `2bmHib bm;;2bi i?�i i?2 2+QMQKB+ #QQbi 7`QK QT2MBM; �M BM/mbi`v
/2T2M/b QM i?2 mT@f/QrMbi`2�K HQ+�iBQM Q7 i?�i BM/mbi`v �b r2HH �b ?Qr b2p2`2 i?2 2+QMQKv
bmz2`b 7`QK BMTmi #QiiH2M2+FbX AM +�b2 i?2 2+QMQKv 7�+2b b2`BQmb T`Q/m+iBp2 +QMbi`�BMib- `2@
QT2MBM; � bBM;H2 b2+iQ` +�M 2p2M ?�p2 �/p2`b2 2z2+ib QM 2+QMQKB+ QmiTmiX

h?2`2 Bb � i`�/2@Qz #2ir22M `2@QT2MBM; i?2 2+QMQKv �M/ 7�+BM; �M BM+`2�b2 BM 2TB/2KB+
bT`2�/BM;X hQ ?2HT mM/2`bi�M/ i?Bb r2 /2p2HQT �M 2TB/2KB+ KQ/2H r?2`2 i?2 BM72+iBQM `�i2 Bb
/BpB/2/ #2ir22M /Bz2`2Mi 2+QMQKB+@`2H�i2/ �+iBpBiB2b, rQ`F- b+?QQHb- +QMbmKTiBQM- i`�MbTQ`i-
�M/ Qi?2`bX qBi?BM rQ`F �M/ +QMbmKTiBQM- r2 +QMbB/2` i?2 `2H�iBp2 `BbF Q7 BM72+iBQM #2ir22M
BM/mbi`B2bX q2 }M/ i?�i i?2`2 Bb HBiiH2 p�`B�M+2 #2ir22M i?2 `BbF Q7 BM72+iBQM rQ`F2`b 7�+2 BM
/Bz2`2Mi BM/mbi`B2bX AM +QMi`�bi- i?2 `BbF Q7 BM72+iBQM /m2 iQ +QMbmKTiBQM Bb +QM+2Mi`�i2/ BM
i?`22 +QMbmK2`@7�+BM; BM/mbi`B2b, `2i�BH- `2bi�m`�Mib �M/ ?Qi2Hb- �M/ Qi?2` b2`pB+2b UBM+Hm/BM;
;vK �M/ 2Mi2`i�BMK2Mi 2p2MibVX Pm` `2bmHib b?Qr i?�i F22TBM; +QMbmK2`@7�+BM; BM/mbi`B2b �M/
b+?QQHb +HQb2/- �M/ ?�pBM; T2QTH2 r?Q +�M i2H2rQ`F rQ`F 7`QK ?QK2 +�M bB;MB}+�MiHv BM+`2�b2
i?2 2+QMQKB+ QmiTmi r?BH2 ?�pBM; � `2H�iBp2Hv bK�HH BM+`2�b2 BM i?2 bT`2�/ Q7 i?2 2TB/2KB+X
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3 "B#HBQ;`�T?v
�M/2`b2M- �X GX- >�Mb2M- 1X hX- CQ?�MM2b2M- LX � a?2`B/�M- �X UkykyV- ǵ*QMbmK2` `2TQMb2b iQ i?2

+QpB/RN +`BbBb, 1pB/2M+2 7`QK #�MF �++QmMi i`�Mb�+iBQM /�i�ǶX

�M/Q- �X- 6Bb?2`- 6X JX � aBKQM- >X �X URNejV- 1bb�vb QM i?2 bi`m+im`2 Q7 bQ+B�H b+B2M+2 KQ/2Hb- JBi
S`2bbX

�`2M�b- �X- *Qi�- qX- :QK2x@:�`/2M2b- CX- :ƦK2x- aX- :`�M2HH- *X- J�i�K�H�b- CX hX- aQ`B�MQ@S�MQb-
.X � ai2BM2;;2`- "X UkykyV- ǵ� K�i?2K�iB+�H KQ/2H 7Q` i?2 bT�iBQi2KTQ`�H 2TB/2KB+ bT`2�/BM; Q7
+QpB/RNǶ- K2/_tBp X

�`iQ- AX- �M/`2QMB- oX � _m2/� *�Mim+?2- CX JX UkyR8V- ǵ:HQ#�H BKT�+ib Q7 i?2 �miQKQiBp2 bmTTHv +?�BM
/Bb`mTiBQM 7QHHQrBM; i?2 D�T�M2b2 2�`i?[m�F2 Q7 kyRRǶ- 1+QMQKB+ avbi2Kb _2b2�`+? kdUjV- jyeĜjkjX

"�[�22- .X _X � 6�`?B- 1X UkykyV- ǵLQMHBM2�` T`Q/m+iBQM M2irQ`Fb rBi? �M �TTHB+�iBQM iQ i?2 +QpB/@RN
+`BbBbǶX

"�``Qi- CX@LX- :`�bbB- "X � a�mp�;M�i- CX UkykyV- ǵa2+iQ`�H 2z2+ib Q7 bQ+B�H /Bbi�M+BM;Ƕ- *QpB/ 1+QMQKB+b
j- Ry �T`BH kyky, 38@Ryk X

"�``Qi- CX@LX � a�mp�;M�i- CX UkyReV- ǵAMTmi bT2+B}+Biv �M/ i?2 T`QT�;�iBQM Q7 B/BQbvM+`�iB+ b?Q+Fb BM
T`Q/m+iBQM M2irQ`FbǶ- h?2 Zm�`i2`Hv CQm`M�H Q7 1+QMQKB+b RjRUjV- R89jĜR8NkX

"�iiBbiQM- aX- :�iiB- .X .X- :�HH2;�iB- JX- :`22Mr�H/- "X � aiB;HBix- CX 1X UkyydV- ǵ*`2/Bi +?�BMb
�M/ #�MF`mTi+v T`QT�;�iBQM BM T`Q/m+iBQM M2irQ`FbǶ- CQm`M�H Q7 1+QMQKB+ .vM�KB+b �M/ *QMi`QH
jRUeV- kyeRĜky39X

"2FF2`b- 1X- E2+F- �X- EQQTK�M- _X � L22- *X UkykyV- ǵh`�/2 �M/ +QpB/@RN, h?2 riQǶb kyky �M/ kykR
i`�/2 7Q`2+�biǶ- *1S_ oQt1l +QHmKM- k9 �T`BH X

"Q/2Mbi2BM- JX- *Q`b2iiB- :X � :m2``B2`B- GX UkykyV- ǵaQ+B�H /Bbi�M+BM; �M/ bmTTHv /Bb`mTiBQMb BM �
T�M/2KB+ǶX

"QM�/BQ- "X- >mQ- wX- G2p+?2MFQ- �X �X � S�M/�H�B@L�v�`- LX UkykyV- ǵ:HQ#�H bmTTHv +?�BMb BM i?2
T�M/2KB+Ƕ- *1S_ .SR9dee X

"Q`;QMQpQ- 1X � SHBb+?F2- 1X UkyReV- ǵa2MbBiBpBiv �M�HvbBb, � `2pB2r Q7 `2+2Mi �/p�M+2bǶ- 1m`QT2�M CQm`M�H
Q7 PT2`�iBQM�H _2b2�`+? k93UjV- 3eNĜ33dX

*�`p�H?Q- oX JX- >�Mb2M- aX- P`iBx- �X- :�`+B�- CX _X- _Q/`B;Q- hX- _Q/`B;m2x JQ`�- aX � _mBx /2
�;mB``2- SX UkykyV- ǵh`�+FBM; i?2 +QpB/@RN +`BbBb rBi? ?B;?@`2bQHmiBQM i`�Mb�+iBQM /�i�ǶX

*?2M- >X- ZB�M- qX � q2M- ZX UkykyV- ǵh?2 BKT�+i Q7 i?2 +QpB/@RN T�M/2KB+ QM +QMbmKTiBQM, G2�`MBM;
7`QK ?B;? 7`2[m2M+v i`�Mb�+iBQM /�i�Ƕ- �p�BH�#H2 �i aa_L j8e38d9 X

*QM;`2bbBQM�H "m/;2i P{+2 UkyyeV- ǵSQi2MiB�H BM~m2Mx� T�M/2KB+, SQbbB#H2 K�+`Q2+QMQKB+ 2z2+ib
�M/ TQHB+v Bbbm2bǶX ?iiTb,ffrrrX+#QX;QpfbBi2bf/27�mHif7BH2bfRyNi?@+QM;`2bb@kyy8@kyyef
`2TQ`ibfRk@y3@#B`/7HmXT/7X

/2H _BQ@*?�MQM�- _X JX- J2�Hv- SX- SB+?H2`- �X- G�7QM/- 6X � 6�`K2`- .X UkykyV- ǵamTTHv �M/ /2K�M/
b?Q+Fb BM i?2 +QpB/@RN T�M/2KB+, �M BM/mbi`v �M/ Q++mT�iBQM T2`bT2+iBp2Ƕ- *QpB/ 1+QMQKB+b e- Rd
�T`BH kyky, e8@Ryj X

.B2ix2M#�+?2`- 1X �JBHH2`- _X 1X UkyR8V- ǵ_2~2+iBQMb QM i?2 BMQT2`�#BHBiv BMTmiĜQmiTmi KQ/2HǶ- 1+QMQKB+
avbi2Kb _2b2�`+? kdU9V- 9d3Ĝ93eX

.BM;2H- CX � L2BK�M- "X UkykyV- ǵ>Qr K�Mv DQ#b +�M #2 /QM2 �i ?QK2\Ƕ- *QpB/ 1+QMQKB+b RX
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.Q`M- 6X- 6m2bi- *X- :ƺii2`i- JX- E`QH�;2- *X- G�mi2M#�+?2`- aX- GBMF- aX- S2B+?H- �X- _2B7- JX- a�m2`-
aX- aiƺ+FHB- JX 2i �HX UkykyV- ǵh?2 2+QMQKB+ +Qbib Q7 i?2 +Q`QM�pB`mb b?mi/QrM 7Q` b2H2+i2/ 2m`QT2�M
+QmMi`B2b, � b+2M�`BQ +�H+mH�iBQMǶ- 1+QMSQH SQHB+v "`B27 k8X ?iiTb,ffrrrXB7QX/2fbBi2bf/27�mHif
7BH2bfkyky@y9f1+QMSQH@SQHB+v@"`B27nkRn�TT2M/Bt@J�`+?kykyXT/7X

.m- wX- q�M;- sX- S�b+Q- _X- S2iiv- JX- 6Qt- aX CX � J2v2`b- GX �X UkykyV- ǵ*QpB/@RN ?2�Hi?+�`2 /2K�M/
T`QD2+iBQMb, kk i2t�b +BiB2bǶX ?iiTb,ffbBi2bX+MbXmi2t�bX2/mfbBi2bf/27�mHif7BH2bf+B/f7BH2bf
+QpB/@RNn�M�HvbBbn7Q`nkkni2t�bn+BiB2bnyjjykyXT/7\K4R8388NedN3X

1B+?2M#�mK- JX aX- _2#2HQ- aX � h`�#�M/i- JX UkykyV- ǵh?2 K�+`Q2+QMQKB+b Q7 2TB/2KB+bǶ- L"1_ qS
ke33k X

6�/BM;2`- >X � a+?vKBF- CX UkykyV- h?2 2z2+ib Q7 rQ`FBM; 7`QK ?QK2 QM +QpB/@RN BM72+iBQMb �M/ T`Q@
/m+iBQM � K�+`Q2+QMQKB+ �M�HvbBb 7Q` ;2`K�Mv- h2+?MB+�H `2TQ`i- lMBp2`bBiv Q7 "QMM �M/ lMBp2`bBiv
Q7 J�MM?2BK- :2`K�MvX

6�M�- JX- hQH�M- aX- S2`2x- aX hX- "`�M+�iB- JX *X lX- J�+B�b- 1X 6X 2i �HX UkykyV- h?2 +QpB/ +QM}M2K2Mi
K2�bm`2b �M/ 2m H�#Qm` K�`F2ib- h2+?MB+�H `2TQ`i- CQBMi _2b2�`+? *2Mi`2 Ua2pBHH2 bBi2VX

6�p2`Q- *X �X- A+?BMQ- �X � _mbiB+?BMB- �X UkykyV- ǵ_2bi�`iBM; i?2 2+QMQKv r?BH2 b�pBM; HBp2b mM/2`
+QpB/@RNǶX

62`;mbQM- LX- G�v/QM- .X- L2/D�iB :BH�MB- :X- AK�B- LX- �BMbHB2- EX- "�;m2HBM- JX- "?�iB�- aX-
"QQMv�bB`B- �X- *m+mMm#� S2`2x- wX- *mQKQ@.�MM2M#m`;- :X 2i �HX UkykyV- ǵ_2TQ`i N, AKT�+i Q7
MQM@T?�`K�+2miB+�H BMi2`p2MiBQMb UMTBbV iQ `2/m+2 +QpB/RN KQ`i�HBiv �M/ ?2�Hi?+�`2 /2K�M/ǶX

:�H�bbQ- oX UkykyV- ǵ*QpB/, LQi � ;`2�i 2[m�HBb2`Ƕ- *QpB/ 1+QMQKB+b R3- R8 J�v kyky, R8d@ReN TX dRX

:?Qb?- �X URN83V- ǵAMTmi@QmiTmi �TT`Q�+? BM �M �HHQ+�iBQM bvbi2KǶ- 1+QMQKB+� k8UNdV- 83Ĝe9X

:QH/7�`#- �X � hm+F2`- *X UkykyV- q?B+? `2i�BH QmiH2ib ;2M2`�i2 i?2 KQbi T?vbB+�H BMi2`�+iBQMb\- h2+?MB+�H
`2TQ`i- L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?X

:QiiHB2#- *X- :`Q#QpȒ2F- CX � SQb+?F2- JX UkykyV- ǵqQ`FBM; 7`QK ?QK2 �+`Qbb +QmMi`B2bǶ- *QpB/ 1+Q@
MQKB+b TX dRX

>�HH2;�ii2- aX Ukyy3V- ǵ�M �/�TiBp2 `2;BQM�H BMTmi@QmiTmi KQ/2H �M/ Bib �TTHB+�iBQM iQ i?2 �bb2bbK2Mi Q7
i?2 2+QMQKB+ +Qbi Q7 F�i`BM�Ƕ- _BbF �M�HvbBb, �M AMi2`M�iBQM�H CQm`M�H k3UjV- ddNĜdNNX

>�HH2;�ii2- aX UkyRkV- ǵJQ/2HBM; i?2 `QH2b Q7 ?2i2`Q;2M2Biv- bm#biBimiBQM- �M/ BMp2MiQ`B2b BM i?2 �bb2bbK2Mi
Q7 M�im`�H /Bb�bi2` 2+QMQKB+ +QbibǶ- h?2 qQ`H/ "�MF- SQHB+v _2b2�`+? qQ`FBM; S�T2` ey9d X

>2M`B2i- 6X- >�HH2;�ii2- aX � h�#Qm`B2`- GX UkyRkV- ǵ6B`K@M2irQ`F +?�`�+i2`BbiB+b �M/ 2+QMQKB+ `Q#mbiM2bb
iQ M�im`�H /Bb�bi2`bǶ- CQm`M�H Q7 1+QMQKB+ .vM�KB+b �M/ *QMi`QH jeURV- R8yĜRedX

AMQm2- >X � hQ/Q- uX UkyRNV- ǵ6B`K@H2p2H T`QT�;�iBQM Q7 b?Q+Fb i?`Qm;? bmTTHv@+?�BM M2irQ`FbǶ- L�im`2
ambi�BM�#BHBiv kUNV- 39RĜ39dX

AMQm2- >X � hQ/Q- uX UkykyV- ǵh?2 T`QT�;�iBQM Q7 i?2 2+QMQKB+ BKT�+i i?`Qm;? bmTTHv +?�BMb, h?2 +�b2
Q7 � K2;�@+Biv HQ+F/QrM �;�BMbi i?2 bT`2�/ Q7 +QpB/@RNǶ- *QpB/ 1+QMQKB+b kX

C�`pBb- *X AX- o�M w�M/pQQ`i- EX- :BKK�- �X- S`2K- EX- EH2T�+- SX- _m#BM- :X CX- 1/KmM/b- qX CX-
rQ`FBM; ;`QmT- *X *X@X 2i �HX UkykyV- ǵZm�MiB7vBM; i?2 BKT�+i Q7 T?vbB+�H /Bbi�M+2 K2�bm`2b QM i?2
i`�MbKBbbBQM Q7 +QpB/@RN BM i?2 mFǶ- K2/_tBp X

EQ`2M- JX � S2iǒ- _X UkykyV- ǵ"mbBM2bb /Bb`mTiBQMb 7`QK bQ+B�H /Bbi�M+BM;Ƕ- *QpB/ 1+QMQKB+b kX

G2QMiB27- qX qX URNjeV- ǵZm�MiBi�iBp2 BMTmi �M/ QmiTmi `2H�iBQMb BM i?2 2+QMQKB+ bvbi2Kb Q7 i?2 lMBi2/
ai�i2bǶ- h?2 _2pB2r Q7 1+QMQKB+b �M/ ai�iBbiB+b TTX Ry8ĜRk8X
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J�B2`- "X 6X � "`Q+FK�MM- .X UkykyV- ǵ1z2+iBp2 +QMi�BMK2Mi 2tTH�BMb bm#2tTQM2MiB�H ;`Qri? BM `2+2Mi
+QM}`K2/ +QpB/@RN +�b2b BM +?BM�Ƕ- a+B2M+2 X

J�M/2H- �X � o22iBH- oX SX UkykyV- ǵh?2 2+QMQKB+ +Qbi Q7 +QpB/ HQ+F/QrMb, �M Qmi@Q7@2[mBHB#`BmK �M�H@
vbBbǶ- �p�BH�#H2 �i aa_L j8339kR X

J+*`22b?- LX- JQ``Qr- *X- JB//2HFQQT- EX- qQQ/- _X � q?Bi2- _X :X UkyRNV- ǵ1biBK�iBM; �;2@KBtBM;
T�ii2`Mb `2H2p�Mi 7Q` i?2 i`�MbKBbbBQM Q7 �B`#Q`M2 BM72+iBQMbǶ- 1TB/2KB+b k3- RyyjjNX

J+EB##BM- qX CX � 62`M�M/Q- _X UkykyV- ǵh?2 ;HQ#�H K�+`Q2+QMQKB+ BKT�+ib Q7 +QpB/@RN, a2p2M b+2M�`@
BQbǶX

JBFQH�D+xvF- _X hX � E`2ixb+?K�`- JX Ukyy3V- ǵ*QHH2+iBM; bQ+B�H +QMi�+i /�i� BM i?2 +QMi2ti Q7 /Bb2�b2
i`�MbKBbbBQM, T`QbT2+iBp2 �M/ `2i`QbT2+iBp2 bim/v /2bB;MbǶ- aQ+B�H L2irQ`Fb jyUkV- RkdĜRj8X

JBHH2`- _X 1X � "H�B`- SX .X UkyyNV- AMTmi@QmiTmi �M�HvbBb, 7QmM/�iBQMb �M/ 2ti2MbBQMb- *�K#`B/;2
lMBp2`bBiv S`2bbX

JQbbQM;- CX- >2Mb- LX- CBi- JX- "2mi2Hb- SX- �m`�M2M- EX- JBFQH�D+xvF- _X- J�bb�`B- JX- a�HK�bQ- aX-
hQK#�- :X aX- q�HHBM;�- CX 2i �HX Ukyy3V- ǵaQ+B�H +QMi�+ib �M/ KBtBM; T�ii2`Mb `2H2p�Mi iQ i?2 bT`2�/
Q7 BM72+iBQmb /Bb2�b2bǶ- SGQa K2/B+BM2 8UjVX

Jm2HH#�m2`- CX UkykyV- ǵh?2 +Q`QM�pB`mb T�M/2KB+ �M/ lXaX +QMbmKTiBQMǶ- oQt1lXQ`;- RR �T`BH X ?iiTb,
ffpQt2mXQ`;f�`iB+H2f+Q`QM�pB`mb@T�M/2KB+@�M/@mb@+QMbmKTiBQMX

ai`ƺK;`2M- JX- >QHK- 1X- .�?Hbi`ƺK- ƹX- 1F#2`;- CX- 1`BFbbQM- >X- aT`2+Q- �X � hBKTF�- hX UkyRdV-
ǵSH�+2@#�b2/ bQ+B�H +QMi�+i �M/ KBtBM;, � ivTQHQ;v Q7 ;2M2`B+ K22iBM; TH�+2b Q7 `2H2p�M+2 7Q` BM72+iBQmb
/Bb2�b2 i`�MbKBbbBQMǶ- 1TB/2KBQHQ;v � AM72+iBQM R98URkV- k83kĜk8NjX

hBKK2`- JX SX- .B2ix2M#�+?2`- 1X- GQb- "X- ai2?`2`- _X � .2 o`B2b- :X CX UkyR8V- ǵ�M BHHmbi`�i2/ mb2`
;mB/2 iQ i?2 rQ`H/ BMTmiĜQmiTmi /�i�#�b2, i?2 +�b2 Q7 ;HQ#�H �miQKQiBp2 T`Q/m+iBQMǶ- _2pB2r Q7
AMi2`M�iBQM�H 1+QMQKB+b kjUjV- 8d8Ĝey8X

oQHHK2`- JX �X *X- JBb?`�- aX- lMrBM- >X CX hX- :�M/v- �X 2i �HX UkykyV- ǵ_2TQ`i Rk, lbBM; KQ#BHBiv iQ
2biBK�i2 i?2 i`�MbKBbbBQM BMi2MbBiv Q7 +QpB/@RN BM Bi�Hv, � bm#M�iBQM�H �M�HvbBb rBi? 7mim`2 b+2M�`BQbǶX
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�TT2M/Bt

� 6B`bi@Q`/2` 2+QMQKB+ b?Q+Fb �M/ rQ`F +QMi2ti BM/mbi`v p�`B@
�#H2b

�XR L�A*a@qAP. K�TTBM; Q7 b?Q+Fb
.m2 iQ i?2 *PoA.@RN T�M/2KB+ BM/mbi`B2b 2tT2`B2M+2 bmTTHv@bB/2 `2/m+iBQMb /m2 iQ i?2 +HQbm`2
Q7 MQM@2bb2MiB�H BM/mbi`B2b �M/ rQ`F2`b MQi #2BM; �#H2 iQ T2`7Q`K i?2B` �+iBpBiB2b �i ?QK2X J�Mv
BM/mbi`B2b �HbQ 7�+2 bm#bi�MiB�H `2/m+iBQMb BM /2K�M/X /2H _BQ@*?�MQM� 2i �HX UkykyV T`QpB/2
[m�MiBi�iBp2 T`2/B+iBQMb Q7 i?2b2 }`bi@Q`/2` bmTTHv �M/ /2K�M/ b?Q+Fb 7Q` i?2 la 2+QMQKvX hQ
+�H+mH�i2 bmTTHv@bB/2 T`2/B+iBQMb- /2H _BQ@*?�MQM� 2i �HX UkykyV +H�bbB}2/ BM/mbi`B2b �b 2bb2MiB�H
Q` MQM@2bb2MiB�H �M/ +QMbi`m+i2/ � _2KQi2 G�#Q` AM/2t- r?B+? K2�bm`2b i?2 �#BHBiv Q7 /Bz2`2Mi
Q++mT�iBQMb iQ rQ`F 7`QK ?QK2X lM/2` i?2 �bbmKTiBQM i?�i i?2 /Bbi`B#miBQM Q7 Q++mT�iBQMb
�+`Qbb BM/mbi`B2b �M/ i?�i i?2 T2`+2Mi�;2 Q7 2bb2MiB�H rQ`F2`b rBi?BM �M BM/mbi`v Bb i?2 b�K2 7Q`
i?2 la �M/ i?2 lE- r2 +�M K�T i?2 bmTTHv@b?Q+Fb 2biBK�i2/ #v /2H _BQ@*?�MQM� 2i �HX UkykyV
BMiQ i?2 lE 2+QMQKv �b 7QHHQrbX

6B`bi- r2 #mBH/ � +`Qbbr�HF 7`QK i?2 L�A*a 9@/B;Bi BM/mbi`v +H�bbB}+�iBQM iQ i?2 +H�bbB}+�iBQM
bvbi2K mb2/ BM qAP.- r?B+? Bb � KBt Q7 AaA* k@/B;Bi �M/ R@/B;Bi +Q/2bX q2 #mBH/ i?Bb +`Qbbr�HF
mbBM; i?2 L�A*a iQ AaA* k@/B;Bi +`Qbbr�HF 7`QK i?2 1m`QT2�M *QKKBbbBQM �M/ i?2M �;;`2;�iBM;
i?2 k@/B;Bi +Q/2b i?�i �`2 T`2b2Mi2/ �b R@/B;Bi BM i?2 qAP. +H�bbB}+�iBQM bvbi2KX q2 i?2M /Q
�M 2KTHQvK2Mi@r2B;?i2/ �;;`2;�iBQM Q7 i?2 bmTTHv b?Q+Fb 7`QK /2H _BQ@*?�MQM� 2i �HX UkykyV
7Q` i?2 kdd BM/mbi`B2b �i i?2 L�A*a 9@/B;Bi +H�bbB}+�iBQM H2p2H iQ i?2 88 BM/mbi`B2b BM i?2 qAP.
+H�bbB}+�iBQMX aQK2 Q7 i?2 9@/B;Bi L�A*a BM/mbi`B2b K�T BMiQ KQ`2 i?�M QM2 qAP. BM/mbi`v
+H�bbB}+�iBQMX q?2M i?Bb ?�TT2Mb r2 �bbmK2 2KTHQvK2Mi Bb bTHBi mMB7Q`KHv �KQM; i?2 qAP.
BM/mbi`B2b i?2 L�A*a BM/mbi`v K�Tb BMiQX 6BM�HHv- r2 K�F2 QM2 KQ/B}+�iBQM iQ /2�H rBi?
BKTmi2/ `2Mib 7Q` i?2 _2�H 1bi�i2 a2+iQ`X AKTmi2/ `2Mib �++QmMi 7Q` 69% Q7 i?2 KQM2i�`v p�Hm2
Q7 i?2 b2+iQ`kRX q2 �bbmK2 i?�i i?2 bmTTHv b?Q+F /Q2b MQi �z2+i BKTmi2/ `2Mib 7Q` i?2 _2�H
ai�i2 a2+iQ` �M/ i?mb +QMbB/2` i?�i i?2 bmTTHv b?Q+F QMHv �z2+ib 31% Q7 i?2 b2+iQ`X qBi? i?Bb
KQ/B}+�iBQM i?2 }M�H bmTTHv b?Q+F iQ i?2 _2�H 1bi�i2 a2+iQ` Bb 15%.

6Q` +�HB#`�iBM; +QMbmKTiBQM /2K�M/ b?Q+Fb- r2 mb2 i?2 b�K2 /�i� �b /2H _BQ@*?�MQM� 2i �HX
UkykyV r?B+? �`2 #�b2/ QM i?2 *QM;`2bbBQM�H "m/;2i P{+2 UkyyeV 2biBK�i2bX h?2b2 2biBK�i2b
�`2 �p�BH�#H2 QMHv QM i?2 KQ`2 �;;`2;�i2 k@/B;Bi L�A*a H2p2H r?B+? �`2 bi`�B;?i7Q`r�`/ iQ K�T
BMiQ qAP. AaA* +�i2;Q`B2bX h�#H2 8 ;Bp2b �M Qp2`pB2r Q7 �HH }`bi@Q`/2` b?Q+Fb �TTHB2/ iQ qAP.
BM/mbi`B2bX

�Xk 1bb2MiB�H b+Q`2- `2KQi2 H�#Q` BM/2t- �M/ BM/mbi`B2bǶ rQ`F +QMi2ti
lbBM; i?2 b�K2 K2i?Q/QHQ;v �b #27Q`2- BX2X- /QBM; � +`Qbbr�HF 7`QK L�A*a@9 /B;Bi iQ i?2
+H�bbB}+�iBQM bvbi2K mb2/ BM qAP. �M/ mbBM; 2KTHQvK2Mi b?�`2b iQ �;;`2;�i2- r2 K�T i?2
2bb2MiB�H b+Q`2 �M/ `2KQi2 H�#Q` BM/2t +QKTmi2/ BM /2H _BQ@*?�MQM� 2i �HX UkykyV BMiQ i?2
qAP. HBbi Q7 BM/mbi`B2bX q2 mb2 i?2b2 BM/mbi`v `2KQi2 H�#Q` BM/2t �M/ 2bb2MiB�H b+Q`2 �i i?2
qAP. BM/mbi`v +H�bbB}+�iBQM H2p2H iQ 2biBK�i2 i?2 MmK#2` Q7 T2QTH2 rQ`FBM; BM 2�+? BM/mbi`v
7Q` 2�+? b+2M�`BQ BX2X- iQ 2biBK�i2 δiw(t)X

P L1h T`QpB/2b /Bz2`2Mi qQ`F *QMi2tikk BM/B+2b 7Q` Q++mT�iBQMb- BM+Hm/BM; ǳ1tTQbm`2 iQ
/Bb2�b2 �M/ BM72+iBQMǴ �M/ ǳS?vbB+�H T`QtBKBivǴ- 7Q` #`2pBiv r2 `272` iQ i?2b2 BM/2t2b �b 2tTQbm`2

kR*�H+mH�iBQM Q#i�BM2/ 7`QK KQM2i�`v p�Hm2b `2TQ`i2/ BM ?iiTb,ffrrrXQMbX;QpXmFf2+QMQKvf
;`Qbbp�Hm2�//2/;p�f/�i�b2ibfMQKBM�H�M/`2�H`2;BQM�H;`Qbbp�Hm2�//2/#�H�M+2/#vBM/mbi`v

kk ?iiTb,ffrrrXQM2iQMHBM2XQ`;f7BM/f/2b+`BTiQ`f#`Qrb2fqQ`Fn*QMi2tif
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6B;m`2 Rk, _2KQi2 G�#Q` AM/2t Q7 BM/mbi`B2bX _2KQi2 H�#Q` BM/2t Q7 i?2 qAP. BM/mbi`v +H�bbB}+�iBQMX a22
h�#H2 8 7Q` +Q/2@BM/mbi`v M�K2X

iQ BM72+iBQM �M/ T?vbB+�H T`QtBKBivX lbBM; i?2 b�K2 K2i?Q/QHQ;v i?�M /2H _BQ@*?�MQM� 2i �HX
UkykyV r2 K�T i?2b2 Q++mT�iBQM BM/2t2b BMiQ i?2 L�A*a 9@/B;Bi BM/mbi`v +H�bbB}+�iBQMX AM
T�`iB+mH�`- r2 mb2 i?2 /�i� 7`QK i?2 "Ga- r?B+? BM/B+�i2b i?2 Q++mT�iBQM�H +QKTQbBiBQM Q7 2�+?
BM/mbi`v- �M/ i�F2 i?2 2KTHQvK2Mi r2B;?i2/ �p2`�;2 Q7 i?2 Q++mT�iBQMǶb rQ`F +QMi2ti 2KTHQv2/
BM 2�+? BM/mbi`vX �7i2` +QKTmiBM; i?2 2tTQbm`2 iQ BM72+iBQM- T?vbB+�H T`QtBKBiv �M/ Qmi/QQ`b
rQ`F 7Q` i?2 BM/mbi`B2b �i i?2 L�A*a 9@/B;Bi BM/mbi`v +H�bbB}+�iBQM r2 K�T i?2K BMiQ i?2
qAP. +H�bbB}+�iBQM bvbi2K rBi? i?2 �#Qp2 K2MiBQM2/ +`Qbbr�HF K2i?Q/QHQ;vX �b r2 2tTH�BM
BM �TT2M/Bt 6 r2 mb2 i?2 2tTQbm`2 iQ BM72+iBQM �M/ T?vbB+�H T`QtBKBiv BM/2t Q7 2�+? BM/mbi`v
iQ 2biBK�i2 i?2 `2H�iBp2 `BbF Q7 +QMi`�+iBM; *PoA.@RN rQ`F2`b BM 2�+? BM/mbi`v 7�+2X
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amTTHv *QMbX /2K�M/ Pi?2` /2K�M/
AaA* a2+iQ` x εS _GA 2bbX c εD f f b?Q+F
�yR �;`B+mHim`2 yX3 yXy R9 Ryy yXN @Ry yXj @ky
�yk 6Q`2biv yXy @38Xy R8 y yXy @Ry yXy @kj
�yj 6Bb?BM; yXR yXy je Ryy yXy @Ry yXR @jk
" JBMBM; RXj @j8Xj jR 8R yXR @Ry RX9 @jj

*Ry@*Rk J�Mm7X 6QQ/@"2p2`�;2b kX3 @yXe kk NN kX8 @Ry RXj @jk
*Rj@*R8 J�Mm7X h2tiBH2b yX9 @jdXR jR 9d yXR @Ry yX8 @kd

*Re J�Mm7X qQQ/ yXk @eRXR kd R3 yXR @Ry yXR @Re
*Rd J�Mm7X S�T2` yX9 @dX8 jR 3N yXR @Ry yXk @jy
*R3 J2/B� T`BMi yXj @eXy jN Ny yXR @Ry yXR @R3
*RN J�Mm7X *QF2@S2i`QH2mK yXN @R3Xj je dR RX8 @Ry yXd @jj
*ky J�Mm7X *?2KB+�H RXR @kXe jd Ne yXj @Ry RXe @jk
*kR J�Mm7X S?�`K�+2miB+�H yXd @RXR 9y N3 yXj @Ry RXk @jR
*kk J�Mm7X _m##2`@SH�biB+b yXd @k3Xj kN ey yXR @Ry yXe @k3
*kj J�Mm7X JBM2`�Hb yX8 @8yXj je ky yXR @Ry yXk @kd
*k9 J�Mm7X J2i�Hb@#�bB+ yXe @8dXd kd ky yXy @Ry RXd @jj
*k8 J�Mm7X J2i�Hb@7�#`B+�i2/ RXR @89X3 j9 R3 yXR @Ry yXd @R3
*ke J�Mm7X 1H2+i`QMB+ yX3 @j3X8 8d Ry yXk @Ry RX9 @k3
*kd J�Mm7X 1H2+i`B+ yX9 @jjXj jd 9e yXR @Ry yX3 @jy
*k3 J�Mm7X J�+?BM2`v RXR @9NXd j3 ky yXk @Ry kXR @jy
*kN J�Mm7X o2?B+H2b RXe @kkXe jy e8 RXj @Ry kXe @kN
*jy J�Mm7X h`�MbTQ`i@Qi?2` RXy @93X3 9y Rd yXR @Ry kX8 @jR

*jRn*jk J�Mm7X 6m`MBim`2 yXe @jeXe j8 9j yXk @Ry yX3 @k8
*jj _2T�B`@AMbi�HH�iBQM yX9 @jXj jN N8 yXy @Ry yXy @Rd
.j8 1H2+i`B+Biv@:�b jXk yXy 9k Ryy jXe y yXR @ky
1je q�i2` yXk yXy jj Ryy yXe y yXy @RR

1jd@1jN a2r�;2 yX3 yXy jy Ryy yXe y RXR @Re
6 *QMbi`m+iBQM dXN @j8Xe k3 8R yXj @Ry RRX8 @e

:98 o2?B+H2 i`�/2 RXd @jRXe 98 9R kXR @Ry yXe @kj
:9e q?QH2b�H2 jX8 @kjXe 8y 8R jXj @Ry 9Xj @jy
:9d _2i�BH 9Xd @jyX8 8y jd ReX9 @Ry yXe @k3
>9N G�M/ i`�MbTQ`i kXy @RRXR jR 3j kXd @ed yXk @k3
>8y q�i2` i`�MbTQ`i yXe @RkX9 j8 3R yXe @ed yXd @jk
>8R �B` i`�MbTQ`i yXe @yXR kN Ryy RXk @ed yX9 @jk
>8k q�`2?QmbBM; RX9 @yX8 jy NN yXR @ed yX9 @ke
>8j SQbi�H yXd yXy je Ryy yXR y yXR @jy

A �++QKKQ/�iBQM@6QQ/ kXN @eyX3 j8 e 3X9 @3y yXd @jk
C83 Sm#HBb?BM; yXe @R9X9 dy 93 yX8 y yXe @k9

C8NnCey oB/2Q@aQmM/@"`Q�/+�biBM; yXN @jkX3 8e j9 RXR y RXk @R8
CeR h2H2+QKKmMB+�iBQMb RXe @yXN 88 NN RXN y yX3 @kk

CeknCej Ah kXj @yXk dR NN yXk y kXe @Rj
Ee9 6BM�M+2 9Xj yXy dR Ryy jXk y kXN @jk
Ee8 AMbm`�M+2 jXk yXy dR Ryy eXj y RX8 @jR
Eee �mtBHX 6BM�M+2@AMbm`�M+2 RXR yXy dk Ryy yXk y kXy @jj
Ge3 _2�H 2bi�i2 dX3 @9X3 9N e k8Xj y RXy @3

JeNnJdy G2;�H kX3 @kXy e9 N9 yXy y RXj @k8
JdR �`+?Bi2+im`2@1M;BM22`BM; RXd yXy 89 Ryy yXR y RX9 @RN
Jdk _�. yX8 yXy 8N Ryy yXy y RXR @RR
Jdj �/p2`iBbBM; yXe @kkX8 ey je yXy y yXj @jy

Jd9nJd8 Pi?2` a+B2M+2 yXd @jXy eR N9 yXj y RXy @jy
L S`Bp�i2 �/KBMBbi`�iBQM 9X9 @j9XN je 9k RXy y kXd @kN

P39 Sm#HB+ �/KBMBbi`�iBQM 9X3 @RXR 98 Nd yXe y RRXN @R
S38 1/m+�iBQM 9Xk yXy 89 Ryy RXe y 3Xd @k
Z >2�Hi? dXy @yXR je Ryy kX3 R8 R8Xy R

_na Pi?2` a2`pB+2 jXk @j9X8 jN 9d 8Xe @8 kX8 @Ry
h >Qmb2?QH/ �+iBpBiB2b yXk yXy y y yX3 y yXy @jk

h�#H2 8, AM/mbi`v@bT2+B}+ }`bi@Q`/2` b?Q+FbX *QHmKM x /2MQi2b `2H�iBp2 b?�`2b Q7 ;`Qbb QmiTmi- εS i?2
bmTTHv b?Q+F- _GA i?2 _2KQi2 G�#Q` AM/2t �M/ 2bbX i?2 2bb2MiB�H b+Q`2 Q7 BM/mbi`B2bX *QHmKM c `2T`2b2Mib `2H�iBp2
b?�`2b Q7 +QMbmK2` +QMbmKTiBQM �M/ εD i?2 /2K�M/ b?Q+F iQ +QMbmKTiBQMX *QHmKM f /2MQi2b `2H�iBp2 b?�`2b Q7
Qi?2` }M�H +QMbmKTiBQM U2tTQ`ib- ;`Qbb +�TBi�H 7Q`K�iBQM- BMp2MiQ`v +?�M;2b- ;Qp2`MK2MiV �M/ f b?Q+F i?2 b?Q+F
iQ Qi?2` }M�H /2K�M/X �HH p�Hm2b �`2 BM WX
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" AMp2MiQ`v /�i� �M/ +�HB#`�iBQM
q2 +QmH/ MQi }M/ lE /�i� iQ +�HB#`�i2 BMp2MiQ`v i�`;2i T�`�K2i2`b nj BM 1[X U3VX h?2 QMHv
`2HB�#H2 /�i� i?�i r2 +QmH/ }M/ �`2 i?Qb2 7`QK i?2 la L�iBQM�H AM+QK2 �M/ S`Q/m+i �++QmMib
ULAS�VX q2 /2b+`B#2 i?2b2 /�i� �M/ ?Qr r2 T`Q+2bb2/ i?2K BM i?Bb �TT2M/BtX q2 Q#i�BM `�iBQb
Q7 H2p2H Q7 BMp2MiQ`B2b iQ KQMi?Hv b�H2b �+`Qbb BM/mbi`B2b- rBi? � ?B;? H2p2H Q7 /Bb�;;`2;�iBQM
7Q` K�Mm7�+im`BM; BM/mbi`B2b- �M/ KQ`2 mMB7Q`K BM7Q`K�iBQM 7Q` Qi?2` BM/mbi`B2bX �KQM; Qi?2`
i?BM;b- r2 b?Qr i?�i i?2b2 `�iBQb �`2 `2K�`F�#Hv bi�#H2 Qp2` iBK2X q2 i�F2 i?Bb 2pB/2M+2 �b
bmTTQ`iBM; i?2 B/2� i?�i BMp2MiQ`v iQ b�H2b `�iBQb �`2 7mM/�K2Mi�H +QM+2Tib i?�i ?�p2 iQ /Q
rBi? i?2 M�im`2 Q7 T`Q/m+iBQM `�i?2` i?�M rBi? bT2+B}+BiB2b Q7 i?2 la 2+QMQKvX h?2`27Q`2- r2
+QMbB/2` i?2b2 `�iBQb �b T`QtB2b Q7 nj - �7i2` KmHiBTHvBM; i?2K #v jy iQ i�F2 BMiQ �++QmMi i?�i
r2 �`2 +QMbB/2`BM; � /�BHv `�i?2` i?�M � KQMi?Hv iBK2 b+�H2X

"XR .�i� bQm`+2b
�HH BMp2MiQ`v /�i� ?�p2 #22M bQm`+2/ 7`QK i?2 "m`2�m Q7 1+QMQKB+ �M�HvbBb U"1�VǶb L�iBQM�H
AM+QK2 �M/ S`Q/m+i �++QmMib ULAS�VX AM T�`iB+mH�`- r2 mb2/ /�i� 7`QK i?2 7QHHQrBM; i�#H2b,

Ç h�#H2 8X3Xe"X _2�H S`Bp�i2 AMp2MiQ`B2b �M/ _2�H .QK2biB+ 6BM�H a�H2b #v AM/mbi`v- *?�BM2/
.QHH�`b @ G�bi_2pBb2/, J�`+? ke- kyky ("1�fLAS�@h8y3ye")

Ç h�#H2 ky3X _2�H :`Qbb PmiTmi #v BM/mbi`v- *?�BM2/ .QHH�`b @ G�bi_2pBb2/, �T`BH e- kyky
("1�f:.S#vAM/mbi`v@ky3Z)

Ç h�#H2 R"lX _2�H J�Mm7�+im`BM; �M/ h`�/2 AMp2MiQ`B2b- a2�bQM�HHv �/Dmbi2/- 1M/ Q7
S2`BQ/ (*?�BM2/ kyRk /QHH�`b- RNNd 7Q`r�`/- L�A*a) @ G�bi_2pBb2/, J�`+? ke- kyky
("1�fLAlM/2`HvBM;.2i�BH@lyyR")

Ç h�#H2 k"lX _2�H J�Mm7�+im`BM; �M/ h`�/2 a�H2b- a2�bQM�HHv �/Dmbi2/ �i JQMi?Hv _�i2
(*?�BM2/ kyRk /QHH�`b- RNNd 7Q`r�`/- L�A*a) @ G�bi_2pBb2/, J�`+? ke- kyky ("1�fLAlM/2`HvBM;.2i�BH@
lyyk"l)

Ç h�#H2 9"lRX _2�H J�Mm7�+im`BM; AMp2MiQ`B2b- #v ai�;2 Q7 6�#`B+�iBQM UJ�i2`B�Hb �M/ bmT@
THB2bV- a2�bQM�HHv �/Dmbi2/- 1M/ Q7 S2`BQ/ (*?�BM2/ kyRk /QHH�`b- RNNd 7Q`r�`/- L�A*a)
@ G�bi_2pBb2/, J�`+? ke- kyky ("1�fLAlM/2`HvBM;.2i�BH@lyy9"R)

Ç h�#H2 9"lkX _2�H J�Mm7�+im`BM; AMp2MiQ`B2b- #v ai�;2 Q7 6�#`B+�iBQM UqQ`F@BM@T`Q+2bbV-
a2�bQM�HHv �/Dmbi2/- 1M/ Q7 S2`BQ/ (*?�BM2/ kyRk /QHH�`b- RNNd 7Q`r�`/- L�A*a) @ G�b@
i_2pBb2/, J�`+? ke- kyky ("1�fLAlM/2`HvBM;.2i�BH@lyy9"k)

Ç h�#H2 9"ljX _2�H J�Mm7�+im`BM; AMp2MiQ`B2b- #v ai�;2 Q7 6�#`B+�iBQM U6BMBb?2/ ;QQ/bV-
a2�bQM�HHv �/Dmbi2/- 1M/ Q7 S2`BQ/ (*?�BM2/ kyRk /QHH�`b- RNNd 7Q`r�`/- L�A*a) @ G�b@
i_2pBb2/, J�`+? ke- kyky ("1�fLAlM/2`HvBM;.2i�BH@lyy9"j)

6Q` BMp2MiQ`v /�i�- r2 bi�`i2/ +QMbB/2`BM; i�#H2b 9"lR- 9"lk �M/ 9"lj- 7Q+mbBM; QM �HH j@
/B;Bi L�A*a K�Mm7�+im`BM; b2+iQ`bX q2 i?2M �//2/ BM7Q`K�iBQM QM BMp2MiQ`B2b BM i`�/2 b2+iQ`b
7`QK i�#H2 R"l- 7Q+mbBM; QM i?2 7QHHQrBM; BM/mbi`B2b, J2`+?�Mi r?QH2b�H2 BM/mbi`B2b UL�A*a
9k 2t+2Ti 9k8RV- KQiQ` p2?B+H2b- T�`ib- �M/ bmTTHB2b r?QH2b�H2`b U9kjRV- `2i�BH i`�/2 BM/mbi`B2b
U99@98V- KQiQ` p2?B+H2 �M/ T�`ib /2�H2`b U99RVX q2 }M�HHv �//2/ BM7Q`K�iBQM QM BMp2MiQ`B2b BM
�HH Qi?2` BM/mbi`B2b 7`QK i�#H2 8X3Xe"Xkj

kjq2 �HbQ +QKTH2K2Mi2/ K2`+?�Mi r?QH2b�H2 BM/mbi`B2b #v �//BM; MQM@K2`+?�Mi r?QH2b�H2 U9k8RV- bQ �b iQ
`2+Qp2` i?2 r?QH2b�H2 b2+iQ` �b � r?QH2X
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q2 i?2M mb2/ i�#H2b ky3 �M/ k"l iQ 2ti`�+i BM7Q`K�iBQM QM ;`Qbb QmiTmi #v BM/mbi`vX
AM7Q`K�iBQM �#Qmi ;`Qbb QmiTmi BM r?QH2b�H2 �M/ `2i�BH i`�/2 Bb MQi +QMbBbi2Mi BM i?2 irQ i�#H2b,
BM i�#H2 ky3 U�M/ b2p2`�H Qi?2` bQm`+2bV- v2�`Hv ;`Qbb QmiTmi 7Q` i?2b2 b2+iQ`b Bb �`QmM/ R3yy
#BHHBQM /QHH�`bc BM i�#H2 k"l- Bi Bb �`QmM/ eyyy #BHHBQM /QHH�`bX q2 mb2 BM7Q`K�iBQM 7`QK i�#H2
ky3- �b- �++Q`/BM; iQ i?2 "1�- ǳmM/2`HvBM; /2i�BHǴ i�#H2b bm+? �b k"l K�v #2 H2bb �++m`�i2Xk9

h?2 H�i2bi �p�BH�#H2 /�i� UkyRNZ9V �`2 `2TQ`i2/ BM h�#H2 d- r?2`2 r2 �HbQ `2TQ`i KQMi?Hv
;`Qbb QmiTmi �M/ i?2 `�iBQ #2ir22M i?2 H2p2H Q7 BMp2MiQ`B2b �M/ KQMi?Hv ;`Qbb QmiTmiX 6Q`
T`2b2Mi�iBQM Tm`TQb2b- r2 bTHBi BMp2MiQ`B2b BM +2`i�BM �;;`2;�i2 b2+iQ`b �++Q`/BM; iQ QmiTmi
b?�`2b Q7 bm#b2+iQ`b rBi?BM i?2b2 b2+iQ`b ě 7Q` 2t�KTH2- r2 /Bb�K#B;m�i2 #2ir22M KBMBM;-
miBHBiB2b �M/ +QMbi`m+iBQM- �Hi?Qm;? i?2b2 �`2 ;Bp2M iQ;2i?2` BM i�#H2 8X3Xe"X

�b b?QrM BM 6B;X Rj- i?2 `�iBQb #2ir22M i?2 H2p2H Q7 BMp2MiQ`B2b �M/ KQMi?Hv ;`Qbb QmiTmi �`2
`2K�`F�#Hv bi�#H2 U`�iBQb �`2 MQ`K�HBx2/ iQ i?2B` p�Hm2b BM kyRNZ9V- p�`vBM; #v MQ KQ`2 i?�M
kyW BM i?2 H�bi Ry v2�`bX h?2`2 �TT2�`b iQ #2 �M mTr�`/ i`2M/ 7`QK RNNd- r?2`2 i?2 �p2`�;2
`�iBQ r�b �`QmM/ 3yW Q7 i?2 kyRNZ9 p�Hm2- �M/ i?2 QMHv BM/mbi`B2b r?Qb2 `�iBQb BM+`2�b2/
bm#bi�MiB�HHv �`2 �TT�`2H K�Mm7�+im`BM; �M/ H2�i?2` �M/ �HHB2/ T`Q/m+ib K�Mm7�+im`BM;X q2
pB2r i?2 i2KTQ`�H bi�#BHBiv Q7 i?2b2 `�iBQb �b bmTTQ`iBM; i?2 B/2� i?�i i?2v +�M #2 mb2/ 7Q`
Qi?2` +QmMi`B2bX

"Xk J�TTBM; iQ qAP. +Q/2b
q2 M2ti K�T /�i� 7`QK L�A*a iQ i?2 BM/mbi`B�H +H�bbB}+�iBQM mb2/ BM i?2 qQ`H/ AMTmi PmiTmi
.�i�#�b2 UqAP.V- r?B+? Bb �M �;;`2;�iBQM Q7 k@/B;Bi AMi2`M�iBQM�H ai�M/�`/ AM/mbi`B�H *H�bbB@
}+�iBQM UAaA*V b2+iQ`bX lbBM; Q{+B�H +QM+Q`/�M+2 i�#H2b- r?B+? �`2 p�HB/ 7Q` 9@/B;Bi L�A*a �M/
AaA* +Q/2b- Bb MQi i?2 #2bi QTiBQM- �b Qm` /�i� �`2 MQi �p�BH�#H2 iQ i?�i H2p2H Q7 /Bb�;;`2;�iBQMX
q2 `2bQ`i BMbi2�/ iQ K�Mm�H K�TTBM; #2ir22M i?2 L�A*a b2+iQ`b 7Q` r?B+? r2 ?�p2 /�i� �M/
i?2 qAP. b2+iQ`bX AM T�`iB+mH�`- r2 mb2 i?2 +`Qbbr�HF �p�BH�#H2 BM h�#H2 eX q?2M � L�A*a
b2+iQ` K�Tb mMB[m2Hv iQ � qAP. b2+iQ`- r2 /B`2+iHv �ii`B#mi2 BMp2MiQ`v �M/ ;`Qbb QmiTmi /�i�X
q?2M KmHiBTH2 L�A*a b2+iQ`b K�T iQ UQM2 Q` KQ`2V qAP. b2+iQ`b- r2 �;;`2;�i2 /�i� 7Q` �HH
`2H2p�Mi L�A*a b2+iQ`bX q?2M QM2 Q` KQ`2 L�A*a b2+iQ` K�T iQ KmHiBTH2 qAP. b2+iQ`b- r2
�ii`B#mi2 /�i� mbBM; �b r2B;?ib b2+iQ`�H ;`Qbb QmiTmib 7`QK i?2 kyR9 qAP. i�#H2 7Q` i?2 lXaX

h?2 `2bmHib �`2 b?QrM BM h�#H2 3X h?2v K�F2 b2Mb2X �b �M 2t�KTH2- +QMbB/2` i?2 `�iBQ
#2ir22M H2p2H Q7 BMp2MiQ`B2b �M/ KQMi?Hv ;`Qbb QmiTmi BM i?2 L�A*a b2+iQ`b jRj- jR9- jR8- jRe
�M/ BM i?2 qAP. b2+iQ` *Rj@*R8X Ai Bb +H2�` i?�i i?2 H�ii2` Bb � r2B;?i2/ �p2`�;2 Q7 i?2 7Q`K2`
`�iBQb- r2B;?i2/ #v i?2 bBx2 Q7 i?2 L�A*a bm#b2+iQ`bX

k9q2 /Q MQi }M/ �Mv Qi?2` /Bb+`2T�M+v- 7Q` 2t�KTH2 BM7Q`K�iBQM T`QpB/2/ BM i�#H2b 9"lR@9"lk@9"lj r�b
+QMbBbi2Mi rBi? KQ`2 �;;`2;�i2 BM7Q`K�iBQM BM i�#H2 R"l- �M/ i?�i BM7Q`K�iBQM r�b BM im`M +QMbBbi2Mi rBi? /�i�
7`QK i�#H2 8X3Xe"X

9d



L�A*a qAP.
jkR *Re
jkd *kj
jjR *k9
jjk *k8
jjj *k3
jj9 *ke
jj8 *kd
jje *kN- *jy

jjd- jjN *jRn*jk- *jj
jRR- jRk *Ry@*Rk

jRj- jR9- jR8- jRe *Rj@*R8
jkk *Rd
jkj *R3
jk9 *RN
jk8 *ky- *kR
jke *kk

9kjRn99R :98
9k@9kjR :9e

99n98@99R :9d
RR �yR- �yk- �yj

kRnnkj "- .j8- 1je- 1jd@1jN- 6

93nnNk >9N- >8y- >8R- >8k- >8j- A- C83- C8NnCey- CeR- CeknCej- Ee9- Ee8- Eee-
Ge3- JeNnJdy- JdR- Jdk- Jdj- Jd9nJd8- L- P39- S38- Z- _na- h

h�#H2 e, *`Qbbr�HF L�A*a iQ qAP.
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Wood product manufacturing
Nonmetallic mineral product manufacturing
Primary metal manufacturing
Fabricated metal product manufacturing
Machinery manufacturing
Computer and electronic product manufacturing
Electrical equipment, appliance, and component manufacturing
Transportation equipment manufacturing
Furniture and related product manufacturing
Miscellaneous durable goods manufacturing
Food manufacturing
Beverage and tobacco product manufacturing
Textile mills
Textile product mills
Apparel manufacturing
Leather and allied product manufacturing
Paper manufacturing
Printing and related support activities
Petroleum and coal product manufacturing
Chemical manufacturing
Plastics and rubber product manufacturing
Merchant wholesale industries
Motor vehicles, parts, and supplies wholesalers
Retail trade industries
Motor vehicle and parts dealers
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* *`BiB+�H pbX MQM@+`BiB+�H BMTmib
� bm`p2v r�b /2bB;M2/ iQ �//`2bb i?2 [m2biBQM r?2M T`Q/m+iBQM +�M +QMiBMm2 /m`BM; � HQ+F/QrMX
6Q` 2�+? BM/mbi`v- A>a J�`FBi �M�Hvbib r2`2 �bF2/ iQ `�i2 2p2`v BMTmi Q7 � ;Bp2M BM/mbi`vX h?2
2t�+i 7Q`KmH�iBQM Q7 i?2 [m2biBQM r�b �b 7QHHQrb, ǳ6Q` 2�+? BM/mbi`v BM qAP.- TH2�b2 `�i2
r?2i?2` 2�+? Q7 Bib BMTmib �`2 2bb2MiB�HX q2 rBHH T`2b2Mi vQm rBi? �M BM/mbi`v s �M/ �bF vQm iQ
`�i2 2�+? BMTmi uX h?2 F2v [m2biBQM Bb, *�M T`Q/m+iBQM +QMiBMm2 BM BM/mbi`v s B7 BMTmi u Bb MQi
�p�BH�#H2 7Q` irQ KQMi?b\Ǵ �M�Hvbib +QmH/ `�i2 2�+? BMTmi �++Q`/BM; iQ i?2 7QHHQrBM; �HHQr2/
�Mbr2`b,

Ç y Ĝ h?Bb BMTmi Bb MQi 2bb2MiB�H

Ç R Ĝ h?Bb BMTmi Bb 2bb2MiB�H

Ç yX8 Ĝ h?Bb BMTmi Bb BKTQ`i�Mi #mi MQi 2bb2MiB�H

Ç L� Ĝ A ?�p2 MQ B/2�

hQ �pQB/ +QM7mbBQM rBi? i?2 mM`2H�i2/ /2}MBiBQM Q7 2bb2MiB�H BM/mbi`B2b r?B+? r2 mb2/ iQ +�HB#`�i2
}`bi@Q`/2` bmTTHv b?Q+Fb- r2 `272` iQ BMTmib �b +`BiB+�H �M/ MQM@+`BiB+�H BMbi2�/ Q7 2bb2MiB�H �M/
MQM@2bb2MiB�HX

�M�Hvbib r2`2 T`QpB/2/ rBi? i?2 b?�`2 Q7 2�+? BMTmi BM i?2 2tT2Mb2b Q7 i?2 BM/mbi`vX Ai r�b
�HbQ K�/2 2tTHB+Bi i?�i i?2 `�iBM;b �bbmK2 MQ BMp2MiQ`B2b bm+? i?�i � `�iBM; +�Tim`2b i?2 2z2+i
QM T`Q/m+iBQM B7 i?2 BMTmi Bb MQi �p�BH�#H2X

1p2`v BM/mbi`v r�b `�i2/ #v QM2 �M�Hvbi- 2t+2Ti 7Q` BM/mbi`B2b JBMBM; �M/ Zm�``vBM; U"V
�M/ J�Mm7�+im`2 Q7 "�bB+ J2i�Hb U*k9V r?B+? r2`2 `�i2/ #v i?`22 �M�HvbibX hQ BKT`Qp2 BMTmi
`�iBM;b- r2 �BK iQ BM+`2�b2 i?2 b�KTH2 bBx2 Q7 �M�Hvbi `�iBM;b 7Q` 2p2`v BM/mbi`v BM i?2 M2ti 72r
r22FbX AM +�b2 i?2`2 �`2 b2p2`�H `�iBM;b r2 iQQF i?2 �p2`�;2 Q7 i?2 `�iBM;b �M/ `QmM/2/ Bi iQ
R B7 i?2 �p2`�;2 r�b �i H2�bi 2/3 �M/ y B7 i?2 �p2`�;2 r�b �i KQbi 1/3X �p2`�;2 BMTmi `�iBM;b
HvBM; #2ir22M i?2b2 #QmM/�`B2b �`2 �bbB;M2/ i?2 p�Hm2 yX8X

h?2 `�iBM;b 7Q` 2�+? BM/mbi`v �M/ BMTmi �`2 /2TB+i2/ BM 6B;X R9X � +QHmKM /2MQi2b �M
BM/mbi`v �M/ i?2 +Q``2bTQM/BM; `Qrb Bib BMTmibX "Hm2 +QHQ`b BM/B+�i2 +`BiB+�H- `2/ BKTQ`i�Mi-
#mi MQi +`BiB+�H �M/ r?Bi2 MQM@+`BiB+�H BMTmibX LQi2 i?�i mM/2` i?2 �bbmKTiBQM Q7 � G2QMiB27
T`Q/m+iBQM 7mM+iBQM 2p2`v 2H2K2Mi rQmH/ #2 +QMbB/2`2/ iQ #2 +`BiB+�H- vB2H/BM; � +QKTH2i2Hv
#Hm2@+QHQ`2/ K�i`BtX h?2 `2bmHib b?QrM ?2`2 BM/B+�i2 i?�i i?2 K�DQ`Biv Q7 2H2K2Mib �`2 MQM@
+`BiB+�H BMTmib Uk-jj3 `�iBM;b rBi? b+Q`2 4 yV- r?2`2�b QMHv 9dd BM/mbi`v@BMTmib �`2 `�i2b �b
+`BiB+�HX je8 BMTmib �`2 `�i2b �b BKTQ`i�Mi- �Hi?Qm;? MQi +`BiB+�H Ub+Q`2 4 yX8V �M/ L� r�b
�bbB;M2/ 2H2p2M iBK2bX

h?2 H27i T�M2H Q7 6B;X R8 b?Qrb 7Q` 2�+? BM/mbi`v ?Qr Q7i2M Bi r�b `�i2/ �b +`BiB+�H BMTmi
iQ Qi?2` BM/mbi`B2b Ut@�tBbV �M/ ?Qr K�Mv +`BiB+�H BMTmib i?Bb BM/mbi`v `2HB2b QM BM Bib QrM
T`Q/m+iBQM Uv@�tBbVX 1H2+i`B+Biv �M/ :�b U.j8V �`2 `�i2/ KQbi 7`2[m2MiHv �b +`BiB+�H BMTmib BM
i?2 T`Q/m+iBQM Q7 Qi?2` BM/mbi`B2b Ub+Q`24R 7Q` �HKQbi eyW Q7 BM/mbi`B2bVX �HbQ 7`2[m2MiHv `�i2/
�b +`BiB+�H �`2 G�M/ h`�MbTQ`i U>9NV �M/ h2H2+QKKmMB+�iBQMb UCeRVX PM i?2 Qi?2` ?�M/- K�Mv
K�Mm7�+im`BM; BM/mbi`B2b UAaA* +Q/2b bi�`iBM; rBi? *V bi�M/ Qmi �b `2HvBM; QM � H�`;2 MmK#2`
Q7 +`BiB+�H BMTmibX 6Q` 2t�KTH2- �`QmM/ kdW Q7 BMTmib iQ J�Mm7�+im`2 Q7 *QF2 �M/ _2}M2/
S2i`QH2mK S`Q/m+ib U*RNV �b r2HH �b iQ J�Mm7�+im`2 Q7 *?2KB+�Hb U*kyV �`2 `�i2/ �b +`BiB+�HX

h?2 +2Mi2` T�M2H Q7 6B;X R8 b?Qrb i?2 2[mBp�H2Mi THQi 7Q` yX8 `�iBM;b UBKTQ`i�Mi- #mi MQi
+`BiB+�H BMTmibVX 6BM�M+B�H a2`pB+2b UEe9V �`2 KQbi 7`2[m2MiHv `�i2/ �b BKTQ`i�Mi BMTmib r?B+?
/Q MQi M2+2bb�`BHv biQT i?2 T`Q/m+iBQM Q7 �M BM/mbi`v B7 MQi �p�BH�#H2X *QMp2`b2Hv- i?2 BM/mbi`v
`2HvBM; QM K�Mv BKTQ`i�Mi- #mi MQi #BM/BM; BMTmib Bb q?QH2b�H2 �M/ _2i�BH h`�/2 U:9eV Q7 r?B+?
�HKQbi ?�H7 Q7 Bib BMTmib ;Qi `�i2/ rBi? � b+Q`2 4 yX8X h?Bb K�F2b b2Mb2 ;Bp2M i?�i i?Bb BM/mbi`v
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6B;m`2 R8, UG27i T�M2HV SHQiiBM; ?Qr Q7i2M �M BM/mbi`v Bb `�i2/ �b �M +`BiB+�H BMTmi iQ Qi?2` BM/mbi`B2b Ut@�tBbV
�;�BMbi i?2 b?�`2 Q7 +`BiB+�H BMTmib i?Bb BM/mbi`v Bb mbBM;X h?2 +2Mi2` �M/ `B;?i T�M2H �`2 i?2 b�K2 �b i?2 H27i
T�M2H- 2t+2Ti 7Q` mbBM; ?�H7@+`BiB+�H �M/ MQM@+`BiB+�H b+Q`2b- `2bT2+iBp2HvX AM 2�+? THQi i?2 B/2MiBiv HBM2 Bb b?QrMX
SQBMi bBx2b �`2 T`QTQ`iBQM�H iQ ;`Qbb QmiTmiX

?2�pBHv `2HB2b QM �HH i?2b2 BMTmib- #mi H�+FBM; QM2 Q7 i?2b2 /Q2b MQi ?�Hi 2+QMQKB+ T`Q/m+iBQMX
h?Bb +�b2 �HbQ BHHmbi`�i2b i?�i � G2QMiB27 T`Q/m+iBQM 7mM+iBQM +QmH/ bi�`FHv Qp2`2biBK�i2/ BMTmi

8k



#QiiH2M2+Fb �b q?QH2b�H2 �M/ _2i�BH h`�/2 rQmH/ KQbi HBF2Hv biBHH #2 �#H2 iQ `2�HBx2 QmiTmi 2p2M
B7 � b2p2`�H BMTmib rQmH/ MQi #2 �p�BH�#H2X

AM i?2 `B;?i T�M2H Q7 6B;X R8 r2 b?Qr i?2 b�K2 b+�ii2` THQi #mi 7Q` MQM@+`BiB+�H BMTmibX
k8 BM/mbi`B2b �`2 `�i2/ iQ #2 MQM@+`BiB+�H BMTmib iQ Qi?2` BM/mbi`B2b BM 3yW Q7 �HH +�b2b- rBi?
>Qmb2?QH/ �+iBpBiB2b UhV �M/ J�Mm7�+im`2 Q7 6m`MBim`2 U*jR@jkV #2BM; `�i2/ �b MQM@+`BiB+�H
BM �i H2�bi NeWX AM/mbi`B2b HBF2 Pi?2` a2`pB+2b U_@aV- Pi?2` S`Q72bbBQM�H- a+B2MiB}+ �M/ h2+?@
MB+�H �+iBpBiB2b UJd9@d8V �M/ �/KBMBbi`�iBp2 �+iBpBiB2b ULV `2Hv QM KQbiHv MQM@+`BiB+�H BMTmib
U>NyWVX

� /2i�BH2/ #`2�F/QrM Q7 i?2 BMTmi@ �M/ BM/mbi`v@bT2+B}+ `�iBM;b �`2 ;Bp2M BM h�#H2 NX
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AMTmi@#�b2/ `�MFBM;b AM/mbi`v@#�b2/ `�MFBM;b
AaA* a2+iQ` U�##`2pB�i2/V 1 0.5 0 L� 1 0.5 0 L� M
�yR �;`B+mHim`2 9 k 9N y N N jd y R
�yk 6Q`2biv k j 8y y d N jN y R
�yj 6Bb?BM; k R 8k y 3 8 9k y R

" JBMBM; d R 9d y N k 99 y j
*Ry@*Rk J�Mm7X 6QQ/@"2p2`�;2b 8 e 99 y R9 8 je y R
*Rj@*R8 J�Mm7X h2tiBH2b k 8 93 y e k 9d y R

*Re J�Mm7X qQQ/ j j 9N y 3 j 99 y R
*Rd J�Mm7X S�T2` 8 Ry 9y y R9 RR jy y R
*R3 J2/B� T`BMi j e 9e y e j 9e y R
*RN J�Mm7X *QF2@S2i`QH2mK R3 9 jj y R8 e jj k R
*ky J�Mm7X *?2KB+�H kR Ry k9 y R8 e j9 y R
*kR J�Mm7X S?�`K�+2miB+�H k k 8R y N Rd k8 d R
*kk J�Mm7X _m##2`@SH�biB+b RR d jd y R9 8 je y R
*kj J�Mm7X JBM2`�Hb 3 k 99 k d R 9d y R
*k9 J�Mm7X J2i�Hb@#�bB+ 3 k 98 y Rk d je y j
*k8 J�Mm7X J2i�Hb@7�#`B+�i2/ Rk 9 jN y 8 j 9d y R
*ke J�Mm7X 1H2+i`QMB+ Ry d j3 y R9 Ry jR y R
*kd J�Mm7X 1H2+i`B+ d e 9k y Rj N jj y R
*k3 J�Mm7X J�+?BM2`v Ry Rk jk k 8 R 9N y R
*kN J�Mm7X o2?B+H2b 9 8 9e y R9 Ry jR y R
*jy J�Mm7X h`�MbTQ`i@Qi?2` k e 9d y Rk Ry jj y R

*jRn*jk J�Mm7X 6m`MBim`2 R R 8j y 3 9 9j y R
*jj _2T�B`@AMbi�HH�iBQM Rd N kN y 3 k 98 y R
.j8 1H2+i`B+Biv@:�b jR j kR y Ry 8 9y y R
1je q�i2` RN j jj y 9 8 9e y R

1jd@1jN a2r�;2 R3 j j9 y e 3 9R y R
6 *QMbi`m+iBQM 8 j 9d y R9 N jk y R

:98 o2?B+H2 i`�/2 k 8 93 y N d jN y R
:9e q?QH2b�H2 RN j jj y 9 k8 ke y R
:9d _2i�BH k j 8y y e Ry jN y R
>9N G�M/ i`�MbTQ`i k3 j k9 y RR k 9k y R
>8y q�i2` i`�MbTQ`i N 3 j3 y 3 8 9k y R
>8R �B` i`�MbTQ`i 8 d 9j y Ry e jN y R
>8k q�`2?QmbBM; Rk N j9 y N d jN y R
>8j SQbi�H e d 9R k j 8 9d y R

A �++QKKQ/�iBQM@6QQ/ 8 j 9d y d e 9k y R
C83 Sm#HBb?BM; R k 8k y Ry R9 jR y R

C8NnCey oB/2Q@aQmM/@"`Q�/+�biBM; k k 8R y N 8 jd d R
CeR h2H2+QKKmMB+�iBQMb ke RR R3 y d 8 9k k R

CeknCej Ah Re Rj ke y d e 9k y R
Ee9 6BM�M+2 Ry RN ke y e j 9e y R
Ee8 AMbm`�M+2 e Rk je k e j 9e y R
Eee �mtBHX 6BM�M+2@AMbm`�M+2 8 d 9R 9 e 9 98 y R
Ge3 _2�H 2bi�i2 R j 8R y d 8 9j y R

JeNnJdy G2;�H Rk R8 k3 y 8 j 9e k R
JdR �`+?Bi2+im`2@1M;BM22`BM; e Ry jN y 9 k 9N y R
Jdk _�. R k 8k y 9 j 93 y R
Jdj �/p2`iBbBM; R d 9d y 8 k 93 y R

Jd9nJd8 Pi?2` a+B2M+2 R 3 9e y 9 R 8y y R
L S`Bp�i2 �/KBMBbi`�iBQM Re Re kj y j k 8y y R

P39 Sm#HB+ �/KBMBbi`�iBQM e j 98 k 8 k 93 y R
S38 1/m+�iBQM R 9 8y y e 3 9R y R
Z >2�Hi? R e 93 y d d 9R y R

_na Pi?2` a2`pB+2 R R 8y 8 9 y 8R y R
h >Qmb2?QH/ �+iBpBiB2b y y 89 k y y 88 y y

h�#H2 N, amKK�`v i�#H2 Q7 +`BiB+�H BMTmi `�iBM;b #v A>a J�`FBi �M�HvbibX *QHmKMb #2HQr AMTmi@#�b2/ `�MFBM;b
b?Qr ?Qr Q7i2M �M BM/mbi`v ?�b #22M `�i2/ �b +`BiB+�H Ub+Q`24RV- ?�H7@+`BiB+�H Ub+Q`24yX8V Q` MQM@+`BiB+�H Ub+Q`24yV
BMTmi 7Q` Qi?2` BM/mbi`B2b- Q` ?Qr Q7i2M i?2 BMTmi r�b `�i2b �b L�X *QHmKMb mM/2` AM/mbi`v@#�b2/ `�MFBM;b ;Bp2
?Qr Q7i2M �M BMTmi ?�b #22M `�i2/ �b rBi? R- yX8- y Q` L� 7Q` �Mv ;Bp2M BM/mbi`vX *QHmKM n BM/B+�i2b i?2 MmK#2`
Q7 �M�Hvbib r?Q ?�p2 `�i2/ i?2 BMTmib Q7 �Mv ;Bp2M BM/mbi`vX AM/mbi`v h mb2b MQ BMTmib �M/ Bb i?2`27Q`2 MQi `�i2/X

. a2MbBiBpBiv �M�HvbBb
AM i?Bb �TT2M/Bt r2 T2`7Q`K b2MbBiBpBiv �M�HvbBb Q7 i?2 2+QMQKB+ KQ/2H rBi? `2bT2+i iQ #Qi?
bmTTHv �M/ /2K�M/ b?Q+Fb U�TT2M/B+2b .XR �M/ .XkV �M/ KQ/2H T�`�K2i2`b �M/ �bbmKTiBQMb
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U�TT2M/B+2b .Xj �M/ .X9VX 6Q` i?2 H�ii2`- r2 7QHHQr � QM2@�i@�@iBK2 b2MbBiBpBiv �M�HvbBb �TT`Q�+?
U"Q`;QMQpQ � SHBb+?F2 kyReV- BM i?2 b2Mb2 i?�i r2 bi�`i 7`QK i?2 #�b2HBM2 b+2M�`BQ /2b+`B#2/
BM i?2 K�BM i2ti �M/ p�`v bQK2 �bbmKTiBQMb r?BH2 ?QH/BM; �HH Qi?2` �bbmKTiBQMb }t2/ iQ i?2
#�b2HBM2 b+2M�`BQ Ub22 h�#H2 RyVX 6m`i?2`- BM �TT2M/Bt .X8 r2 b?Qr ?Qr i?2 p�`BQmb b+2M�`BQb
+QKT�`2 BM i2`Kb Q7 K�i+?BM; b2+iQ`�H mM2KTHQvK2Mi /�i� 7`QK i?2 lXaX bi�i2b Q7 q�b?BM;iQM
�M/ h2t�b- b22 a2+iBQM 9X 6BM�HHv- BM �TT2M/Bt .Xe- r2 +QKT�`2 Qm` KQ/2H `2bmHib iQ i?Qb2 Q7
i`�/BiBQM�H BMTmi@QmiTmi KQ/2Hb- M�K2Hv i?2 G2QMiB27 �M/ :Qb? KQ/2HbX

a+2M�`BQ M�K2b τ T`Q/m+iBQM 7mM+iBQM ?B`BM;@}`BM; γH γF +QMbX 7mM+iBQM
#�b2HBM2 τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyj yXyd Km2HH#�m2`
τ = 1 τ = 1 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyj yXyd Km2HH#�m2`
τ = 5 τ = 5 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyj yXyd Km2HH#�m2`
τ = 15 τ = 15 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyj yXyd Km2HH#�m2`
τ = 20 τ = 20 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyj yXyd Km2HH#�m2`
HBM2�` τ = 10 HBM2�` v2b yXyj yXyd Km2HH#�m2`
H2QMiB27 τ = 10 G2QMiB27 v2b yXyj yXyd Km2HH#�m2`
BKTQ`i�Mi BMTmib +`BiB+�H τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib +`BiB+�H v2b yXyj yXyd Km2HH#�m2`
BKTQ`i�Mi BMTmib ?�H7@+`BiB+�H τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib ?�H7@+`BiB+�H v2b yXyj yXyd Km2HH#�m2`
MQ ?B`BM;@}`BM; τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H MQ yXyj yXyd Km2HH#�m2`
7�bi H�#Q` �/DmbiK2Mi τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yX8y RXyy Km2HH#�m2`
bHQr H�#Q` �/DmbiK2Mi τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyR yXyk Km2HH#�m2`
}t2/ +QMbmKTiBQM τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyj yXyd }t2/
F2vM2bB�M +QMbmKTiBQM τ = 10 G2QMiB27- BKTQ`i�Mi BMTmib MQM@+`BiB+�H v2b yXyj yXyd F2vM2bB�M

h�#H2 Ry, a+2M�`BQb 7Q` KQ/2H T�`�K2i2`b �M/ �bbmKTiBQMb +QMbB/2`2/ BM i?Bb b2MbBiBpBiv �M�HvbBbX a22 a2+iBQMb
a2+iBQMb .Xj �M/ .X9 7Q` � KQ`2 /2i�BH2/ /2b+`BTiBQM Q7 i?2 p�`BQmb bT2+B}+�iBQMbX

.XR 6B`bi@Q`/2` b?Q+Fb mM+2`i�BMiv
aBM+2 i?2`2 Bb bm#bi�MiB�H mM+2`i�BMiB2b BM }`bi@Q`/2` b?Q+Fb /Bb+mbb2/ BM a2+iBQM jX8- r2 i2bi
?Qr b2MbBiBp2 KQ/2H `2bmHib �`2 rBi? `2bT2+i iQ i?2 b?Q+F BMBiB�HBb�iBQM +QMbB/2`2/ BM i?2 K�BM
i2tiX hQ /Q i?Bb- r2 }`bi `�M/QKHv T2`im`# i?2 bmTTHv �M/ /2K�M/ b?Q+Fb 7Q` 2p2`v BM/mbi`vX
JQ`2 bT2+B}+�HHv- r2 +`2�i2 T2`im`#2/ bmTTHv �M/ /2K�M/ b?Q+F p2+iQ`b #v H2iiBM;

ε̄Si,0 = εSi,0(1 + ψS
i ), U9dV

�M/
ε̄Di,0 = εDi,0(1 + ψD

i ), U93V

r?2`2 ψS
i ,ψ

D
i ∼ N(0,σ)X q2 mb2 /Bz2`2Mi p�Hm2b 7Q` bi�M/�`/ /2pB�iBQM- σ ∈ {0.01, 0.1, 0.2}-

`2T`2b2MiBM; � MQ`K�H `�M/QKBx�iBQM Q7 Q`B;BM�H p�Hm2b #v R@kyW bi�M/�`/ /2pB�iBQMbX q2 i?2M
BMBiB�HBb2 i?2 KQ/2H rBi? i?2 T2`im`#2/ }`bi@Q`/2` b?Q+Fb �M/ `mM i?2 HQ+F/QrM bBKmH�iBQMbX
q2 `2T2�i i?Bb T`Q+2/m`2 R-yyy iBK2b �M/ `2TQ`i K2/B�M p�Hm2b- BMi2`[m�`iBH2 `�M;2 UAZ_V �M/
i?2 N8W +QM}/2M+2 #QmM/b Q7 �;;`2;�i2 QmiTmi p�Hm2bX q2 /B/ MQi BMp2biB;�i2 T2`im`#BM; Qi?2`
}M�H /2K�M/ fd

i,0X
h?2 mTT2` H27i T�M2H Q7 6B;X Rd T`2b2Mib i?2 `2bmHi Q7 i?Bb �M�HvbBbX aBM+2 `2bmHib �`2

[m�HBi�iBp2Hv p2`v bBKBH�` 7Q` i?2 2tTHQ`2/ bi�M/�`/ /2pB�iBQM bT2+B}+�iBQMb- r2 QMHv b?Qr i?2
H�`;2bi T2`im`#�iBQM +�b2 rBi? σ = 0.2X 6B`bi MQi2 i?�i i?2 /27�mHi KQ/2H `2bmHi U`2/ HBM2V 7QHHQrb
p2`v +HQb2Hv i?2 K2/B�M `2bmHi U#H�+F HBM2VX �HbQ- i?2 AZ_ Bb QMHv � M�``Qr #�M/ �`QmM/ i?2
`2TQ`i2/ /27�mHi p�Hm2bX h?2b2 `2bmHib �`2 `2�bbm`BM; �b i?2v BM/B+�i2 bi`QM; `Q#mbiM2bb Q7 i?2
KQ/2H `2bmHi �;�BMbi mM+2`i�BMiv BM BMBiB�H b?Q+F p�Hm2b 7Q` � H�`;2 `�M;2 Q7 bBKmH�iBQMbX h?Bb
TB+im`2 +?�M;2b r?2M +QMbB/2`BM; i?2 N8W +QM}/2M+2 #QmM/b BMbi2�/X >2`2- i?2 `B##QM 2tT�M/b
/`�K�iB+�HHv iQr�`/b bK�HH p�Hm2b �7i2` �`QmM/ RRy iBK2 bi2TbX h?Bb }M/BM; bm;;2bib i?�i 7Q` �
+2`i�BM `�M;2 Q7 BMBiB�H b?Q+Fb Qm` KQ/2H rQmH/ T`2/B+i � bm#bi�MiB�H +QHH�Tb2 Q7 i?2 2+QMQKvX
aBM+2 r2 /Q MQi Q#b2`p2 bBKBH�` MQMHBM2�`BiB2b 7Q` i?2 AZ_- i?Bb BMBiB�H b?Q+F �``�M;2K2Mi Bb MQi
T�`iB+mH�`Hv HBF2Hv ;Bp2M Qm` 2biBK�i2b `2T`2b2Mi `2�bQM�#H2 2tT2+i2/ p�Hm2b Q7 i?2 ǳi`m2Ǵ b?Q+FbX
�HbQ- i?2 2+QMQKB+ +QHH�Tb2 ?�TT2Mb QMHv �7i2` �HKQbi 7Qm` KQMi?b Q7 HQ+F/QrM- � Km+? HQM;2`
iBK2 ?Q`BxQM �b +QMbB/2`2/ BM i?2 bBKmH�iBQMb 7Q` i?2 K�BM `2bmHibX L2p2`i?2H2bb- i?2 `2bmHib
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2KT?�bBx2b i?2 BKTQ`i�M+2 Q7 MQMHBM2�`BiB2b BM i?2 2+QMQKB+ bvbi2K #v /2KQMbi`�iBM; ?Qr
`2H�i2/ BMBiB�H 2+QMQKB+ b?Q+Fb +�M #2 �KTHB}2/ BM p2`v /Bz2`2Mi r�vbX

h?2 mTT2` `B;?i �M/ HQr2` T�M2Hb Q7 6B;X Rd b?Qr i?2 b�K2 bBKmH�iBQMb #mi mbBM; 2t+HmbBp2Hv
T2`im`#�iBQMb QM i?2 bmTTHv �M/ /2K�M/ bB/2- `2bT2+iBp2HvX Ai Bb BKK2/B�i2Hv 2pB/2Mi i?�i i?2
H�`;2 +QM}/2M+2 #QmM/b �7i2` 7Qm` KQMi?b Q7 HQ+F/QrM �`2 /`Bp2M #v i?2 bmTTHv bB/2 b?Q+F
mM+2`i�BMivX q?2M T2`im`#BM; QMHv /2K�M/ b?Q+Fb �M/ b2iiBM; bmTTHv b?Q+Fb iQ i?2 /27�mHi
p�Hm2b UHQr2` T�M2HV- i?2`2 Bb p2`v HBiiH2 p�`B�M+2 BM Qm` KQ/2H T`2/B+iBQMX

.Xk 1+QMQKB+ BKT�+i Q7 bmTTHv �M/ /2K�M/ b?Q+Fb
q2 `2T2�i i?2 �M�HvbBb BM a2+iBQM 8Xk Q7 `mMMBM; KQ/2H bBKmH�iBQMb rBi? QMHv T�`ib Q7 i?2 BMBiB�H
b?Q+Fb #2BM; brBi+?2/ QM 7Q` �Hi2`M�iBp2 T`Q/m+iBQM 7mM+iBQM bT2+B}+�iBQMbX AM i?2 H27i �M/
`B;?i T�M2Hb Q7 6B;X Re r2 b?Qr bBKmH�iBQM `2bmHib 7Q` G2QMiB27 �M/ HBM2�` T`Q/m+iBQM 7mM+iBQMb-
`2bT2+iBp2HvX q2 }M/ 7Q` �HH T`Q/m+iBQM 7mM+iBQMb i?�i bmTTHv b?Q+Fb �`2 bm#bi�MiB�HHv KQ`2
b2p2`2 i?�M /2K�M/ b?Q+Fb- BM T�`iB+mH�` 7Q` G2QMiB27 T`Q/m+iBQMX

6Q` i?2 G2QMiB27 T`Q/m+iBQM KQ/2H- 2+QMQKB+ BKT�+ib QM ;`Qbb QmiTmi �`2 �HKQbi B/2MiB+�H
7Q` i?2 bmTTHv@b?Q+Fb@QMHv �M/ #�b2HBM2 b+2M�`BQbX h?2`2 Bb � bHB;?iHv H2bb `2�HBx2/ +QMbmKTiBQM
r?2M ?�pBM; QMHv bmTTHv b?Q+Fb T`2b2Mi +QKT�`2/ iQ #Qi? bmTTHv �M/ /2K�M/ b?Q+Fb #2BM;
brBi+?2/ QMX

AM i?2 +�b2 Q7 HBM2�` T`Q/m+iBQM 7mM+iBQMb i?2`2 Bb � +H2�`2` Q`/2`BM; Q7 ?Qr b2p2`2 /2K�M/-
bmTTHv �M/ #Qi? b?Q+Fb iQ;2i?2` BKT�+i Qp2`�HH 2+QMQKB+ T2`7Q`K�M+2X >2`2- BKT�+ib QM ;`Qbb
QmiTmi �`2 bK�HH2` B7 QMHv bmTTHv b?Q+Fb �`2 +QMbB/2`2/ +QKT�`2/ iQ i?2 #�b2HBM2 +�b2 r?2`2
#Qi? /2K�M/ �M/ bmTTHv b?Q+Fb �`2 brBi+?2/ QMX h?Bb K�F2b b2Mb2 bBM+2 i?2`2 �`2 MQ BMTmi
#QiiH2M2+Fb BM i?Bb +�b2- K�FBM; ?B;?2` +QKT2iBiBQM 7Q` ;Bp2M T`Q/m+iBQM H2p2Hb H2bb T`Q#H2K�iB+X
L2p2`i?2H2bb- `2�HBx2/ }M�H +QMbmKTiBQM Bb �HbQ bK�HH2` 7Q` i?2 HBM2�` T`Q/m+iBQM KQ/2H B7 QMHv
bmTTHv b?Q+Fb �`2 +QMbB/2`2/X
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Baseline Only demand shocks Only supply shocks
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6B;m`2 Re, .vM�KB+ 2z2+i Q7 bmTTHv b?Q+Fb pbX /2K�M/ b?Q+Fb 7Q` /Bz2`2Mi T`Q/m+iBQM 7mM+iBQMbX
�b 6B;X 3- #mi mbBM; G2QMiB27 UH27i T�M2HbV �M/ HBM2�` U`B;?i T�M2HbV T`Q/m+iBQM 7mM+iBQMbX LQ`K�HBx2/ p�Hm2b Q7
;`Qbb QmiTmi UmTT2` T�M2HbV �M/ `2�HBx2/ +QMbmKTiBQM UHQr2` T�M2HbV 7Q` /Bz2`2Mi b?Q+F b+2M�`BQbX "�b2HBM2 U`2/V
/2MQi2b i?2 KQ/2H /27�mHi b2imT r?2`2 #Qi? bmTTHv �M/ /2K�M/ b?Q+Fb �`2 mb2/X h?2 #Hm2f#H�+F HBM2 b?Qrb i?2
+�b2 r?2`2 QMHv /2K�M/fbmTTHv b?Q+Fb �`2 brBi+?2/ QMX h?2 HQ+F/QrM bi�`ib �i t = 0 �M/ 2M/b 7Q` �HH BM/mbi`B2b
�7i2` irQ KQMi?b �i t = 60X

.Xj S`Q/m+iBQM 7mM+iBQM
q2 `2@`mM i?2 b�K2 bBKmH�iBQMb �b BM a2+iBQM 8XR- #mi MQr QT2M �HH BM/mbi`B2b �7i2` irQ KQMi?b Q7
HQ+F/QrM iQ �HbQ +QKT�`2 `2+Qp2`v T�i?b #2ir22M /Bz2`2Mi T`Q/m+iBQM 7mM+iBQM bT2+B}+�iBQMbX
6B;X R3 b?Qrb i?2 `2bmHib Q7 i?2b2 bBKmH�iBQMb r?2`2 i?2 HQ+F/QrM 2M/b �i t = 62 Up2`iB+�H
/�b?2/ HBM2VX q2 }M/ i?�i �7i2` bBt KQMi?b i?2 }p2 `2+Qp2`v T�i?b +QMp2`;2 7Q` /Bz2`2Mi
T`Q/m+iBQM 7mM+iBQM bT2+B}+�iBQMb- �Hi?Qm;? i?2 i`�MbB2Mi HQQFb p2`v /Bz2`2Mi 7Q` �M 2ti2M/2/
T2`BQ/ Q7 iBK2X LQi2 i?�i i?2 2+QMQKv /Q2b MQi 7mHHv `2+Qp2` �7i2` bBt KQMi?b /m2 iQ i?2 bHQr
`2#QmM+BM; Q7 T2bbBKBbiB+ +QMbmK2` 2tT2+i�iBQMb +QMbmK2`b �M/ T2`bBbi2M+2 Q7 b?Q+Fb BM 2tTQ`ib
�M/ BMp2biK2Mib Ub22 a2+iBQM jX8VX
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6B;m`2 Rd, AKT�+i Q7 mM+2`i�BMiv BM }`bi@Q`/2` b?Q+FbX lTT2` H27i T�M2H, S2`im`#BM; BMBiB�H bmTTHv �M/
/2K�M/ b?Q+FbX lTT2` `B;?i T�M2H, S2`im`#BM; QMHv bmTTHv b?Q+FbX GQr2` T�M2H, S2`im`#BM; QMHv /2K�M/ b?Q+FbX
h?2 `2/ HBM2 Bb i?2 /27�mHi KQ/2H `mM `2TQ`i2/ BM i?2 K�BM i2ti- i?2 #H�+F HBM2 i?2 K2/B�M Q7 �HH R-yyy KQ/2H `mMb
rBi? T2`im`#2/ BMBiB�H b?Q+F p2+iQ`bX :`22M BM/B+�i2b i?2 N8W [m�MiBH2 �M/ #Hm2 i?2 BMi2`[m�`iBH2 `�M;2X
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6B;m`2 R3, _2+Qp2`v 7`QK i?2 HQ+F/QrM 7Q` 7Qm` /Bz2`2Mi T`Q/m+iBQM 7mM+iBQMbX h?2 b�K2 �b 6B;X e-
#mi ?2`2 i?2 HQ+F/QrM 2M/b �i t = 62X
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.X9 a2MbBiBpBiv �M�HvbBb Q7 KQ/2H T�`�K2i2`b
hQ #2ii2` mM/2`bi�M/ ?Qr `2bmHib �`2 �z2+i2/ #v T�`iB+mH�` KQ/2H T�`�K2i2` +?QB+2b- r2 +QM/m+i
� b2`B2b Q7 b2MbBiBpBiv i2bibX q2 K�F2 ǵHQ+�HǶ b2MbBiBpBiv i2bib- K2�MBM; i?�i r2 i�F2 i?2 /27�mHi
KQ/2H b2imT �M/ i?2M p�`v � b2i Q7 T�`�K2i2` iQ BMp2biB;�i2 ?Qr bBKmH�iBQM `2bmHib �`2 �z2+i2/X

q2 }`bi T`2b2Mi b2MbBiBpBiv i2bib QM BMp2MiQ`v �/DmbiK2Mi T�`�K2i2` τ r?B+? TH�vb �M BK@
TQ`i�Mi `QH2 BM BMi2`K2/B�i2 /2K�M/c 1[X U3VX LQi2 i?�i � bK�HH τ `2T`2b2Mib [mB+F �/DmbiK2Mi
#2?�pBQ` r?2`2 }`Kb �BK iQ `2TH2MBb? `mM@/QrM BMp2MiQ`B2b 2bb2MiB�HHv rBi?BM � /�vX PM i?2
Qi?2` ?�M/- B7 τ Bb H�`;2- }`Kb `2�+i bHQrHv iQ +?�M;2b BM i?2B` BMTmi BMp2MiQ`B2b- 2p2M r?2M �i
`BbF Q7 7�+BM; BMTmi #QiiH2M2+FbX

q2 b22 BM 6B;X RN ?Qr �;;`2;�i2 2+QMQKB+ Qmi+QK2b /2T2M/ QM T�`�K2i2` τ X q2 }M/ i?�i
bK�HH p�Hm2b Q7 τ - `2T`2b2MiBM; ?B;?Hv `2bTQMbBp2 }`Kb- /�KT2M �/p2`b2 2+QMQKB+ BKT�+ib- r?BH2
M2;�iBp2 BKT�+ib �`2 H�`;2` B7 r2 �bbmK2 ?B;?2` bHm;;Bb?M2bbX
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6B;m`2 RN, JQ/2H `2bmHib 7Q` /Bz2`2Mi +?QB+2b Q7 i?2 BMp2MiQ`v �/DmbiK2Mi bT22/ T�`�K2i2` τ X h?2 #�b2HBM2 +�b2
Bb τ = 10.

q2 �HbQ K�F2 b2MbBiBpBiv i2bib rBi? `2bT2+i iQ /Bz2`2Mi +QMbmKTiBQM 7mM+iBQMbX q2 i2bi
7QHHQrBM; bT2+B}+�iBQMbX 6B`bi- r2 mb2 i?2 /27�mHi +QMbmKTiBQM 7mM+iBQM BMbTB`2/ #v Jm2HH#�m2`
UkykyV r?B+? Bb /Bb+mbb2/ BM /2i�BH BM a2+iBQM jXjX �b �Hi2`M�iBp2 r2 �HbQ +QMbB/2` � bBKTH2`
+QMbmKTiBQM 7mM+iBQM r?2`2 +QMbmK2`b /2K�M/ bBKTHv � }t2/ TQ`iBQM Q7 i?2B` +m``2Mi BM+QK2
UBX2X ?�p2 � }t2/ K�`;BM�H T`QT2MbBiv iQ +QMbmK2V r?B+? 7Q` #`2pBiv r2 +�HH ǳE2vM2bB�MǴ
+QMbmKTiBQM 7mM+iBQMX �b �M 2p2M bBKTH2` bT2+B}+�iBQM r2 �HbQ +QMbB/2` � }t2/ +QMbmKTiBQM
7mM+iBQM r?2`2 +QMbmK2`b /2K�M/ � }t2/ TQ`iBQM Q7 i?2B` BMBiB�H BM+QK2X 6Q` i?2 irQ �Hi2`M�iBp2
+QMbmKTiBQM 7mM+iBQMb r2 +?QQb2 K�`;BM�H T`QT2MbBiB2b iQ +QMbmK2 2[m�H iQ QM2 bm+? i?�i �HH
Q7 T`2b2Mi Q` BMBiB�H BM+QK2 Bb +QMbmK2/X
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6B;m`2 ky, JQ/2H `2bmHib 7Q` /Bz2`2Mi +QMbmKTiBQM 7mM+iBQMbX h?2 /27�mHi +�b2 Bb ǳJm2HH#�m2` kykyǴX
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6B;m`2 kR, h?2 2z2+i Q7 ?B`BM; �M/ }`BM; bT22/- γH �M/ γF - QM KQ/2H `2bmHibX h?2 /27�mHi +�b2 Bb γH = 1/30X AM
�HH bBKmH�iBQMb r2 mb2/ γF = 2γH X

ey



JQ/2H `2bmHib 7Q` �Hi2`M�iBp2 +QMbmKTiBQM 7mM+iBQM bT2+B}+�iBQMb �`2 b?QrM BM 6B;X kyX h?2`2
�`2 QMHv M2;HB;B#H2 /Bz2`2M+2b #2ir22M /Bz2`2Mi T`Q/m+iBQM 7mM+iBQMb QM ;`Qbb QmiTmi �M/ H�#Q`
+QKT2Mb�iBQMX _2�HBx2/ +QMbmKTiBQM Bb bHB;?iHv ?B;?2` 7Q` � }t2/ +QMbmKTiBQM 7mM+iBQM r?B+?
Bb MQi bm`T`BbBM; �M/ bQK2r?�i �`iB}+B�HHv �+?B2p2/ bBM+2 ?2`2 +QMbmK2`b /2K�M/ #�b2/ QM
+QKT�`�iBp2Hv H�`;2 BMBiB�H BM+QK2 p�Hm2bX

q2 �HbQ BMp2biB;�i2 ?Qr KQ/2H `2bmHib /2T2M/ QM i?2 bT22/ Q7 �/DmbiK2Mi BM H�#Q` BMTmibX AM
a2+iBQM jXj r2 BMi`Q/m+2/ � T�`�K2i2` γH r?B+? `2T`2b2Mib ?Qr [mB+FHv }`Kb +�M ?B`2 2KTHQv22b
BM +�b2 i?2v r�Mi iQ `�KT mT i?2B` T`Q/m+iBp2 +�T�+BiB2bX o�Hm2b Q7 γH +HQb2 iQ QM2 `2T`2b2Mi
i?2 +�b2 r?2`2 ?B`BM; +�M ?�TT2M p2`v [mB+FHv- r?2`2�b p�Hm2b +HQb2 iQ x2`Q BM/B+�i2 i?�i Bi Bb
p2`v ?�`/ 7Q` }`Kb iQ ?B`2 M2r rQ`F2`bX aBKBH�`Hv- r2 +QMbB/2`2/ �M 2[mBp�H2Mi T�`�K2i2` γF
7Q` }`BM; rQ`F2`bX

AM 6B;X kR r2 b?Qr ?Qr KQ/2H `2bmHib �`2 �z2+i2/ B7 /Bz2`2Mi γH p�Hm2b �`2 mb2/ �b r2HH �b
B7 ?B`BM; �M/ }`BM; �`2 +QKTH2i2Hv `mH2/ QmiX �HH i?2b2 bBKmH�iBQMb mb2 γF = 2γH iQ `2~2+i i?2
bBim�iBQM r?2`2 }`BM; Q7 2KTHQv22b i�F2b H2bb i?2K i?�M ?B`BM; B7 �HHQr2/X q2 }M/ �HKQbi MQ
/Bz2`2M+2b QM ;`Qbb QmiTmi �M/ `2�HBx2/ +QMbmKTiBQM 7Q` �HH i?2b2 +�b2bX AM HBM2 rBi? BMimBiBQM
i?2 2t�+i bT2+B}+�iBQM Q7 ?B`BM; �M/ }`BM; �z2+ib H�#Q` +QKT2Mb�iBQM �M/ }`KbǶ T`Q}ibX AM
+�b2 Q7 MQ ?B`BM; �M/ }`BM;- H�#Q` +QKT2Mb�iBQM `2K�BMb +QMbi�Mi i?`Qm;?Qmi i?2 bBKmH�iBQM-
QM+2 i?2 BMBiB�H H�#Q` bmTTHv b?Q+F Bb �TTHB2/X G�#Q` +QKT2Mb�iBQM Bb bK�HH2` i?2 2�bB2` Bi
Bb 7Q` }`Kb iQ }`2 U�M/ ?B`2V 2KTHQv22bX h?Bb K�F2b b2Mb2 bBM+2 }`Kb r?B+? 7�+2 T`Q/m+iBQM
+QMbi`�BMib Qi?2` i?�M +�T�+Biv +QMbi`�BMib rBHH H�v Qz 2KTHQv22b- `2/m+BM; Qp2`�HH H�#Q` BM+QK2X
h?2 TB+im`2 Bb `2p2`b2/ 7Q` T`Q}ibX A7 i?2`2 Bb MQ ~2tB#BHBiv 7Q` }`Kb BM �/DmbiBM; H�#Q` BMTmi-
i?2`2 Bb � H�`;2` M2;�iBp2 BKT�+i QM T`Q}ibX h?2 2�bB2` }`Kb +�M H�v Qz rQ`F2`b- i?2 KQ`2 i?2v
`2/m+2 +Qbib QM H�#Q` r?B+? i?2v /Q MQi M22/ iQ b�iBb7v �;;`2;�i2 /2K�M/X

.X8 a2MbBiBpBiv Q7 +QKT�`BbQM iQ 2KTB`B+�H /�i�
AM a2+iBQM 9- r2 +QKT�`2/ KQ/2H T`2/B+iBQMb iQ /�i� +QKBM; 7`QK i?2 lXaX bi�i2b Q7 q�b?BM;iQM
�M/ h2t�b- r?2M `mMMBM; i?2 KQ/2H BM i?2 #�b2HBM2 b+2M�`BQX AM i?Bb b2+iBQM- r2 +QMbB/2` i?2
Qi?2` b+2M�`BQb QmiHBM2/ BM h�#H2 Ry �M/ /2b+`B#2/ BM i?2 T`2pBQmb �TT2M/B+2bX q2 /Q MQi }M/
Km+? /Bz2`2M+2 BM i2`Kb Q7 i?2 `2H�iBp2 T2`7Q`K�M+2 Q7 2�+? b+2M�`BQ r?2M 2Bi?2` +QKT�`BM; iQ
q�b?BM;iQM Q` h2t�b- Q` mbBM; i?2 S2�`bQM Q` r2B;?i2/ +Q``2H�iBQM +Q2{+B2MibX q2 i?mb `2TQ`i
BM 6B;X kk QMHv `2bmHib 7Q` q�b?BM;iQM- mbBM; � r2B;?i2/ +Q``2H�iBQM +Q2{+B2Mi iQ +QKT�`2
KQ/2H T`2/B+iBQMb �M/ 2KTB`B+�H /�i�X
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6B;m`2 kk, 6Q` p�`BQmb b+2M�`BQb- r2 b?Qr i?2 r2B;?i2/ +Q``2H�iBQM +Q2{+B2Mi #2ir22M KQ/2H T`2/B+iBQMb 7Q`
`Bb2b BM mM2KTHQvK2Mi BM p�`BQmb b2+iQ`b �M/ 2KTB`B+�H /�i� +QKBM; 7`QK q�b?BM;iQM ai�i2X a22 h�#H2 Ry 7Q` �
/2}MBiBQM Q7 i?2 p�`BQmb b+2M�`BQbX

Ai Bb BKK2/B�i2Hv �TT�`2Mi i?�i i?2 T2`7Q`K�M+2 Q7 i?2 p�`BQmb b+2M�`BQb Bb bBKBH�`- 2t+2Ti
7Q` i?2 +�b2b Q7 i?2 #�bB+ G2QMiB27 T`Q/m+iBQM 7mM+iBQM �M/ Q7 i?2 G2QMiB27 T`Q/m+iBQM 7mM+iBQM
rBi? BKTQ`i�Mi BMTmib +QMbB/2`2/ �b +`BiB+�H Q` ?�H7@+`BiB+�HX AM i?2b2 +�b2b- �M/ 2bT2+B�HHv BM
i?2 G2QMiB27 +�b2- T2`7Q`K�M+2 Bb bm#bi�MiB�HHv HQr2`- bm;;2biBM; i?�i Qm` KQ/2HBM; +?QB+2 Q7
/BbiBM;mBb?BM; #2ir22M +`BiB+�H �M/ MQM@+`BiB+�H BMTmib �//b `2�HBbK iQ Qm` KQ/2HX *Q``2H�iBQM
#2ir22M KQ/2H T`2/B+iBQMb �M/ 2KTB`B+�H /�i� Bb bQK2r?�i HQr2` BM +�b2 MQ ?B`BM; Q` }`BM;
i�F2b TH�+2 UBM i?2 b2Mb2 i?�i rQ`F2`b �`2 QMHv 7m`HQm;?2/ /m2 iQ i?2 2TB/2KB+ b?Q+F �M/ MQi
/m2 iQ b2+QM/@Q`/2` 2z2+ibV- #mi i?Bb Bb � +H2�`Hv mM`2�HBbiB+ �bbmKTiBQMX :Bp2M i?2 +QK#BM2/
mM+2`i�BMiB2b Q7 +QKT�`BM; i?2 KQ/2H iQ i?2 /�i�- �M/ i?2 BMi`BMbB+ mM+2`i�BMiv BM i?2b2 T`2HBK@
BM�`v /�i�- Bi rQmH/ MQi #2 rBb2 iQ b2H2+i �M mM`2�HBbiB+ �bbmKTiBQM #�b2/ QM � bK�HH BM+`2�b2
BM 2KTB`B+�H T2`7Q`K�M+2X

h?2`27Q`2- Qm` +?QB+2 Q7 i?2 #�b2HBM2 `2~2+ib � #�H�M+2 #2ir22M �#BHBiv iQ `2T`Q/m+2 2KTB`B+�H
T�ii2`Mb �M/ T`BQ` #2HB27 BM +2`i�BM �bbmKTiBQMbfT�`�K2i2` p�Hm2bX q2 mb2 TQQ` 2KTB`B+�H
T2`7Q`K�M+2 iQ 2t+Hm/2 i?2 G2QMiB27- ǳBKTQ`i�Mi BMTmib +`BiB+�HǴ �M/ ǳBKTQ`i�Mi BMTmib ?�H7@
+`BiB+�HǴ b+2M�`BQbX q2 mb2 BMbi2�/ Qm` #2bi Dm/;2K2Mi iQ 2t+Hm/2 iQQ 7�bi Q` bHQr �/DmbiK2Mib Q7
BMp2MiQ`B2b �M/ H�#Q` 7Q`+2- 7mHH bm#biBimiBQM Q7 BMTmib BM i?2 HBM2�` T`Q/m+iBQM 7mM+iBQM- �M/ iQQ
bBKTH2 +QMbmKTiBQM 7mM+iBQMb bm+? �b i?2 }t2/ Q` ǳE2vM2bB�MǴ QM2bX �b b?QrM BM �TT2M/B+2b
.Xj �M/ .X9- BM �Mv +�b2- KQ/2H `2bmHib i2M/ iQ /2T2M/ r2�FHv QM i?2b2 bT2+B}+ �bbmKTiBQMb-
+QMbBbi2MiHv rBi? i?2 HBiiH2 �#BHBiv Q7 /�i� iQ /BbiBM;mBb? #2ir22M i?2 `2bT2+iBp2 b+2M�`BQbX

.Xe *QKT�`BbQM iQ i`�/BiBQM�H AP KQ/2Hb
q2 �HbQ +QKT�`2 Qm` KQ/2H `2bmHib iQ i`�/BiBQM�H BMTmi@QmiTmi UAPV KQ/2HbX AM T�`iB+mH�`- r2
+QKT�`2 i?2 bi2�/v bi�i2 Q7 Qm` KQ/2H rBi? irQ KQ/2Hb- i?2 /2K�M/@/`Bp2M G2QMiB27 UG2QMiB27
RNjeV �M/ i?2 bmTTHv@/`Bp2M :Qb? KQ/2H U:?Qb? RN83VX aBM+2 i?2b2 bBKTH2` AP KQ/2Hb /Q MQi
BM+Hm/2 BMp2MiQ`v 2z2+ib- r2 b2i BMTmi BMp2MiQ`B2b �`iB}+B�HHv ?B;? bm+? i?�i i?2v /Q MQi `2bi`B+i
2+QMQKB+ T`Q/m+iBQMX

AM i?2 G2QMiB27 KQ/2H }M�H /2K�M/ Bb 2tQ;2MQmb- �M/ mM/2` i?2 �bbmKTiBQM Q7 }t2/ T`Q@
/m+iBQM `2+BT2b- ;`Qbb QmiTmi T2` BM/mbi`v Bb 2M/Q;2MQmbHv /2i2`KBM2/ #v KmHiBTHvBM; /2K�M/
rBi? i?2 G2QMiB27 BMp2`b2 UJBHH2` � "H�B` kyyNVX q?2M +QMbB/2`BM; QMHv /2K�M/ b?Q+Fb- r2 +�M

ek



r`Bi2 i?2 G2QMiB27 T`2/B+iBQM �b

xL = (I−A)−1(cb?Q+F2/ + f b?Q+F2/). U9NV

q2 �HbQ `2`mM Qm` KQ/2H rBi? �HH bmTTHv b?Q+Fb #2BM; brBi+?2/ Qz �M/ QMHv +QMbB/2`BM; /2K�M/
b?Q+FbX q2 i?2M +QKT�`2 i?2 bi2�/v bi�i2 `2bmHib Q7 Qm` KQ/2H rBi? i?2 G2QMiB27 T`2/B+iBQMX

6B;X kj UH27i T�M2HV b?Qrb i?2 `2/m+iBQM Q7 b2+iQ`�H ;`Qbb QmiTmi +QKT�`2/ iQ i?2 T`2@
b?Q+F bi�i2 �b #�`THQib 7Q` Qm` �M/ i?2 G2QMiB27 KQ/2HX q2 }M/ i?�i Qm` KQ/2H p2`v +HQb2Hv
`2+Qp2`b i?2 G2QMiB27 T`2/B+iBQM BM i?2 bi2�/v bi�i2X :`Qbb QmiTmi T2` BM/mbi`v BM i?2 bi2�/v
bi�i2 Q7 Qm` KQ/2H �M/ i?2 G2QMiB27 KQ/2H ?�p2 �HKQbi � +Q``2H�iBQM Q7 QM2X h?2 /Bz2`2M+2b
#2ir22M T`2/B+i2/ b2+iQ`�H `2/m+iBQMb BM ;`Qbb QmiTmi �`2 �HKQbi x2`Q BM �HH +�b2bX PMHv 7Q`
>2�Hi? UZV i?2v /Bz2` #v kXjW- bBM+2 i?2 G2QMiB27 KQ/2H rQmH/ T`2/B+i �M BM+`2�b2 �b � `2bmHi Q7
TQbBiBp2 /2K�M/ b?Q+Fb r?B+? +�MMQi #2 b�iBb}2/ BM Qm` KQ/2H /m2 iQ }t2/ K�tBKmK +�T�+Biv
+QMbi`�BMibX

h?2b2 `2bmHib �`2 p2`v `Q#mbi �;�BMbi mbBM; 2KTB`B+�H BMp2MiQ`B2bX Ai b?QmH/ #2 MQi2/ i?�i
i?2 G2QMiB27 KQ/2H Bb bi�iB+ �M/ r2 �`2 +QKT�`BM; i?2 bi2�/v bi�i2 Q7 Qm` /vM�KB+ KQ/2HX h?mb-
KQ/2HBM; i?2 i`�MbB2Mi r?B+? Bb `2H2p�Mi 7Q` i?2 b?Q`i iBK2@b+�H2b +QMbB/2`2/ BM i?2 K�BM i2ti
Bb MQi TQbbB#H2 rBi? i?2 i`�/BiBQM�H G2QMiB27 KQ/2HX

q2 /Q � bBKBH�` +QKT�`BbQM rBi? i?2 bmTTHv@/`Bp2M :Qb? KQ/2HX h?2`2 �`2 MQ }t2/ T`Q@
/m+iBQM `2+BT2b BM i?2 :Qb? KQ/2H- #mi }t2/ ǳ�HHQ+�iBQM +Q2{+B2MibǴ Bij = Zij,0/xi,0X >2`2- �
+?�M;2 BM ;`Qbb QmiTmi Bb /m2 iQ � +?�M;2 BM T`BK�`v BMTmib- BX2X `2T`2b2Mi2/ �b p�Hm2 �//2/X
AM i?2 MQi�iBQM mb2/ ?2`2 r2 +�M 7Q`KmH�i2 i?2 :Qb? T`2/B+iBQM �b

xG = (I−B%)−1(lb?Q+F2/ + e). U8yV

q2 THQi i?2 :Qb? T`2/B+iBQMb �M/ i?2 bi2�/v bi�i2 `2bmHib Q7 Qm` KQ/2H rBi? QMHv bmTTHv
b?Q+Fb im`M2/ QM BM i?2 `B;?i T�M2H Q7 6B;X kjX q2 }M/ ;`2�i2` /Bz2`2M+2b #2ir22M i?2 :Qb?
�M/ Qm` KQ/2H 7Q` i?2 bmTTHv b?Q+FbX h?Bb b?QmH/ MQi +QK2 �b � bm`T`Bb2- bBM+2 i?2 :Qb? KQ/2H
#mBH/b mTQM � p2`v /Bz2`2Mi T`Q/m+iBQM 7mM+iBQMX

_�MFBM;b Q7 b2+iQ`�H /2+HBM2b �`2 biBHH p2`v +Q``2H�i2/ UaT2�`K�M +Q``2H�iBQM Q7 yXNRVX h?Bb
Bb ?B;?2` i?�M i?2 +Q``2H�iBQMb #2ir22M Qm` KQ/2HǶb bi2�/v bi�i2 `�MFBM;b Q7 BM/mbi`B2b �M/ i?2
BMBiB�H b?Q+F `�MFBM;b U+Q``2H�iBQM Q7 yX3dVX lMbm`T`BbBM;Hv- i?2 :Qb? KQ/2H `�MFBM;b �`2 KQbi
bBKBH�` �b i?2 QM2b Q#i�BM2/ 7`QK mbBM; BMBiB�H bmTTHv b?Q+Fb QMHv U+Q``2H�iBQM Q7 yXN9VX

h?2b2 `2bmHib �`2 MQi p2`v `Q#mbi rBi? `2bT2+i iQ i?2 bT2+B}+�iBQMb Q7 i?2 2+QMQKB+ KQ/2H
+QMbB/2`2/ ?2`2X lbBM; 2KTB`B+�H BMp2MiQ`B2b BM Qm` KQ/2H 2MH�`;2b /Bz2`2M+2b BM KQ/2H T`2/B+@
iBQMb i`2K2M/QmbHvX

q2 +QKT�`2/ Qm` KQ/2H �HbQ iQ bHB;?iHv KQ`2 +QKTH2t KBt2/ 2M/Q;2MQmbf2tQ;2MQmb AP
KQ/2Hb U.B2ix2M#�+?2` � JBHH2` kyR8- �`iQ 2i �HX kyR8V r?B+? bBKmHi�M2QmbHv +�M i�F2 bmTTHv
�M/ /2K�M/ b?Q+Fb BMiQ �++QmMiX u2i i?2b2 KQ/2Hb /Q MQi �Hr�vb ;m�`�Mi22 TQbBiBp2 bQHmiBQMb 7Q`
p�`B�#H2b bm+? ;`Qbb QmiTmi �M/ }M�H +QMbmKTiBQM UJBHH2` � "H�B` kyyN- TXek3VX AM T�`iB+mH�`
r?2M �TTHvBM; i?2 H�`;2 }`bi@Q`/2` bmTTHv �M/ /2K�M/ b?Q+Fb Q7 i?2 T�M/2KB+ iQ i?2 lE
2+QMQKv- i?2 KBt2/ AP KQ/2H /Q2b MQi vB2H/ 72�bB#H2 �HHQ+�iBQMbX

ej
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Gosh model
Model (supply shocks only)

6B;m`2 kj, *QKT�`BbQM #2ir22M BKT�+ib QM b2+iQ`�H ;`Qbb QmiTmi Q#i�BM2/ 7`QK i`�/BiBQM�H AP KQ/2Hb rBi? Qm`
KQ/2HX h?2 H27i T�M2H +QKT�`2b i?2 KQ/2H bi2�/v bi�i2 rBi? i?2 G2QMiB27 UQMHv /2K�M/ b?Q+Fb �`2 brBi+?2/ QMV-
i?2 `B;?i T�M2H rBi? i?2 :Qb? KQ/2H UQMHv bmTTHv b?Q+Fb �`2 brBi+?2/ QMVX LQi2 i?�i Qm` KQ/2H r�b `mM rBi?
�`iB}+B�HHv ?B;? BMp2MiQ`B2b- MQ ?B`BM; �M/ }`BM;- ∆s = 1 �M/ MQ BM+QK2 HQbb2b Ub = 1VX

1 1TB/2KB+ KQ/2HHBM;
AM i?Bb �TT2M/Bt r2 T`2b2Mi Qm` 2TB/2KB+ KQ/2H r?2`2 r2 /BpB/2 +QMi�;BQM +?�MM2Hb #v �+iBpBiB2bX
�b r2 7Q+mb QM i?2 2�`Hv bi�;2 Q7 i?2 2TB/2KB+- r2 /Q MQi 2tTHB+BiHv KQ/2H i?2 MmK#2` Q7
`2+Qp2`2/ BM/BpB/m�Hb R- �Hi?Qm;? i?�i TH�vb � `QH2 iQ /2i2`KBM2 i?2 iQi�H TQTmH�iBQM M X q2
bi�`i /2MQiBM; i?2 MmK#2` Q7 bmb+2TiB#H2 �M/ BM72+i2/ T2QTH2 BM i?2 TmTBHb �M/ bim/2Mib �M/ BM
i?2 MQM@rQ`FBM; �/mHib +�i2;Q`v #v Ss- Is- Su- Iu `2bT2+iBp2HvX aBKBH�`Hv- Si �M/ Ii /2MQi2 i?2
MmK#2` Q7 bmb+2TiB#H2 �M/ BM72+i2/ rQ`F2`b Q7 BM/mbi`v iX Ai 7QHHQrb i?�i i?2 /2+`2�b2 BM i?2
Qp2`�HH bmb+2TiB#H2 TQTmH�iBQM S Bb ;Bp2M #v

dS

dt
=

dSs

dt
+

dSu

dt
+

N∑

i=1

dSi

dt
. U8RV

AM r?�i 7QHHQrb- r2 +QKTmi2 i?2 `�i2 Q7 BM72+iBQM Q7 2�+? TQTmH�iBQM +�i2;Q`v #v 7Q+mbBM; QM
i?2 /Bz2`2Mi +?�MM2Hb Q7 +QMi�;BQM 2�+? T2`bQM Bb 2tTQb2/ iQX AM i?2b2 +QKTmi�iBQMb r2 �bbmK2
?QKQ;2M2Qmb KBtBM; Q7 i?2 TQTmH�iBQM- K2�MBM; i?�i i?2 T`Q#�#BHBiv i?�i � T2`bQM ?�/ +QMi�+i
rBi? �M BM/BpB/m�H i?�i r�b BM72+i2/ Bb I

M - `2;�`/H2bb QM i?2 +?�MM2H i?2v ?�/ +QMi�+i BMX

LQ`K�HBxBM; +QMi�+i@r2B;?i2/ b?�`2b #v TQTmH�iBQM �b r2 /Bb+mbb BM �TT2M/Bt 6 r2
?�p2 /�i� QM i?2 b?�`2 Q7 BMi2MbBiv@r2B;?i2/ +QMi�+ib BM 2�+? �+iBpBiv Q7 i?2 Qp2`�HH TQTmH�@
iBQMX 6Q` i?2 /2`Bp�iBQM Q7 i?2 2TB/2KBQHQ;B+�H KQ/2H Bi Bb mb27mH iQ `2MQ`K�HBx2 i?2b2 b?�`2b Q7
r2B;?i2/ +QMi�+ib UBX2X i?2 βǶbV #v i?2 TQTmH�iBQM i?2v +QK2 7`QKX h?Bb Bb MQi M2+2bb�`v 7Q`
βc(0) Q` βh(0)- bBM+2 +QMbmKTiBQM �M/ Qi?2` ?Qmb2?QH/ BMi2`�+iBQM `2H�i2/ +QMi�+ib �`2 bT`2�/
2p2MHv �+`Qbb i?2 r?QH2 TQTmH�iBQMX PM i?2 +QMi`�`v- r2 /Q M22/ iQ `2MQ`K�HBx2 βs(0) #v i?2

e9



bim/2Mi �M/ TmTBH TQTmH�iBQM ηs- bQ i?�i

β̂s(0) =
βs(0)

ηs
. U8kV

�MQi?2` r�v iQ HQQF �i i?2 2[m�iBQM �#Qp2 Bb iQ MQi2 i?�i β̂s(0) Bb i?2 b?�`2 Q7 BMi2MbBiv@r2B;?i2/
+QMi�+ib BM b+?QQH T2` mMBi TQTmH�iBQM- �M/ iQ Q#i�BM i?2 �+im�H b?�`2 Q7 BMi2MbBiv@r2B;?i2/
+QMi�+ib βs(0) QM2 M22/b iQ KmHiBTHv β̂s(0) #v i?2 TQTmH�iBQM b?�`2 Q7 bim/2Mib- ηsX aBKBH�`Hv-
r2 `2MQ`K�HBx2 i?2 rQ`F BMi2MbBiv@+QMi�+ib �+`Qbb i?2 rQ`F2`b Q7 /Bz2`2Mi BM/mbi`B2b �b 7QHHQrb

β̂w(0) =
βw(0)∑N
l=1 ηlbl,w

, U8jV

r?2`2 i?2 MQ`K�HBx�iBQM BM+Hm/2b i?2 bi,w 7�+iQ`b BX2X- i?2 ?2i2`Q;2MQmb /Bbi`B#miBQM Q7 BMi2MbBiv@
r2B;?i2/ +QMi�+ib �+`Qbb BM/mbi`B2bX

AM i?2 i`�MbTQ`i +?�MM2H- r2 Kmbi /Bbi`B#mi2 i?2 +QMi�+ib �+`Qbb i?2 +QKKmi2` TQTmH�iBQM
UBX2X rQ`F2`b �M/ bim/2MibVX hQ �++QmMi 7Q` � /2MbBiv 2z2+i Ub22 #2HQrV- r2 �bbmK2 i?�i i?2
MmK#2` Q7 +QMi�+ib b+�H2b rBi? i?2 b[m�`2 Q7 i?2 MmK#2` Q7 T2QTH2 BM Tm#HB+ i`�MbTQ`i- �M/ mb2
i?2 MQ`K�HBx�iBQM 7�+iQ`

β̂T (0) =
βT (0)(

ηs +
∑N

i=1 ηi
)2 , U89V

r?2`2 ηs +
∑N

i=1 ηi Bb i?2 T`2@HQ+F/QrM b?�`2 Q7 i?2 TQTmH�iBQM i?�i +QKKmi2bX

aim/2Mib �M/ TmTBHb hQ bBKTHB7v MQi�iBQM r2 /2}M2 µs �b i?2 7`�+iBQM Q7 i?2 bim/2Mib �M/
TmTBHb TQTmH�iBQM �ii2M/BM; b+?QQHb- r?B+? Bb ;Bp2M #v

µs =



δs + (1− δs)



g
N∑

j=1

δi,wηi







 .

q2 FMQr i?�i bim/2Mib �M/ TmTBHb �`2 2tTQb2/ iQ BM72+iBQM /m2 iQ b+?QQH �ii2M/�M+2- i`�MbTQ`i-
+QMbmKTiBQM- �M/ Qi?2` ?Qmb2?QH/ BMi2`�+iBQMX q2 �bbmK2 i?�i TmTBHb i?�i ;Q iQ b+?QQH ?�p2
i?2 b�K2 �KQmMi Q7 +QMi�+ib BM b+?QQH �b #27Q`2 HQ+F/QrMk8- r?BH2 7Q` i`�MbTQ`i r2 +QMbB/2`
i?�i i?2 MmK#2` Q7 +QMi�+ib /2+`2�b2b /m2 iQ i?2 `2/m+2/ /2MbBiv Q7 T2QTH2 BM i?2 #mbfi`�BMX
qBi? i?2b2 �bbmKTiBQMb r2 Q#i�BM i?2 7QHHQrBM; 2[m�iBQM 7Q` i?2 BM72+iBQM `�i2

dSs

dt
= −β∗

[
β̂s(0)µ

sSs I

M
+ β̂T (0)µ

sSs

(
µs I

s

M
+

N∑

k=1

δk,w
Ik
M

)

+ βc(0)S
s I

M

N∑

k=1

δk(t)bk,c + βh(0)S
s I

M
((1− δh)κ+ δh)

]
, U88V

r?2`2 i?2 }`bi irQ i2`Kb +Q``2bTQM/ iQ i?2 BM72+iBQMb ?�TT2MBM; �i b+?QQH �M/ i`�MbTQ`i �M/
i?mb QMHv �TTHv iQ i?2 7`�+iBQM µs Q7 i?2 bim/2Mi TQTmH�iBQM i?�i ;Q2b iQ b+?QQHX h?2 i?B`/
�M/ 7Qm`i? i2`K +Q``2bTQM/ iQ BM72+iBQMb ?�TT2MBM; r?BH2 +QMbmKBM; Q` /QBM; Qi?2` ?Qmb2?QH/
�+iBpBiB2b �M/ i?2`27Q`2 �TTHv iQ i?2 r?QH2 bim/2Mi TQTmH�iBQMX bk,c Bb i?2 +QMbmKTiBQM `2H�i2/
+QMi�+ib- r?BH2 κ Bb i?2 b?�`2 Q7 bQ+B�Hf7�KBHvf7`B2M/b +QMi�+ib i?�i �`2 MQi �pQB/�#H2 #v bQ+B�H

k8 q2 K�F2 i?Bb �bbmKTiBQM +QMbB/2`BM; i?�i �V QMHv +2`i�BM b+?QQHb �`2 QT2M bQ Bi Bb mM+H2�` iQ r?�i 2ti2Mi
i?2 /2MbBiv BM b+?QQHb ?�b /2+`2�b2/ #V Bi Bb TQbbB#H2 i?�i TmTBHb BMi2`�+i KQ`2 rBi? i?2 72r TmTBHb H27i BM b+?QQH
�M/ i?mb i?2 MmK#2` Q7 +QMi�+ib +�M `2K�BM `Qm;?Hv +QMbi�MiX

e8



/Bbi�M+BM;X LQiB+2 i?�i bBM+2 i`�MbTQ`i Bb b?�`2/ rBi? #Qi? bim/2Mib �M/ rQ`F2`b- i?2 i`�MbTQ`i
i2`K BM+Hm/2b #Qi? Is �M/ IkX h?2 7�+i i?�i r2 �`2 +QMbB/2`BM; i?2 7`�+iBQMb µs �M/ δk,w Q7
BM72+i2/ BM i?2 i`�MbTQ`i i2`K `2~2+ib Qm` �bbmKTiBQM i?�i /2MbBiv K�ii2`b BM T�`iB+mH�` BM
i`�MbTQ`ibc MQi2- 7Q` 2t�KTH2- i?�i r2 �`2 MQi KmHiBTHvBM; BM72+i2/ BM/BpB/m�Hb #v µs BM i?2
b+?QQH i2`KX

q2 bBKTHB7v i?2 �#Qp2 2[m�iBQM mbBM; i?2 K2�M }2H/ �TT`QtBK�iBQM Si ≈ ηiS- Ii ≈ ηiI-
Ss ≈ ηsS- �M/ Is ≈ ηsI �M/ Q#i�BM

dSs

dt
= −β

∗

M
SI

[
β̂s(0)µ

sηs + β̂T (0)

(
(ηsµs)2 + ηsµs

N∑

k=1

δk,wηk

)

+ βc(0)η
s

N∑

k=1

δk(t)bk,c + βh(0)η
s ((1− δh)κ+ δh)

]
. U8eV

qQ`FBM; TQTmH�iBQM qQ`F2`b �`2 2tTQb2/ iQ BM72+iBQM /m2 iQ rQ`F- i`�MbTQ`i- +QMbmKTiBQM-
�M/ Qi?2` ?Qmb2?QH/ BMi2`�+iBQMX 6Q` � rQ`F2` BM BM/mbi`v i- i?2 BM72+iBQM `�i2 Bb

dSi

dt
= −β∗

[
β̂w(0)δi,wSibi,w

I

M
+ β̂T (0)Siδi,w

(
µs I

s

M
+

N∑

k=1

δk,w
Ik
M

)

+ βc(0)Si
I

M

N∑

k=1

δk(t)bk,c + βh(0)Si
I

M
((1− δh)κ+ δh)

]
, U8dV

r?2`2 r2 ?�p2 �bbmK2/ i?�i rQ`F2`b i?�i ;Q iQ rQ`F K�F2 i?2 b�K2 �KQmMi Q7 +QMi�+ib �i
rQ`F �b #27Q`2 HQ+F/QrM- r?BH2 7Q` i`�MbTQ`i r2 +QMbB/2` i?�i i?2 MmK#2` Q7 +QMi�+ib /2+`2�b2b
/m2 iQ i?2 `2/m+2/ /2MbBiv Q7 T2QTH2 BM Tm#HB+ i`�MbTQ`iX q2 ?�p2 K�/2 2tTHB+Bi i?�i i?2 rQ`F
�M/ i`�MbTQ`i BM72+iBQM +?�MM2Hb QMHv �TTHv iQ i?2 7`�+iBQM δi,w Q7 i?2 rQ`FBM; TQTmH�iBQM BM i
;QBM; iQ rQ`F �M/ iQ i?2 µs 7`�+iBQM Q7 bim/2Mib ;QBM; iQ b+?QQHX �b #27Q`2- r2 mb2 i?2 K2�M
}2H/ �TT`QtBK�iBQM Si ≈ ηiS- Ii ≈ ηiI- Ss ≈ ηsS- �M/ Is ≈ ηsI iQ bBKTHB7v i?2 2[m�iBQM iQ

dSi

dt
= −β

∗

M
SI

[
β̂w(0)δi,wηibi,w + β̂T (0)ηiδi,w

(
µsηs +

N∑

k=1

δk,wηk

)

+ βc(0)ηi

N∑

k=1

δk(t)bk,c + βh(0)ηi ((1− δh)κ+ δh)

]
. U83V

q2 MQr bmK �+`Qbb �HH N BM/mbi`B2b iQ Q#i�BM

N∑

i=1

dSi

dt
= −β

∗

M
SI

[
β̂w(0)

N∑

i=1

δi,wηibi,w + β̂T (0)



µsηs
N∑

i=1

δi,wηi +

(
N∑

i=1

δi,wηi

)2




+ βc(0)
N∑

i=1

ηi

N∑

k=1

δk(t)bk,c + βh(0)
N∑

i=1

ηi ((1− δh)κ+ δh)

]
. U8NV

LQM@rQ`FBM; �/mHib "v /2}MBiBQM MQM@rQ`FBM; �/mHib �`2 MQi 2tTQb2/ iQ i?2 rQ`F Q` b+?QQH
BM72+iBQM +?�MM2HX 6m`i?2`KQ`2- bBM+2 r2 QMHv +QMbB/2` rQ`F@+QKKmiBM; i`�MbTQ`i mb2- i?2 MQM@
rQ`FBM; �/mHib �`2 MQi 2tTQb2/ iQ i?2 i`�MbTQ`i BM72+iBQM +?�MM2H 2Bi?2`X Ai 7QHHQrb i?�i i?2
/2+`2�b2 BM i?2 bmb+2TiB#H2 TQTmH�iBQM /2T2M/b QMHv QM i?2 +QMbmKTiBQM �M/ Qi?2` ?Qmb2?QH/

ee



BMi2`�+iBQM +?�MM2H

dSu

dt
= −β

∗

M
SI
[
βc(0)η

u
N∑

k=1

δk,c(t)bk,c + βh(0)η
u ((1− δh)κ+ δh) ,

]
UeyV

r?2`2 r2 ?�p2 �;�BM mb2/ i?2 �TT`QtBK�iBQM Su ≈ ηuSX

hQi�H TQTmH�iBQM hQ ;2i i?2 BM72+iBQM `�i2 Q7 i?2 Qp2`�HH TQTmH�iBQM r2 bm#biBimi2 1[bX
U8eVĜUeyV BM 2[m�iBQM 1[X U8RVX Ai 7QHHQrb i?�i

dS

dt
= −β∗SI

M

[
β̂w(0)

N∑

i=1

δi,wηibi,w + β̂s(0)µ
sηs

+ β̂T (0)

(
µsηs +

N∑

i=1

ηiδi,w

)2

+ βc(0)
N∑

k=1

δk(t)bk,c + βh(0) ((1− δh)κ+ δh)

]
, UeRV

r?2`2 r2 ?�p2 mb2/ i?2 7�+i i?�i ηs + ηu +
∑N

i=1 ηi = 1. h?2 �#Qp2 i2`Kb +Q``2bTQM/ iQ
i?2 BM72+iBQM /m2 iQ rQ`F- b+?QQH- i`�MbTQ`i- +QMbmKTiBQM- �M/ Qi?2` ?Qmb2?QH/ BMi2`�+iBQM
`2bT2+iBp2HvX q2 +�M r`Bi2 i?2 �#Qp2 2[m�iBQM �b

dS

dt
= −β(t)SI

M
UekV

r?2`2
β(t) = β∗

(
βw(t) + βs(t) + βc(t) + βT (t) + βh(t)

)
, UejV

r?B+? Bb 1[X UjdV Q7 i?2 K�BM i2tiX h?2 βǶb �`2 ;Bp2M #v

βw(t) = β̂w(0)
N∑

i=1

δi,wηibi,w = βw(0)
N∑

i=1

δi,w
ηibi,w∑N
l=1 ηlbl,w

, Ue9V

βs(t) = β̂s(0)µ
sηs = βs(0)µ

s, Ue8V

βT (t) = β̂T (0)

(
µsηs +

N∑

i=1

ηiδi,w

)2

= βT (0)

(
µsηs +

∑N
i=1 ηiδi,w

ηs +
∑N

l=1 ηl

)2

, UeeV

βc(t) = βc(0)
N∑

k=1

δk(t)bk,c, UedV

�M/
βh = βh(0) ((1− δh)κ+ δh) . Ue3V

ed



6 *�HB#`�iBQM Q7 2TB/2KB+ KQ/2H
6XR GBi2`�im`2 `2pB2r
AM 2TB/2KBQHQ;v- i?2 K�BM K2i?Q/ iQ mM/2`bi�M/ +QMi�+i T�ii2`Mb Bb iQ mb2 bQ+B�H +QMi�+i
bm`p2vbX � H�M/K�`F bim/v Bb i?2 SQHvKQ/ bim/v UJQbbQM; 2i �HX kyy3VX a2p2`�H Qi?2` bim/B2b
BM i?2 H�bi /2+�/2 ?�p2 +QM}`K2/ i?�i- `Qm;?Hv bT2�FBM;- T2QTH2 ?�p2 �#Qmi Ry@ky MQM +�bm�H
+QMi�+ib T2` /�v- KQbiHv �i ?QK2 �M/ �i rQ`FX "v ǳMQM@+�bm�HǴ +QMi�+i- r2 K2�M +QMi�+ib �b
/2}M2/ #v i?2b2 bim/B2b- i?�i Bb- 2Bi?2` T?vbB+�H +QMi�+i Q` MQM T?vbB+�H +QMi�+i /2}M2/ �b ǳ�
irQ@r�v +QMp2`b�iBQM rBi? i?`22 Q` KQ`2 rQ`/b BM i?2 T?vbB+�H T`2b2M+2 Q7 �MQi?2` T2`bQMǴX

h?2 SQHvKQ/ bim/v Bb p2`v BMi2`2biBM; 7Q` mb #2+�mb2 Bi `2TQ`ib r?2`2 +QMi�+ib i�F2 TH�+2X
�p2`�;BM; �+`Qbb +QmMi`B2b �M/ TQQHBM; T?vbB+�H �M/ MQM@T?vbB+�H +QMi�+ib- kjW- kRW- R9W- jW-
�M/ ReW �`2 K�/2 �i ?QK2- �i rQ`F- �i b+?QQH- r?BH2 i`�p2HHBM;- �M/ /m`BM; H2Bbm`2 �+iBpBiB2b-
`2bT2+iBp2HvX

h?2`2 �`2 biBHH bB;MB}+�Mi mM+2`i�BMiB2b QM i?2 KQ/2 Q7 i`�MbKBbbBQM Q7 a�_a@*Qo@k- �M/ BM
T�`iB+mH�` r?2i?2` Bi +�M /Bzmb2 i?`Qm;? +�bm�H +QMi�+i Ur?2i?2` bBKTHv ǵb?�`BM; �B`Ƕ Bb `BbFv-
#2+�mb2 �2`QbQHBx2/ T�`iB+H2b- `�i?2` i?�M Dmbi /`QTH2ib- �`2 `BbFvVX 6Q`imM�i2Hv- i?2`2 ?�p2 �HbQ
#22M � +QmTH2 Q7 bim/B2b [m�MiB7vBM; ǳ+�bm�HǴ +QMi�+ib- i?�i Bb- +QMi�+ib #2ir22M �MQMvKQmb
BM/BpB/m�Hb #mi i?�i M2p2`i?2H2bb BMpQHp2 2MQm;? T`QtBKBiv iQ `2bmHi BM � i`�MbKBbbBQMX JBFQ@
H�D+xvF � E`2ixb+?K�` Ukyy3V `2TQ`i b2p2`�H bim/B2b r?2`2 T�`iB+BT�Mib Ubim/2MibV r2`2 ǳ�bF2/
�#Qmi �;;`2;�i2 MmK#2`b Q7 +QMi�+ib QM bBt H2p2Hb Q7 T`QtBKBiv, BMiBK�i2 +QMi�+ib- +HQb2 +QM@
i�+ib Ub�K2 ?Qmb2?QH/V- /B`2+i +QMp2`b�iBQM U> 2 KBM /m`�iBQM- K�tX k K /Bbi�M+2V- bK�HH ;`QmT
UrBi? +QMp2`b�iBQMb- #mi H2bb BMi2MbBp2 i?�M BM /B`2+i +QMp2`b�iBQMbV- H�`;2` ;`QmT Ub2KBM�`v Q`
H2+im`2 `QQKV �M/ Q++�bBQM�H +QMi�+ib UBM i?2 `�M;2 Q7 k K BM HQ+�H i`�MbTQ`i�iBQM- +BM2K�- 2i+XVXǴ
h?2 MmK#2` Q7 +QMp2`b�iBQM�H +QMi�+ib UBX2X BM+Hm/BM; BMiBK�i2- +HQb2 �M/ /B`2+i +QMp2`b�iBQM V
r�b b2MbB#Hv #2HQr #mi BM HBM2 rBi? i?2 SQHvKQ/ bim/v Ue@Rj +QMi�+ib pb Ry@kyVX h?2B` 6B;X k
bm;;2bib i?�i i?2 MmK#2` Q7 +QMi�+ib BM bK�HH ;`QmTb- H�`;2 ;`QmTb- �M/ `�M/QK +QMi�+ib r�b
`Qm;?Hv bT2�FBM; 3- jy �M/ 9y- rBi? p�`B�iBQMb /2T2M/BM; QM bim/v /2bB;MX _Qm;?Hv bT2�FBM;-
T2QTH2 ?�p2 QM �p2`�;2 Ry +HQb2 +QMi�+ib T2` /�v #mi 3y +�bm�H UMQM@+HQb2V +QMi�+ibX

� 72r bim/B2b ?�p2 HQQF2/ �i bQ+B�H +QMi�+i T�ii2`Mb iQ mM/2`bi�M/ i?2 /BzmbBQM Q7 im#2`@
+mHQbBb- r?B+? bT`2�/b p2`v 2�bBHvX _2�/BM; 7`QK i?2B` 6B;X j- i?2 2biBK�i2b Q7 K2�M +�bm�H
+QMi�+ib T2` /�v Q#i�BM2/ #v J+*`22b? 2i �HX UkyRNV 7Q` aQmi? �7`B+� �`2 �#Qmi Ry 7Q` i`�Mb@
TQ`i U+QK#BMBM; i`�BMb �M/ H�`;2 i�tBbV- e 7Q` b+?QQH �M/ rQ`F- 8 7Q` b?QTb UbT�x� b?QT- b?2#22M
�M/ K�HHV- k 7Q` ?QK2- �M/ H2bb i?�M k 7Q` +?m`+? �M/ +QKKmMBiv ?�HHX h?2b2 2biBK�i2b �`2 7Q`
i?2 K2�M MmK#2` Q7 +QMi�+ib T2` /�v- #mi J+*`22b? 2i �HX UkyRNV �HbQ �bF2/ T�`iB+BT�Mib 7Q`
i?2 MmK#2` Q7 +�bm�H +QMi�+i T`2b2Mi /m`BM; i?2 pBbBi iQ � HQ+�iBQM U6B;X akV- b?QrBM; �#Qmi 9y
+�bm�H +QMi�+ib BM J�HHb �M/ h`�BMbX AM K�Mv Qi?2` +�i2;Q`B2b `2H�iBM; iQ i`�MbTQ`i Q` b?QTTBM;-
i?2 MmK#2` Q7 +�bm�H +QMi�+ib Bb �`QmM/ Ry@R8X

AM i?Bb T�T2`- r2 mb2 � bim/v 7`QK ar2/2M Uai`ƺK;`2M 2i �HX kyRdVX h?2 bim/v `2TQ`ib- 7Q`
� p�`B2iv Q7 TH�+2b- i?2 HBF2HB?QQ/ i?�i Bi Bb pBbBi2/ /m`BM; �M �p2`�;2 /�v- i?2 /m`�iBQM Q7 i?2
pBbBike- i?2 MmK#2` Q7 T2QTH2 T`2b2Mi- �M/ i?2 HBF2HB?QQ/ Q7 T?vbB+�H +QMi�+i- b22 h�#H2 RRX

e3



oBbBi .m`�iBQM *`Qr/ S?vbB+�H AMi2MbBiv
*�i2;Q`v ai`QK;`2M 2i �HǶb

+�i2;Q`v
oBbBi
HBF2HB@
?QQ/

.m`�iBQM
U?Qm`bV

J2/B�M
MmK#2` T2Q@
TH2 T`2b2Mi

GBF2HB?QQ/
T?vbB+�H
+QMi�+i

q2B;?i2/ +QMi�+ib

qQ`F qQ`F kRXky dXey kyXyy 88X3y yXkN yXkN
a+?QQH S`2@b+?QQH 3Xey dXey kyXyy djXjy yXRk yXk3a+?QQH RkXyy dXey kyXyy dRXRy yXRe

*QMbmK2
*QMp2MB2M+2 biQ`2 8Xky yX9y RyXyy 3Xjy yXyy

yXReG�`;2 biQ`2 k9XRy yX3y kRX8y R3Xyy yXy9
_2bi�m`�Mi NX9y RX9y jyXyy jyX3y yXy9
aTQ`ib p2Mm2 RRX8y kXjy j9X8y 8jX3y yXy3

h`�MbTQ`i Sm#HB+ i`�MbTQ`i ReXjy RXyy 9yXyy 3Xjy yXye yXye

>QK2
>QK2 N8Xyy R3X9y RXyy djXdy yXRe

yXkR*�` 83Xdy yXNy RXyy k8X3y yXyy
Sm#HB+ m`#�M bT�+2 eXey RX3y kyXyy k3Xjy yXyk
6`B2M/b �M/ `2H�iBp2b kRXyy 8XRy jXyy 3yXRy yXyj

h�#H2 RR, h?2 +QHmKMb .m`�iBQM �M/ *`Qr/ 7Q` i?2 `Qrb a+?QQH �M/ S`2@b+?QQH �`2 BM72``2/ 7`QK i?2 2[mBp�H2Mi
MmK#2` BM i?2 `Qr qQ`FX ǳG�`;2 biQ`2Ǵ Bb b?Q`i 7Q` ǳG�`;2 �M/ bT2+B�HBbi biQ`2ǴX h?2 bQm`+2 Q7 `�r /�i� Bb
ai`ƺK;`2M 2i �HX UkyRdVX AMi2MbBiv@r2B;?i2/ +QMi�+ib �`2 Qm` QrM +�H+mH�iBQMb- b22 i2tiX h?2 H�bi +QHmKM b?Qrb
i?2 p�Hm2b +�H+mH�i2/ 7Q` h�#H2 j- 1[Xb UjdV@Uj3V BM i?2 K�BM i2tiX

6Xk *�HB#`�iBQM
q2 mb2/ i?2 /�i� 7`QK h�#H2 RR iQ +`2�i2 �M BMi2MbBiv@r2B;?i2/ MmK#2` Q7 +QMi�+ibX q2 /2}M2
7Q` 2�+? Q7 i?2 Rk TH�+2bkdX

AMi2MbBivi =
oBbBii ×.m`�iBQMi × *`Qr/i

∑12
j=1

[
oBbBij ×.m`�iBQMj × *`Qr/j

] UeNV

hQ +QKTmi2 i?2 p�Hm2b BM h�#H2 j 7Q` 1[bX UjdV@Uj3V- r2 bmK@mT i?2 `2H2p�Mi AMi2MbBiv p�`B�#H2bX

qQ`FX hQ +�HB#`�i2 biw- r2 +`2�i2 �M BM/2t #�b2/ QM i?2 T?vbB+�H T`QtBKBiv �M/ 2tTQbm`2 iQ
BM72+iBQM BM/2t Q7 2�+? BM/mbi`v- r?B+?- �b 2tTH�BM2/ BM �TT2M/Bt �- r2 K�T 7`QK PǶL1h /�i�X
�i i?2 Q++mT�iBQM H2p2H- T?vbB+�H T`QtBKBiv �M/ 2tTQbm`2 iQ BM72+iBQM `�M;2 7`QK y iQ Ryy �M/
�`2 /2b+`B#2/ �b 7QHHQrbX

Ç 1tTQbm`2 iQ /Bb2�b2 �M/ BM72+iBQMX P L1h �bbB;Mb � b+Q`2 iQ 2�+? Q++mT�iBQM /2T2M/BM; QM
i?2 7`2[m2M+v rBi? r?B+? rQ`F2`b BM i?�i Q++mT�iBQM �`2 2tTQb2/ iQ /Bb2�b2 �M/ BM72+iBQM
BM MQ`K�H iBK2bX h?2 b+�H2 `mMb 7`QK 0- BM/B+�iBM; i?�i i?2 rQ`F2` Bb M2p2` 2tTQb2/ iQ
Ryy- BM/B+�iBM; i?�i i?2 rQ`F2` Bb 2tTQb2/ 2p2`v /�vX Ai Bb BKTQ`i�Mi iQ +QMbB/2` i?�i i?Bb
`�iBM; r�b /QM2 #27Q`2 i?2 T�M/2KB+- �M/ /Q2bMǶi b22K iQ T`QT2`Hv i�F2 BMiQ �++QmMi i?2
T`QT2`iB2b Q7 *PoA.@RN

ke h?2 /m`�iBQM Q7 b?QT pBbBib Bb ?B;?Hv +QMbBbi2Mi rBi? i?2 /�i� `2TQ`i2/ #v :QH/7�`# � hm+F2` UkykyV- r?Q
mb2 KQ#BH2 T?QM2 /�i� 7Q` i?2 la �M/ `2TQ`i �M �p2`�;2 pBbBi Q7 kk iQ 9k KBMmi2b �+`Qbb RR +�i2;Q`B2b Q7 `2i�BH
b?QTbX

kd LQi2 i?�i r2 +QmH/ ?�p2 mb2/ i?2 p�`B�#H2 b?QrBM; i?2 HBF2HB?QQ/ Q7 T?vbB+�H +QMi�+i �b T`Qtv 7Q` i?2 +HQb2M2bb
Q7 +QMi�+i- �b �M �//BiBQM�H 7�+iQ` BM 1[X UeNVX q2 ?�p2 /QM2 bQ BM � `Q#mbiM2bb +?2+F �M/ KQbi `2bmHib �`2 bBKBH�`-
2t+2Ti 7Q` aTQ`ib o2Mm2 r?B+? #2+QK2b �M 2p2M H�`;2` b?�`2 Q7 �HH +QMbmKTiBQM `BbFbX q2 /2+B/2/ �;�BMbi mbBM;
i?Bb �//BiBQM�H p�`B�#H2 BM i?2 +m``2Mi /`�7i �b r2 K�i+? i?Bb �+iBpBiv rBi? i?2 BM/mbi`v i?�i +QMi�BMb +BM2K�b-
i?2�i`2b- `2HB;BQmb ;�i?2`BM;b- 2i+X Ai Bb i`m2 i?�i- HBF2 bTQ`ib- i?2b2 �+iBpBiB2b ?�p2 � bB;MB}+�Mi /m`�iBQM- #mi i?2v
�`2 MQi �b HBF2Hv iQ BMpQHp2 T?vbB+�H +QMi�+iX

eN



6B;m`2 k9, *PoA.@RN `2H�iBp2 BM72+iBQM `BbF Q7 BM/mbi`B2bX h?Bb BM/2t Bb +QMbi`m+i2/ #v i�FBM; i?2 �p2`�;2
Q7 i?2 2tTQbm`2 iQ BM72+iBQM �M/ i?2 T?vbB+�H T`QtBKBiv BM/2t Q7 BM/mbi`B2b �M/ i?2M MQ`K�HBxBM; bQ i?�i i?2v
bmK mT iQ QM2X

Ç S?vbB+�H T`QtBKBivX P L1h �HbQ +QMbB/2`b iQ r?�i 2ti2Mi T2`7Q`KBM; DQ# i�bFb `2[mB`2b
T?vbB+�H T`QtBKBivX � b+Q`2 Q7 75 BKTHB2b #2BM; KQ/2`�i2Hv +HQb2 U�i �`KǶb H2M;i?V �M/
100 BKTHB2b M2�` iQm+?BM;X

hQ Q#i�BM � b+Q`2 �i i?2 BM/mbi`v H2p2H- r2 �;;`2;�i2 Q++mT�iBQM@H2p2H b+Q`2b mbBM; 2KTHQvK2Mi
/�i� 7`QK i?2 "Ga- r?B+? BM/B+�i2b i?2 Q++mT�iBQM�H +QKTQbBiBQM Q7 2�+? BM/mbi`v �M/ i?2M
K�T BMiQ i?2 qAP. +H�bbB}+�iBQM Ub22 �TT2M/Bt � 7Q` /2i�BHbVX Pm` BM/mbi`v@bT2+B}+ BM72+iBQM
`BbF Bb i?2 �p2`�;2 Q7 T?vbB+�H T`QtBKBiv �M/ 2tTQbm`2 iQ BM72+iBQMX h?�i Bb

biw =
1

2
(2tTQbm`2 iQ BM72+iBQMi + T?vbB+�H T`QtBKBivi). UdyV

*QMbmKTiBQMX q2 +QMbB/2` i?�i- 7`QK h�#H2 RR- i?2`2 �`2 i?`22 ivT2b Q7 +QMbmKTiBQM �+@
iBpBiB2b, a?QTTBM; U*QMp2MB2M+2 biQ`2b �M/ G�`;2 biQ`2bV- _2bi�m`�Mib- �M/ aTQ`ib o2Mm2X q2
i?2M K�T i?2b2 BMiQ i?2 qAP. #mi HQQFBM; �i i?2 HBbi Q7 BM/mbi`B2b Uh�#H2 8V �M/ �bbmKBM; i?�i
�HH a?QTTBM; �+iBpBiv +QK2b 7`QK i?2 qAP. BM/mbi`v :9d, _2i�BHc i?�i �HH _2bi�m`�Mi �+iBpBiv
+QK2b 7`QK i?2 AM/mbi`v A,�++QKQ/�iBQM@6QQ/c �M/ �HH aTQ`ib o2Mm2 �+iBpBiv +QK2b 7`QK i?2
Pi?2` a2`pB+2b �+iBpBivX

h`�MbTQ`iX q2 +QMbB/2` i?2 p�Hm2 7`QK h�#H2 RRX q2 MQi2 i?�i ai`ƺK;`2M 2i �HX UkyRdV
Q#b2`p2 �M BKTQ`i�Mi /BpB/2 #2ir22M `m`�H �M/ m`#�M TH�+2b BM i2`Kb Q7 iBK2 bT2Mi BM Tm#HB+
i`�MbTQ`ibX

dy



>QK2@`2H�i2/X AM i?2 K�BM i2ti- r2 M22/ iQ +QMbB/2` i?2 BKT�+i Q7 bQ+B�H /Bbi�M+BM; K2�bm`2b
QM βh- i?2 b?�`2 Q7 +QMi�+ib i?�i �`2 mM`2H�i2/ iQ r?2i?2` BM/mbi`B2b �`2 QT2M Q` MQiX q2
�bbmK2 i?�i /m`BM; HQ+F/QrM- i?2 MmK#2` Q7 +QMi�+ib �i ?QK2 bi�v i?2 b�K2- #mi i?2 MmK#2`
Q7 +QMi�+ib rBi? 6`B2M/b �M/ _2H�iBp2b- rBi?BM � 7�KBHv +�`- Q` BM Tm#HB+ m`#�M bT�+2b 7�HH
iQ x2`QX aBM+2 >QK2 Bb `2bTQMbB#H2 7Q` deW URefkRV Q7 i?2 ?QK2 `2H�i2/ +QMi�+ib- r2 i�F2
betah(HQ+F/QrM) = βh(t = 0) ∗ 0.7X

SQTmH�iBQM /�i�X hQ Q#i�BM i?2 b?�`2 Q7 TQTmH�iBQM BM i?2 bT2+B�H BM/mbi`B2b a+?QQHb �M/ Pmi@
Q7@i?2@H�#Q`@7Q`+2- r2 mb2 i?2 PLa *m``2Mi SQTmH�iBQM am`p2v k3 �++Q`/BM; iQ i?2b2 bm`p2vb 62%
Q7 i?2 TQTmH�iBQM Bb 2KTHQv2/ �M/ 23% Q7 i?2 TQTmH�iBQM Bb #2ir22M y@RN v2�`b QH/X h?2`27Q`2-
r2 �bbB;M 62% Q7 i?2 TQTmH�iBQM iQ i?2 i = 1, ...,M − 2 rQ`FBM; BM/mbi`B2b- 23% iQ i?2 b+?QQH
BM/mbi`vkN �M/ i?2 `2bi iQ i?2 `2iB`2/ BM/mbi`v UmM2KTHQv2/ �M/ �HH BM�+iBp2 �`2 i?mb �bbB;M2/
BMiQ i?Bb BM/mbi`vVX 6`QK i?2 62% Q7 i?2 rQ`FBM; TQTmH�iBQM r2 �bbB;M i?2K iQ i?2 i =
1, ...,M − 2 rQ`FBM; BM/mbi`B2b �++Q`/BM; iQ i?2 b?�`2b Q7 2KTHQvK2Mi +�H+mH�i2/ 7`QK i?2
qAP. 2KTHQvK2Mi /�i�X 6BM�HHv- �;�BM mbBM; i?2 PLa *Sa- r2 +QKTmi2 i?�i i?2 b?�`2 Q7
y@RN v2�` QH/ r?Q �`2 R9 Q` #2HQr Bb g = 17/23X

k3 ?iiTb,ffrrrXQMbX;QpXmFfT2QTH2TQTmH�iBQM�M/+QKKmMBivfTQTmH�iBQM�M/KB;`�iBQMf
TQTmH�iBQM2biBK�i2bf/�i�b2ibfTQTmH�iBQM2biBK�i2b7Q`mF2M;H�M/�M/r�H2bb+QiH�M/�M/MQ`i?2`MB`2H�M/

kN q2 �bbmK2 i?�i �HH T2QTH2 #2ir22M y@RN v2�`b QH/ ;Q iQ b+?QQHX
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: LQi�iBQM

avK#QH L�K2
N LmK#2` Q7 BM/mbi`B2b
t hBK2 BM/2t
tbi�`inHQ+F/QrM ai�`i /�i2 Q7 HQ+F/QrM
t2M/nHQ+F/QrM 1M/ /�i2 Q7 HQ+F/QrM
t2M/nT�M/2KB+ 1M/ /�i2 Q7 T�M/2KB+
xi,t :`Qbb QmiTmi Q7 BM/mbi`v i
Zij,t AMi2`K2/B�i2 +QMbmKTiBQM Q7 ;QQ/ i #v BM/mbi`v j
ci,t >Qmb2?QH/ +QMbmKTiBQM Q7 ;QQ/ i
cdi,t .2K�M/ Q7 ?Qmb2?QH/ +QMbmKTiBQM Q7 ;QQ/ i
fi,t LQM@?Qmb2?QH/ }M�H /2K�M/ Q7 ;QQ/ i
fd
i,t .2K�M/ MQM@?Qmb2?QH/ }M�H /2K�M/ Q7 ;QQ/ i

li,t G�#Q` +QKT2Mb�iBQM iQ rQ`F2`b Q7 BM/mbi`v i
πi,t S`Q}ib Q7 BM/mbi`v i
ei,t ǳ�HH Qi?2`Ǵ UMQM BMi2`K2/B�i2b Q` H�#Q`V 2tT2Mb2b Q7 BM/mbi`v i
l̃t- c̃t- π̃t - x̃t hQi�H H�#Q` +QKT2Mb�iBQM- +QMbmKTiBQM- T`Q}ib �M/ QmiTmi
di,t hQi�H /2K�M/ 7Q` BM/mbi`v i
Oij,t P`/2`b U/2K�M/ 7`QK BM/mbi`v j iQ BM/mbi`v iV
nj LmK#2` Q7 /�vb Q7 i�`;2i2/ BMp2MiQ`v 7Q` BM/mbi`v j
Ai,j S�vK2Mib iQ i T2` mMBi T`Q/m+2/ Q7 j Ui2+?MB+�H +Q2{+B2MibV
Sij,t aiQ+F Q7 K�i2`B�H i ?2H/ BM jǶb BMp2MiQ`v
τ aT22/ Q7 BMp2MiQ`v �/DmbiK2Mi
θi,t b?�`2 Q7 ;QQ/b 7`QK BM/mbi`v i BM +QMbmKTiBQM /2K�M/
θ̄i,t b?�`2 Q7 ;QQ/b 7`QK BM/mbi`v i BM +QMbmKTiBQM /2K�M/ UmMMQ`K�HBx2/V
c̃dt �;;`2;�i2 +QMbmKTiBQM /2K�M/
ρ bT22/ Q7 �/DmbiK2Mi Q7 �;;`2;�i2 +QMbmKTiBQM
εt +QMbmKTiBQM 2tQ;2MQmb b?Q+F
l̃pt 2tT2+i�iBQMb 7Q` T2`K�M2Mi H�#Q` BM+QK2
m b?�`2 Q7 H�#Q` BM+QK2 mb2/ iQ +QMbmK2 }M�H /QK2biB+ ;QQ/b
ξt 7`�+iBQM Q7 T`2@T�M/2KB+ H�#Q` BM+QK2 i?�i ?Qmb2?QH/b 2tT2+i iQ `2i�BM BM i?2 HQM;@`mM
ξLt 7`�+iBQM Q7 T`2@T�M/2KB+ H�#Q` BM+QK2 i?�i ?Qmb2?QH/b 2tT2+i iQ `2i�BM BM i?2 HQM;@`mM /m`BM;

i?2 HQ+F/QrM
x+�T
i,t BM/mbi`v T`Q/m+iBQM +�T�+Biv #�b2/ QM �p�BH�#H2 H�#Q`

xBMT
i,t BM/mbi`v T`Q/m+iBQM +�T�+Biv #�b2/ QM �p�BH�#H2 BMTmib

ε̃Si,t 2tQ;2MQmb bmTTHv b?Q+F iQ BM/mbi`v i

ε̃Di `2H�iBp2 +?�M;2b BM /2K�M/ 7Q` ;QQ/b Q7 BM/mbi`v i /m`BM; HQ+F/QrM
ε̃i,t `2H�iBp2 +?�M;2b BM /2K�M/ 7Q` ;QQ/b Q7 BM/mbi`v i
ε̃t �;;`2;�i2 +QMbmKTiBQM b?Q+F
∆li,t /2bB`2/ +?�M;2 Q7 H�#Q` bmTTHv Q7 BM/mbi`v i
lK�t
i,t K�tBKmK H�#Q` bmTTHv 7Q` BM/mbi`v i
γ>- γ6 aT22/ Q7 mTr�`/f/QrMr�`/ H�#Q` �/DmbiK2Mi U?B`BM;f}`BM;V
∆s *?�M;2 BM b�pBM; `�i2
l̃∗t >Qmb2?QH/ BM+QK2 BM+Hm/BM; bQ+B�H #2M2}ib

h�#H2 Rk, LQi�iBQM 7Q` i?2 1+QMQKB+ KQ/2H

dk



avK#QH L�K2
Ss, Su, Si LmK#2` Q7 amb+2TiB#H2 BM/BpB/m�Hb BM i?2 bim/2Mi- �/mHi MQM@rQ`FBM;- �M/ rQ`FBM; TQTmH�iBQM
Is, Iu, Ii LmK#2` Q7 AM72+i2/ BM/BpB/m�Hb BM i?2 bim/2Mi- �/mHi MQM@rQ`FBM;- �M/ rQ`FBM; TQTmH�iBQM
S = Ss + Su + Si LmK#2` Q7 amb+2TiB#H2 BM/BpB/m�Hb
I = Is + Iu + Ii LmK#2` Q7 AM72+i2/ BM/BpB/m�Hb
R LmK#2` Q7 _2+Qp2`2/ BM/BpB/m�Hb
M = (S + I +R) LmK#2` Q7 BM/BpB/m�Hb BM i?2 TQTmH�iBQM
β∗ 6Q`+2 Q7 BM72+iBQM
γ _2+Qp2`v `�i2
R0 _2T`Q/m+iBQM MmK#2`
ηs, ηu, ηi a?�`2 Q7 T2QTH2 BM i?2 bim/2Mi +�i2;Q`v- i?2 �/mHi MQM@rQ`FBM; +�i2;Q`v �M/ BM BM/mbi`v i
µs a?�`2 Q7 i?2 bim/2Mi TQTmH�iBQM i?�i �ii2M/b b+?QQH
βw a?�`2 Q7 BMi2MbBiv@r2B;?i2/ +QMi�+ib �i rQ`F
βs a?�`2 Q7 BMi2MbBiv@r2B;?i2/ +QMi�+ib BM b+?QQHb
βc a?�`2 Q7 BMi2MbBiv@r2B;?i2/ +QMi�+ib BM +QMbmKTiBQM
βT a?�`2 Q7 BMi2MbBiv@r2B;?i2/ +QMi�+ib BM i`�MbTQ`ib
βh a?�`2 Q7 BMi2MbBiv@r2B;?i2/ +QMi�+ib �i ?QK2

h�#H2 Rj, LQi�iBQM 7Q` i?2 1TB/2KB+ KQ/2H

dj


