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R AMi`Q/m+iBQM
*PoA.@RN BM72+iBQMb T`2b2Mi � F2v 72�im`2 i?�i K�F2b i?2K +?�HH2M;BM; iQ +QMi`QHX J�Mv T�@
iB2Mib i�F2 HQM;2` iQ /2p2HQT bvKTiQKb i?�M BM Qi?2` BM72+iBQmb `2bTB`�iQ`v /Bb2�b2b- �M/ bQK2
�`2 +QKTH2i2Hv �bvKTiQK�iB+X *QMb2[m2MiHv- Bi Bb Km+? ?�`/2` iQ BbQH�i2 BM72+i2/ BM/BpB/m�Hb
#27Q`2 i?2v i`�MbKBi i?2 pB`mb iQ Qi?2`bX >2M+2- Qmi#`2�Fb +�M ?�TT2M `�i?2` [mB+FHvX

JQ`2Qp2`- i?2 BKT�+i Q7 i?2 T�M/2KB+ ?�b p�`B2/ �+`Qbb BM+QK2 H2p2HbX SQQ` M2B;?#Q`?QQ/b
?�p2 b22M � bB;MB}+�MiHv H�`;2` MmK#2` Q7 +�b2b �M/ /2�i?b Ub22 h�#H2 RVXR h?2`2 �`2 � 72r
`2�bQMb 7Q` i?Bb T�ii2`MX 6B`bi- K�Mv Q7 i?2 b2`pB+2b /22K2/ 2bb2MiB�H r?B+? ?�p2 +QMiBMm2/ iQ
#2 bmTTHB2/ /m`BM; i?2 T�M/2KB+ �`2 /QM2 #v HQr r�;2 rQ`F2`bXk a2+QM/- BM/BpB/m�Hb BM i?2b2
TQQ`2` +QKKmMBiB2b �`2 mbm�HHv BM Q++mT�iBQMb i?�i /Q MQi �HHQr 7Q` `2KQi2 rQ`FBM; Ub22 .BM;2H
�M/ L2BK�M UkykyV �M/ JQM;2v 2i �HX UkykyVVX h?B`/- i?2b2 +QKKmMBiB2b �`2 HBF2Hv iQ ?�p2
/2Mb2` TQTmH�iBQMbX �M/ 7Qm`i?- `2bB/2Mib Q7 i?2 TQQ`2` M2B;?#Q`?QQ/b i2M/ iQ ?�p2 HBiiH2 BM
7�HH#�+F b�pBM;b �M/ r2�Hi? �M/ +�M i?2`27Q`2 MQi �zQ`/ iQ KBbb rQ`F iQ b?2Hi2` 7`QK i?2 pB`mbX

h�#H2 R, *PoA.@RN *�b2b BM Lu*
.Bz2`2M+2b #v L2B;?#Q`?QQ/ SQp2`iv G2p2H

*�b2b >QbTBi�HBx�iBQMb .2�i?b

GQr TQp2`iv R-3yeX8k j8RXj3 RRyXR9
J2/BmK TQp2`iv k-R3NXj8 89yXNk RdeXR9
>B;? TQp2`iv k-jj9Xjk e39Xy9 kkRXye
o2`v >B;? TQp2`iv k-dyNXy3 ddRX3d 8k8XRd
LQi2, _�i2 T2` Ryy-yyy T2QTH2 U�;2@�/Dmbi2/V
aQm`+2, ?iiTb,ffrrrRXMv+X;QpfbBi2f/Q?f+QpB/f+QpB/@RN@/�i�XT�;2

J2�Mr?BH2- ?B;?2` BM+QK2 BM/BpB/m�Hb �`2 #2ii2` �#H2 iQ KBMBKBx2 i?2B` 2tTQbm`2 iQ i?2 pB`mbX
1p2M rBi?Qmi bi�v@�i@?QK2 Q`/2`b- mM+QMbi`�BM2/ BM/BpB/m�Hb r?Q ?�p2 i?2 K2�Mb iQ �/Dmbi i?2B`
#2?�pBQ` K�v QTiBK�HHv `2/m+2 i?2B` 2tTQbm`2 iQ BM72+iBQMX 6Q` 2t�KTH2- BM 6B;m`2 R r2 b?Qr i?2
v2�`@Qp2`@v2�` +?�M;2 BM i?2 MmK#2` Q7 b2�i2/ /BM2`b BM h2t�b �M/ i?2 bi�i2 Q7 q�b?BM;iQM mbBM;
i?2 QMHBM2- T?QM2- �M/ r�HF@BM `2b2`p�iBQMb 7`QK PT2Mh�#H2X+QKXj h?2 p2`iB+�H HBM2b BM/B+�i2 i?2

RSQp2`iv Bb i?2 T2`+2Mi Q7 � wAS +Q/2Ƕb TQTmH�iBQM HBpBM; #2HQr i?2 72/2`�H TQp2`iv H2p2H- BM i?2 kyRj@kyRd
�K2`B+�M *QKKmMBiv am`p2vX GQr TQp2`iv, mM/2` Ry T2`+2Mic J2/BmK TQp2`iv, Ry T2`+2Mi iQ RNXN T2`+2Mic
>B;? TQp2`iv, ky T2`+2Mi iQ kNXN T2`+2Mic o2`v ?B;? TQp2`iv, jy T2`+2Mi �M/ Qp2`X

k6Q` 2t�KTH2- bmT2`K�`F2i T2`bQMM2H- /2HBp2`v b2`pB+2b- 2i+X
jq2 T`2b2Mi h2t�b �M/ q�b?BM;iQM iQ b?Qr � +QKT�`BbQM #2ir22M � `2/ �M/ #Hm2 bi�i2X �HH bi�i2b BM PT2M
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/�i2b BM r?B+? i?2 bi�i2b `2bT2+iBp2Hv 2M�+i2/ �M/ HB7i2/ i?2B` bi�v@�i@?QK2 Q`/2`bX _2b2`p�iBQMb
72HH bB;MB}+�MiHv r2HH #27Q`2 bi�v@�i@?QK2 Q`/2`b r2`2 2M�+i2/ �M/ `2K�BM2/ 7�` #2HQr i?2B`
T`2pBQmb v2�`Ƕb H2p2Hb HQM; �7i2` i?2 `2bi`B+iBQMb r2`2 HB7i2/X aBKBH�` T�ii2`Mb �`2 Q#b2`p2/ BM �B`
i`�p2H �M/ ?Qi2H Q++mT�M+vX

U�V h2t�b U#V q�b?BM;iQM

6B;m`2 R, *?�M;2 BM i?2 LmK#2` Q7 .BM2@BM *mbiQK2`b, PT2M h�#H2X+QK

AM i?Bb T�T2`- r2 T`QTQb2 �M/ +�HB#`�i2 � b2�`+? KQ/2H i?�i �HHQrb mb iQ BMi`Q/m+2 bQK2 Q7
i?2b2 bivHBx2/ 7�+ib BM �M 2TB/2KBQHQ;B+�H b2iiBM;X AM T�`iB+mH�`- r2 +QMbB/2` ?Qr i?2 T`2b2M+2 Q7
�bvKTiQK�iB+ �M/ T`2@bvKTiQK�iB+ BM72+i2/ �;2Mib �b r2HH �b i?2 T`2b2M+2 Q7 �;2Mib r?Q +�M �M/
+�MMQi QTiBK�HHv �/Dmbi i?2B` iBK2 �HHQ+�iBQM U?2M+27Q`i? iBK2@+QMbi`�BM2/ �;2MibV BKT�+i i?2
2TB/2KB+X JQ`2Qp2`- r2 +QMbB/2` ?Qr i?2b2 �;2MibǶ ?2i2`Q;2M2Biv BMi2`�+i rBi? i?2 2z2+iBp2M2bb
Q7 i2bib U#Qi? pB`�H �M/ �MiB#Q/vV �M/ HQ+F/QrMb BM `2BMBM; BM i?2 bT`2�/ Q7 i?2 /Bb2�b2 �M/
�K2HBQ`�iBM; 2+QMQKB+ Qmi+QK2bX

Pm` `2bmHib b?Qr i?�i BMi`Q/m+BM; �bvKTiQK�iB+ �M/ T`2@bvKTiQK�iB+ �;2Mib �b r2HH �b
iBK2@+QMbi`�BM2/ �;2Mib Bb pBi�H iQ 2p�Hm�iBM; i?2b2 TQHB+B2bX A7 i?2 BM+B/2M+2 Q7 �bvKTiQK�iB+
�;2Mib Bb H�`;2`- i?2M i?2 MmK#2`b Q7 2tT2+i2/ BM72+i2/ �;2Mib �M/ 2tT2+i2/ /2�i?b �`2 H�`;2` �b
r2HHX aBM+2 �bvKTiQK�iB+ �M/ T`2@bvKTiQK�iB+ �;2Mib bT2M/ KQ`2 iBK2 QmibB/2 BM72+iBM; ?2�Hi?v
#mi bmb+2TiB#H2 �;2MibX AM im`M- i?2 2+QMQKv rBHH bmz2` �b mM+QMbi`�BM2/ �;2Mib �`2 +QKT2HH2/
iQ 2p2M KQ`2 /`�biB+�HHv `2/m+2 i?2B` iBK2 bT2Mi Qmi/QQ`b �b Bi Bb `BbFB2` iQ 2M;�;2 BM QmibB/2
�+iBpBiB2bX h?2 BKT�+i Q7 i2biBM; Bb bB;MB}+�MiHv H�`;2` 7Q` � pB`mb rBi? KQ`2 �bvKTiQK�iB+ +�b2bX
oB`�H i2bib �HHQr mb iQ [m�`�MiBM2 BM72+i2/ �bvKTiQK�iB+ �M/ T`2@bvKTiQK�iB+ �;2Mib- `2/m+BM;
i?2 BM72+iBQM `�i2X h?Bb MQi QMHv ?�b i?2 #2M2}i Q7 HQr2`BM; i?2 2tT2+i2/ MmK#2` Q7 +�bm�HiB2b
h�#H2Ƕb /�i�#�b2 b?Qrb [mBi2 bBKBH�` T�ii2`MbX
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+�mb2/ #v i?2 /Bb2�b2- #mi �HbQ �HHQrb mM+QMbi`�BM2/ �;2Mib iQ QTiBK�HHv BM+`2�b2 i?2B` H�#Q`
bmTTHv- BKT`QpBM; 2+QMQKB+ �+iBpBivX J2�Mr?BH2- �MiB#Q/v i2bib `2p2�H iQ mM+QMbi`�BM2/ �;2Mib
r?Q ?�/ �M �bvKTiQK�iB+ BM72+iBQM i?�i i?2v KB;?i ?�p2 �+[mB`2/ BKKmMBiv- �HHQrBM; i?2K iQ
QTiBK�HHv �/Dmbi i?2B` H�#Q` bmTTHvX �b � `2bmHi- i?2 2+QMQKB+ BKT�+i Q7 i2biBM; Bb bm#bi�MiB�H
r?2M i?2 BM+B/2M+2 Q7 �bvKTiQK�iB+ BM72+iBQMb Bb ?B;?X A7 r2 +QMbB/2` i?2 +�b2 BM r?B+? 3y
T2`+2Mi Q7 i?2 BM72+iBQMb �`2 �bvKTiQK�iB+- BM+`2�bBM; i2biBM; 7`QK y iQ Ry T2`+2Mi `2T`2b2Mib �
+mKmH�iBp2 ;�BM Q7 �`QmM/ eXj T2`+2Mi Q7 T`2@pB`mb :.S �7i2` irQ v2�`bX

aBKBH�` T�ii2`Mb �`2 Q#b2`p2/ r?2M i?2 BM+B/2M+2 Q7 iBK2@+QMbi`�BM2/ �;2Mib Bb H�`;2`X h?2
MmK#2`b Q7 BM72+i2/ �M/ /2�/ �`2 bB;MB}+�MiHv ?B;?2`- �M/ iBK2@+QMbi`�BM2/ �;2Mib �`2 �HbQ
T�`iB+mH�`Hv �z2+i2/X 6QHHQrBM; � +�HB#`�iBQM i?�i `2T`2b2Mib �M 2K2`;BM; K�`F2i 2+QMQKv- Qm`
`2bmHib b?Qr i?�i 38 T2`+2Mi Q7 iBK2@+QMbi`�BM2/ �;2Mib rQmH/ #2 BM72+i2/ �i bQK2 TQBMi �M/
yXR3 T2`+2Mi rQmH/ /B2X AM +QMi`�bi- QMHv kR T2`+2Mi Q7 mM+QMbi`�BM2/ �;2Mib rQmH/ ;2i BM72+i2/
�M/ H2bb i?�M yXy8 T2`+2Mi rQmH/ /B2X aBM+2 i?2 HBF2HB?QQ/ Q7 BM72+iBQM Bb bB;MB}+�MiHv ?B;?2`
BM �M 2+QMQKv rBi? KQ`2 iBK2@+QMbi`�BM2/ �;2Mib- mM+QMbi`�BM2/ �;2Mib /`�K�iB+�HHv `2/m+2
i?2B` H�#Q` bmTTHv- rBi? bB;MB}+�MiHv M2;�iBp2 BKT�+ib QM :.SX AM Qm` [m�MiBi�iBp2 2t2`+Bb2- �M
BM+`2�b2 Q7 ky T2`+2Mi�;2 TQBMib BM i?2 b?�`2 Q7 iBK2@+QMbi`�BM2/ �;2Mib BM+`2�b2b :.S HQbb2b #v
jXd T2`+2Mi�;2 TQBMibX

h?2 2z2+i Q7 i2biBM; Bb T�`iB+mH�`Hv T`QMQmM+2/ BM �M 2+QMQKv rBi? KQ`2 iBK2@+QMbi`�BM2/
�;2Mib- #2+�mb2 i?2b2 �;2Mib /Q MQi �/Dmbi i?2B` iBK2 �HHQ+�iBQM �b i?2 BM72+iBQM `�i2 ;Q2b mTX
h?mb- i2biBM; HQr2`b i?2 `BbF Q7 BM72+iBQM #v KQ`2 BM i?Bb 2MpB`QMK2MiX AM [m�MiBi�iBp2 i2`Kb- BM
�M 2+QMQKv rBi? � 8y T2`+2Mi b?�`2 Q7 iBK2@+QMbi`�BM2/ �;2Mib- KQpBM; 7`QK � y T2`+2Mi iQ � Ry
T2`+2Mi BM+B/2M+2 Q7 i2bib T`2/B+ib � `2/m+iBQM Q7 Ny-yyy BM i?2 MmK#2` Q7 /2�/ 7`QK i?2 /Bb2�b2X
aBKBH�`Hv- +QKT�`2/ iQ �M 2+QMQKv rBi? MQ i2biBM;- � Ry T2`+2Mi i2biBM; `�i2 BM+`2�b2b :.S #v
kX3 T2`+2Mi�;2 TQBMibX

AM i2`Kb Q7 i?2 2z2+i Q7 HQ+F/QrMb- r2 b?Qr i?�i r?BH2 i?2v �`2 �#H2 iQ bHQr /QrM i?2
bT`2�/ Q7 i?2 pB`mb- i?2v �`2 mHiBK�i2 BM2z2+iBp2 BM `2/m+BM; i?2 2+QMQKB+ �M/ ?mK�M +Qbib
Q7 i?2 2TB/2KB+ B7 BKTH2K2Mi2/ rBi?Qmi 7m`i?2` K2�bm`2bX AM Qm` #2M+?K�`F +�HB#`�iBQM- i?2
BMi`Q/m+iBQM Q7 HQ+F/QrMb `2/m+2b i?2 MmK#2` Q7 /2�i?b /m2 iQ *PoA.@RN #v RR-8yy BM i?2
}`bi v2�` �M/ 72r2` i?�M 8-yyy BM i?2 b2+QM/ v2�`X :Bp2M i?2 b?�`T `2+2bbBQM BM i?2 }`bi v2�`-
Qm` [m�MiBi�iBp2 `2bmHib BKTHv � ?B;? +Qbi T2` HB72 b�p2/X .2T2M/BM; QM i?2 ivT2 Q7 HQ+F/QrM
Ĝ +QKT`2?2MbBp2 �M/ b?Q`i Q` KBH/ �M/ HQM; Ĝ i?2 +Qbi T2` HB72 Bb 0ke KBHHBQM �M/ 089 KBHHBQM-
`2bT2+iBp2HvX h?2 K�BM `2�bQM Qm` +Qbib �`2 bB;MB}+�MiHv ?B;?2` i?�M i?2 QM2b 72�im`2/ BM Qi?2`
T�T2`b BM i?2 HBi2`�im`2- bm+? �b :`22MbiQM2 �M/ LB;�K UkykyV- Bb i?�i BM Qm` #2M+?K�`F KQ/2H-
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mM+QMbi`�BM2/ �;2Mib �H`2�/v QTiBK�HHv �/Dmbi i?2B` iBK2 �HHQ+�iBQM BM `2bTQMb2 iQ i?2 TQbbB#BHBiv
Q7 BM72+iBQMX *QMb2[m2MiHv- i?2 #2M+?K�`F +�b2 �H`2�/v 7�+iQ`b BM KQbi Q7 i?2 TQi2MiB�H #2M2}ib
Q7 i?2 HQ+F/QrM �i H2�bi BM � /2p2HQT2/ +QmMi`v rBi? 72r iBK2@+QMbi`�BM2/ �;2MibX

h?2 +QKT�`BbQM #2ir22M i?2 #2M+?K�`F +�b2 �M/ i?2 +�b2 rBi? HQ+F/QrMb ?B;?HB;?ib i?�i
HQ+F/QrMb �`2 T`Q#�#Hv KQ`2 mb27mH BM biQTTBM; i?2 bT`2�/ Q7 i?2 /Bb2�b2 BM /2p2HQTBM; 2+QMQKB2b-
rBi? ?B;? b?�`2b Q7 iBK2@+QMbi`�BM2/ �;2MibX AM 7�+i- +QMbB/2`BM; i?2 2ti`2K2 +�b2 BM r?B+? �HH
�;2Mib �`2 iBK2@+QMbi`�BM2/- � KBH/ �M/ HQM; HQ+F/QrM rQmH/ #2 �#H2 iQ b�p2 jk8-yyy HBp2b �i �
+Qbi Q7 0kX8 KBHHBQM T2` HB72- r2HH #2HQr Qm` #2M+?K�`FX >Qr2p2`- Qm` +�HB#`�iBQM r?B+? Bb +HQb2`
iQ �M �p2`�;2 2K2`;BM; 2+QMQKv- rBi? �`QmM/ 8y T2`+2Mi iBK2@+QMbi`�BM2/ �;2Mib- biBHH b?Qrb �
+Qbi T2` HB72 Q7 �`QmM/ 0R9 KBHHBQMX JQ`2Qp2`- i?Bb };m`2 M2Bi?2` 7�+iQ`b BM i?2 bB;MB}+�Mi +Qbib
Q7 T`2p2MiBM; iBK2@+QMbi`�BM2/ �;2Mib 7`QK ;QBM; iQ rQ`F MQ` i?2 i`�Mb72`b M22/2/ iQ #2 K�/2
iQ i?Bb TQTmH�iBQM BM Q`/2` iQ K�F2 bm+? � HQ+F/QrM pB�#H2X

Pm` `2bmHib �`2 `2H2p�Mi 7`QK � TQHB+v T2`bT2+iBp2X h?2v ?B;?HB;?i i?2 BKTQ`i�M+2 Q7 B/2MiB7v@
BM; ?Qr �bvKTiQK�iB+ �M/ T`2@bvKTiQK�iB+ BM72+i2/ �;2Mib bT`2�/ i?2 pB`mbX q?BH2 +QMi�;BQM
#v T`2@bvKTiQK�iB+ �;2Mib ?�b #22M r2HH@2bi�#HBb?2/ U>2 2i �HX UkykyVV- i?2`2 �`2 biBHH bQK2 [m2b@
iBQMb �#Qmi i?2 HBF2HB?QQ/ Q7 �bvKTiQK�iB+ �;2Mib i`�MbKBiiBM; i?2 /Bb2�b2 U"�B 2i �HX UkykyVVX
a2+QM/- i?2v b?Qr i?�i pB`�H i2biBM;- QM iQT Q7 #2BM; �M BKTQ`i�Mi iQQH 7Q` +QMi`QHHBM; i?2 bT`2�/
Q7 i?2 /Bb2�b2 iQ �HH +QmMi`B2b- Bb T�`iB+mH�`Hv BKTQ`i�Mi 7Q` /2p2HQTBM; 2+QMQKB2b �M/ TQQ` M2B;?@
#Q`?QQ/bX lM7Q`imM�i2Hv- �b r2 +�M b22 BM 6B;m`2 k-9 TQQ` +QmMi`B2b ?�p2 H�;;2/ bB;MB}+�MiHv
#2?BM/ `B+? +QmMi`B2b BM i2biBM; i?2B` TQTmH�iBQMbX

9q2 +`2�i2/ i?2 `B+? �M/ TQQ` +QmMi`B2b +H�bbB}+�iBQM #v mbBM; i?2 kyRNĜkyky qQ`H/ "�MFǶb BM+QK2 ;`QmT
+H�bbB}+�iBQM U?iiTb,ff#HQ;bXrQ`H/#�MFXQ`;fQT2M/�i�fM2r@+QmMi`v@+H�bbB7B+�iBQMb@BM+QK2@H2p2H@kyRN@kykyVX
AM T�`iB+mH�`- r2 +QK#BM2/ ?B;?@BM+QK2 �M/ mTT2`@KB//H2@BM+QK2 +QmMi`B2b BM i?2 `B+? +QmMi`B2b ;`QmT �M/
i?2 HQr@BM+QK2 �M/ HQr2`@KB//H2@BM+QK2 +QmMi`B2b BM i?2 TQQ` +QmMi`B2b ;`QmTX q2 Q#i�BM2/ BM7Q`K�iBQM QM
i?2 +QmMi`B2bǶ TQTmH�iBQM 7`QK i?2 qQ`H/ "�MFǶb qQ`H/ .2p2HQTK2Mi AM/B+�iQ`b U?iiTb,ff/�i�XrQ`H/#�MFXQ
`;fBM/B+�iQ`faSXSPSXhPhGVX 6BM�HHv- r2 Q#i�BM2/ BM7Q`K�iBQM QM i2bib T2` R-yyy 7`QK Qm` rQ`H/ BM /�i�
U?iiTb,ffQm`rQ`H/BM/�i�XQ`;f+Q`QM�pB`mb@i2biBM;VX AM Q`/2` iQ +`2�i2 i?Bb };m`2- r2 +�H+mH�i2/ i?2 iQi�H MmK#2`
Q7 i2bib BM 2�+? ;`QmT �M/ /BpB/2/ #v i?2 ;`QmTǶb iQi�H TQTmH�iBQMX >Qr2p2`- `2bmHib �`2 [m�HBi�iBp2Hv i?2 b�K2
B7 r2 Dmbi /Q � bBKTH2 �p2`�;2 �+`Qbb i?2 ;`QmTb i2bib T2` R-yyy BM?�#Bi�MibX

9



6B;m`2 k, oB`�H h2biBM;, _B+? pbX SQQ` *QmMi`B2b

h?2 T�T2` Bb /BpB/2/ BMiQ e b2+iBQMbX a2+iBQM k /Bb+mbb2b i?2 HBi2`�im`2 QM *PoA.@RNX a2+iBQM
j T`2b2Mib Qm` i?2Q`2iB+�H KQ/2HX a2+iBQM 9 /2b+`B#2b i?2 7mM+iBQM�H 7Q`Kb mb2/ BM Qm` [m�MiBi�iBp2
`2bmHib �M/ i?2 +�HB#`�iBQM Q7 i?2 T�`�K2i2`bX a2+iBQM 8 b?Qrb Qm` K�BM [m�MiBi�iBp2 `2bmHib-
r?BH2 a2+iBQM e +QM+Hm/2b i?2 T�T2`X

k _2H�i2/ GBi2`�im`2
h?2 HBi2`�im`2 BM+Q`TQ`�iBM; 2TB/2KBQHQ;v /vM�KB+b BMiQ 2+QMQKB+ KQ/2Hb Bb ;`QrBM; `�TB/Hv
�KB/ /2p2HQTK2Mib 7`QK i?2 *PoA.@RN 2TB/2KB+X :�`B#�H/B 2i �HX UkykyV Bb QM2 Q7 i?2 }`bi
T�T2`b iQ BM+Q`TQ`�i2 QTiBKBxBM; #2?�pBQ` �M/ b2�`+? �M/ K�i+?BM; KQ/2HBM; i2+?MB[m2b BM �M
aA_ KQ/2HX h?2v /Bb+mbb i?2 b?�T2 Q7 K�i+?BM; 7mM+iBQMb BM 2TB/2KB+b �M/ K�F2 i?2 +�b2 7Q` �
K�i+?BM; i2+?MQHQ;v rBi? BM+`2�bBM; `2im`Mb iQ b+�H2X .Bz2`2MiHv 7`QK Qm` T�T2`- i?2v /Q MQi
/Bb+mbb �;2MibǶ ?2i2`Q;2M2Biv �M/ i?2 `QH2 Q7 i2biBM; BM i?Bb 2MpB`QMK2MiX

AM i?2 +QMi2ti Q7 FMQrM ?2�Hi? Qmi+QK2b �M/ � bQ+B�H TH�MM2`Ƕb QTiBK�H TQHB+v- SB;mBHH2K
�M/ a?B UkykyV- �Hp�`2x 2i �HX UkykyV �M/ >QHi2KƺHH2` UkykyV bim/v QTiBK�H HQ+F/QrM- i2biBM;-
�M/ [m�`�MiBM2 TQHB+B2b BM � p�`B�Mi Q7 i?2 aA_ KQ/2HX h?2b2 T�T2`b /Bz2` 7`QK Qm`b #2+�mb2
r2 bim/v � +QKT2iBiBp2 2[mBHB#`BmK rBi? ?2i2`Q;2M2Qmb �;2MibX q2 �HbQ �HHQr 7Q` �M BMi2`�+iBQM
#2ir22M T2QTH2Ƕb 2+QMQKB+ /2+BbBQMb- i2biBM;- �M/ i?2 /vM�KB+b Q7 i?2 2TB/2KB+X

� 72r T�T2`b +QMbB/2` KQ/2Hb BM r?B+? ?2�Hi? bi�imb Bb MQi 7mHHv FMQrM #v 2+QMQKB+ �;2Mib
r?2M K�FBM; /2+BbBQMbX SB;mBHH2K �M/ a?B UkykyV bQHp2 �M QTiBK�H +QMi`QH T`Q#H2K iQ }M/ i?2
#2bi i2biBM; TQHB+vX AM i?2B` T�T2`- QMHv i?2 +2Mi`�H TH�MM2`Ƕb T`Q#H2K Bb bim/B2/ �M/ #2?�pBQ`�H
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`2�+iBQMb iQ i?2 2TB/2KB+ �`2 �#b2MiX 6�`#QQ/B 2i �HX UkykyV �M�Hvx2 � +�b2 r?2`2 ?2�Hi? bi�imb Bb
M2p2` FMQrMc i?�i Bb- i?2v /Q MQi �HHQr 7Q` i?2 TQbbB#BHBiv Q7 i2biBM;X 1B+?2M#�mK 2i �HX Ukyky#V
BM+Q`TQ`�i2 2+QMQKB+ +?QB+2b BMiQ � iBK2@p�`vBM; aA_ KQ/2HX AM i?2B` KQ/2H- �b BM Qm`b- T2QTH2
/Q MQi FMQr i?2B` ?2�Hi? bi�imb �M/ i2biBM; �HHQrb � #2ii2` i`�/2@Qz #2ir22M /2+HBM2b BM 2+QMQKB+
�+iBpBiv �M/ ?2�Hi? Qmi+QK2bX AM i?2B` T�T2`- ?Qr2p2`- �bvKTiQK�iB+ T2QTH2 �`2 MQi /Bb+mbb2/
�M/ i?2 `QH2 Q7 i2biBM; Bb HBKBi2/ iQ BM7Q`KBM; �;2Mib �#Qmi i?2B` ?2�Hi? bi�imb- �M/ QMHv 7Q`+2/
[m�`�MiBM2 +�M HQr2` i`�MbKBbbBQMX AM Qm` T�T2`- ?Qr2p2`- i2biBM; �z2+ib 2+QMQKB+ Qmi+QK2b
i?`Qm;? irQ bQm`+2b, 6B`bi- Bi T`2p2Mib BM72+i2/ T2`bQMb 7`QK +QMi�+iBM; bmb+2TiB#H2 BM/BpB/m�HbX
a2+QM/- i?2 �MiB#Q/v i2bi #QQbib i?2 2+QMQKv #v T`QpB/BM; i?2 FMQrH2/;2 Q7 �+[mB`2/ BKKmMBiv
iQ T2QTH2 r?Q `2+Qp2`2/ rBi?Qmi /2p2HQTBM; bvKTiQKbX

aBKBH�` iQ Qm` T�T2`- "`Qi?2`?QQ/ 2i �HX UkykyV BMp2biB;�i2 i?2 `QH2 Q7 i2biBM; BM �M �KTHB}2/
aA_ 2TB/2KBQHQ;B+�H KQ/2H rBi? ?2i2`Q;2M2Qmb �;2MibX AM i?2B` T�T2`- i?2`2 �`2 QMHv bvKT@
iQK�iB+ T2QTH2 �M/ i2biBM; 2t+HmbBp2Hv b2`p2b iQ b?Q`i2M i?2 iBK2 Q7 mM+2`i�BMivX lMHBF2 BM Qm`
T�T2`- i?2B` ?2i2`Q;2M2Biv Bb #�b2/ QM �;2X uQmM;2` T2QTH2- r?Q �`2 H2bb HBF2Hv iQ /B2- BKTQb2
2ti2`M�HBiB2b QM i?2 QH/X AM Qm` +�b2- i?Qb2 2ti2`M�HBiB2b +QK2 7`QK i?2 iBK2@+QMbi`�BM2/ +QM@
bmK2`bX h?2v �HbQ /Q MQi �M�Hvx2 i?2 +�b2 Q7 �bvKTiQK�iB+ T2QTH2 �M/ i?2 TQbBiBp2 BKT�+i Q7
i?�i BM7Q`K�iBQM QM ?2�Hi? bi�imb ?�b QM i?2 2+QMQKvX AM i2`Kb Q7 �;2MibǶ ?2i2`Q;2M2Biv- :HQp2`
2i �HX UkykyV ?�p2 /Bz2`2Mi �;2 ;`QmTb BM i?2B` KQ/2H �M/ i?2v bQHp2 7Q` i?2 QTiBK�H +QMi�BMK2Mi
TQHB+v BM i?Bb b+2M�`BQX aBKBH�`Hv- �+2KQ;Hm 2i �HX UkykyV �HbQ 72�im`2 �;2 ?2i2`Q;2M2Biv BM �
KmHiB@;`QmT aA_ KQ/2H r?2`2 QTiBK�H +QMi�BMK2Mi K2�bm`2b �`2 +�H+mH�i2/ BM � +QMi`QH T`Q#@
H2KX E�TH�M 2i �HX UkykyV BMi`Q/m+2 �;2MibǶ ?2i2`Q;2M2Biv rBi? `2bT2+i iQ i?2B` Q++mT�iBQMX h?2v
/Q+mK2Mi i?�i T2QTH2 rBi? HQr2` H�#Q` BM+QK2 rQ`F BM pmHM2`�#H2 Q++mT�iBQMbX E`m2;2` 2i �HX
UkykyV 2ti2M/ i?2 7`�K2rQ`F BM 1B+?2M#�mK 2i �HX Ukyky�V iQ +QMbB/2` b2+iQ`�H ?2i2`Q;2M2Biv
r?2M �bb2bbBM; i?2 2TB/2KB+Ƕb /vM�KB+bX h?2v +QMbB/2` ?Qr i?2 bm#biBimiBQM Q7 +QMbmKTiBQM
�+`Qbb b2+iQ`b +�M ?2HT iQ HQr2` i?2 bT`2�/ Q7 i?2 pB`mb 2p2M rBi?Qmi ;Qp2`MK2Mi `2bi`B+iBQMb
QM 2+QMQKB+ �+iBpBivX .Bz2`2Mi 7`QK Qm` rQ`F- i?2v 2KTHQv � aA_ K�i+?BM; 7mM+iBQM- 7Q+mb
QM b2+iQ`�H 2z2+ib- �M/ /Q MQi /Bb+mbb i?2 `QH2 Q7 �bvKTiQK�iB+ �;2Mib �M/ i2biBM;X 6�p2`Q
2i �HX UkykyV �HHQr 7Q` �;2 �M/ b2+iQ` ?2i2`Q;2M2Biv �M/ �M�Hvx2 i?2 2z2+i Q7 bivHBx2/ TQHB+B2b iQ
2M/ i?2 HQ+F/QrM BM Ai�HvX h?2v /Q MQi +QMbB/2` i?2 722/#�+F HQQT Q7 BM/BpB/m�H #2?�pBQ` �M/
i`�MbKBbbBQMX

6BM�HHv- BM +QMi`�bi iQ �HH Q7 i?2 T�T2`b +Bi2/ �#Qp2- r2 +QMbB/2` ?2i2`Q;2M2Qmb �;2Mib #�b2/
QM iBK2 �HHQ+�iBQM +QMbi`�BMibX

e



j JQ/2H

jXR 1MpB`QMK2Mi
hBK2 Bb /Bb+`2i2X h?2`2 Bb � K2�bm`2 n Q7 �;2Mib r?Q /Bb+QmMi i?2 7mim`2 �i `�i2 β > 0X
q2 +QMbB/2` irQ ivT2b Q7 �;2Mib- /BbiBM;mBb?2/ #v i?2B` �#BHBiv iQ QTiBK�HHv �/Dmbi i?2B` iBK2
�HHQ+�iBQMX lM+QMbi`�BM2/ �;2Mib +�M QTiBK�HHv �HHQ+�i2 i?2B` r22FHv iBK2 2M/QrK2Mi L �+`Qbb
rQ`F ULwV- H2Bbm`2 ULlV- �M/ iBK2 �i ?QK2 ULhVX hBK2@+QMbi`�BM2/ �;2Mib-8 QM i?2 Qi?2` ?�M/-
?�p2 p2`v HBKBi2/ +QMi`QH Qp2` i?2B` iBK2 �HHQ+�iBQMX q2 �bbmK2 i?�i i?2v 2Bi?2` �HHQ+�i2 i?2B`
iBK2 �b B7 i?2`2 r2`2 MQ T�M/2KB+ Q` bT2M/ �HH i?2B` iBK2 �i ?QK2 B7 i?2v �`2 bB+F Q` 7Q`+2/
BMiQ [m�`�MiBM2 #v � TQbBiBp2 pB`�H i2biX q2 �bbmK2 i?�i i?2 7`�+iBQM Q7 iBK2@+QMbi`�BM2/ �;2Mib
Bb ;Bp2M #v ϑX "Qi? ivT2b Q7 �;2Mib +�M #2 BM i?2 7QHHQrBM; bi�i2b, ?2�Hi?v #mi bmb+2TiB#H2
UhV- BM72+i2/ UiV- bB+F UsV- `2+Qp2`2/UrV- Q` /2�/ UdVX >Qr2p2`- i`�MbBiBQMb �+`Qbb bi�i2b �`2 MQi
M2+2bb�`BHv Q#b2`p2/ #v �;2MibX AM T�`iB+mH�`- BM72+iBQM �M/ `2+Qp2`v- �b r2 /2b+`B#2 BM /2i�BH
#2HQrX

>2�Hi?v #mi bmb+2TiB#H2 �;2Mib #2+QK2 BM72+i2/ B7 i?2v �`2 2tTQb2/ iQ i?2 pB`mbX h?2v �`2
2tTQb2/ B7 i?2v K22i BM72+i2/ �;2Mib r?BH2 rQ`FBM; Q` T�`iB+BT�iBM; BM H2Bbm`2 �+iBpBiB2bX q2
�bbmK2 i?�i i?2 �``Bp�H `�i2 Q7 BM72+iBQM λt(Lw

t , L
l
t) BM iBK2 t Bb,

λt(L
w
t , L

l
t) =

mw(THw
t , T I

w
t )

THw
t

Lw
t +

ml(THw
t , T I

w)

TH l
t

Ll
t. URV

THw
t �M/ TH l

t �`2 i?2 �;;`2;�i2 iBK2b BM T2`BQ/ t r?2`2 �;2Mib r?Q �`2 ?2�Hi?v #mi bmb+2T@
iB#H2 �`2 �i rQ`F �M/ BM H2Bbm`2 �+iBpBiB2b `2bT2+iBp2HvX TIwt �M/ TI lt �`2 i?2 �;;`2;�i2/ iBK2b
r?2`2 BM72+i2/ �;2Mib �`2 �i rQ`F �M/ BM H2Bbm`2 �+iBpBiB2b BM T2`BQ/ t- `2bT2+iBp2HvX LQi2 i?�i
i?2b2 �;;`2;�i2/ MmK#2`b �`2 i?2 r2B;?i2/ bmKb Q7 i?2 iQi�H ?Qm`b Q7 iBK2@+QMbi`�BM2/ �M/
mM+QMbi`�BM2/ �;2MibX JQ`2Qp2`- mw(THw

t , T I
w
t ) �M/ ml(TH l

t , T I
l
t) �`2 i?2 BM72+iBQM K�i+?BM;

7mM+iBQMb 7Q` H�#Q` K�`F2ib �M/ H2Bbm`2 �+iBpBiB2b- `2bT2+iBp2HvX h?2v T`2b2Mi i?2 iQi�H MmK#2` Q7
BM72+iBQmb K22iBM;b #2ir22M ?2�Hi?v #mi bmb+2TiB#H2 �;2Mib �M/ BM72+i2/ �;2MibX *QMb2[m2MiHv-
r2 ?�p2 i?�i λt(Lw

t , L
l
t) Bb bi`B+iHv BM+`2�bBM; BM #Qi? �`;mK2MibX h?Bb Bb i?2 +?�MM2H i?�i HBMFb

iBK2@+QMbi`�BM2/ �M/ mM+QMbi`�BM2/ �;2MibX h?�i Bb- i?2b2 irQ ;`QmTb +�M K22i �i rQ`F Q` �i
8h?2 KQiBp�iBQM 7Q` i?2b2 �;2Mib +QK2b 7`QK i?2 7�+i i?�i bQK2 �;2Mib rQ`F BM b2`pB+2b /22K2/ 2bb2MiB�H r?B+?

?�p2 +QMiBMm2/ iQ #2 bmTTHB2/ /m`BM; i?2 T�M/2KB+X �MQi?2` 7�+i Bb i?�i bQK2 BM/BpB/m�Hb �`2 BM Q++mT�iBQMb
i?�i /Q MQi �HHQr 7Q` `2KQi2 rQ`FBM; �M/ ?�p2 p2`v HBiiH2 b�pBM;b �M/ r2�Hi? iQ `2Hv QMX h?2b2 �;2Mib �`2 bBKBH�`
iQ ?�M/@iQ@KQmi? �;2Mib- 2t+2Ti i?�i r2 �bbmK2 i?�i i?2v +�M #2 [m�`�MiBM2/ �M/ MQi rQ`F 7Q` bQK2 T2`BQ/bX

d



H2Bbm`2 iBK2X h?2 KQ`2 iBK2@+QMbi`�BM2/ �;2Mib i?2`2 �`2- i?2 `BbFB2` Bi Bb 7Q` �M mM+QMbi`�BM2/
�;2Mi iQ bT2M/ �MQi?2` ?Qm` QmibB/2X

AM72+i2/ �;2Mib +�M 2Bi?2` #2+QK2 bB+F Q` `2+Qp2` rBi?Qmi 2p2` /2p2HQTBM; bvKTiQKbX AM72+i2/
�;2Mib r?Q 2p2Mim�HHv `2+Qp2` rBi?Qmi /2p2HQTBM; bvKTiQKb �`2 +H�bbB}2/ �b �bvKTiQK�iB+X
AM72+i2/ �;2Mib r?Q 2p2Mim�HHv /2p2HQT bvKTiQKb �`2 +H�bbB}2/ �b bvKTiQK�iB+- 2p2M i?Qm;?
i?2v K�v #2 T`2@bvKTiQK�iB+ �i i?2 KQK2MiX 6Q` bBKTHB+Biv- r2 �bbmK2 i?�i �i i?2 iBK2 Q7
BM72+iBQM i?2 �;2Mi `2+2Bp2b �M mMQ#b2`p2/ b?Q+F i?�i K�/2 ?BK �bvKTiQK�iB+X h?2 �``Bp�H `�i2
Q7 i?2 �bvKTiQK�iB+ b?Q+F Bb γ > 0X q2 �bbmK2 i?�i mMiBH BM72+i2/ �;2Mib �`2 2Bi?2` i2bi2/ Q`
/2p2HQT bvKTiQKb- i?2v /Q MQi FMQr i?�i i?2v ?�p2 #22M BM72+i2/ U�Hi?Qm;? i?2v K�v ?�p2 �
#2HB27 �#Qmi Bi #�b2/ QM i?2B` iBK2 Q7 2tTQbm`2VX aBKBH�`Hv- �;2Mib b?QrM #v i2bi iQ #2 BM72+i2/
rBHH MQi FMQr B7 i?2v �`2 bvKTiQK�iB+ mMiBH i?2v 2Bi?2` /2p2HQT bvKTiQKb Q` `2+Qp2`X q2
�bbmK2 i?�i i2bi2/ �;2Mib �`2 7QHHQr2/ #v ?2�Hi? T`Q72bbBQM�Hb- bQ i?2v Q#b2`p2 i?2B` i`�MbBiBQM
iQ `2+Qp2`2/X

AM72+i2/ �;2Mib r?Q �`2 MQi �bvKTiQK�iB+ #2+QK2 bB+F rBi? T`Q#�#BHBiv µ > 0X aB+F �;2Mib
7�+2 � ~Qr /BbmiBHBiv Q7 c < 0 �M/- BM i?2 #2M+?K�`F KQ/2H- /B2 �i `�i2 δtX .2�i? Bb b22M �b
� QM2@iBK2 M2;�iBp2 b?Q+F 2[m�H iQ cd < 0X 6Q` bBKTHB}+�iBQM- r2 �bbmK2 i?�i �;2Mib /2p2HQT
BKKmMBiv QM+2 i?2v `2+Qp2` �M/ +�MMQi #2 BM72+i2/ �;�BMX

�bvKTiQK�iB+ BM72+i2/ �;2Mib BMBiB�HHv /Q MQi FMQr i?�i i?2v ?�p2 #22M BM72+i2/X AM72+i2/
�;2Mib �`2 i2bi2/ rBi? T`Q#�#BHBiv τ It > 0- r?B+? /2T2M/b QM i?2 +QmMi`vǶb i2biBM; +�T�#BHBiB2b
�M/ p�`B2b Qp2` iBK2X �bvKTiQK�iB+ BM72+i2/ �;2Mib `2+Qp2` �i `�i2 θ̃A > 0X �bvKTiQK�iB+
�;2Mib r?Q `2+Qp2` rBi?Qmi ;2iiBM; i2bi2/ /Q MQi FMQr i?�i i?2v ?�p2 �+[mB`2/ BKKmMBivX �M
�MiB#Q/v i2bi- r?B+? ?�TT2Mb rBi? T`Q#�#BHBiv τRt > 0- BM7Q`K i?2K �#Qmi /2p2HQT2/ BKKmMBivX
h?2 �MiB#Q/v i2bi �``Bp�H `�i2 �HbQ /2T2M/b QM i?2 +QmMi`vǶb i2biBM; +�T�#BHBiB2b �M/ p�`B2b Qp2`
iBK2X � ;`�T?B+�H `2T`2b2Mi�iBQM Q7 i?2 KQ/2H Bb T`2b2Mi2/ BM 6B;m`2 jX

LQiB+2 i?�i pB`mb �M/ �MiB#Q/v i2bib �`2 BKTQ`i�Mi #2+�mb2 i?2v �z2+i i?2 iBK2 �HHQ+�iBQM
/2+BbBQMb Q7 �;2MibX AM T�`iB+mH�`- r2 �bbmK2 i?�i #Qi? BM72+i2/ �;2Mib r?Q i2bi2/ TQbBiBp2 BM �
pB`�H i2bi �M/ bB+F �;2Mib �`2 7Q`+2/ iQ bi�v ?QK2- `2/m+BM; i?2 BM72+iBQM `�i2X

�M �;2MiǶb ~Qr miBHBiv Bb ;Bp2M #v U(c, Ll, Lh) = u(c)+h(Ll)+uh×Lh- r?2`2 c Bb i?2 �KQmMi
+QMbmK2/ Q7 i?2 MmK2`�B`2 ;QQ/- Ll Bb i?2 iBK2 bT2Mi BM H2Bbm`2 �+iBpBiB2b- �M/ Lh Bb i?2 iBK2
bT2Mi �i ?QK2X q2 �bbmK2 i?�i u(·) �M/ h(·) �`2 #Qi? +QMiBMmQmb- irB+2 /Bz2`2MiB�#H2 bi`B+iHv
BM+`2�bBM; +QM+�p2 7mM+iBQMbX uh > 0 Bb � TQbBiBp2 T�`�K2i2` i?�i BM/B+�i2b i?2 ~Qr #2M2}i Q7
bi�vBM; ?QK2X

�;2Mib ?�p2 MQ b�pBM;b �M/ MQ r2�Hi? 2M/QrK2MibX G�#Q` K�`F2ib �`2 T2`72+iHv +QKT2iB@

3



iBp2X AM T�`iB+mH�`- r2 7QHHQr 1B+?2M#�mK 2i �HX Ukyky#V- �bbmKBM; � +QMiBMmmK Q7 +QKT2iBiBp2
`2T`2b2Mi�iBp2 }`Kb Q7 mMBi K2�bm`2 i?�i T`Q/m+2 +QMbmKTiBQM ;QQ/b mbBM; � HBM2�` T`Q/m+iBQM
7mM+iBQM rBi? ?Qm`b rQ`F2/ �b i?2 bQH2 BMTmiX �b � `2bmHi- c = wLw- r?2`2 w Bb i?2 2[mBHB#`BmK
r�;2 `�i2 �M/ Lw i?2 �KQmMi Q7 iBK2 �HHQ+�i2/ iQ rQ`FX aBKBH�`Hv- r2 �bbmK2 i?�i �;2Mib ?�p2
� iQi�H iBK2 2M/QrK2Mi Q7 L ?Qm`b T2` T2`BQ/X

jXk lM+QMbi`�BM2/ �;2MiǶb T`Q#H2K
q2 bi�`i #v +QMbB/2`BM; �;2Mib r?Q +�M QTiBK�HHv �/Dmbi i?2B` iBK2 �HHQ+�iBQM BM Q`/2` iQ K�tB@
KBx2 i?2B` miBHBiv r?BH2 i�FBM; BMiQ �++QmMi i?2B` BM72+iBQM `BbFX

jXkXR EMQrM `2+Qp2`2/ mM+QMbi`�BM2/ �;2MiǶb T`Q#H2K

q2 bi�`i #v 2p�Hm�iBM; i?2 QTiBK�H iBK2 �HHQ+�iBQM Q7 `2+Qp2`2/ �;2Mib r?Q FMQr i?2v ?�p2
/2p2HQT2/ BKKmMBivX LQiB+2 i?�i i?Bb FMQrH2/;2 +�M #2 �+[mB`2/ BM /Bz2`2Mi r�vb, �XV �;2Mib
+�M `2+Qp2` 7`QK bB+FM2bbc #XV �;2Mib +�M `2+Qp2` �7i2` i2biBM; TQbBiBp2 BM � pB`�H i2bi r?BH2
�bvKTiQK�iB+ Q`c +XV �;2Mib +�M i2bi TQbBiBp2 BM �M �MiB#Q/v i2biX _2;�`/H2bb Q7 i?2 r�v BM
r?B+? i?2 FMQrH2/;2 �#Qmi BKKmMBiv Bb �+[mB`2/- i?2 �;2Mi Bb MQr 7`22 iQ QTiBK�HHv �/Dmbi ?2`
iBK2 �HHQ+�iBQM rBi?Qmi 72�` Q7 BM72+iBQMX aBM+2 i?2 QMHv iBK2@p�`vBM; 72�im`2b Q7 i?2 KQ/2H �`2
`2H�i2/ iQ i?2 T�M/2KB+Ƕb T`Q;`2bb- � FMQrM `2+Qp2`2/ �;2MiǶb p�Hm2 7mM+iBQM Bb bi�iBQM�`v,

RK =
u(w × LwK ) + h(LlK ) + uh × (L− LwK − LlK )

1− β
UkV

jXkXk SQi2MiB�HHv bmb+2TiB#H2 mM+QMbi`�BM2/ �;2MiǶb T`Q#H2K

aBM+2 BM72+iBQM Bb MQi Q#b2`p�#H2- �M �;2Mi +�MMQi /BbiBM;mBb? r?2i?2` b?2 Bb ?2�Hi?v #mi bmb+2T@
iB#H2- BM72+i2/ rBi? MQ TQbBiBp2 pB`�H i2bi- Q` `2+Qp2`2/ rBi? mMFMQrM BKKmMBivX *QMb2[m2MiHv-
BM �HH Q7 i?2b2 bi�i2b- �M mM+QMbi`�BM2/ �;2MiǶb iBK2 �HHQ+�iBQM Kmbi #2 i?2 b�K2X h?Bb iBK2 �H@
HQ+�iBQM T`Q#H2K BMpQHp2b "2HHK�M 2[m�iBQMb 7Q` 2�+? bi�i2X h?2 "2HHK�M 2[m�iBQM 7Q` � ?2�Hi?v
#mi bmb+2TiB#H2 �;2Mi �i iBK2 t Bb,

Ht(L
w
t , L

l
t, L

h
t ) = u(wLw

t )+h(Ll
t)+uh×Lh

t +β






λt(Ls
t , L

l
t)

[
γIAU

t+1(L
w
t+1, L

l
t+1, L

h
t+1)

+(1− γ)ISU
t+1(L

w
t+1, L

l
t+1, L

h
t+1)

]

+[1− λt(Ls
t , L

l
t)]Ht+1(Lw

t+1, L
l
t+1, L

h
t+1)





UjV

r?2`2 i?2 ~Qr miBHBiv Bb i?2 b�K2 �b i?2 QM2 /2b+`B#2/ BM a2+iBQM jXkXR- β Bb i?2 /Bb+QmMi `�i2-
λt(Ls

t , L
l
t) Bb i?2 �``Bp�H `�i2 Q7 BM72+iBQM- γ Bb i?2 T`Q#�#BHBiv Q7 �M �bvKTiQK�iB+ BM72+iBQM-

N



�M/ IAU
t+1 �M/ ISU

t+1 �`2 i?2 "2HHK�M 2[m�iBQMb 7Q` i?2 BM72+i2/ �bvKTiQK�iB+ �M/ 2p2Mim�HHv
bvKTiQK�iB+ �;2Mib- `2bT2+iBp2HvX aBM+2 �i i?Bb TQBMi i?2 �;2Mi ?�b M2Bi?2` `2+2Bp2/ � pB`�H i2bi
MQ` /2p2HQT2/ bvKTiQKb- i?2 BM72+iBQM Bb MQi v2i FMQrM- r?B+? Bb `2T`2b2Mi2/ #v i?2 bm#b+`BTi
U X LQiB+2 i?�i �HH Q7 i?2 "2HHK�M 2[m�iBQMb BM 2[m�iBQM UjV �`2 MQM@bi�iBQM�`v #2+�mb2 i`�MbBiBQM
`�i2b +?�M;2 �b i?2 T�M/2KB+ 2pQHp2bX

q2 K�F2 � bBKTHB7vBM; �bbmKTiBQM i?�i bmb+2TiB#H2 �;2Mib �`2 MQi #2BM; i2bi2/ 7Q` pB`�H
;2M2iB+ K�i2`B�H Q` �MiB#Q/B2bX qBi?Qmi i?Bb �bbmKTiBQM- i2biBM; �M/ i?2 #2HB27 bvbi2K +QmH/
BMi2`�+i BM r�vb i?�i rQmH/ +QKTHB+�i2 i?2 T`Q#H2K bB;MB}+�MiHvX JQ`2Qp2`- bim/B2b TQBMi iQr�`/
� bB;MB}+�Mi `�i2 Q7 7�Hb2 M2;�iBp2 `2bmHib 7Q` #Qi? �MiB#Q/v �M/ pB`�H K�i2`B�H i2bibXe

h?2 "2HHK�M 2[m�iBQM 7Q` �M BM72+i2/ �bvKTiQK�iB+ �;2Mi rBi?Qmi � pB`�H i2bi �i iBK2 t Bb,

IAU
t (Lw

t , L
l
t, L

h
t ) = u(wLw

t )+h(Ll
t)+uh×Lh

t +β

{
τ It I

AK
t+1 + θ̃AURU

t+1(L
w
t+1, L

l
t+1, L

h
t+1)

+[1− τ It − θ̃AU ]IAU
t+1(L

w
t+1, L

l
t+1, L

h
t+1)

}
U9V

r?2`2 i?2 ~Qr miBHBiv Bb i?2 b�K2 �b i?2 QM2 /2b+`B#2/ BM a2+iBQM jXkXR- β Bb i?2 /Bb+QmMi `�i2- τ It
Bb i?2 �``Bp�H `�i2 Q7 pB`�H i2bib- IAK

t+1 i?2 "2HHK�M 2[m�iBQM 7Q` �M �bvKTiQK�iB+ BM72+i2/ �;2Mi
rBi? � TQbBiBp2 pB`�H i2bi- θ̃AU Bb i?2 �``Bp�H `�i2 Q7 `2+Qp2`v- �M/ RU

t+1 Bb i?2 "2HHK�M 7mM+iBQM
7Q` � `2+Qp2`2/ �;2Mi rBi? mMFMQrM BKKmMBivX LQiB+2 i?�i IAK

t+1 Bb MQi � 7mM+iBQM Q7 i?2 iBK2
�HHQ+�iBQM- bBM+2 �;2Mib rBi? � TQbBiBp2 pB`�H i2bi �`2 `2[mB`2/ iQ bi�v ?QK2X aQ i?2 "2HHK�M
2[m�iBQM 7Q` �M �bvKTiQK�iB+ BM72+i2/ �;2Mi rBi? � TQbBiBp2 pB`�H i2bi �i iBK2 t Bb ;Bp2M #v,

IAK
t = uh × L+ β

{
θ̃AKRK(LwK , LlK , LhK ) + (1− θ̃AK )IAK

t+1

}
U8V

r?2`2 RK Bb i?2 "2HHK�M 2[m�iBQM 7Q` � `2+Qp2`2/ �;2Mi rBi? FMQrM BKKmMBiv T`2b2Mi2/ BM
2[m�iBQM UkV �M/ θ̃AK Bb i?2 �``Bp�H `�i2 Q7 `2+Qp2`vX LQiB+2 i?�i i?Bb "2HHK�M 2[m�iBQM Bb
bi�iBQM�`vX h?2`27Q`2 IAK

t = IAK 7Q` 2p2`v tX
h?2 "2HHK�M 2[m�iBQM 7Q` �M 2p2Mim�HHv bvKTiQK�iB+ �;2Mi rBi?Qmi � pB`�H i2bi �i iBK2 t Bb,

ISU
t (Lw

t , L
l
t, L

h
t ) = u(wLw

t ) + h(Ll
t) + uh × Lh

t + β

{
τ It I

SK
t+1 + µUSt+1

+[1− τ It − µ]ISU
t+1(L

w
t+1, L

l
t+1, L

h
t+1)

}
UeV

r?2`2 i?2 ~Qr miBHBiv Bb i?2 b�K2 �b i?2 QM2 /2b+`B#2/ BM a2+iBQM jXkXR- β Bb i?2 /Bb+QmMi `�i2-
τ It Bb i?2 �``Bp�H `�i2 Q7 pB`�H i2bib- ISK

t+1 Bb i?2 "2HHK�M 2[m�iBQM 7Q` �M 2p2Mim�HHv bvKTiQK�iB+
BM72+i2/ �;2Mi rBi? � TQbBiBp2 pB`�H i2bi- µU Bb i?2 �``Bp�H `�i2 Q7 bvKTiQKb- �M/ St+1 Bb i?2

e?iiTb,ffrrrXMT`XQ`;fb2+iBQMbf?2�Hi?@b?Qibfkykyfy9fkRf3j3dN9k3Rfbim/v@`�Bb2b@[m2biBQMb@�#Qmi@7�Hb2@M2;�
iBp2b@7`QK@[mB+F@+QpB/@RN@i2bi �M/ ?iiTb,ffrrrXb+B2MiB7B+�K2`B+�MX+QKf�`iB+H2fr?�i@+QpB/@RN@�MiB#Q/v@i2bib@
+�M@�M/@+�MMQi@i2HH@mbf

Ry



"2HHK�M 7mM+iBQMX aBKBH�`Hv iQ IAK
t+1- ISK

t+1 �M/ St+1 �`2 MQi 7mM+iBQMb Q7 iBK2 �HHQ+�iBQM- bBM+2
�;2Mib rBi? 2Bi?2` � TQbBiBp2 pB`�H i2bi Q` bvKTiQKb �`2 `2[mB`2/ iQ bi�v �i ?QK2X

h?2 "2HHK�M 2[m�iBQM 7Q` �M 2p2Mim�HHv bvKTiQK�iB+ �;2Mi rBi? � TQbBiBp2 pB`�H i2bi �i iBK2
t Bb,

ISK
t = uh × L+ β

{
µKSt+1 + (1− µK)I

SK
t+1

}
UdV

r?2`2 µK Bb i?2 �``Bp�H `�i2 Q7 bvKTiQKbX .Bz2`2MiHv 7`QK IAK
t - ISK

t Bb MQM@bi�iBQM�`v- bBM+2 �b
r2 b22 #2HQr- St+1 /2T2M/b QM iBK2X AM T�`iB+mH�`- QM2Ƕb Qmi+QK2 �b � bB+F T�iB2Mi /2T2M/b QM
?Qr Qp2`+`Qr/2/ i?2 ?2�Hi? bvbi2K BbX

h?2 "2HHK�M 2[m�iBQM 7Q` � bB+F �;2Mi BM T2`BQ/ t Bb ;Bp2M #v,

St = uh × L− c+ β
{
δt(−cD) + θSt R

K(LwK , LlK , LhK ) +
[
1− δt − θSt

]
St+1

}
U3V

r?2`2 c Bb i?2 ~Qr +Qbi Q7 bB+FM2bb- δt Bb i?2 /2�i? �``Bp�H `�i2- cD Bb i?2 QM2@iBK2 +Qbi Q7 /2�i?
#27Q`2 2tBiBM; i?2 2MpB`QMK2Mi- θSt Bb i?2 �``Bp�H `�i2 Q7 `2+Qp2`v- �M/ RK Bb i?2 "2HHK�M 2[m�iBQM
7Q` � `2+Qp2`2/ �;2Mi rBi? FMQrM BKKmMBiv T`2b2Mi2/ BM 2[m�iBQM UkVX

6BM�HHv- H2i mb +QMbB/2` i?2 "2HHK�M 7mM+iBQM 7Q` `2+Qp2`2/ �;2Mib rBi? mMFMQrM BKKmMBivX
AM i?Bb +�b2- r2 ?�p2,

RU
t (L

w
t , L

l
t, L

h
t ) = u(wLw

t ) + h(Ll
t) + uh × Lh

t + β

{
τRt R

K(LwK , LlK , LhK )

+
[
1− τRt

]
RU

t+1(L
w
t+1, L

l
t+1, L

h
t+1)

}
UNV

r?2`2 i?2 ~Qr miBHBiv Bb i?2 b�K2 �b i?2 QM2 /2b+`B#2/ BM a2+iBQM jXkXR- β Bb i?2 /Bb+QmMi `�i2-
τRt Bb i?2 �``Bp�H `�i2 Q7 �MiB#Q/v i2bib- �M/ RK Bb i?2 "2HHK�M 2[m�iBQM 7Q` � `2+Qp2`2/ �;2Mi
rBi? FMQrM BKKmMBiv T`2b2Mi2/ BM 2[m�iBQM UkVX

6BM�HHv- r2 M22/ iQ +QMbB/2` i?2 QTiBK�H iBK2 �HHQ+�iBQM 7Q` TQi2MiB�HHv bmb+2TiB#H2 mM+QM@
bi`�BM2/ �;2MibX LQiB+2 i?�i �;2Mib BM i?2 bi�i2b ?2�Hi?v #mi bmb+2TiB#H2- BM72+i2/ mMFMQrM U#Qi?
�bvKTiQK�iB+ �M/ 2p2Mim�HHv bvKTiQK�iB+V- �M/ `2+Qp2`2/ mMFMQrM /Q MQi FMQr BM r?B+? bi�i2
i?2v �+im�HHv �`2X *QMb2[m2MiHv- r2 ?�p2 i?�i �;2Mib BM i?2 bi�i2b Ht- IAU

t - ISU
t �M/ RU

t bQHp2
i?2 b�K2 iBK2 �HHQ+�iBQM T`Q#H2K,

max
Lw
t ,Ll

t,L
h
t

πH
t Ht + πIA

t IAU
t + πIS

t ISU
t + πR

t R
U
t URyV

bm#D2+i iQ,
Lw
t + Ll

t + Lh
t = L URRV

r?2`2 πH
t - πIA

t - πIS
t - �M/ πR

t �`2 i?2 #2HB27b i?�i � ;Bp2M �;2Mi Bb BM QM2 Q7 i?2b2 bi�i2bX q2 �bbmK2
i?�i- #�b2/ QM `�iBQM�H 2tT2+i�iBQMb �M/ i?2 7Q+mb QM ?QKQ;2M2Qmb bQHmiBQMb- i?2b2 #2HB27b +QK2

RR



7`QK �M �;;`2;�i2 K2�bm`2 Q7 rQ`F2`b BM 2�+? QM2 Q7 i?2b2 bi�i2bX h?mb- �;2MibǶ iBK2 �HHQ+�iBQM
/2+BbBQMb i�F2 #2HB27b �b ;Bp2MX h?2 bQHmiBQM Q7 URyV �M/ URRV TBMb /QrM QTiBK�H iBK2 �HHQ+�iBQM
Lw∗
t - Ll∗

t - �M/ Lh∗
t X hQ bBKTHB7v MQi�iBQM- /2}M2 λt = λt(Lw∗

t , Ll∗
t )- BX2X- λt Bb i?2 `�i2 Q7 BM72+iBQM-

i�FBM; BMiQ �++QmMi � TQbbB#Hv bmb+2TiB#H2 �;2MiǶb QTiBK�H iBK2 �HHQ+�iBQMX
6BM�HHv- r2 /2b+`B#2 i?2 H�rb Q7 KQiBQM 7Q` mM+QMbi`�BM2/ �;2Mib �+`Qbb i?2 /Bz2`2Mi bi�i2bX

.2}M2 ht �b i?2 K2�bm`2 Q7 mM+QMbi`�BM2/ �;2Mib r?Q �`2 ?2�Hi?v #mi bmb+2TiB#H2 BM T2`BQ/ tX
h?2M- i?2 +?�M;2 BM i?2 K2�bm`2 Q7 ?2�Hi?v �M/ bmb+2TiB#H2 �;2Mib #2ir22M T2`BQ/b t �M/ t+ 1

Bb ;Bp2M #v,
ht+1 − ht = −λtht ULM1V

aBM+2 �HH `2+Qp2`2/ �;2Mib Q#i�BM BKKmMBiv- i?2 b?�`2 Q7 ?2�Hi?v #mi bmb+2TiB#H2 �;2Mib QMHv
/2+HBM2b �i BM72+iBQM `�i2 λtX .2}M2 iAU

t �b i?2 K2�bm`2 Q7 mM+QMbi`�BM2/ �;2Mib r?Q �`2 �bvKT@
iQK�iB+ BM72+i2/ rBi?Qmi � TQbBiBp2 pB`�H i2biX h?Bb K2�bm`2 ?�b i?2 7QHHQrBM; H�r Q7 KQiBQM,

iAU
t+1 − iAU

t = λtγht −
(
θ̃AU + τ It

)
iAU
t ULM2V

r?2`2 λt Bb i?2 BM72+iBQM `�i2- γ Bb i?2 b?�`2 Q7 BM72+iBQMb i?�i rBHH bi�v �bvKTiQK�iB+- θ̃AU Bb i?2
`�i2 �i r?B+? mMi2bi2/ �bvKTiQK�iB+ �;2Mib `2+Qp2`- �M/ τ It Bb i?2 pB`�H i2biBM; `�i2 BM T2`BQ/
tX .2}M2 iAK

t �b i?2 K2�bm`2 Q7 mM+QMbi`�BM2/ �;2Mib r?Q �`2 �bvKTiQK�iB+ BM72+i2/ rBi? �
TQbBiBp2 pB`�H i2bi- r?B+? 2pQHp2b �++Q`/BM; iQ,

iAK
t+1 − iAK

t = τ It i
AU
t − θ̃AU iAU

t ULM3V

r?2`2 τ It Bb i?2 pB`�H i2biBM; `�i2 BM T2`BQ/ t �M/ θ̃AK Bb i?2 `�i2 �i r?B+? �bvKTiQK�iB+ i2bi2/
�;2Mib `2+Qp2`X .2}M2 iSU

t �b i?2 K2�bm`2 Q7 2p2Mim�HHv bvKTiQK�iB+ BM72+i2/ mM+QMbi`�BM2/
�;2Mib- i?�i Bb i?2 T`2@bvKTiQK�iB+- rBi?Qmi � TQbBiBp2 pB`�H i2biX h?Bb K2�bm`2 2pQHp2b �++Q`/BM;
iQ,

iSU
t+1 − iSU

t = λt(1− γ)ht −
(
µU + τ It

)
iSU
t ULM4V

r?2`2 λt Bb i?2 BM72+iBQM `�i2- 1− γ Bb i?2 b?�`2 Q7 BM72+iBQMb i?�i rBHH 2p2Mim�HHv #2+QK2 bvKT@
iQK�iB+- τ It Bb i?2 pB`�H i2biBM; `�i2 BM T2`BQ/ t- �M/ µU Bb i?2 `�i2 �i r?B+? mMi2bi2/ 2p2Mim�HHv
bvKTiQK�iB+ �;2Mib #2+QK2 bB+FX .2}M2 iSK

t �b i?2 K2�bm`2 Q7 BM72+i2/ T`2@bvKTiQK�iB+ mM+QM@
bi`�BM2/ �;2Mib rBi? � TQbBiBp2 pB`�H i2bi- r?B+? 2pQHp2b �++Q`/BM; iQ,

iSK
t+1 − iSK

t = τ It i
SU
t − µKi

SK
t ULM5V

r?2`2 µK Bb i?2 `�i2 �i r?B+? i2bi2/ 2p2Mim�HHv bvKTiQK�iB+ �;2Mib #2+QK2 bB+FX st Bb i?2
K2�bm`2 Q7 bB+F mM+QMbi`�BM2/ �;2Mib BM T2`BQ/ t- r?B+? ?�b i?2 7QHHQrBM; H�r Q7 KQiBQM,

st+1 − st = µU i
SU
t + µKi

SK
t −

(
δt + θSt

)
st ULM6V

Rk



r?2`2 µK �M/ µU �`2 i?2 `�i2b �i r?B+? i2bi2/ �M/ mMi2bi2/ BM72+i2/ 2p2Mim�HHv bvKTiQK�iB+
mM+QMbi`�BM2/ �;2Mib #2+QK2 bB+F- δt Bb i?2 `�i2 �i r?B+? bB+F �;2Mib /B2- �M/ θSt Bb i?2 `�i2 �i
r?B+? bB+F T�iB2Mib `2+Qp2`X

.2}M2 rUt �b i?2 K2�bm`2 Q7 `2+Qp2`2/ mM+QMbi`�BM2/ �;2MibX Ai 2pQHp2b �++Q`/BM; iQ,

rUt+1 − rUt = θ̃AU iAU
t − τRt r

U
t ULM7V

r?2`2 θ̃AU Bb i?2 `�i2 �i r?B+? �bvKTiQK�iB+ mMi2bi2/ �;2Mib `2+Qp2` �M/ τRt Bb i?2 �MiB#Q/v
i2biBM; `�i2 BM T2`BQ/ tX .2}M2 dt �b i?2 K2�bm`2 Q7 /2�/ mM+QMbi`�BM2/ �;2Mib BM T2`BQ/ tX h?Bb
K2�bm`2 ?�b i?2 7QHHQrBM; H�r Q7 KQiBQM,

dt+1 − dt = δtst ULM8V

6BM�HHv- /2}M2 rKt �b i?2 K2�bm`2 Q7 mM+QMbi`�BM2/ `2+Qp2`2/ �;2Mib rBi? FMQrM BKKmMBiv- r?B+?
2pQHp2b �++Q`/BM; iQ,

rKt+1 − rKt = θSt st + τRt r
U
t ULM9V

r?2`2 θSt Bb i?2 `�i2 �i r?B+? bB+F T�iB2Mib `2+Qp2` �M/ τRt Bb i?2 �MiB#Q/v i2biBM; `�i2 BM T2`BQ/
tX

jXj hBK2@+QMbi`�BM2/ �;2Mib
q2 MQr +QMbB/2` i?2 +�b2 Q7 �;2Mib r?Q +�MMQi QTiBK�HHv �/Dmbi i?2B` iBK2 �HHQ+�iBQMX q2
�bbmK2 i?�i i?2b2 �;2Mib +�MMQi KBbb rQ`F- 2Bi?2` #2+�mb2 i?2v T2`7Q`K 2bb2MiB�H b2`pB+2b Q`
#2+�mb2 Q7 }M�M+B�H +QMbi`�BMibX q2 +�HH i?2b2 �;2Mib iBK2@+QMbi`�BM2/ �M/ B/2MiB7v i?2K #v �
bm#b+`BTi cX h?2B` iBK2 �HHQ+�iBQM B;MQ`2b i?2 2TB/2KB+ �M/ 7QHHQrb i?2 T`2@2TB/2KB+ QTiBK�H
+?QB+2b jXkXRX LQiB+2 i?�i- /Bz2`2MiHv 7`QK i?2 +�b2 Q7 FMQrM `2+Qp2`2/ �;2Mib- r2 F22T i?2b2
K2�bm`2b Q7 iBK2 �HHQ+�iBQM iBK2@/2T2M/2MiX h?2 `2�bQM 7Q` i?�i Bb i?�i bmb+2TiB#H2 �M/ BM72+i2/
iBK2@+QMbi`�BM2/ �;2Mib +�M biBHH #2+QK2 bB+F Q` i2bi TQbBiBp2 BM � pB`�H i2bi- i?2`2#v #2BM; 7Q`+2/
iQ [m�`�MiBM2X AM i?2b2 +�b2b- Lh

C,t = LX
q2 /2}M2 λC

t �b i?2 iBK2@+QMbi`�BM2/ �;2MibǶ BM72+iBQM `�i2 BM T2`BQ/ tX Aib 7mM+iBQM�H 7Q`K
Bb bBKBH�` iQ i?�i Q7 i?2 mM+QMbi`�BM2/ �;2Mib- #mi Bi Bb 2Bi?2` x2`Q- r?2M i?2 iBK2@+QMbi`�BM2/
�;2Mib �`2 bB+F Q` [m�`�MiBM2/ �i ?QK2- Q`,

λC
t (TH

w
t , T I

w
t ) =

mw(THw
t , T I

w
t )

THw
t

Lw
C,t +

ml(THw
t , T I

w)

TH l
t

Ll
C,t URkV

Rj



r?2`2 THw
t - TIwt - TH l

t - �M/ TI lt �`2 i?2 �;;`2;�i2/ iQi�H �KQmMi Q7 iBK2 ?2�Hi?v #mi bmb+2T@
iB#H2 �M/ BM72+i2/ �;2Mib bT2M/ rQ`FBM; �M/ BM H2Bbm`2 �+iBpBiB2b QmibB/2 BM T2`BQ/ t- `2bT2+iBp2HvX
LQiB+2 i?�i λC

t ≥ λt- bBM+2 iBK2@+QMbi`�BM2/ �;2MibǶ iBK2 �HHQ+�iBQM /Q2b MQi i�F2 BMiQ �++QmMi
i?2 `BbF Q7 BM72+iBQMX

h?2 �TT2M/Bt b?Qrb i?2 "2HHK�M 2[m�iBQMb �M/ i?2 H�rb Q7 KQiBQM 7Q` iBK2@+QMbi`�BM2/
�;2Mib- r?B+? 7QHHQr � T�ii2`M p2`v bBKBH�` iQ i?�i Q7 i?2 mM+QMbi`�BM2/ �;2MibX Ai �HbQ b?Qrb
i?2 2[mBHB#`BmK /2}MBiBQM BM i?Bb 2+QMQKvX

9 Zm�MiBi�iBp2 �M�HvbBb

9XR h�FBM; i?2 KQ/2H iQ i?2 /�i�
h?2 miBHBiv 7mM+iBQM BM i?2 +�HB#`�i2/ KQ/2H i�F2b i?2 7QHHQrBM; 7mM+iBQM�H 7Q`K,

U(c, Ll, Lh) = α ln(1 + c) + (1− α) ln(1 + Ll) + uh × Lh URjV

r?BH2 i?2 `2bi`B+iBQMb QM iBK2 �HHQ+�iBQM �`2 i?2 b�K2 �b i?2 QM2b T`2b2Mi2/ BM a2+iBQM j Uc = wLw-
Lw + Ll + Lh = L- �M/ Li ≥ 0 7Q` �HH i BM {l, w, h}VX

JQ`2Qp2`- #Q``QrBM; 7`QK i?2 H�#Q` 2+QMQKB+b HBi2`�im`2 Ub22 S2i`QM;QHQ �M/ SBbb�`B/2b
UkyyRVV- r2 +QMbB/2` *Q##@.Qm;H�b K�i+?BM; 7mM+iBQMbX h?2`27Q`2- i?2 MmK#2` Q7 BM72+iBQMb /m2
iQ rQ`FTH�+2 BMi2`�+iBQMb Bb ;Bp2M #v,

mw(THw
t , T I

Uw
t ) = Aw (THw

t )
ζ (TIUw

t

)1−ζ UR9V

r?2`2 THw
t = hC,tLw

C,t + htLw
t Bb i?2 iQi�H MmK#2` Q7 ?Qm`b bT2Mi �i rQ`F #v ?2�Hi?v #mi

bmb+2TiB#H2 �;2MibX LQiB+2 i?�i i?Bb K2�bm`2 /2T2M/b QM i?2 K2�bm`2 Q7 iBK2@+QMbi`�BM2/ �M/
mM+QMbi`�BM2/ bmb+2TiB#H2 �;2Mib Ĝ hC,t �M/ ht- `2bT2+iBp2Hv Ĝ �M/ i?2 MmK#2` Q7 ?Qm`b bT2Mi �i
rQ`F #v 2�+? ;`QmT ULw

C,t �M/ Lw
t VX aBKBH�`Hv- TIUw

t = (iAU
t + iSU

t )Lw
t +(iAU

C,t + iSU
C,t)L

w
C,t Bb i?2 iQi�H

MmK#2` Q7 ?Qm`b bT2Mi �i rQ`F #v BM72+i2/ �;2Mib r?Q ?�p2 M2Bi?2` #22M i2bi2/ MQ` /2p2HQT2/
bvKTiQKbX Aw �M/ ζ �`2 T�`�K2i2`b iQ #2 +�HB#`�i2/X

aBKBH�`Hv- i?2 MmK#2` Q7 BM72+iBQMb /m2 iQ H2Bbm`2 �+iBpBiB2b Bb ;Bp2M #v,

ml(TH l
t , T I

Ul
t ) = Al

(
TH l

t

)χ (
TIUl

t

)1−χ

UR8V

r?2`2 TH l
t = hC,tLl

C,t + htLl
t Bb i?2 iQi�H MmK#2` Q7 ?Qm`b bT2Mi �i H2Bbm`2 �+iBpBiB2b #v ?2�Hi?v

#mi bmb+2TiB#H2 �;2MibX LQiB+2 i?�i i?Bb K2�bm`2 /2T2M/b QM i?2 K2�bm`2 Q7 iBK2@+QMbi`�BM2/
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�M/ mM+QMbi`�BM2/ bmb+2TiB#H2 �;2Mib Ĝ hC,t �M/ ht- `2bT2+iBp2Hv Ĝ �M/ i?2 MmK#2` Q7 ?Qm`b �i
H2Bbm`2 �+iBpBiB2b #v 2�+? ;`QmT ULl

C,t �M/ Ll
tVX aBKBH�`Hv- TIUl

t = (iAU
t + iSU

t )Ll
t + (iAU

C,t + iSU
C,t)L

l
C,t

Bb i?2 iQi�H MmK#2` Q7 ?Qm`b bT2Mi �i H2Bbm`2 #v BM72+i2/ �;2Mib r?Q ?�p2 M2Bi?2` #22M i2bi2/
MQ` /2p2HQT2/ bvKTiQKbX Al �M/ χ �`2 T�`�K2i2`b iQ #2 +�HB#`�i2/X h?2v �`2 �HHQr2/ iQ #2
/Bz2`2Mi 7Q` /Bz2`2Mi �;2MibX

9Xk S�`�K2i2` p�Hm2b
Pm` +?QB+2 Q7 T�`�K2i2`b #`Q�/Hv 7QHHQrb i?2 `2+2Mi HBi2`�im`2 KQ/2HBM; i?2 i`�MbKBbbBQM Q7 i?2
*PoA.@RN pB`mbX h?2`2 Bb H�`;2 mM+2`i�BMiv QM i?2 i`m2 p�Hm2 Q7 i?2b2 T�`�K2i2`b- #mi i?2
�M�HvbBb b?Qr2/ BM i?2 [m�MiBi�iBp2 `2bmHib b2+iBQM Bb [m�HBi�iBp2Hv bBKBH�` 7Q` � `�M;2 Q7 /Bz2`2Mi
T�`�K2i2` +?QB+2bX

h?2 KQ/2H Bb +�HB#`�i2/ bQ i?�i � iBK2 T2`BQ/ Bb QM2 r22FX q2 �bbmK2 i?�i Bi i�F2b �M
�p2`�;2 R9 /�vb iQ 2Bi?2` `2+Qp2` Q` /B2 7`QK i?2 BM72+iBQM Ĝi?�i Bb θS+δ = 7/14X h?2 T�`�K2i2`
µ Bb +�H+mH�i2/ bQ i?�i i?2 BM+m#�iBQM T2`BQ/ Bb �`QmM/ Ry /�vbX h?2 /2�i? `�i2 +QK2b 7`QK �
p2`bBQM Q7 62`M�M/2x@oBHH�p2`/2 �M/ CQM2b UkykyV �M/ K�i+?2b 2�`Hv b2`QHQ;v i2bib BM >2BMb#2`;-
:2`K�Mv �M/ A+2H�M/X aBM+2 `2+2Mi 2pB/2M+2 bm;;2bib i?�i i?2 KQ`i�HBiv `�i2 KB;?i #2 ?B;?2`-
r2 `2TQ`i `Q#mbiM2bb `2bmHib mbBM; /2�i? `�i2b Q7 R T2`+2Mi BM i?2 �TT2M/BtX q2 �HbQ +QMbB/2` i?2
+�b2 BM r?B+? /2�i? `�i2b K�v /2T2M/ QM i?2 A*l Q++mT�M+v `�i2 BM a2+iBQM 8XeX h?2 7`�+iBQM
Q7 �bvKTiQK�iB+ �;2Mib- 8y T2`+2Mi- �HbQ +QK2b 7`QK A+2H�M/ BM � bim/v Q7 pQHmMi�`v b+`22MBM;Xd

h?2 p�Hm2 Q7 /2�i?- cd- r�b +�H+mH�i2/ �b i?2 T`2b2Mi p�Hm2 Q7 i?2 HQbb Q7 7mim`2 BM+QK2 /Bb+QmMi2/
#v β �b +?Qb2M BM 1B+?2M#�mK 2i �HX Ukyky#VX q2 b2i #Qi? τI �M/ τR iQ 0.1- bm+? i?�i Ry T2`+2Mi
Q7 BM72+i2/ T2`bQMb �M/ i?2 b�K2 T2`+2Mi�;2 Q7 T2`bQMb r?Q `2+Qp2`2/ rBi?Qmi 2p2` FMQrBM;
i?2v r2`2 BM72+i2/ �`2 i2bi2/ T2` r22FX h?2 Ry T2`+2Mi };m`2 r�b TB+F2/ #�b2/ QM 2pB/2M+2 7`QK
b2`QHQ;v i2bib r?B+? b?Qr i?�i QMHv R BM Ry +�b2b Q7 *PoA.@RN Bb +QM}`K2/ #v i2biBM; BM K�Mv
+QmMi`B2b USQHH�M 2i �HX UkykyVVX E22T BM KBM/ i?�i- mMH2bb bi�i2/ /Bz2`2MiHv- r2 F22T i?2 i2biBM;
`�i2 +QMbi�Mi �i Bib #2M+?K�`F H2p2HbX h?2 MmK#2` Q7 T2QTH2 r?Q �`2 BMBiB�HHv BM72+i2/- e- Bb b2i
iQ yXyyRX

h?2 BMBiB�H TQTmH�iBQM Bb MQ`K�HBx2/ iQ QM2X h?2 7`�+iBQM Q7 iBK2@+QMbi`�BM2/ �;2Mib- jy
T2`+2Mi- Bb BMBiB�HHv +�HB#`�i2/ �b BM EmK?Q7 2i �HX UkyRyV-3 #mi /Bz2`2Mi p�Hm2b �`2 �HbQ mb2/ iQ
KBKB+ /2p2HQTBM; 2+QMQKB2bX q2 b2i i?2 T�`�K2i2`b BM i?2 miBHBiv 7mM+iBQM- uh �M/ α- bQ i?�i i?2
bi2�/v@bi�i2 iBK2 bT2Mi �i ?QK2- �i rQ`F �M/ BM QmibB/2 H2Bbm`2 �+iBpBiB2b K�i+?2b i?2 /�i� BM

d?iiTb,ffMQ`/B+HB72b+B2M+2XQ`;f*PoA.@RN@}`bi@`2bmHib@Q7@i?2@pQHmMi�`v@b+`22MBM;@BM@B+2H�M/f
3LQi2 i?�i EmK?Q7 2i �HX UkyRyV +�HH i?Bb i?2 PG: ?Qmb2?QH/bX

R8



i?2 �K2`B+�M hBK2 lb2 am`p2vXN 6BM�HHv- i?2 T�`�K2i2`b BM i?2 K�i+?BM; 7mM+iBQM �`2 +�HB#`�i2/
bQ i?�i i?2 MmK#2` Q7 BM72+i2/ �;2Mib �TT`Q�+?2b x2`Q �7i2` irQ v2�`bX

8 Zm�MiBi�iBp2 _2bmHib

8XR h2biBM; �M/ Bib 2z2+ib QM i?2 2TB/2KB+ �M/ i?2 2+QMQKv
Pm` KQ/2H T`2/B+ib H�`;2 ?2�Hi? �M/ 2+QMQKB+ #2M2}ib 7`QK BM+`2�bBM; i2biBM;X h?2 KQ/2H
bBKmH�iBQM `2bmHib 7Q` �M 2+QMQKv rBi?Qmi i2biBM;c �M/ rBi? i2biBM; �`2 /2TB+i2/ BM 6B;m`2 9X
h?2 bQHB/ HBM2 Bb 7Q` i?2 2+QMQKv rBi?Qmi i2biBM;- i?2 /�b?2/ HBM2 `2T`2b2Mib i?2 #2M+?K�`F
2+QMQKv r?2`2 Ry T2`+2Mi Q7 BM72+i2/ T2`bQMb �M/ 8 T2`+2Mi Q7 T2`bQMb r?Q `2+Qp2`2/ rBi?Qmi
2p2` FMQrBM; i?2v r2`2 BM72+i2/ �`2 i2bi2/ T2` r22F UbQ r2 �/Dmbi #Qi? τI �M/ τRVX h?2 2+QMQKB+
`2bmHib rBi? �M/ rBi?Qmi i2biBM; �`2 [m�HBi�iBp2Hv bBKBH�`X >Qr2p2`- mbBM; i?Bb H2p2H Q7 i2biBM;- i?2
la rQmH/ #2 �#H2 iQ `2/m+2 i?2 MmK#2` Q7 /2�i?b #v KQ`2 i?�M ey-yyy +QKT�`2/ iQ � bBim�iBQM
r?2`2 MQ i2bib r2`2 +QM/m+i2/ #v i?2 2M/ Q7 i?2 b2+QM/ v2�` U6B;m`2 9/VX �//BiBQM�HHv- i?2
+mKmH�iBp2 QmiTmi ;�BM rBi? i?Bb H2p2H Q7 i2biBM; rQmH/ #2 �`QmM/ jX9 T2`+2Mi Q7 T`2@pB`mb :.S
U6B;m`2 9�VX

h?2`2 �`2 irQ +?�MM2Hb i?`Qm;? r?B+? i?2b2 T`QTQb2/ i2bib �z2+i i?2 2+QMQKvX h?2 }`bi
QT2`�i2b #v +?�M;BM; i?2 2TB/2KB+Ƕb /vM�KB+bX 1�`Hv i2biBM; `2KQp2b BM72+i2/ �;2Mib 7`QK
+QMi�+i rBi? bmb+2TiB#H2 T2QTH2X h?2 KQ`2 BM72+i2/ T2QTH2 �`2 `2KQp2/ 7`QK +QMi�+i- i?2 H2bb
BM72+iBQMb Q++m` Ub22 6B;m`2 9#V- `2/m+BM; i?2 MmK#2` Q7 bB+F �M/ /2�/ T2QTH2 �b b?QrM BM 6B;m`2b
9+ �M/ 9/- `2bT2+iBp2HvX

h?Bb +?�MM2H �z2+ib i?2 2+QMQKv i?`Qm;? irQ K2+?�MBbKbX 6B`bi- BM72+i2/ T2QTH2 �`2 `2[mB`2/
iQ [m�`�MiBM2 �7i2` `2+2BpBM; � TQbBiBp2 i2bi- 2p2M B7 i?2v �`2 �bvKTiQK�iB+X h?Bb ?�b � M2;�iBp2
2z2+i QM i?2 H�#Q` bmTTHvX PM i?2 Qi?2` ?�M/- mM+QMbi`�BM2/ �;2Mib r?Q �`2 mM�r�`2 Q7 i?2B`
?2�Hi? bi�imb +?QQb2 � ?B;?2` H�#Q` bmTTHv r?2M i2bib �`2 �p�BH�#H2- #2+�mb2 i?2`2 Bb H2bb `BbF Q7
;2iiBM; BM72+i2/ QM+2 KQ`2 BM72+i2/ T2QTH2 �`2 `2KQp2/ 7`QK i?2 H�#Q` 7Q`+2X h?2 b2+QM/ 2z2+i Bb
H�`;2` i?�M i?2 }`bi- bQ i2bib �`2 M2i TQbBiBp2 iQ :.SX h?Bb +?�MM2H Bb �HbQ 7QmM/ BM 1B+?2M#�mK
2i �HX Ukyky#V �M/ "`Qi?2`?QQ/ 2i �HX UkykyVX

h?2 b2+QM/ +?�MM2H- r?B+? r2 +�HH i?2 BM7Q`K�iBQM +?�MM2H- QT2`�i2b Tm`2Hv #v T`QpB/BM;
#2ii2` BM7Q`K�iBQM iQ �;2MibX aQK2 �;2Mib /Q MQi #2?�p2 QTiBK�HHv /m2 iQ � H�+F Q7 BM7Q`K�iBQM

Nq?B+? Bb +QKTBH2/ #v i?2 *2Mbmb "m`2�mX �K2`B+�M *QKKmMBiv am`p2v U�*aV /�i� Q#i�BM2/ 7`QK _m;;H2b
2i �HX UkykyVX

Re



�#Qmi i?2B` ?2�Hi? bi�imbX 6Q` 2t�KTH2- �;2Mib r?Q `2+Qp2`2/ rBi?Qmi 2p2` FMQrBM; i?2v r2`2
BM72+i2/ #2?�p2 �b B7 i?2v r2`2 biBHH TQbbB#Hv bmb+2TiB#H2X

*QMb2[m2MiHv- i?2B` H�#Q` bmTTHv +?QB+2b �`2 B/2MiB+�H iQ i?Qb2 Q7 ?2�Hi?v #mi bmb+2TiB#H2
�;2Mib- �b r2HH �b mMi2bi2/ �bvKTiQK�iB+ �M/ T`2@bvKTiQK�iB+ BM72+i2/ �;2MibX h2biBM; 7Q`
�MiB#Q/B2b BM mMFMQrBM;Hv `2+Qp2`2/ �;2Mib #QQbib 2+QMQKB+ Qmi+QK2b rBi?Qmi �z2+iBM; i?2
2TB/2KB+Ƕb /vM�KB+b- � `2bmHi i?�i �HHQrb mb iQ b2T�`�i2 i?Bb +?�MM2H 7`QK i?2 T`2pBQmbHv bim/B2/
QM2bX

6B;m`2 8 +QKT�`2b i?2 KQ/2H BM i?2 �#b2M+2 Q7 i2biBM; rBi? � KQ/2H BM r?B+? �MiB#Q/v i2bib
�`2 bm#bi�MiB�HHv b+�H2/@mT Ui?2 τR Bb BM+`2�b2/ 7`QK y T2`+2Mi iQ �#Qmi 8 T2`+2MiVX h?Bb Bb i?2
TQHB+v #2BM; ~Q�i2/ 7Q` i?2 TQbi@HQ+F/QrM T2`BQ/ BM K�Mv +QmMi`B2bX �b K2MiBQM2/- i?Bb TQHB+v
?�b KBMBK�H 2z2+ib QM i?2 pB`mb /vM�KB+b Ub22 6B;m`2b 8#- 8+- �M/ 8/V- #mi Bi ?�b � TQbBiBp2
BKT�+i QM :.S i?`Qm;? i?2 ?B;?2` H�#Q` bmTTHv 7`QK i?2 �;2Mib r?Q `2+Qp2`2/ rBi?Qmi 2p2`
FMQrBM; i?2v r2`2 BM72+i2/ U6B;m`2 8�VX h?2 +mKmH�iBp2 QmiTmi ;�BM 7`QK i?Bb TQHB+v �7i2`
irQ v2�`b Bb rQ`i? yXR T2`+2Mi Q7 T`2@pB`mb :.SX LQi2- ?Qr2p2`- i?�i i?Bb TQHB+v /Q2b MQi 7mHHv
+�Tim`2 i?2 BM7Q`K�iBQM +?�MM2H BM Qm` KQ/2H- �b i?2 pB`�H i2bi �HbQ `2p2�Hb i?2 pB`mb iQ BM72+i2/
T2QTH2- �HHQrBM; i?2K iQ #2?�p2 QTiBK�HHv �7i2` i?2v ?�p2 `2+Qp2`2/X

8Xk q?�i B7 i?2 T`QTQ`iBQM Q7 �bvKTiQK�iB+ +�b2b r�b /Bz2`2Mi\
Pm` #2M+?K�`F +�HB#`�iBQM 7Q` i?2 b?�`2 Q7 �bvKTiQK�iB+ +�b2b Bb #�b2/ QM K�bb i2biBM; `2bmHib
+QM/m+i2/ BM A+2H�M/X >Qr2p2`- i?2`2 Bb H�`;2 mM+2`i�BMiv �#Qmi i?2 MmK#2` Q7 �bvKTiQK�iB+
+�b2b �M/ i?2 `QH2 Q7 i?2 �bvKTiQK�iB+ BM i`�MbKBiiBM; i?2 pB`mbX

AM i?Bb b2+iBQM- r2 KQp2 #2ir22M 2ti`2K2b BM BM+B/2M+2b Q7 �bvKTiQK�iB+ +�b2b- 7`QK 3y
T2`+2Mi iQ Dmbi ky T2`+2Mi Q7 �HH +�b2bX h?2 2t2`+Bb2 Bb +QM/m+i2/ bQ i?�i i?2 2tT2+i2/ /2�i?
7`QK i?2 pB`mb 7Q` � bmb+2TiB#H2 �;2Mi Bb i?2 b�K2X h?�i Bb- r2 �/Dmbi i?2 KQ`i�HBiv `�i2- i?2
δ BM i?2 KQ/2H- mTr�`/ U/QrMr�`/V 7Q` i?2 +�b2 Q7 KQ`2 U72r2`V �bvKTiQK�iB+ +�b2bX A7 r2
/Q MQi K�F2 i?Bb �/DmbiK2Mi- i?2 KQ`i�HBiv `�i2 rQmH/ #2 HQr2` 7Q` i?2 BMbi�M+2 rBi? KQ`2
�bvKTiQK�iB+ +�b2bX AM i?2 �TT2M/Bt- r2 /Bb+mbb i?2 `QH2 Q7 /Bz2`2Mi KQ`i�HBiv H2p2HbXRy

h?2`2 �`2 KmHiBTH2 +?�MM2Hb i?`Qm;? r?B+? �bvKTiQK�iB+ +�b2b +�M +?�M;2 �M 2TB/2KB+X
>�pBM; KQ`2 �bvKTiQK�iB+ +�b2b K2�Mb i?�i bB+FM2bb Bb H2bb HBF2Hv- r?B+? BM+`2�b2b i?2 miBHBiv Q7
BM72+i2/ �;2MibX h?mb- �;2Mib rQmH/ #2 H2bb �7`�B/ Q7 +QMi`�+iBM; i?2 pB`mb �M/ +QmH/ bT2M/ KQ`2

RyAi ?�b #22M /Bb+mbb2/ i?�i i?2 KQ`i�HBiv `�i2 7`QK *PoA.@RN +QmH/ #2 HQr2` rBi? KQ`2 �bvKTiQK�iB+ +�b2b
MQi +�Tim`2/ #v i2bibX h?Bb Bb � /Bz2`2Mi TQBMi 7`QK i?Bb 2t2`+Bb2X q2 b2i i?2 KQ`i�HBiv `�i2 #v +�HB#`�iBQM- r?B+?
+�M #2 +?Qb2M BM/2T2M/2MiHv 7`QK i?2 H2p2H Q7 �bvKTiQK�iB+ +�b2b- r?B+? Bb �MQi?2` +�HB#`�iBQM +?QB+2X
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iBK2 QmibB/2X h?Bb +?�MM2H Bb i?2`27Q`2 TQbBiBp2 7Q` i?2 2+QMQKv #mi Bi +QmH/ H2�/ iQ KQ`2 /2�i?bX
PM i?2 Qi?2` ?�M/- �bvKTiQK�iB+ BM/BpB/m�Hb `2K�BM BM +QMi�+i rBi? bmb+2TiB#H2 QM2b 7Q` HQM;2`-
bBM+2 bvKTiQK�iB+ +�b2b �`2 �bbmK2/ iQ bi�v ?QK2 r?BH2 bB+F- �M/ Bi i�F2b H2bb iBK2 iQ ;2i bB+F
i?�M Bi i�F2b iQ `2+Qp2` 7`QK i?2 pB`mbX h?Bb 7m`i?2` 2tTQbm`2 BM+`2�b2b i?2 bT22/ �M/ `2�+? Q7
i?2 2TB/2KB+X �b i?2 pB`mb `2�+?2b � ?B;?2` 7`�+iBQM Q7 i?2 TQTmH�iBQM- mM+QMbi`�BM2/ �;2Mib +mi
i?2B` iBK2 bT2Mi QmibB/2- r?B+? Bb #�/ 7Q` i?2 2+QMQKv #mi +QmH/ `2/m+2 Qp2`�HH /2�i?bX 6BM�HHv-
KQ`2 BM/BpB/m�Hb `2+Qp2` rBi?Qmi 2p2` FMQrBM; i?2v r2`2 BM72+i2/- �M/ #2?�p2 �b B7 i?2v r2`2
biBHH bmb+2TiB#H2X h?Bb H�ii2` 2z2+i rQmH/ BM+`2�b2 �M/ T`QHQM; i?2 2+QMQKB+ +Qbib Q7 i?2 pB`mbX

h?2b2 KmHiBTH2 +?�MM2Hb �+i BM QTTQbBi2 /B`2+iBQMb- #mi Qm` `2bmHib U6B;m`2 eV BM/B+�i2 i?�i
i?2 pB`mb #2+QK2b KQ`2 rB/2bT`2�/ �M/ KQ`2 T2QTH2 /B2 r?2M i?2 MmK#2` Q7 �bvKTiQK�iB+
+�b2b Bb H�`;2`X h?2 T2�F �M/ i?2 iQi�H MmK#2` Q7 BM72+iBQMb �`2 ?B;?2` r?2M �bvKTiQK�iB+ +�b2b
�`2 KQ`2 +QKKQM U6B;m`2 e#VX h?2 /2�i? +QmMi �HbQ 2M/b mT #2BM; ?B;?2` #2+�mb2 � HQi KQ`2
T2QTH2 ;2i BM72+i2/ U6B;m`2 e/VX

qBi? `2bT2+i iQ i?2 2+QMQKB+ 2z2+ib- i?2 7`�+iBQM Q7 �bvKTiQK�iB+ +�b2b Bb p2`v BKTQ`i�Mi
iQ i?2 +m``2Mi /Bb+mbbBQM �#Qmi i?2 /2Ti? �M/ b?�T2 Q7 i?2 `2+Qp2`v Ub22 6B;m`2 e�VX h?2
2+QMQKB+ 2z2+ib �`2 bQK2r?�i bBKBH�` 7Q` #Qi? +�HB#`�iBQMb �i }`bi- #mi �7i2` Ry r22Fb i?2
`2+2bbBQM Bb bm#bi�MiB�HHv /22T2` r?2M i?2`2 �`2 KQ`2 �bvKTiQK�iB+ +�b2b �M/ i?2 pB`mb Bb KQ`2
rB/2bT`2�/X lM+QMbi`�BM2/ �;2Mib `2bi`B+i i?2B` H�#Q` bmTTHv #v � HQi KQ`2 BM `2bTQMb2 iQ i?2
brB7i i`�MbKBbbBQM Q7 i?2 pB`mbX h?�i Bb- 2p2M i?Qm;? i?2`2 �`2 72r2` T2QTH2 ;2iiBM; bB+F- #2+QKBM;
BM72+i2/ Bb bQ Km+? KQ`2 HBF2Hv i?�i i?2b2 �;2Mib +?QQb2 iQ bi�v ?QK2 KQ`2 ?Qm`bX h?Bb H�`;2
`2bTQMb2 Q7 ?Qmb2?QH/b iQ `BbFB2` 2MpB`QMK2Mib �HbQ �TT2�`b BM :�`B#�H/B 2i �HX UkykyV- r?2`2 i?2
`2bTQMb2 T2�Fb +QM+QKBi�MiHv rBi? i?2 MmK#2` Q7 BM72+i2/ �;2MibXRR

�7i2` `2�+?BM; i?2 #QiiQK- i?2 2+QMQKv bi�`ib iQ `2#QmM/ �M/ 7Q`K KQ`2 Q7 � o@b?�T2/
`2+Qp2`v r?2M i?2 MmK#2` Q7 �bvKTiQK�iB+ +�b2b Bb ?B;?2`X h?�i Bb- i?2 `2+2bbBQM Bb KBH/2` #mi
�HbQ KQ`2 T`QHQM;2/ B7 i?2 2TB/2KB+ 72�im`2b 72r2` �bvKTiQK�iB+ +�b2bX h?2 T`QHQM;2/ `2+2bbBQM
Bb � #vT`Q/m+i Q7 i?2 bHQr2` i`�MbKBbbBQM Q7 i?2 pB`mb T2` T2`BQ/X

:Bp2M i?2 /Bz2`2M+2 BM BKTQ`i�M+2 Q7 BM7Q`K�iBQM BM i?2 irQ +�HB#`�iBQMb- r2 �HbQ K2�bm`2
?Qr Km+? KQ`2 p�Hm�#H2 i2biBM; Bb 7Q` i?2b2 /Bz2`2Mi bBim�iBQMbX 6B;m`2 d +QKT�`2b �M 2+QMQKv
rBi? MQ i2biBM; iQ QM2 BM r?B+? Ry T2`+2Mi Q7 BM72+i2/ T�iB2Mib ;2i i2bi2/- #mi rBi? i?2b2 irQ
/Bz2`2Mi +�HB#`�iBQMb 7Q` i?2 �bvKTiQK�iB+X �7i2` irQ v2�`b- i?2 +mKmH�iBp2 QmiTmi ;�BM Bb Q7
RX3 �M/ eXj T2`+2Mi Q7 T`2@pB`mb :.S r?2M i?2`2 �`2 � 72r2` �M/ KQ`2 �bvKTiQK�iB+ +�b2b-

RRLQi2 i?�i i?Bb `2bmHi /2T2M/b QM i?2 �bbmKTiBQM i?�i i?2 pB`mb Bb 2[m�HHv BM72+iBQmb 7Q` bvKTiQK�iB+ �M/
�bvKTiQK�iB+ BM/BpB/m�Hb �M/ QM i?2 �bbmKTiBQM i?�i bB+F T2QTH2 bi�v �i ?QK2X
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`2bT2+iBp2HvX

8Xj 1z2+ib Q7 i?2 2TB/2KB+ 7Q` /Bz2`2Mi �;2Mib
aQ 7�`- r2 ?�p2 �M�Hvx2/ i?2 2TB/2KB+ mbBM; QMHv i?2 �;;`2;�i2/ MmK#2`b- #mi i?2 ?2i2`Q;2M2Biv
#2ir22M i?2 irQ ;`QmTb Q7 ?Qmb2?QH/b Bb bi`BFBM; �M/ ?2HTb iQ 2tTH�BM i?2 Qp2`�HH /vM�KB+X

Ai Bb 2tT2+i2/ i?�i i?2 pB`mb rQmH/ BKT�+i iBK2@+QMbi`�BM2/ �;2Mib KQ`2 i?�M mM+QMbi`�BM2/
�;2MibX hBK2@+QMbi`�BM2/ �;2Mib +�MMQi �zQ`/ iQ KBbb rQ`F �M/ i?2`27Q`2 �`2 MQi �#H2 iQ `2/m+2
i?2B` iBK2 bT2Mi QmibB/2 i?2 ?Qmb2 iQ HQr2` i?2B` 2tTQbm`2 iQ i?2 pB`mbX h?Bb Bb r?�i Bb b22M BM
6B;m`2 3- r?B+? T`2b2Mib i?2 b�K2 b2i Q7 p�`B�#H2b �b b?QrM #27Q`2 7Q` i?2 #2M+?K�`F +�HB#`�iBQM-
#mi Bi #`2�Fb /QrM i?2 /vM�KB+b 7Q` i?2 /Bz2`2Mi ;`QmTb Q7 ?Qmb2?QH/bX

>Qr2p2`- i?2 /Bz2`2M+2 BM i?2 BM+B/2M+2 Q7 BM72+iBQM #v i?2 2M/ Q7 i?2 2TB/2KB+ Bb `2K�`F�#H2X
q?BH2 H2bb i?�M Rj T2`+2Mi Q7 i?2 iBK2 mM+QMbi`�BM2/ �;2Mib 2p2` ;2i BM72+i2/ #v i?2 pB`mb- �HKQbi
ey T2`+2Mi Q7 i?2 iBK2@+QMbi`�BM2/ �;2Mib ;2i BM72+i2/ �i bQK2 TQBMi BM i?2 irQ v2�`b U6B;m`2 3�VX
h?Bb Bb �HbQ `2~2+i2/ BM i?2 MmK#2` Q7 /2�i?b- r?2`2 QMHv yXyj T2`+2Mi Q7 i?2 mM+QMbi`�BM2/ �;2Mib
/B2 +QKT�`2/ iQ yXRk T2`+2Mi Q7 i?2 iBK2@+QMbi`�BM2/ �;2Mib U6B;m`2 3#VX h?2b2 MmK#2`b bm;;2bi
i?�i i?2 ;`2�i2bi #m`/2M Q7 i?2 2TB/2KB+ rBHH #2 #Q`M2 #v i?2 iBK2@+QMbi`�BM2/ �;2MibX h?2
mM+QMbi`�BM2/ �;2Mib- FMQrBM; i?�i i?2 iBK2@+QMbi`�BM2/ �;2Mib rBHH MQi +?�M;2 i?2B` #2?�pBQ`-
+?QQb2 iQ HQr2` i?2B` QmibB/2 2tTQbm`2 2p2M KQ`2 �M/ KBMBKBx2 i?2B` ?2�Hi? HQbb2bX

8X9 �M 2+QMQKv rBi? � H�`;2` 7`�+iBQM Q7 iBK2@+QMbi`�BM2/ �;2Mib
� M�im`�H 2ti2MbBQM Bb iQ �bF r?�i rQmH/ ?�TT2M BM �M 2+QMQKv r?2`2 i?2 7`�+iBQM Q7 iBK2@
+QMbi`�BM2/ �;2Mib Bb H�`;2`- r?B+? +�M #2ii2` `2~2+i K�Mv 2K2`;BM; �M/ TQQ` 2+QMQKB2bX 6B;m`2
N b?Qrb i?2 b�K2 p�`B�#H2b #mi r?2M 8y T2`+2Mi Q7 i?2 �;2Mib �`2 iBK2@+QMbi`�BM2/ UBM +QMi`�bi
iQ jy T2`+2Mi BM i?2 #2M+?K�`F +�HB#`�iBQMV- � +�HB#`�iBQM +?Qb2M BM EmK?Q7 2i �HX UkyRyV 7Q`
2K2`;BM; K�`F2ibX

h?2 2z2+ib Q7 i?2 2TB/2KB+ BM i?Bb +QMi2ti �`2 /B`2 U6B;m`2 NV �b +QmH/ #2 2tT2+i2/ 7`QK i?2
T`2pBQmb /Bb+mbbBQMX h?2 T2�F Q7 i?2 2TB/2KB+ Bb `2�+?2/ bQQM2` �M/ i?2 2TB/2KB+ [mB+FHv T�bb2b,
�HKQbi �HH BM72+iBQMb i�F2 TH�+2 BM i?2 }`bi v2�`X h?2 iQi�H BM72+i2/ T2�F Bb �i kXN T2`+2Mi Q7 i?2
iQi�H TQTmH�iBQM- +QKT�`2/ iQ H2bb i?�M R T2`+2Mi BM i?2 #2M+?K�`F U6B;m`2 N#VX �`QmM/ 38
T2`+2Mi Q7 iBK2@+QMbi`�BM2/ �;2Mib ;2i BM72+i2/ �i bQK2 TQBMi �M/ yXR3 T2`+2Mi /B2 U6B;m`2b Ry�
�M/ Ry#VX J2�Mr?BH2- QMHv � HBiiH2 Qp2` kR T2`+2Mi Q7 i?2 mM+QMbi`�BM2/ �;2Mib 2p2` ;2i BM72+i2/
�M/ H2bb i?�M yXy8 T2`+2Mi Q7 i?2K /B2X
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1p2M B7 ?2�Hi? bvbi2Kb r2`2 �b ;QQ/ BM 2K2`;BM; K�`F2ib �b i?2v �`2 BM �/p�M+2/ 2+QMQKB2b-
TQQ`2` 2+QMQKB2b rQmH/ biBHH #2 KQ`2 b2p2`2Hv �z2+i2/ #v i?2 2TB/2KB+ �++Q`/BM; iQ Qm` KQ/2H
T`2/B+iBQMbX h?Bb 7QHHQrb 7`QK i?2 2tBbi2M+2 Q7 � H�`;2` b?�`2 Q7 �;2Mib r?Q +�MMQi �zQ`/ iQ i�F2
T`2+�miBQMbX

h?2 2+QMQKB+ 2z2+ib BM � TQQ`2` 2+QMQKv �`2 �HbQ K�bbBp2X �Hi?Qm;? i?2`2 �`2 KQ`2 BM/B@
pB/m�Hb #2?�pBM; �b i?2v rQmH/ BM MQ`K�H iBK2b /m`BM; i?2 2TB/2KB+- i?2 pB`mb Bb bQ Km+? KQ`2
rB/2bT`2�/- i?2 `BbF Q7 bi�vBM; QmibB/2 Bb bm#bi�MiB�HHv H�`;2` 7Q` i?2 mM+QMbi`�BM2/ �;2MibX AM
im`M- i?2b2 �;2Mib `2/m+2 i?2B` iBK2 bT2Mi QmibB/2 �M/ i?2B` H�#Q` bmTTHv iQ �M 2p2M H�`;2` /2;`22-
r?B+? KQ`2 i?�M Qzb2ib i?2 ?B;?2` H�#Q` bmTTHv 7`QK iBK2@+QMbi`�BM2/ rQ`F2`bX *QMb2[m2MiHv-
:.S 2z2+ib �`2 bB;MB}+�MiHv H�`;2` BM 2+QMQKB2b rBi? � ?B;?2` b?�`2 Q7 iBK2@+QMbi`�BM2/ rQ`F2`b
Ub22 6B;m`2 N�VX

q?BH2 i?2 H2p2H Q7 :.S #QiiQKb Qmi �i �#Qmi @3Xd T2`+2Mi�;2 TQBMib BM i?2 #2M+?K�`F
+�HB#`�iBQM- Bi `2�+?2b Qp2` @RN T2`+2Mi�;2 TQBMib BM i?Bb �Hi2`M�iBp2 +�HB#`�iBQMX q?BH2 i?2
2+QMQKB+ 2z2+ib �`2 Km+? KQ`2 b2p2`2- i?2 `2+Qp2`v Bb �HbQ Km+? 7�bi2` �M/ o@b?�T2/X �7i2`
QM2 v2�`- i?2 H2p2H Q7 :.S BM i?2 2+QMQKv rBi? � H�`;2` b?�`2 Q7 iBK2@+QMbi`�BM2/ rQ`F2`b Bb
?B;?2` i?�M BM i?2 #2M+?K�`F +�HB#`�iBQM- r?B+? 2tT2`B2M+2b � b?�HHQr2` #mi T`QHQM;2/ `2+2bbBQMX
6BM�HHv- 2p2M rBi? i?2 7�bi2` `2+Qp2`v- i?2 +mKmH�iBp2 HQbb2b �`2 �#Qmi jXd T2`+2Mi Q7 T`2@+QpB/
:.S 7Q` i?2 2+QMQKv rBi? KQ`2 iBK2@+QMbi`�BM2/ �;2MibX LQi QMHv Bb i?2 ?2�Hi? bBim�iBQM /B`2-
#mi �HbQ i?2 2+QMQKB+ HQbb2b �`2 H�`;2` U6B;m`2 N�VX

:Bp2M i?2 H�`;2` +Qbi 7Q` 2+QMQKB2b rBi? � ?B;?2` 7`�+iBQM Q7 iBK2@+QMbi`�BM2/ �;2Mib- r2
�HbQ bim/v ?Qr i?2 i2biBM; TQHB+v �z2+ib 2TB/2KBQHQ;B+ �M/ 2+QMQKB+ Qmi+QK2b +QKT�`2/ iQ i?2
#2M+?K�`F KQ/2H U6B;m`2 RRVX

h2biBM; Bb KQ`2 2z2+iBp2 BM bHQrBM; /QrM i?2 bT`2�/ Q7 i?2 /Bb2�b2 r?2M i?2`2 �`2 KQ`2 iBK2@
+QMbi`�BM2/ �;2MibX AM i2`Kb Q7 BM72+iBQMb- i?2v T2�F �#Qmi i?2 b�K2 iBK2- #mi i2biBM; `2/m+2b
i?2 T2�F p�Hm2 #v KQ`2 r?2M i?2`2 �`2 KQ`2 iBK2@+QMbi`�BM2/ �;2Mib U6B;m`2 RR#VX q?2M KQ`2
i2biBM; Bb �p�BH�#H2- 72r2` T2QTH2 �`2 BM72+i2/ �i i?2 #2;BMMBM; Q7 i?2 2TB/2KB+X AM i2`Kb Q7
/2�i?b- i2biBM; b�p2b bm#bi�MiB�HHv KQ`2 HBp2b BM i?2 }`bi v2�` Q7 i?2 2TB/2KB+ Ĝ �`QmM/ jy-yyy-
BM i?2 ?B;?2` iBK2@+QMbi`�BM2/ +�HB#`�iBQMX "mi #v i?2 2M/ Q7 i?2 2TB/2KB+- i2biBM; b�p2b �`QmM/
R9-yyy KQ`2 HBp2b BM i?2 #2M+?K�`F +�HB#`�iBQM U6B;m`2 RR/VX AM bmK- i2biBM; �z2+ib i?2 bT22/-
?2M+2 i?2 HQr2` /2�i? +QmMi BM i?2 }`bi v2�`- #mi MQi i?2 Qp2`�HH }M�H ?2�Hi? Qmi+QK2b r?2M i?2
7`�+iBQM Q7 iBK2@+QMbi`�BM2/ �;2Mib Bb H�`;2`X "v i?2 b2+QM/ v2�`- KQbi Q7 i?2 iBK2@+QMbi`�BM2/
rQ`F2`b �`2 �H`2�/v BKKmM2 BM i?2 �Hi2`M�iBp2 +�HB#`�iBQM- r?B+? HQr2`b i2biBM; 2z2+iBp2M2bb BM
BM~m2M+BM; i?2 2TB/2KB+Ƕb /vM�KB+bX

ky



"v bHQrBM; i?2 bT22/ Q7 i?2 2TB/2KB+- i2biBM; Bb �HbQ 2z2+iBp2 BM HQr2`BM; i?2 2+QMQKB+ +Qbib
BM i?2 2+QMQKv rBi? KQ`2 iBK2@+QMbi`�BM2/ �;2MibX q?BH2 i?2 2+QMQKv #QiiQKb Qmi rBi? � /`QT
BM QmiTmi Q7 �#Qmi RN T2`+2Mi�;2 TQBMib #2HQr i?2 bi2�/v bi�i2 rBi?Qmi i2biBM;- Bi 7�HHb #v Rj
T2`+2Mi�;2 TQBMib rBi? i2biBM; U6B;m`2 RR�VX h?2 `2�bQM 7Q` i?Bb Bb bBKBH�` iQ r?�i r2 /Bb+mbb2/
#27Q`2X h2biBM; `2/m+2b i?2 bT22/ �M/ BM im`M i?2 MmK#2` Q7 BMi2`�+iBQMb #2ir22M BM72+i2/ �M/
bmb+2TiB#H2 T2`bQMbX qBi? H2bb `BbF Q7 BM72+iBQM- mM+QMbi`�BM2/ T2QTH2 �`2 rBHHBM; iQ bT2M/ KQ`2
iBK2 QmibB/2X "v i?2 2M/ Q7 i?2 }`bi v2�`- i2biBM; BKT`Qp2b :.S #v kX3 T2`+2Mi�;2 TQBMib BM i?2
+�HB#`�iBQM rBi? � ?B;?2` 7`�+iBQM Q7 iBK2@+QMbi`�BM2/ �;2Mib +QKT�`2/ rBi? �M BKT`Qp2K2Mi Q7
RXN T2`+2Mi�;2 TQBMib BM i?2 #2M+?K�`F +�HB#`�iBQMX h?Bb b?Qrb i?�i i2biBM; T�vb Qz 2p2M KQ`2
BM i?2 +QMi2ti Q7 TQQ`2` 2+QMQKB2b �i i?2 QMb2i Q7 i?2 2TB/2KB+X

8X8 :Qp2`MK2Mi@2M7Q`+2/ HQ+F/QrM
h?Bb bm#@b2+iBQM �M�Hvx2b i?2 BKT�+i Q7 irQ /Bz2`2Mi HQ+F/QrM bi`�i2;B2b- p�`vBM; BM BMi2MbBiv
�M/ /m`�iBQMX Pm` HQ+F/QrM � Bb � b?Q`i �M/ Qp2`�`+?BM; HQ+F/QrM BM r?B+? �HH �;2Mib �`2
7Q`+2/ iQ b?2Hi2` �i ?QK2 7Q` MQ H2bb i?�M �M 2ti`� k8 T2`+2Mi Q7 i?2B` iBK2 7Q` QM2 KQMi?X Pm`
HQ+F/QrM " Bb KBH/2` #mi HQM;2`- rBi? �HH �;2Mib K�M/�i2/ iQ b?2Hi2` �i ?QK2 7Q` MQ H2bb i?�M
�M 2ti`� Ry T2`+2Mi Q7 i?2B` iBK2- #mi 7Q` ke r22FbXRk

GQ+F/QrMb bHQr i?2 2TB/2KB+ BM i?2 }`bi v2�` #mi ?�p2 �HKQbi MQ 2z2+i #v i?2 2M/ Q7 i?2
b2+QM/ v2�`X h?Bb /vM�KB+ +�M #2 b22M BM 6B;m`2 Rk#- r?2`2 i?2 T2�F BM BM72+iBQMb Bb /2H�v2/ #v
� 72r r22Fb rBi? i?2 HQ+F/QrMbX AM i?2 }`bi v2�` RR-9yy �M/ N-8yy HBp2b �`2 b�p2/ #v HQ+F/QrMb
� �M/ "- `2bT2+iBp2HvX "v i?2 2M/ Q7 i?2 b2+QM/ v2�`- i?2 /Bz2`2M+2 Bb H2bb i?�M 8-yyy U6B;m`2
Rk/VX h?2 MmK#2` Q7 HBp2b b�p2/ KB;?i bQmM/ bK�HH- #mi Bi Bb BKTQ`i�Mi iQ ?B;?HB;?i i?�i i?2
+QmMi2`7�+im�H Bb Qm` #2M+?K�`F +�HB#`�iBQM KQ/2H- BM r?B+? �;2Mib BM/2T2M/2MiHv `2/m+2 i?2B`
iBK2 bT2Mi QmibB/2 iQ �pQB/ BM72+iBQMX

qBi?Qmi 7m`i?2` K2�bm`2b- i?2 2ti`� `2+2bbBQM ;2M2`�i2/ #v i?2 HQ+F/QrMb �HbQ /Bb�TT2�`b BM
i?2 b2+QM/ v2�` U6B;m`2 Rk�VX 6`QK i?2 KQK2Mi i?�i i?2 HQ+F/QrM Bb HB7i2/ mMiBH i?2 #2;BMMBM; Q7
i?2 b2+QM/ v2�`- mM+QMbi`�BM2/ �;2Mib �Hr�vb +?QQb2 iQ bT2M/ KQ`2 iBK2 QmibB/2 i?�M i?2v rQmH/
?�p2 BM � bBim�iBQM BM r?B+? MQ HQ+F/QrM r�b 2p2` BKTQb2/- �M/ i?Bb /�KT2Mb i?2 M2;�iBp2 2z2+ib
QM i?2 2+QMQKv U6B;m`2 R8VX h?2 iBK2 bT2Mi QmibB/2 /m`BM; i?2 HQ+F/QrM #2+QK2b B``2H2p�Mi
7Q` H2p2Hb Q7 :.S #v i?2 2M/ Q7 i?2 b2+QM/ v2�`- #mi �++mKmH�i2/ HQbb2b �`2 M2p2` `2+Qp2`2/X
h?2 +Qbi T2` HB72 Bb �`QmM/ 0ke KBHHBQM �M/ 089 KBHHBQM BM HQ+F/QrMb � �M/ "- `2bT2+iBp2HvX

Rkh?Bb bivHBx2/ HQ+F/QrM r2`2 BMbTB`2/ #v "`Qi?2`?QQ/ 2i �HX UkykyVX q2 �bbmK2 i?�i i?2 HQ+F/QrM bi�`ib BM
i?2 RRi? r22F Q7 i?2 2TB/2KB+X

kR



h?2 +QmMi2`7�+im�H mb2/ iQ +�H+mH�i2 i?2 +Qbi T2` HB72 Bb +`BiB+�HX 6Q` 2t�KTH2- B7 r2 mb2 �b �
+QmMi2`7�+im�H � KQ/2H BM r?B+? �HH �;2Mib B;MQ`2 i?2 2TB/2KB+ �M/ /Q MQi i�F2 �Mv T`2+�miBQMb-
i?2M HQ+F/QrM " rQmH/ #2 `2bTQMbB#H2 7Q` b�pBM; jk8-yyy HBp2b �i � +Qbi Q7 0kX8 KBHHBQM T2` HB72X

� b+2M�`BQ BM r?B+? T2QTH2 �`2 H2bb +�`27mH +�M #2 �TT`QtBK�i2/ #v �M 2+QMQKv rBi? � H�`;2`
b?�`2 Q7 iBK2@+QMbi`�BM2/ �;2MibX Pm` KQ/2H T`2/B+ib i?�i i?2 +Qbi T2` HB72 Bb KQ`2 7�pQ`�#H2
7Q` i?Bb ivT2 Q7 2+QMQKvX h?2 2tTH�M�iBQM 7Q` i?Bb `2bmHi ?�b iQ /Q rBi? i?2 +QmMi2`7�+im�H r2
�`2 +QKT�`BM; Bi iQX q?2M � HQ+F/QrM Bb BKTQb2/ BM i?Bb 2+QMQKv- i?2 2MpB`QMK2Mi #2+QK2b
`2H�iBp2Hv b�72` 7Q` i?2 mM+QMbi`�BM2/ �;2Mib- r?Q `2bTQM/ rBi? � bB;MB}+�MiHv H2bb M2;�iBp2 H�#Q`
bmTTHv �7i2` i?2 HQ+F/QrM Bb HB7i2/ U6B;m`2 R8VX

AM i?2 2+QMQKv rBi? � H�`;2` b?�`2 Q7 iBK2@+QMbi`�BM2/ �;2Mib- HQ+F/QrM " #2+QK2b B``2H2p�Mi
7Q` mM+QMbi`�BM2/ �;2Mib �7i2` r22F k9- �b i?2v pQHmMi�`BHv +?QQb2 iQ bi�v ?QK2 7Q` HQM;2` ?Qm`b
i?�M K�M/�i2/ #v i?2 ;Qp2`MK2Mi U6B;m`2 R8VX "v #2+QKBM; BM2z2+iBp2 BM +?�M;BM; i?2 +?QB+2b
Q7 T�`i Q7 i?2 TQTmH�iBQM- i?Bb HQ+F/QrM Bb �HbQ H2bb /�K�;BM; iQ i?2 2+QMQKvX JQ`2Qp2`- Bi b�p2b
KQ`2 HBp2b- �b i?2 MmK#2` Q7 HBp2b b�p2/ �i i?2 #2;BMMBM; Q7 i?2 2TB/2KB+ rBi? i?2 HQ+F/QrM KQ`2
i?�M Qzb2ib i?2 ?B;?2` /2�i?b �7i2` Bi Bb HB7i2/X �HKQbi Rd-yyy HBp2b �`2 b�p2/ BM HQ+F/QrM " �7i2`
i?2 }`bi v2�`X JQ`2 HBp2b �`2 b�p2/ �i � HQr2` +Qbi U6B;m`2 R9V- �M/ i?2 +Qbi T2` HB72 BM HQ+F/QrM
" Bb �`QmM/ 0R9 KBHHBQM- r?B+? Bb H2bb i?�M ?�H7 Q7 i?2 +Qbi Q7 i?2 b�K2 HQ+F/QrM BKTQb2/ BM �M
2+QMQKv rBi? KQ`2 mM+QMbi`�BM2/ �;2MibX

8Xe 1z2+iBp2M2bb Q7 HQ+F/QrMb r?2M ?2�Hi? bvbi2Kb K�v +QHH�Tb2
PM2 �`;mK2Mi mb2/ BM i?2 /272Mb2 Q7 HQ+F/QrMb Bb i?�i i?2 ?2�Hi? bvbi2Kb rQmH/ +QHH�Tb2 �#b2Mi
bi`QM; ;Qp2`MK2Mi@2M7Q`+2/ HQ+F/QrMbX h?2 pB`mb Bb bQ +QMi�;BQmb i?�i i?2 ?2�Hi? bvbi2Kb +�MMQi
?�M/H2 �HH Q7 i?2 ?QbTBi�HBx�iBQMb �M/ KQ`2 T2QTH2 rQmH/ /B2 /m2 iQ BM�/2[m�i2 K2/B+�H +�`2X

q2 KQ/2H i?2 #2M2}ib Q7 Ǵ~�ii2MBM; i?2 +m`p2Ǵ #v �bbmKBM; i?�i i?2 /2�i? `�i2 Bb � iBK2@
p�`vBM; SQBbbQM �``Bp�H `�i2 i?�i Bb BM+`2�bBM; BM i?2 `�iBQ Q7 bB+F �;2Mib T2` A*l mMBiX AM
T�`iB+mH�`- r2 �bbmK2 i?�i δt = δ+ ( Hot

ICUt
)2 1

K - r?2`2 δ Bb i?2 KQ`i�HBiv `�i2 BM i?2 +�b2 r?2`2 MQ
T?vbB+�H +QMbi`�BMi Bb +QMbB/2`2/- Hot Bb i?2 MmK#2` Q7 ?QbTBi�HBx�iBQMb- ICUt Bb i?2 MmK#2` Q7
A*l #2/b- �M/ K Bb � +QMbi�Mi mb2/ 7Q` +�HB#`�iBQMX 6Q` δ- r2 mb2 Qm` #2M+?K�`F +�HB#`�iBQMX 6Q`
i?2 MmK#2` Q7 ?QbTBi�HBx�iBQMb- r2 �bbmK2 i?�i ky T2`+2Mi Q7 bB+F T2QTH2 M22/ iQ #2 ?QbTBi�HBx2/
�M/ 8 T2`+2Mi Q7 i?2K rQmH/ `2[mB`2 A*l i`2�iK2MiX 6Q` i?2 MmK#2` Q7 A*l #2/b- r2 7QHHQr
J+*�`i?v UkykyV �M/ �bbmK2 j9Xd #2/b T2` Ryy-yyy BM?�#Bi�MibXRj 6BM�HHv- r2 +�HB#`�i2 K bQ

RjaQm`+2 Bb L�iBQM�H *2Mi2` 7Q` "BQHQ;v AM7Q`K�iBQM- AMi2MbBp2 *�`2 J2/B+BM2-

kk



i?�i i?2 T`Q#�#BHBiv Q7 /vBM; Bb 7Qm` iBK2b H�`;2` i?�M BM i?2 #2M+?K�`F �i i?2 T2�F Q7 i?2
2TB/2KB+XR9

ai`�BMb QM i?2 ?2�Hi? bvbi2K BKT`Qp2 i?2 +Qbi@T2`@HB72 Q7 HQ+F/QrMb- #mi �HbQ �z2+i i?2
+QmMi2`7�+im�H Q7 MQ TQHB+v �+iBQMX q?2M �++QmMiBM; 7Q` i?2 ?B;?2` KQ`i�HBiv- HQ+F/QrMb � �M/
" rQmH/ #2 �#H2 iQ `2/m+2 }`bi@v2�` /2�i?b #v R8-yyy �M/ Re-yyy- `2bT2+iBp2Hv U6B;m`2 Re/VX h?Bb
MmK#2` Bb MQi bm#bi�MiB�HHv ?B;?2` i?�M BM i?2 T`2pBQmb b2+iBQM #2+�mb2 i?2 �//BiBQM�H bi`�BMb
QM i?2 ?2�Hi? bvbi2K �HbQ �z2+i i?2 #2?�pBQ` Q7 mM+QMbi`�BM2/ �;2MibX A7 �;2Mib FMQr i?�i i?2
T`Q#�#BHBiv Q7 /vBM; /2T2M/b QM i?2 H2p2H Q7 A*l ?QbTBi�HBx�iBQMb- i?2M i?2v rQmH/ #2 KQ`2
+�`27mH r?2M 2M;�;BM; BM QmibB/2 �+iBpBiB2b 2p2M rBi?Qmi � HQ+F/QrM- 2bT2+B�HHv �i i?2 T2�F Q7
i?2 2TB/2KB+ U6B;m`2 RdVX h?2 �//BiBQM�H /2�i?b 7`QK ?QbTBi�H +QMbi`�BMib �M/ i?Bb 2M/Q;2MQmb
KQ`2 +�`27mH `2bTQMb2 �HKQbi Qzb2i 2�+? Qi?2`- �M/ i?2 MmK#2` Q7 HBp2b b�p2/ #v i?2 HQ+F/QrMb
Bb MQi bm#bi�MiB�HHv H�`;2` i?�M B7 i?Qb2 T?vbB+�H +QMbi`�BMib r2`2 MQi +QMbB/2`2/X

h?Bb KQ`2 T`m/2Mi #2?�pBQ` �HbQ H2�/b iQ ;`2�i2` 2+QMQKB+ +Qbib #Qi? BM i?2 2+QMQKB2b rBi?
�M/ rBi?Qmi HQ+F/QrMb U6B;m`2 Re�VX h?2 +Qbi T2` HB72 Bb HQr2` BM i?Bb +�b2- iQi�HBM; 0RjX9 KBHHBQM
�M/ 0kdXd KBHHBQM BM HQ+F/QrMb � �M/ "- `2bT2+iBp2HvX

e *QM+HmbBQM
h?2 BMpBbB#H2 i?`2�ib i?�i �HH 2TB/2KB+b TQb2 �`2 �KTHB}2/ r?2M T2QTH2 /Q MQi FMQr i?2B` ?2�Hi?
bi�imbX AM7Q`K�iBQM Bb �Hr�vb p�Hm�#H2- #mi 2p2M KQ`2 bQ BM � +QMi2ti r?2`2 � H�`;2 7`�+iBQM
Q7 BM72+iBQMb �`2 �bvKTiQK�iB+X JQ`2Qp2`- MQi 2p2`vQM2 ?�b i?2 +?QB+2 Q7 7Q`2;QBM; BM+QK2 iQ
�pQB/ � pB`�H BM72+iBQM BM r?B+? i?2 T`Q#�#BHBiv Q7 bm`pBp�H Bb ?B;?X h?Bb ?2i2`Q;2M2Biv Q7 +?QB+2b
;2M2`�i2b /Bz2`2Mi 2TB/2KB+ /vM�KB+b �M/ T`Q/m+2b /Bz2`2M+2b BM i?2 BM+B/2M+2 Q7 +QMi�;BQMX

AM i?Bb T�T2`- r2 T`QTQb2/ � 7`�K2rQ`F iQ bim/v i?2b2 Bbbm2b i?�i ?�p2 #22M H�`;2Hv B;MQ`2/
#v i?2 HBi2`�im`2X q2 2M`B+?2/ �M 2TB/2KBQHQ;v KQ/2H rBi? QTiBK�H �M/ ?2i2`Q;2M2Qmb 2+QMQKB+
+?QB+2b �M/ +�HB#`�i2/ Bi iQ BMp2biB;�i2 bivHBx2/ TQHB+v BMi2`p2MiBQMbX q2 �HbQ /Bb+mbb2/ ?Qr i?2b2
TQHB+B2b T2`7Q`K r?2M i?2 2+QMQKB+ +QMi2ti Q` i?2 +?�`�+i2`BbiB+b Q7 i?2 /Bb2�b2 �`2 /Bz2`2MiX

q?BH2 i?2 K�;MBim/2 Q7 Qm` `2bmHib `2HB2b QM KQ/2HHBM; +?QB+2b- [m�HBi�iBp2 `2bmHib �M/ M2r
BMimBiBQM �M/ +?�MM2Hb rQmH/ `2K�BM p�HB/ 7Q` � rB/2` `�M;2 Q7 KQ/2HbX q2 ?�p2 b?QrM i?�i
i?2 H2p2Hb Q7 iBK2@+QMbi`�BM2/ �M/ �bvKTiQK�iB+ �;2Mib �HH ?�p2 BKTQ`i�Mi BKTHB+�iBQMb 7Q` i?2
[m�MiBi�iBp2 `2bmHibX q2 b?Qr2/ i?2 BKTQ`i�M+2 Q7 i2biBM; �b � p2?B+H2 iQ +?�M;2 i?2 2TB/2KB+Ƕb
?iiTb,ffrrrXbi�iBbi�X+QKf+?�`ifkRRy8fMmK#2`@Q7@+`BiB+�H@+�`2@#2/b@T2`@Ryyyyy@BM?�#Bi�Mibf

R9b22 P/QM2 2i �HX UkykyV 7Q` Qm` +�HB#`�iBQMǶb KQiBp�iBQM

kj



/vM�KB+b �M/ iQ BKT`Qp2 i?2 2+QMQKv #v T`QpB/BM; BM7Q`K�iBQMX q2 b?Qr2/ i?�i i?Bb b2+QM/
+?�MM2H Bb 2p2M KQ`2 BKTQ`i�Mi BM i?2 +QMi2ti Q7 �M 2TB/2KB+ rBi? � H�`;2 MmK#2` Q7 �bvKT@
iQK�iB+ +�b2bX q2 b?Qr2/ i?�i i?2 2+QMQKv +QmH/ bmz2` KQ`2 r?2M i?2 7`�+iBQM Q7 �bvKTiQK�iB+
+�b2b Bb H�`;2`X >Qr2p2`- r2 TQbimH�i2/ � bT22/B2` `2+Qp2`v i?�i rQmH/ MQi Qzb2i �HH �++mKmH�i2/
HQbb2bX q2 b?Qr2/ i?�i �M 2+QMQKv rBi? KQ`2 iBK2@+QMbi`�BM2/ �;2Mib rQmH/ ?�p2 � rQ`b2 2+Q@
MQKB+ `2+2bbBQM- 2p2M i?Qm;? � H�`;2` 7`�+iBQM Q7 i?2 TQTmH�iBQM rQmH/ MQi +?�M;2 i?2B` #2?�pBQ`
BM `2bTQMb2 iQ i?2 2TB/2KB+X Pm` /B`2+i KQ/2H T`2/B+iBQM Bb i?�i i?2 T�M/2KB+ rBHH 2p2Mim@
�HHv ?�p2 � H�`;2` BKT�+i QM TQQ`2` +QmMi`B2bǶ ?2�Hi? Qmi+QK2b- 2p2M rBi?Qmi +QMbB/2`BM; HQr2`
T?vbB+�H �M/ i2+?MB+�H ?QbTBi�H +�T�+BivX

q2 b?Qr2/ i?�i i?2 �bb2bbK2Mi Q7 +QMi�BMK2Mi K2�bm`2b ?�b iQ #2 /QM2 �;�BMbi � `2�HBbiB+
+QmMi2`7�+im�HX h?�i Bb- r2 b?QmH/ 2tT2+i �;2Mib iQ i�F2 T`2+�miBQMb �;�BMbi i?2 pB`mb 2p2M B7
i?2v �`2 MQi K�M/�i2/ #v i?2 ;Qp2`MK2Mi iQ /Q bQX A;MQ`BM; i?Bb 7�+i rQmH/ Qp2`2biBK�i2 i?2
MmK#2` Q7 b�p2/ HBp2b /B`2+iHv HBMF2/ iQ � HQ+F/QrMX AM i?Bb +QMi2ti- Qm` KQ/2H bm;;2bib i?�i
i?2 +Qbi T2` HB72 Q7 � HQ+F/QrM +QmH/ #2 bK�HH2` r?2M KQ`2 iBK2@+QMbi`�BM2/ �;2Mib �`2 T`2b2MiX

6BM�HHv- r2 b?Qr2/ i?�i i?2 pB`mb Bb KQ`2 HBF2Hv iQ �z2+i iBK2@+QMbi`�BM2/ �;2Mib- #mi i?�i
KQbi Q7 i?2 2+QMQKB+ `2+2bbBQM rQmH/ +QK2 #2+�mb2 mM+QMbi`�BM2/ �;2Mib /2+B/2 iQ +mi #�+F i?2B`
iBK2 bT2Mi QmibB/2 ?QK2X q?BH2 i?2 TQQ` #2�` KQbi Q7 i?2 ?2�Hi? +Qbi- i?2 `B+? �`2 `2bTQMbB#H2
7Q` i?2 2+QMQKB+ bHQr/QrM- �b i?2v i�F2 T`2+�miBQMb �M/ bi�v �i ?QK2X

k9
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�//BiBQM�H [m�MiBi�iBp2 �M�HvbBbX AM T�`iB+mH�`- b2+iBQM � T`2b2Mib �HH i?2 #2HHK�M 2[m�iBQMb �M/
H�rb Q7 KQiBQM 7Q` i?2 iBK2@+QMbi`�BM2/ �;2MiǶb T`Q#H2K- �b K2MiBQM2/ BM b2+iBQM jXjX a2+iBQM
" T`2b2Mib Qm` 2[mBHB#`BmK /2}MBiBQM �M/ � #`B27 /2b+`BTiBQM Q7 Qm` bQHmiBQM �H;Q`Bi?KX 6BM�HHv-
b2+iBQM *XR T`2b2Mib �M �//BiBQM�H [m�MiBi�iBp2 �M�HvbBbX AM T�`iB+mH�`- r2 b?Qr ?Qr Qm` `2bmHib
+?�M;2 �b *PoA.@RN KQ`i�HBiv `�i2 +?�M;2bX

� hBK2@+QMbi`�BM2/ �;2Mib
aBM+2 iBK2@+QMbi`�BM2/ �;2Mib K�F2 MQ /2+BbBQMb- r2 �`2 MQr �#H2 iQ T`2b2Mi i?2B` "2HHK�M
2[m�iBQMbX h?2 "2HHK�M 2[m�iBQM 7Q` ?2�Hi?v #mi bmb+2TiB#H2 iBK2@+QMbi`�BM2/ �;2Mib Bb,

HC,t = u(w × Lw
C,t) + h(Ll

C,t) + uh × Lh
C,t + β

{
λC
t

[
γIAU

C,t+1 + (1− γ)ISU
C,t+1

]

+
(
1− λC

t

)
HC,t+1

}
U�XRV

r?2`2 i?2 ~Qr miBHBiv Bb i?2 b�K2 �b i?2 QM2 /2b+`B#2/ BM a2+iBQM jXkXR- β Bb i?2 /Bb+QmMi `�i2-
λC
t Bb i?2 �``Bp�H `�i2 Q7 BM72+iBQM- γ Bb i?2 T`Q#�#BHBiv Q7 �M �bvKTiQK�iB+ BM72+iBQM- �M/ IAU

C,t+1

�M/ ISU
C,t+1 �`2 i?2 "2HHK�M 2[m�iBQMb 7Q` i?2 mMi2bi2/ BM72+i2/ �bvKTiQK�iB+ �M/ 2p2Mim�HHv

bvKTiQK�iB+ iBK2@+QMbi`�BM2/ �;2Mib- `2bT2+iBp2HvX
h?2 "2HHK�M 2[m�iBQM 7Q` �M BM72+i2/ �bvKTiQK�iB+ iBK2@+QMbi`�BM2/ �;2Mi rBi?Qmi � pB`�H

i2bi �i iBK2 t Bb,

IAU
C,t = u(w×Lw

C,t) + h(Ll
C,t) + uh ×Lh

C,t + β
{
τ It I

AK
C,t+1 + θ̃AURU

C,t+1 + [1− τ It − θ̃AU ]IAU
C

}
U�XkV

r?2`2 i?2 ~Qr miBHBiv Bb i?2 b�K2 �b i?2 QM2 /2b+`B#2/ BM a2+iBQM jXkXR- β Bb i?2 /Bb+QmMi `�i2-
τ It Bb i?2 �``Bp�H `�i2 Q7 pB`�H i2bib- IAK

C,t+1 Bb i?2 "2HHK�M 2[m�iBQM 7Q` �M �bvKTiQK�iB+ BM72+i2/
iBK2@+QMbi`�BM2/ �;2Mi rBi? � TQbBiBp2 pB`�H i2bi- θ̃AU Bb i?2 �``Bp�H `�i2 Q7 `2+Qp2`v- �M/ RU

C Bb
i?2 "2HHK�M 7mM+iBQM 7Q` � `2+Qp2`2/ iBK2@+QMbi`�BM2/ �;2Mi rBi? mMFMQrM BKKmMBivX LQiB+2
i?�i RU

C Bb MQi iBK2 /2T2M/2Mi- bBM+2 `2+Qp2`2/ �;2Mib rBHH M2p2` #2+QK2 BM72+i2/ �;�BM �M/
iBK2@+QMbi`�BM2/ �;2Mib /Q MQi �/Dmbi i?2B` iBK2 �HHQ+�iBQM #�b2/ QM i?2 FMQrH2/;2 Q7 BKKmMBivX
*QMb2[m2MiHv- RU

C = RK
C = RK X aBKBH�`Hv- MQiB+2 i?�i IAK

C Bb MQi � 7mM+iBQM Q7 i?2 iBK2 �HHQ+�iBQM

�@R



�b r2HH- bBM+2 �;2Mib rBi? � TQbBiBp2 pB`�H i2bi �`2 `2[mB`2/ iQ bi�v ?QK2X aQ i?2 "2HHK�M 2[m�iBQM
7Q` �M �bvKTiQK�iB+ BM72+i2/ iBK2@+QMbi`�BM2/ �;2Mi rBi? � TQbBiBp2 pB`�H i2bi �i iBK2 t Bb ;Bp2M
#v,

IAK
C = u(b) + uh × L+ β

{
θ̃AKRK + (1− θ̃AK )IAK

C

}
U�XjV

r?2`2 RK Bb i?2 "2HHK�M 2[m�iBQM 7Q` � `2+Qp2`2/ �;2Mi rBi? FMQrM BKKmMBiv T`2b2Mi2/ BM
2[m�iBQM UkV �M/ θ̃AK Bb i?2 �``Bp�H `�i2 Q7 `2+Qp2`vX LQiB+2 i?�i i?Bb "2HHK�M 2[m�iBQM Bb
bi�iBQM�`vX

h?2 "2HHK�M 2[m�iBQM 7Q` �M 2p2Mim�HHv bvKTiQK�iB+ iBK2@+QMbi`�BM2/ �;2Mi rBi?Qmi � pB`�H
i2bi �i iBK2 t Bb,

ISU
C,t = u(w × Lw

C,t) + h(Ll
C,t) + uh × Lh

C,t + β
{
τ It I

SK
C,t+1 + µUSC,t+1 + [1− τ It − µU ]I

SU
C,t+1

}
U�X9V

r?2`2 i?2 ~Qr miBHBiv Bb i?2 b�K2 �b i?2 QM2 /2b+`B#2/ BM a2+iBQM jXkXR- β Bb i?2 /Bb+QmMi `�i2-
τ It Bb i?2 �``Bp�H `�i2 Q7 pB`�H i2bib- ISK

C,t+1 Bb i?2 "2HHK�M 2[m�iBQM 7Q` �M 2p2Mim�HHv bvKTiQK�iB+
BM72+i2/ iBK2@+QMbi`�BM2/ �;2Mi rBi? � TQbBiBp2 pB`�H i2bi- µU Bb i?2 �``Bp�H `�i2 Q7 bvKTiQKb-
�M/ SC,t+1 Bb i?2 "2HHK�M 7mM+iBQM Q7 � bB+F iBK2@+QMbi`�BM2/ �;2MiX aBKBH�`Hv iQ IAK

C - ISK
C,t+1

�M/ SC,t+1 �`2 MQi 7mM+iBQMb Q7 i?2 iBK2 �HHQ+�iBQM- bBM+2 �;2Mib rBi? 2Bi?2` � TQbBiBp2 pB`�H i2bi
Q` bvKTiQKb �`2 `2[mB`2/ iQ bi�v �i ?QK2X G2i mb T`2b2Mi i?2b2 "2HHK�M 2[m�iBQMb M2tiX h?2
"2HHK�M 2[m�iBQM 7Q` �M 2p2Mim�HHv bvKTiQK�iB+ iBK2@+QMbi`�BM2/ �;2Mi rBi? � TQbBiBp2 pB`�H
i2bi �i iBK2 t Bb,

ISK
C,t = u(b) + uh × L+ β

{
µKSC,t+1 + (1− µK)I

SK
C,t+1

}
U�X8V

r?2`2 µK Bb i?2 �``Bp�H `�i2 Q7 bvKTiQKbX .Bz2`2MiHv 7`QK IAK
C - ISK

t Bb MQM@bi�iBQM�`v- bBM+2 �b
r2 b22 #2HQr- SC,t+1 /2T2M/b QM iBK2X AM T�`iB+mH�`- QM2Ƕb Qmi+QK2 �b � bB+F T�iB2Mi /2T2M/b QM
?Qr Qp2`+`Qr/2/ i?2 ?2�Hi? bvbi2K BbX

h?2 "2HHK�M 2[m�iBQM 7Q` � bB+F �;2Mi BM T2`BQ/ t Bb ;Bp2M #v,

SC,t = u(b) + uh × L− cS + β
{
δt(−cD) + θSt R

K
C,t + [1− δt − θSt ]SC,t+1

}
U�XeV

r?2`2 c Bb i?2 ~Qr +Qbi Q7 bB+FM2bb- δt Bb i?2 /2�i? �``Bp�H `�i2- cD Bb i?2 QM2@iBK2 +Qbi Q7 /2�i?
#27Q`2 2tBiBM; i?2 2MpB`QMK2Mi- θSt Bb i?2 �``Bp�H `�i2 Q7 `2+Qp2`v- �M/ RK Bb i?2 "2HHK�M 2[m�iBQM
7Q` � `2+Qp2`2/ �;2Mi rBi? FMQrM BKKmMBiv T`2b2Mi2/ BM 2[m�iBQM UkVX "2+�mb2 δt �M/ θSt p�`v
Qp2` iBK2 /m2 iQ Qp2`@miBHBx�iBQM Q7 ?2�Hi? b2`pB+2b- St Bb MQM@bi�iBQM�`vX

�b K2MiBQM2/ #27Q`2- QM+2 iBK2@+QMbi`�BM2/ �;2Mib /Q MQi �/Dmbi i?2B` ?Qm`b #�b2/ QM i?2
`BbF Q7 BM72+iBQM- r2 ?�p2 i?�i RU

C,t = RK
C,t = RK

C = RK - r?2`2 RK Bb T`2b2Mi2/ BM 2[m�iBQM UkV-

�@k



BX2X,
RU

C,t = RK
C,t = RK

C = RK =
u(w × Lw

C,t) + h(Ll
C,t) + uh × Lh

C,t

1− β
U�XdV

6BM�HHv- i?2 H�rb Q7 KQiBQM 7Q` iBK2@+QMbi`�BM2/ �;2Mib 7QHHQr � T�ii2`M p2`v bBKBH�` iQ i?�i Q7
i?2 mM+QMbi`�BM2/ �;2Mib- #mi `2TH�+BM; i?2 BM72+iBQM `�i2 λt rBi? λC

t X *QMb2[m2MiHv- 2[m�iBQMb
ULM1V Ĝ ULM9V +�M #2 `2r`Bii2M 7Q` i?2 +�b2 Q7 iBK2@+QMbi`�BM2/ �;2Mib �b,

hC,t+1 − hC,t = −λC
t hC,t (LMC

1 )

iAU
C,t+1 − iAU

C,t = λC
t γhC,t −

(
θ̃AU + τ It

)
iAU
C,t (LMC

2 )

iAK
C,t+1 − iAK

C,t = τ It i
AU
C,t − θ̃AU iAU

C,t (LMC
3 )

iSU
C,t+1 − iSU

C,t = λC
t (1− γ)hC,t −

(
µU + τ It

)
iSU
C,t (LMC

4 )

iSK
C,t+1 − iSK

C,t = τ It i
SU
C,t − µKi

SK
C,t (LMC

5 )

sC,t+1 − sC,t = µU i
SU
C,t + µKi

SK
C,t −

(
δt + θSt

)
sC,t (LMC

6 )

rUC,t+1 − rUC,t = θ̃AU iAU
C,t − τRt r

U
C,t (LMC

7 )

dC,t+1 − dC,t = δtsC,t (LMC
8 )

rKC,t+1 − rKC,t = θSt sC,t + τRt r
U
C,t (LMC

9 )

" .2}MBiBQM Q7 i?2 2[mBHB#`BmK 7Q` i?2 2+QMQKv
.2}MBiBQM R � `�iBQM�H@2tT2+i�iBQMb 2[mBHB#`BmK BM i?Bb 2+QMQKv rBi? �M BMBiB�H K2�bm`2 Q7
�;2Mib n +QMbBbib Q7 � b2[m2M+2 Q7 BM72+iBQM `�i2b 7Q` mM+QMbi`�BM2/ �;2Mib {λt}t≥0 bm+? i?�i �i
2p2`v T2`BQ/,

RX SQi2MiB�HHv bmb+2TiB#H2 mM+QMbi`�BM2/ �;2Mib QTiBK�HHv bQHp2 i?2B` iBK2 �HHQ+�iBQM T`Q#H2K
T`2b2Mi2/ BM 2[m�iBQMb URyV �M/ URRVc

kX EMQrM `2+Qp2`2/ mM+QMbi`�BM2/ �;2Mib QTiBK�HHv bQHp2 i?2B` iBK2 �HHQ+�iBQM T`Q#H2K T`2@
b2Mi2/ BM 2[m�iBQM UkV

jX _2bmHiBM; H�rb Q7 KQiBQM ULM1V Ĝ ULM9V �M/ ULMC
1 V Ĝ ULMC

9 V ;Bp2 `Bb2 iQ i?2 b2[m2M+2
Q7 BM72+iBQM `�i2b {λt}t≥0X

:Bp2M `�iBQM�H 2tT2+i�iBQMb- i?2 #2HB27b Q7 iBK2@+QMbi`�BM2/ �;2Mib �M/ i?2 Q#D2+iBp2 T`Q#�@

�@j



#BHBiB2b Q7 /Bz2`2Mi ?2�Hi? bi�i2b +QBM+B/2,
ht

ht + iAU
t + iSU

t + rUt
= πH

t , U�X3V

iAU
t

ht + iAU
t + iSU

t + rUt
= πIA

t , U�XNV

iSU
t

ht + iAU
t + iSU

t + rUt
= πIS

t , U�XRyV

rUt
ht + iAU

t + iSU
t + rUt

= πR
t . U�XRRV

q2 mb2 � iBK2@bi�+FBM; �H;Q`Bi?K mbBM; i?2 bT�`bBiv Q7 i?2 C�+Q#B�M #HQ+Fb BM � ;`�/B2Mi@#�b2/
K2i?Q/ iQ bQHp2 7Q` i?2 2[mBHB#`BmK T�i?b Q7 �HH 2M/Q;2MQmb p�`B�#H2b 7Q` t = 0, ..., 500X

* �//BiBQM�H Zm�MiBi�iBp2 _2bmHib

*XR q?�i B7 KQ`i�HBiv Bb ?B;?2`\
h?2`2 Bb � H�`;2 mM+2`i�BMiv �#Qmi i?2 +�b2 KQ`i�HBiv `�i2 Q7 *PoA.@RNX .Bz2`2Mi +QmMi`B2b
rBHH �HbQ 2p2Mim�HHv ?�p2 /Bz2`2Mi KQ`i�HBiv `�i2b #2+�mb2 Q7 p�`B�iBQM BM /2KQ;`�T?B+ bi`m+im`2b
�M/ ?QbTBi�HbǶ i2+?MB+�H �M/ T?vbB+�H +�T�+BiB2bX �HH i?2b2 `2�bQMb KQiBp�i2 i?2 /Bb+mbbBQM Q7 i?2
b2MbBiBpBiv Q7 Qm` KQ/2H `2bmHib iQ i?Bb T�`�K2i2`X

*�b2 KQ`i�HBiv `�i2 r�b BMBiB�HHv i?Qm;?i iQ #2 �b ?B;? �b jX9 T2`+2MiX aQK2 b2`QHQ;v i2bib
bm;;2bi2/ i?�i Bi +QmH/ #2 �b HQr �b yXj T2`+2Mi �M/ 62`M�M/2x@oBHH�p2`/2 �M/ CQM2b UkykyV i?BMF
i?�i Bi +QmH/ #2 #2ir22M yX3 T2`+2Mi �M/ RXk T2`+2MiX 6B;m`2 R3 T`2b2Mib i?2 `2bmHib r?2M i?2
+�b2 KQ`i�HBiv `�i2 Bb R T2`+2Mi �M/ +QKT�`2b Bi rBi? i?2 #2M+?K�`F δ +�HB#`�iBQMX

h?2 2TB/2KBQHQ;B+ /vM�KB+ Bb [m�HBi�iBp2Hv bBKBH�`- #mi i?2 T2�F Q7 BM72+iBQMb Bb HQr2` r?2M
KQ`i�HBiv Bb ?B;?2` U6B;m`2 R3�VX h?2 +�b2 KQ`i�HBiv `�i2 T2` b2 b?QmH/ MQi BKT�+i i?2 MmK#2` Q7
BM72+iBQMb- bBM+2 BM Qm` KQ/2H Bi /Q2b MQi �z2+i i?2 iBK2 /m`BM; r?B+? QM2 Bb BM72+iBQmbX >Qr2p2`-
r?2M i?2 +�b2 KQ`i�HBiv `�i2 Bb ?B;?2`- mM+QMbi`�BM2/ �;2Mib rQmH/ #2 2p2M KQ`2 +�`27mH BM i?2B`
�+iBpBiB2b QmibB/2 i?2 ?QK2- r?B+? HQr2`b i?2 TQbbB#BHBiv Q7 � K�i+? #2ir22M bmb+2TiB#H2 �M/
BM72+i2/ �;2MibX q?BH2 ?B;? KQ`i�HBiv `�i2- #v /2}MBiBQM- BKTHB2b i?�i KQ`2 BM72+i2/ T2QTH2
rQmH/ /B2- KQ`2 +�`27mH �;2Mib rQmH/ HQr2` i?2 MmK#2` Q7 BM72+iBQMbX AM Qm` +�HB#`�iBQM- i?2
}`bi 2z2+i Bb H�`;2`- �M/ �#Qmi jyy-yyy KQ`2 T2QTH2 rQmH/ /B2 BM i?2 la �7i2` irQ v2�`b U6B;m`2
R3/VX Ai Bb BMi2`2biBM; iQ MQi2 i?�i i?2 BMBiB�H T?�b2 Q7 i?2 2TB/2KB+ Bb B/2MiB+�H `2;�`/H2bb Q7
i?2 �bbmK2/ KQ`i�HBiv- � `2bmHi �HbQ /Bb+mbb2/ BM 62`M�M/2x@oBHH�p2`/2 �M/ CQM2b UkykyVX h?2

�@9



2TB/2KB+Ƕb T�i?b QMHv bi�`i iQ /Bp2`;2 �`QmM/ r22F jd �M/ T2�F �i 2t�+iHv i?2 b�K2 iBK2 �i
r22F 9kX >Qr2p2`- i?2 T2�F Bb HQr2` r?2M i?2 KQ`i�HBiv `�i2 Bb ?B;?2`X �i i?2 2M/ Q7 i?2 b2+QM/
v2�`- bHB;?iHv 72r2` T2QTH2 ;2i 2p2` BM72+i2/ r?2M KQ`i�HBiv Bb ?B;?2`- �b 2tT2+i2/X

h?2 2+QMQKB+ BKT�+i Q7 ?B;?2` KQ`i�HBiv Bb /`�K�iB+ �M/ i?2 K�tBKmK /Bz2`2M+2 BM QmiTmi
+QBM+B/2b rBi? i?2 T2�F Q7 i?2 2TB/2KB+X aBKBH�` iQ i?2 +�b2 r?2M i?2 7`�+iBQM Q7 iBK2@+QMbi`�BM2/
�;2Mib Bb H�`;2`- � ?B;?2` KQ`i�HBiv `�i2 BKTHB2b i?�i Bi Bb `BbFB2` iQ 2M;�;2 BM QmibB/2 �+iBpBiB2bX 6Q`
i?2 }`bi ky r22Fb Q7 i?2 2TB/2KB+- H�#Q` bmTTHv #v mM+QMbi`�BM2/ �;2Mib Bb �#Qmi i?2 b�K2X �b i?2
MmK#2` Q7 BM72+i2/ rQ`F2`b BM+`2�b2b- 2M;�;BM; BM QmibB/2 �+iBpBiB2b Bb `BbFB2`- �M/ mM+QMbi`�BM2/
�;2Mib +mi i?2B` H�#Q` bmTTHv #v KQ`2 r?2M KQ`i�HBiv Bb ?B;?2`X �i i?2 i`Qm;?- H�#Q` bmTTHv
/`QTb #v KQ`2 i?�M j8 T2`+2Mi- +QKT�`2/ iQ H2bb i?�M R8 T2`+2Mi BM i?2 #2M+?K�`F +�HB#`�iBQMX
Pp2`�HH- i?2 2+QMQKB+ /Bz2`2M+2 Bb K�bbBp2 U6B;m`2 R3�VX AM i?2 }`bi v2�`- :.S T2` +�TBi� 7�HHb
#v RkX8 T2`+2Mi�;2 TQBMib r?2M KQ`i�HBiv Bb ?B;?2` +QKT�`2/ iQ 9X3 T2`+2Mi�;2 TQBMib BM i?2
#2M+?K�`F +�HB#`�iBQMX aBKBH�` iQ i?2 +�b2 rBi? KQ`2 iBK2@+QMbi`�BM2/ �;2Mib- i2biBM; Bb KQ`2
2z2+iBp2 BM bKQQi?BM; i?2 :.S +QMi`�+iBQM r?2M KQ`i�HBiv Bb ?B;?2`X h?2 `2�bQM Bb bBKBH�` iQ
#27Q`2, i2biBM; `2/m+2b i?2 bT22/ Q7 i?2 2TB/2KB+ �M/ 2M+Qm`�;2b mM+QMbi`�BM2/ T2QTH2 iQ rQ`F
KQ`2X
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U�V :.S 1z2+ib U#V AM72+i2/

U+V aB+F U/V .2�/

6B;m`2 R3, S�M/2KB+Ƕb T�ii2`M, >B;? pbX HQr KQ`i�HBiv `�i2b
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6B;m`2 RN, >Qm`b rQ`F2/ #v bmb+2TiB#H2 mM+QMbi`�BM2/ rQ`F2`b
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