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Many states enhanced benefits in teacher retirement plans during the 1990s. This paper 

examines the school staffing effects of one such enhancement in a major urban school district 

with mostly high poverty schools. Pension rule changes in 1999 for St. Louis public school 

teachers resulted in large increases in pension wealth for active teachers, as well as a powerful 

increase in “push” incentives for earlier retirement. Simple descriptive statistics on retirement 

patterns before and after the enhancements suggest much earlier retirement resulted. Shorter 

teaching spells imply a steady state with more teacher turnover and a larger share of novice 

teachers in classrooms. To better understand the long run effects of these changes and 

alternatives policies, the authors estimate a structural model of teacher retirement. 

Simulations of retirement behavior for representative senior teachers point to shorter 

completed teaching spells and earlier retirement age as a result of the enhancements. By 

contrast, moving from the post-1999 to a DC-type plan would extend the teaching career of 

a representative senior teacher by roughly two years. 
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R AMi`Q/m+iBQM

JQbi Tm#HB+ b+?QQH i2�+?2`b �`2 +Qp2`2/ #v i`�/BiBQM�H- Q` KQ`2 T`2+Bb2Hv- }M�H �p2`�;2 b�H�`v

/2}M2/@#2M2}i U6�a@."V T2MbBQM TH�Mb i?�i #�b2 � i2�+?2`Ƕb `2iB`2K2Mi �MMmBiv QM i?2

�p2`�;2 Q7 i?2 ?B;?2bi UivTB+�HHv }M�HV b2p2`�H v2�`b Q7 2�`MBM;bX h?2b2 ivT2b Q7 TH�Mb �`2

+QKKQMTH�+2 7Q` bi�i2 �M/ HQ+�H ;Qp2`MK2Mi 2KTHQv22b- #mi ." TH�Mb Q7 �Mv bQ`i ?�p2

H�`;2Hv /Bb�TT2�`2/ BM i?2 T`Bp�i2 b2+iQ`- BM 7�pQ` Q7 /2}M2/ +QMi`B#miBQM U.*V TH�Mb bm+?

�b 9yRF- A_� Q` 9yj# TH�Mb U"mi`B+�- A�Kb- aKBi?- �M/ hQ/2`- kyyNVX h?2 +Qbib Q7 i2�+?2`

T2MbBQM TH�Mb ?�p2 `Bb2M b?�`THv Qp2` iBK2 �M/ �++QmMi 7Q` � ;`QrBM; b?�`2 Q7 T2` TmTBH

2tT2M/Bim`2bX AM +m``2Mi /QHH�`b- 2KTHQv2` i2�+?2` T2MbBQM +Qbib U2t+Hm/BM; aQ+B�H a2+m`Biv

�M/ i2�+?2` +QMi`B#miBQMbV �KQmMi2/ iQ 089d T2` bim/2Mi Q` 9X3 T2`+2Mi Q7 +m``2Mi T2` bim/2Mi

2tT2M/Bim`2b BM J�`+?- kyy9X "v CmM2- kyky- i?2b2 +Qbib ?�/ `Bb2M iQ 0R8Ry T2` bim/2Mi Q`

RRXR T2`+2Mi Q7 T2` bim/2Mi 2tT2M/Bim`2bRX

h?2 }b+�H bi`2bb 7Q` b+?QQHb �M/ /Bbi`B+ib `2bmHiBM; 7`QK i?2b2 `BbBM; T2MbBQM +Qbib ?�b

#22M rB/2Hv MQi2/ U2X;X- JQQ/v �M/ _�M/�xxQ UkykyVVX h?2`2 �`2 � p�`B2iv Q7 7�+iQ`b i?�i

?�p2 +QMi`B#mi2/ iQ i?2b2 `BbBM; +Qbib- KQbi MQi�#Hv � 7�BHm`2 Q7 bi�i2 Q` HQ+�H ;Qp2`MK2Mib iQ

K�F2 �+im�`B�HHv M2+2bb�`v +QMi`B#miBQMb �M/ H2bb i?�M 7Q`2+�bi `2im`Mb QM TH�M BMp2biK2MibX

>Qr2p2`- QM2 Q7i2M Qp2`HQQF2/ 7�+iQ` Bb i?2 +Qbi Q7 T2MbBQM 2M?�M+2K2Mib i?�i Q++m``2/

/m`BM; i?2 RNNybX AM `2bTQMb2 iQ i?2 biQ+F K�`F2i #QQK /m`BM; i?2 RNNyǶb- K�Mv T2MbBQM

TH�Mb 2M?�M+2/ #2M2}ib- �M/ 2/m+�iQ` T2MbBQMb r2`2 �KQM; i?2 KQbi �+iBp2Hv 2M?�M+2/X

"2ir22M RNNN �M/ kyyR �HQM2- 7Q` 2t�KTH2- i?2 L�iBQM�H *QM72`2M+2 Q7 ai�i2 G2;BbH�iQ`b

`2TQ`i2/ i?�i 2/m+�iQ` T2MbBQMb r2`2 2M?�M+2/ BM KQ`2 i?�M ?�H7 i?2 bi�i2b UEQ2/2H- LB-

�M/ SQ/;m`bFv- kyR9VX h2�+?2`b `2iB`BM; 7`QK Tm#HB+ b+?QQHb iQ/�v �M/ 7Q` K�Mv v2�`b iQ

+QK2 �`2 /QBM; bQ mM/2` i?2b2 KQ`2 `2KmM2`�iBp2 7Q`KmH�bX

Pm` 7Q+mb BM i?Bb T�T2` Bb QM QM2 +QMb2[m2M+2 Q7 i?2b2 2M?�M+2K2Mib Ĝ i?2 2z2+i QM i?2

H�#Q` bmTTHv Q7 b2MBQ` i2�+?2`bX AM T�`iB+mH�`- r2 2t�KBM2 i?2 2z2+i Q7 � bm#bi�MiB�H T2MbBQM
R?iiT,ffrrrXm�2/`27Q`KXQ`;f/QrMHQ�/bfkyRdfRkf2KTHQv2`@+QMi`B#miBQMb@T2`@TmTBH@Rk@ky@RdXT/7
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2M?�M+2K2Mi QM i2�+?2` H�#Q` bmTTHv �M/ b+?QQH bi�{M; BM aiX GQmBb- �M m`#�M /Bbi`B+i i?�i

?�b /B{+mHiv �ii`�+iBM; �M/ `2i�BMBM; [m�HB}2/ i2�+?2`bX AM RNNN- i?2 T2MbBQM 7Q`KmH� 7Q`

aiX GQmBb i2�+?2`b r�b +?�M;2/ bm#bi�MiB�HHv- rBi? � H�`;2 BM+`2�b2 BM i?2 `2TH�+2K2Mi `�i2

�++QKT�MB2/ #v � +�T QM iQi�H #2M2}ib �b T2`+2Mi�;2 Q7 }M�H b�H�`vX h?2b2 K�DQ` +?�M;2b

BM i?2 T2MbBQM `mH2b T`QpB/2 �M QTTQ`imMBiv iQ bim/v ?Qr T2MbBQM `mH2b BM~m2M+2 i2�+?2`

`2iB`2K2Mi /2+BbBQMb �M/ b+?QQH bi�{M;X

� r2HH@FMQrM }M/BM; Bb i?�i i2�+?2`b `2iB`2 2�`HB2` i?�M Qi?2` +QKT�`�#H2 T`Q72bbBQM�Hb

U>�``Bb �M/ �/�Kb- kyydVX � ;`QrBM; HBi2`�im`2 +QMM2+ib i2�+?2` `2iB`2K2Mi /2+BbBQMb iQ ."

TH�M BM+2MiBp2bX aim/B2b Q7 b2MBQ` i2�+?2`b +QMbBbi2MiHv b?Qr � ?B;? /2;`22 Q7 `2bTQMbBp2M2bb

BM `2iB`2K2Mi iBKBM; iQ T2MbBQM bvbi2K BM+2MiBp2b U"`QrM- kyRjc *Qbi`2HH �M/ J+:22- kyRyc

6m`;2bQM- ai`�mbb- �M/ oQ;i- kyyec EM�TT- "`QrM- >Qb2F- J�iiQ+F- �M/ �b+?- kyRec LB

�M/ SQ/;m`bFv- kyReVX AM ;2M2`�H- T2MbBQM 2M?�M+2K2Mib- #v HQr2`BM; i?2 T`B+2 Q7 H2Bbm`2

U`2iB`2K2MiV `2H�iBp2 iQ rQ`F- i2M/ iQ 2M+Qm`�;2 KQ`2 Q7 i?2 7Q`K2`X :Bp2M TQTmH�` +QM+2`M

rBi? b?Q`i�;2b Q7 2tT2`B2M+2/ i2�+?2`b- 2bT2+B�HHv BM ?B;? M22/ b+?QQHb- i?2 +QMb2[m2M+2b

Q7 2tT2MbBp2 +QKT2Mb�iBQM /2+BbBQMb i?�i ?�p2 i?2 2z2+i Q7 `2/m+BM; i2�+?2` H�#Q` bmTTHv

/2b2`p2 +�`27mH b+`miBMvX AM i?Bb T�T2` r2 ?B;?HB;?i i?2 bi`QM; ǳTmb?Ǵ �M/ ǳTmHHǴ BM+2MiBp2b

BM i?2 aiX GQmBb TH�M �M/ b?Qr /2b+`BTiBp2Hv ?Qr +?�M;2b BM T2MbBQM r2�Hi? �++`m�H �`2

�bbQ+B�i2/ rBi? +?�M;2b BM `2iB`2K2Mi #2?�pBQ` BM T`2@ �M/ TQbi@T�M2HbX

hQ 2tTHQ`2 i?2 HQM;2` i2`K 2z2+ib �M/ BMp2biB;�i2 �Hi2`M�iBp2 TQHB+B2b- r2 2biBK�i2 �

bi`m+im`�H KQ/2H Q7 `2iB`2K2Mi #2?�pBQ`- rBi? T�`�K2i2`b /2b+`B#BM; mM/2`HvBM; i2�+?2` T`27@

2`2M+2b i?�i �`2 BMp�`B�Mi iQ T2MbBQM `mH2bX h?2`2 �`2 BKTQ`i�Mi �/p�Mi�;2b iQ 2biBK�iBM;

� bi`m+im`�H KQ/2HX 6B`bi- Bi �HHQrb mb iQ BbQH�i2 �M/ mM#mM/H2 i?2 2z2+ib Q7 KQ`2 +QKTH2t

+?�M;2b BM TH�M `mH2bX a2+QM/- Bi �HHQrb mb iQ T`2/B+i i?2 2z2+i Q7 i?2 `mH2 +?�M;2b BM `2@

iB`2K2Mi #2vQM/ i?2 b�KTH2 T2`BQ/- bBM+2 Bi i�F2b K�Mv v2�`b 7Q` i?2 7mHH 2z2+ib Q7 T2MbBQM

`mH2 +?�M;2b QM i2�+?2` `2iB`2K2Mi /2+BbBQMb iQ K�i2`B�HBx2X 6BM�HHv- �M/ T2`?�Tb KQbi BK@

TQ`i�MiHv- bi`m+im`�H 2biBK�i2b �HHQr mb iQ 2t�KBM2 i?2 2z2+i Q7 �Hi2`M�iBp2 TH�MbX AM i?2
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+QMi2ti Q7 aiX GQmBb- Bi �HHQrb mb iQ 2tTHQ`2 i?2 H�#Q` bmTTHv �M/ }b+�H 2z2+ib Q7 T�`iB�H Q`

iQi�H +QMp2`bBQM 7`QK i?2 +m``2Mi 6�a@." iQ /2}M2/ +QMi`B#miBQM U.*V �Hi2`M�iBp2bX

h?Bb Bb MQi i?2 }`bi bim/v Q7 i?2 H�#Q` bmTTHv 2z2+ib Q7 i?2 a�BMi GQmBb i2�+?2` T2MbBQM

2M?�M+2K2MibX EQ2/2H �M/ sB�M; UkyRdV 2t�KBM2 i?2 i2�+?2` `2i2MiBQM 2z2+ib Q7 i?2 RNNN

2M?�M+2K2Mib BM � /Bz2`2M+2@BM@/Bz2`2M+2 bim/v #27Q`2 �M/ �7i2` i?2 2M?�M+2K2Mib Q++m``2/X

h?2v 7QmM/ MQ bB;MB}+�Mi 2z2+ib QM `2i2MiBQM 7Q` vQmM;2` i2�+?2`b r?Q r2`2 MQi `2iB`2K2Mi

2HB;B#H2X _2iB`2K2Mi 2HB;B#H2 i2�+?2`b- �r�`2 Q7 7Q`i?+QKBM; 2M?�M+2K2Mib- TQbiTQM2/ `2iB`2@

K2Mi mMiBH i?2 2M?�M+2K2Mib r2`2 BM TH�+2X Pm` 7Q+mb Bb QM ?Qr i?2 2M?�M+2K2Mib �z2+i2/

i?2 HQM; `mM iBKBM; Q7 `2iB`2K2Mi- �M Bbbm2 MQi 2tTHQ`2/ BM i?2B` T�T2`X

aT2+B}+�HHv- i?Bb T�T2` K�F2b b2p2`�H +QMi`B#miBQMb iQ i?2 `2b2�`+? HBi2`�im`2 QM Tm#HB+

2KTHQv22 �M/ i2�+?2` T2MbBQMbX 6B`bi- Bi T`QpB/2b � /2b+`BTiBp2 �M�HvbBb Q7 � K�DQ` b?B7i BM

`2iB`2K2Mi #2?�pBQ` �7i2` �M 2M?�M+2K2Mi Q7 i2�+?2` T2MbBQMb BM � ?B;? TQp2`iv m`#�M /Bb@

i`B+iX �b MQi2/- i?2b2 ivT2b Q7 2M?�M+2K2Mib r2`2 +QKKQMTH�+2 /m`BM; i?2 RNNyǶb- #mi HBiiH2

�M�HvbBb ?�b #22M mM/2`i�F2M `2;�`/BM; i?2B` bi�{M; 2z2+ib BM ?B;? TQp2`iv b+?QQHbX a2+QM/-

Bi b?Qrb i?�i i?Bb bi`m+im`�H KQ/2H +�M }i KQ`2 +?�HH2M;BM; /�i� i?�M Bi ?�b iQ /�i2 BM i?2 2t@

BbiBM; `2iB`2K2Mi HBi2`�im`2 QM i2�+?2`b U2X;X- EM�TT 2i �HX UkyReVc LB �M/ SQ/;m`bFv UkyReVc

LB- SQ/;m`bFv- �M/ q�M; UkykyVVX q2 b?Qr i?�i i?2b2 bi`m+im`�H 2biBK�i2b Q7 i2�+?2` T`27@

2`2M+2b �`2 bBKBH�` �+`Qbb /Bz2`2Mi ;`QmTb Q7 i2�+?2`b BM `2iB`2K2Mi TH�Mb rBi? /Bz2`2Mi `mH2b

Ĝ BM+Hm/BM; aQ+B�H a2+m`Biv +Qp2`�;2X JQ`2Qp2`- i?2 b?�`T +?�M;2b BM `2iB`2K2Mi #2?�pBQ` Q7

aiX GQmBb i2�+?2`b �7i2` i?2 RNNN 2M?�M+2K2Mib T`QpB/2 � mb27mH 2KTB`B+�H +?�HH2M;2- BX2X- iQ

}i p2`v /Bz2`2Mi `2iB`2K2Mi /�i� rBi? QM2 b2i Q7 T�`�K2i2`bX q2 }M/ i?�i i?2 #2?�pBQ`�H

T�`�K2i2`b Q7 i?2 bi`m+im`�H KQ/2H 2biBK�i2/ QM i?2 TQbi@2M?�M+2K2Mi b�KTH2 �++m`�i2Hv }i

T`2@2M?�M+2K2Mi /�i� �M/ #2?�pBQ`X h?2 ;QQ/ Qmi@Q7@b�KTH2 }i mM/2` p2`v /Bz2`2Mi T2MbBQM

`mH2b T`QpB/2b 2ti2`M�H p�HB/�iBQM 7Q` i?2 bi`m+im`�H KQ/2H �M/ ?B;?HB;?ib i?2 BKTQ`i�M+2 Q7

T2MbBQM `mH2b QM `2iB`2K2Mi #2?�pBQ`X AM �//BiBQM- r2 mb2 i?2 bi`m+im`�H 2biBK�i2b iQ mM#mM@

/H2 i?2 b2T�`�i2 2z2+ib Q7 � +QKTH2t 2M?�M+2K2Mi iQ �M�Hvx2 i?2B` 2z2+ib QM 72K�H2 �M/ K�H2
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i2�+?2`b �i /Bz2`2Mi H2p2Hb Q7 �;2 �M/ b2`pB+2 v2�`bX 6BM�HHv- r2 mb2 i?2 bi`m+im`�H 2biBK�i2b

iQ bBKmH�i2 i?2 2z2+ib Q7 K�M/�iQ`v �M/ pQHmMi�`v .* +QMp2`bBQM TH�Mb 7Q` i2�+?2`bX

AM i?2 M2ti b2+iBQM r2 /2b+`B#2 i?2 QT2`�iBQM Q7 i?2 aiX GQmBb T2MbBQM TH�M �M/ i?2

K�MM2` BM r?B+? T2MbBQM r2�Hi? �++`m2b Qp2` � i2�+?2`Ƕb rQ`F HB72- rBi? i?2 `2bmHiBM; ǳTmHHǴ

�M/ ǳTmb?Ǵ BM+2MiBp2bX q2 b?Qr ?Qr i?2 RNNN 2M?�M+2K2Mib /`�K�iB+�HHv BM+`2�b2/ i?2

ǳTmb?Ǵ BM+2MiBp2b 7Q` `2iB`2K2Mi �M/ `2TQ`i /2b+`BTiBp2 /�i� 7Q` `2iB`2K2Mi �;2 �M/ b2`pB+2

v2�`b Q7 i2�+?2`b #27Q`2 �M/ �7i2` i?2 2M?�M+2K2MibX q2 i?2M bT2+B7v �M/ 2biBK�i2 Qm`

bi`m+im`�H `2iB`2K2Mi KQ/2HX h?2 KQ/2H Bb 7QmM/ iQ 2t?B#Bi ;QQ/ }i rBi?BM �M/ Qmi@Q7@

b�KTH2X lbBM; i?2 bi`m+im`�H KQ/2H 2biBK�i2b r2 i?2M bBKmH�i2 i?2 HQM; `mM 2z2+i Q7 i?2

2M?�M+2K2Mib QM � `2T`2b2Mi�iBp2 b2MBQ` i2�+?2`bX h?2b2 bBKmH�iBQMb BKTHv � bB;MB}+�Mi

`2/m+iBQM BM i?2 H2M;i? Q7 i2�+?BM; +�`22`b �b � `2bmHi Q7 i?2 2M?�M+2K2MibX q2 i?2M +QMbB/2`

bQK2 .* �Hi2`M�iBp2b- BM+Hm/BM; pQHmMi�`v +QMp2`bBQMbX AM � +QM+Hm/BM; b2+iBQM r2 /Bb+mbb

r�vb BM r?B+? i?2 `2b2�`+? K2i?Q/b �M/ }M/BM;b 7Q` i?Bb T�`iB+mH�` /Bbi`B+i +�M #2 2ti2M/2/

iQ Qi?2` m`#�M b+?QQH /Bbi`B+ibX

k S2MbBQM q2�Hi? �++`m�H lM/2` SH�M *?�M;2b

h2�+?2`b BM JBbbQm`B �`2 BM i?`22 b2T�`�i2 6�a@." bvbi2KbX h2�+?2`b BM i?2 aiX GQmBb �M/

E�Mb�b *Biv /Bbi`B+ib �`2 +Qp2`2/ #v aQ+B�H a2+m`Biv �M/ �`2 BM irQ b2T�`�i2 /Bbi`B+i TH�MbX

h?2 `2bi Q7 i?2 Tm#HB+ b+?QQH i2�+?2`b BM i?2 bi�i2 �`2 BM i?2 Sm#HB+ a+?QQH _2iB`2K2Mi avbi2K

USa_aV- �M/ �`2 MQi +Qp2`2/ #v i?2 aQ+B�H a2+m`Biv bvbi2KX h?2`2 Bb MQ `2+BT`Q+Biv #2ir22M

i?2 aiX GQmBb �M/ Qi?2` TH�Mb- K2�MBM; i?�i i?2 v2�`b Q7 b2`pB+2 BM i?2 7Q`KmH� #2HQr �TTHv

QMHv iQ b2`pB+2 BM i?2 a�BMi GQmBb TH�MX

h�#H2 R bmKK�`Bx2b i?2 aiX GQmBb TH�M `mH2b #27Q`2 �M/ �7i2` RNNNX "2M2}ib �i `2iB`2K2Mi
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�`2 /2i2`KBM2/ #v � bi�M/�`/ 6�a@." 7Q`KmH�,

Annual Benefit = rf ⇥ S ⇥ FAS

r?2`2 rf bi�M/b 7Q` `2TH�+2K2Mi 7�+iQ`X S /2MQi2b b2`pB+2 v2�`b BM i?2 bvbi2KX FAS Bb i?2

�p2`�;2 Q7 i?2 ?B;?2bi +QMb2+miBp2 i?`22 v2�`b Q7 b�H�`v- r?B+? �`2 ivTB+�HHv i?2 i?`22 v2�`b

T`BQ` iQ `2iB`2K2MiX h?2`2 Bb �HbQ � T`QpBbBQM 7Q` 2�`Hv `2iB`2K2Mi �i �;2 ey rBi? � `2/m+2/

�MMmBiv 7Q` i2�+?2`b r?Q /Q MQi [m�HB7v 7Q` `2;mH�` `2iB`2K2MiX aiX GQmBb i2�+?2`b #2+QK2

2HB;B#H2 7Q` � `2;mH�` T2MbBQM r?2M i?2v `2�+? �;2 e8 rBi? �i H2�bi }p2 v2�`b Q7 b2`pB+2 Q`

r?2M i?2 bmK Q7 i?2B` v2�`b Q7 b2`pB+2 �M/ �;2 2[m�Hb �i H2�bi 38 UFMQrM �b ǳ_mH2 Q7 38ǴVX

.m`BM; i?2 RNNyǶb i?2`2 r2`2 bQK2 bK�HH T2MbBQM `mH2 +?�M;2bX >Qr2p2`- i?2 #B; +?�M;2

Q++m``2/ BM RNNNX S`BQ` iQ RNNN- i?2 �MMm�H `2TH�+2K2Mi 7�+iQ` r�b RXk8 T2`+2MiX �7i2`

RNNN- i?2 `2TH�+2K2Mi 7�+iQ` BM+`2�b2/ iQ k T2`+2Mi `2i`Q�+iBp2HvX 6Q` 2t�KTH2- #27Q`2 RNNN-

� `2iB`2/ i2�+?2` rBi? jy v2�`b Q7 b2`pB+2 �M/ � }M�H �p2`�;2 b�H�`v Q7 08y-yyy `2+2Bp2/ �M

0R3-d8y �MMmBiv U.0125 ⇥ 30 ⇥ $50, 000VX �7i2` RNNN- i?Bb b�K2 i2�+?2` rQmH/ `2+2Bp2 �M

�MMm�H �MMmBiv Q7 0jy-yyy U.02 ⇥ 30 ⇥ $50, 0000VX h?Bb Bb � p2`v H�`;2 2M?�M+2K2Mi �r�`/2/

iQ �HH �+iBp2 i2�+?2`b- BM+Hm/BM; i?Qb2 r?Q r2`2 �#Qmi iQ `2iB`2X

q?BH2 i?2 `2TH�+2K2Mi `�i2 BM+`2�b2/ b?�`THv- i?2 M2r #2M2}i r�b +�TT2/ �i ey T2`+2Mi

Q7 }M�H �p2`�;2 b�H�`vX h?mb � i2�+?2` rBi? jR Q` KQ`2 v2�`b Q7 b2`pB+2 +�M biBHH QMHv `2+2Bp2

ey T2`+2Mi Q7 ?2` }M�H �p2`�;2 b�H�`v- BM bTBi2 Q7 i?2 7�+i i?�i b?2 +QMiBMm2b iQ +QMi`B#mi2

}p2 T2`+2Mi Q7 b�H�`v iQ i?2 TH�MX h�#H2 R bmKK�`Bx2b i?2 T2MbBQM `mH2b #27Q`2 �M/ �7i2`

2M?�M+2K2MiXk

(Table 1)

kh?2`2 r2`2 bQK2 bm#b2[m2Mi `mH2 +?�M;2b `2;�`/BM; T2MbBQM *PG�bX "27Q`2 kyyy- ǳ*PG� �/DmbiK2Mib
r2`2 2[m�H iQ �Mv BM+`2�b2 Q7 RW Q` ;`2�i2` BM i?2 *SA- bm#D2+i iQ �M �MMm�H K�tBKmK Q7 jW �M/ � +mKmH�iBp2
K�tBKmK BM+`2�b2 Q7 RyWǴX 1z2+iBp2 CmHv R- kyyy- `2iB`2/ K2K#2`b `2+2Bp2/ � +�i+?@mT *PG� Q7 �i H2�bi
e8W Q7 *SAX �7i2` kyyk- *PG�b �`2 T�B/ iQ `2iB`2/ K2K#2`b r?2M bm+? *PG�b �`2 �TT`Qp2/ #v #Qi? i?2
"Q�`/ Q7 1/m+�iBQM �M/ i?2 "Q�`/ Q7 h`mbi22bX

8



PM2 r�v iQ �bb2bb i?2 `2iB`2K2Mi BM+2MiBp2b �`BbBM; 7`QK i?2b2 T2MbBQM TH�M `mH2b Bb

iQ +QKTmi2 T2MbBQM r2�Hi? �i /Bz2`2Mi TQBMib BM � i2�+?2`Ƕb rQ`F HB72X S2MbBQM r2�Hi? Bb

+�H+mH�i2/ �b i?2 2tT2+i2/ T`2b2Mi p�Hm2 Q7 T2MbBQM #2M2}ib �i `2iB`2K2Mi �;2 r �b 7QHHQrb,

PW (r) =
X

s�r

(1 + b)r�s⇡( s|r)P ( s|r ),

r?2`2 b > 0 Bb i?2 �MMm�H /Bb+QmMi `�i2- ⇡( s|r) Bb i?2 +QM/BiBQM�H T`Q#�#BHBiv Q7 bm`pBp�H ;Bp2M

#v �;2@/2T2M/2Mi KQ`i�HBiv `�i2b- �M/ P ( s|r ) Bb i?2 T2MbBQM #2M2}i B7 i?2 i2�+?2` `2iB`2b

�i �;2 rX S2MbBQM r2�Hi? +�Tim`2b i?2 K�`F2i p�Hm2 Q7 Q#i�BMBM; i?Bb bi`2�K Q7 �MMmBiv

T�vK2Mib Qp2` iBK2X

6QHHQrBM; *Qbi`2HH �M/ SQ/;m`bFv UkyyNV �M/ Qi?2`b- T2MbBQM r2�Hi? �++mKmH�iBQM +�M

#2 +�H+mH�i2/ �b 7QHHQrb,

pw(r) =
PW (r)� (1 + inf)⇥ PW (r � 1)

Salary(r)
,

r?2`2 PW (r) Bb T2MbBQM r2�Hi? B7 `2iB`BM; �i �;2 r- inf Bb BM~�iBQM `�i2- Salary(r) Bb b�H�`v

�i �;2 rX

6B;m`2 R THQib iQi�H T2MbBQM r2�Hi? #27Q`2 �M/ �7i2` T2MbBQM 2M?�M+2K2Mi 7Q` � `2T`2@

b2Mi�iBp2 i2�+?2` BM aiX GQmBb r?Q 2Mi2`b i?2 bvbi2K �i �;2 k8 �M/ rQ`Fb +QMiBMmQmbHv

mMiBH b2T�`�iBQMX 6B;m`2 k THQib �MMm�H T2MbBQM r2�Hi? �++`m�H #27Q`2 �M/ �7i2` T2MbBQM

2M?�M+2K2MiX

(Figures 1@2)

6B;m`2b R �M/ k �`2 +QMbBbi2Mi rBi? i?2 T`BQ` HBi2`�im`2 �M�HvxBM; i?2 ǳTmHHǴ �M/ ǳTmb?Ǵ

BM+2MiBp2b BKTHB2/ #v /Bz2`2Mi T2MbBQM `mH2b- 2X;X- *Qbi`2HH �M/ SQ/;m`bFv UkyyNVX h?2 bi22THv

`BbBM; �++`m�H mT iQ T2�F p�Hm2 i2M/b iQ HQ+F BM i2�+?2`b- r?BH2 i?2 /2+HBM2 BM T2MbBQM r2�Hi?

T�bi i?2 T2�F i2M/b iQ Tmb? i2�+?2`b BM iQ `2iB`2K2MiX q?�i Bb MQi�#H2 BM #Qi? };m`2b Bb ?Qr

e



Km+? KQ`2 TQr2`7mH i?2 ǳTmb?Ǵ BM+2MiBp2b #2+�K2 �7i2` RNNNX h?Bb Bb � /B`2+i `2bmHi Q7 i?2

ey T2`+2Mi Q7 6�a �MMmBiv +�TX S2MbBQM r2�Hi? �++`m2/ 7�bi2` #2+�mb2 Q7 i?2 b?�`T BM+`2�b2

BM i?2 7Q`KmH� 7�+iQ` 7`QK RXk8 T2`+2Mi iQ kXy T2`+2Mi- �M/ i?2M /2+HBM2b b?�`THv #2+�mb2 Q7

i?2 ey T2`+2Mi +�TX h?2 `2bmHi Bb Km+? KQ`2 TQr2`7mH BM+2MiBp2b Tmb?BM; Qm` `2T`2b2Mi�iBp2

i2�+?2` BMiQ `2iB`2K2Mi �`QmM/ �;2 88X

j _2iB`2K2Mi "2?�pBQ` "27Q`2 �M/ �7i2`

S2MbBQM 1M?�M+2K2Mib

AM i?Bb b2+iBQM r2 2t�KBM2 2KTB`B+�H `2iB`2K2Mi #2?�pBQ` #27Q`2 �M/ �7i2` i?2 RNNN T2MbBQM

2M?�M+2K2MibX q2 mb2 �/KBMBbi`�iBp2 /�i� 7Q` aiX GQmBb Tm#HB+ b+?QQH i2�+?2`b �M/ i`�+F

irQ +Q?Q`ib Q7 i2�+?2`b �;2/ 8y@ek �i i?2 #2;BMMBM; Q7 i?2 T2`BQ/ 7Q`r�`/ 7Q` }p2 v2�`bX

h?2 T`2@2M?�M+2K2Mi +Q?Q`i #2;BMb BM 6�HH- RNNk �M/ Bb 7QHHQr2/ iQ 6�HH- RNNe- r2HH #27Q`2

2M�+iK2Mi Q` /Bb+mbbBQM Q7 i?2 RNNN +?�M;2bX h?2 TQbi@2M?�M+2K2Mi +Q?Q`i #2;BMb BM 6�HH-

kyy3 �M/ Bb i`�+F2/ iQ 6�HH kyRkX �;�BM- i?Bb Bb r2HH #2vQM/ i?2 BMBiB�H BKTH2K2Mi�iBQM Q7 i?2

2M?�M+2K2MiX q2 ?�p2 � +Q?Q`i Q7 eNe 72K�H2 �M/ R39 K�H2 i2�+?2`b BM i?2 RNNj +Q?Q`iX "v

i?2 2M/ Q7 i?2 T�M2H R3e 72K�H2b UkdWV �M/ eN K�H2b Uj3WV ?�/ `2iB`2/X h?2 kyyN +Q?Q`i

?�/ eNk 72K�H2 i2�+?2`b �M/ RN3 K�H2 i2�+?2`b Q7 r?QK jNe 72K�H2 i2�+?2`b U8dWV �M/ RRe

K�H2 i2�+?2`b U8NWV ?�/ `2iB`2/ #v i?2 2M/ Q7 i?2 T�M2HX h�#H2 k �M/ h�#H2 j `2TQ`i i?2

#�bB+ /2b+`BTiBp2 bi�iBbiB+b BM i?2 #�b2 v2�` �M/ bm#b2[m2Mi }p2 v2�`b 7Q` i?2 irQ +Q?Q`ibX

(Tables 2@3)

h�#H2 j bm;;2bib i?�i i2�+?2` `2iB`2K2Mi #2?�pBQ` /Bz2`b bm#bi�MiB�HHv mM/2` T`2@ �M/

TQbi@2M?�M+2K2Mib `mH2b BM irQ BKTQ`i�Mi r�vbX h?2 }`bi /Bz2`2M+2 Bb i?�i BM i?2 TQbi

2M?�M+2K2Mi T2`BQ/ i2�+?2`b `2iB`2 2�`HB2` i?�M BM i?2 T`2@2M?�M+2K2Mi T2`BQ/X h?Bb Bb

d



b22M +H2�`Hv BM 6B;m`2 j r?B+? `2TQ`ib i?2 2KTHQvK2Mi bm`pBp�H `�i2b Qp2` }p2 v2�`bX h?2

TQbi 2M?�M+2K2Mi bm`pBp�H +m`p2 Bb r2HH #2HQr i?2 2�`HB2` +Q?Q`i 7Q` #Qi? 72K�H2 �M/ K�H2

i2�+?2`bX 6B;m`2b 9 �M/ 8 `2TQ`i �;2 �M/ b2`pB+2 v2�`b /Bbi`B#miBQMb Q7 `2iB`2/ i2�+?2`b BM

i?2 irQ +Q?Q`ibX >2`2 Bi Bb BKTQ`i�Mi iQ MQi2 r2 QMHv Q#b2`p2 +QKTH2i2/ �;2 �M/ 2tT2`B2M+2

bT2HHb 7Q` i2�+?2`b r?Q ?�p2 `2iB`2/X LQM2i?2H2bb- �KQM; i?2 `2iB`22b- i?2 +mKmH�iBp2 �;2

/Bbi`B#miBQM Bb +H2�`Hv /BbTH�+2/ H27i 7Q` 72K�H2bX h?2 `2bmHib 7Q` K�H2b �`2 bQK2r?�i KQ`2

�K#B;mQmbX 6Q` #Qi? ;`QmTb- ?Qr2p2`- i?2`2 Bb � T`QMQmM+2/ H27ir�`/ /BbTH�+2K2Mi BM i?2

/Bbi`B#miBQM Q7 b2`pB+2 v2�`bX

(Figures 3@5)

Ai Bb �HbQ MQi2rQ`i?v i?�i i?2 �p2`�;2 #�b2HBM2 b2`pB+2 v2�`b Q7 i?2 b2MBQ` i2�+?2`b BM i?2

TQbi@2M?�M+2K2Mi b�KTH2 T2`BQ/ Bb +QMbB/2`�#Hv HQr2` i?�M BM i?2 T`2@2M?�M+2K2Mi b�KTH2-

/2bTBi2 i?2 7�+i i?�i i?2 �p2`�;2 �;2 Bb M2�`Hv B/2MiB+�HX AM kyyN- �i i?2 #2;BMMBM; Q7 i?2

TQbi@2M?�M+2K2Mi b�KTH2 i?2 72K�H2 i2�+?2`b �`2 �#Qmi kX3 v2�`b H2bb 2tT2`B2M+2/ i?�M

i?2B` b�K2 �;2@;`QmT +QmMi2`T�`i BM RNNj- �M/ K�H2 i2�+?2`b BM kyyN �`2 �#Qmi 9X3 v2�`b H2bb

2tT2`B2M+2/X h?Bb bm#bi�MiB�H /Bz2`2M+2 BM b2`pB+2 v2�`b bm;;2bib BM i?2 TQbi@2M?�M+2K2Mi

b�KTH2 i2�+?2`b QH/2` i?�M 8y i2M/2/ iQ `2iB`2 2�`HB2` UrBi? 72r2` b2`pB+2 v2�`bV /m2 iQ

i?2 +?�M;2 BM T2MbBQM BM+2MiBp2bX h?2`2 �`2 irQ BKTHB+�iBQMb Q7 i?Bb Q#b2`p�iBQMX 6B`bi-

+QM/BiBQM�H QM �;2- QM2 rQmH/ 2tT2+i H2bb 2tT2`B2M+2/ b2MBQ` i2�+?2`b iQ `2iB`2 H�i2`- ?2M+2

i?2 2�`HB2` `2iB`2K2Mi #v i?2 TQbi@2M?�M+2K2Mi +Q?Q`i b?QrM BM 6B;m`2b 9 �M/ 8 Bb 2p2M KQ`2

bi`BFBM;X a2+QM/- bQK2 i2�+?2`b Q7 �;2 8y@ek �`2 `2iB`2K2Mi@2HB;B#H2 T`BQ` iQ i?2 #2;BMMBM;

Q7 i?2 b�KTH2 T2`BQ/X h?2B` /2+BbBQM iQ bi�v QM i?2 DQ# `2~2+ib T`272`2M+2b mMQ#b2`p2/ iQ

i?2 `2b2�`+?2`bX h?2 /Bbi`B#miBQMb Q7 i?2b2 T`272`2M+2b �`2 HBF2Hv /Bz2` �i i?2 #2;BMMBM; Q7

i?2 T`2@ �M/ TQbi@2M?�M+2K2Mi T2`BQ/b #2+�mb2 i?2 T2MbBQM `mH2b i?2Kb2Hp2b ?�p2 `2b?�T2/

i?2 TQQH Q7 b2MBQ` i2�+?2`bX h?Bb BHHmbi`�i2b r?v Bi Bb BKTQ`i�Mi iQ i�F2 �++QmMi Q7 #�b2HBM2

b�KTH2 b2H2+iBQM BM 2biBK�iBM; � bi�iBbiB+�H `2iB`2K2Mi KQ/2HX q2 rBHH i�F2 mT i?Bb Bbbm2 Q7

#�b2HBM2 b�KTH2 b2H2+iBQM r?2M r2 /Bb+mbb bi`m+im`�H KQ/2H 2biBK�iBQM BM i?2 M2ti b2+iBQMX

3



"27Q`2 im`MBM; iQ KQ/2HBM;- r2 `QmM/ Qmi Qm` 2KTB`B+�H /Bb+mbbBQM #v T`2b2MiBM; bBKTH2

`2;`2bbBQM@�/Dmbi2/ `2iB`2K2Mi `�i2b 7Q` i?2 irQ +Q?Q`ibX h�#H2 9 `2TQ`ib i?2 `2bmHib Q7

}iiBM; � bBKTH2 HBM2�` T`Q#�#BHBiv KQ/2H i?�i T`2/B+ib T`Q#�#BHBiv Q7 `2iB`2K2Mi �b � 7mM+iBQM

Q7 #�b2HBM2 �;2- b2`pB+2 v2�`b- �M/ r?2i?2` � i2�+?2` Bb BM i?2 TQbi@2M?�M+2K2Mi +Q?Q`iX h?2

+Q2{+B2Mi QM i?2 TQbi@2M?�M+2K2Mi +Q?Q`i /mKKv BKTHB2b i?�i i?2 T`Q#�#BHBiv Q7 `2iB`2K2Mi-

�p2`�;2/ Qp2` �HH �;2 �M/ b2`pB+2 v2�` +2HHb r�b jd T2`+2Mi�;2 TQBMib ?B;?2` 7Q` 72K�H2b- �M/

jy T2`+2Mi�;2 TQBMib ?B;?2` 7Q` K�H2b Qp2` i?2 }p2 v2�` T2`BQ/X

(Table 4)

h?2 2pB/2M+2 BM h�#H2b j �M/ 9 �M/ 6B;m`2b j@8 bm;;2bib i?�i i?2 RNNN 2M?�M+2K2Mib

bB;MB}+�MiHv b?Q`i2M2/ i2�+?BM; +�`22`b �M/ i?�i i?2 ǳTmb?Ǵ 2z2+ib r2`2 p2`v TQi2MiX hQ

2tTHQ`2 7m`i?2` i?2 HQM;@`mM 2z2+i Q7 i?2b2 +?�M;2b QM b2MBQ` i2�+?2`b- �M/ +QMbB/2` ?Qr

i2�+?2`b rQmH/ `2bTQM/ iQ �Hi2`M�i2 `2iB`2K2Mi TH�Mb- BM i?2 M2ti b2+iBQM r2 2biBK�i2 �

bi`m+im`�H KQ/2H Q7 `2iB`2K2Mi #2?�pBQ` �M/ mb2 Bi iQ 2t�KBM2 i?2 HQM; `mM 2z2+i Q7 i?2b2

`mH2 +?�M;2b QM `2T`2b2Mi�iBp2 b2MBQ` i2�+?2`bX

9 1biBK�iBM; � .vM�KB+ _2iB`2K2Mi JQ/2H

aiQ+F �M/ qBb2 URNNyV /2p2HQT2/ � bi`m+im`�H KQ/2H Q7 `2iB`2K2Mi r?B+? r�b 2ti2M/2/ #v

LB �M/ SQ/;m`bFv UkyReV iQ �M �M�HvbBb Q7 Tm#HB+ b+?QQH i2�+?2`bX q2 �TTHv i?Bb KQ/2H- rBi?

b2p2`�H BMMQp�iBQMb- iQ �M �M�HvbBb Q7 aiX GQmBb i2�+?2`bX

*QMbB/2` �M 2KTHQv2/ i2�+?2` r?Q ?�b MQi `2iB`2/ �i i?2 #2;BMMBM; Q7 v2�` iX h?2 T`2b2Mi

N



p�Hm2 Q7 2tT2+i2/ HB72iBK2 miBHBiv 7Q` i?2 i2�+?2` B7 b?2 `2iB`2b BM v2�` ` Ur � tV Bb,

A1tVt(r) = maxc1,c2 A1t{
r�1X

s=t

�s�t⇡(s|t)Uw(Ys, Bs(c1)) +
TX

s=r

�s�t⇡(s|t)Ur(Ps(c2), Bs(c1))}

U9XRV

r?2`2

Uw(Ys, Bs(c1)) = (ks((1� c)Ys + I1sBs(c1)) )
� + !s, U9XkV

Ur(Ps(c2), Bs(c1)) = (I2sPs(c2) + I1sBs(c1))
� + ⇠s. U9XjV

I1s =

8
>><

>>:

1 if s � c1

0 otherwise

U9X9V

I2s =

8
>><

>>:

1 if s � c2

0 otherwise

U9X8V

h?2 p�Hm2 7mM+iBQM V /2T2M/b QM 7mim`2 �MMm�H 2�`MBM;b Ys #27Q`2 `2iB`2K2Mi- T2MbBQM

#2M2}ib Ps(c2) B7 i?2 i2�+?2` bi�`ib +QHH2+iBM; � T2MbBQM #2M2}i BM v2�` c2- �M/ aQ+B�H a2+m`Biv

#2M2}ib Bs(c1) B7 b?2 bi�`ib +QHH2+iBM; aQ+B�H a2+m`Biv BM v2�` c1X h?2 +QHH2+iBQM v2�`b c1 �M/

c2 �`2 QTiBK�HHv +?Qb2M iQ K�tBKBx2 i?2 2tT2+i2/ miBHBiv ;Bp2M i?2 `2iB`2K2Mi v2�` `X h?2

T�`�K2i2` + Bb i?2 +QMi`B#miBQM `�i2 7Q` i2�+?2`b #27Q`2 `2iB`2K2Mi- �M/ ks `2T`2b2Mib i?2

i2�+?2`Ƕb T`272`2M+2 7Q` i2�+?BM; p2`bmb `2iB`2K2Mi- r?B+?- BM im`M- /2T2M/b QM i?2 i2�+?2`Ƕb

�;2 BM v2�` sX q2 �bbmK2 ks = k( 60
age)

k1 X h?2 2``Q`b !s �M/ ⇠s K2�bm`2 T`272`2M+2b 7Q`

i2�+?BM; �M/ `2iB`BM; `2bT2+iBp2HvX h?2 +QM/BiBQM�H bm`pBp�H `�i2 ⇡( s|t ) Bb #�b2/ QM lXaX

KQ`i�HBiv /�i�X

h?2 2tT2+i2/ ;�BM 7`QK TQbiTQMBM; `2iB`2K2Mi iQ v2�` ` Bb,

Gt(rV = A1tVt(r) � A1tVt(t). U9XeV

Ry



1�+? v2�`- �M 2KTHQv2/ i2�+?2` ?�b irQ +?QB+2b, +QMiBMm2 i2�+?BM; Q` `2iB`2X h?2 2t@

T2+i2/ ;�BM 7`QK TQbiTQMBM; `2iB`2K2Mi +�M #2 b22M �b i?2 ǳQTiBQM p�Hm2Ǵ Q7 +QMiBMmBM; iQ

rQ`F- r?B+? Bb � F2v 72�im`2 Q7 i?Bb KQ/2HX _2iB`2K2Mi Q++m`b B7 i?2 p�Hm2 Q7 +QMiBMmBM;

i2�+?BM; Bb H2bb i?�M i?2 p�Hm2 Q7 `2iB`BM;- BX2X- i?2 QTiBQM p�Hm2 Q7 +QMiBMm2/ i2�+?BM; Bb

M2;�iBp2X

h?2 i2�+?2`Ƕb 7mim`2 b�H�`v- T2MbBQM #2M2}ib- �M/ aQ+B�H a2+m`Biv #2M2}ib �`2 �bbmK2/ iQ

#2 T`2/B+i�#H2jX q2 FMQr i?2 b�H�`v Q7 i2�+?2`b BM i?2 }`bi T2`BQ/ �M/ i?2M r2 T`2/B+i i?2

7mim`2 b�H�`v rBi? 7Q`2+�bib #�b2/ QM ?BbiQ`B+�H /�i�X

h?2 2tT2+i2/ ;�BM 7`QK `2iB`BM; BM v2�` ` UH�i2` i?�M iV Bb

Gt(rV = A1tVt(r) � A1tVt(t) = gt(r) +Kt(r)⌫t, U9XdV

r?2`2 i?2 }`bi i2`K- gt(r) =
Pr�1

s=t �
s�t⇡( s|t ) ((ks((1� c)Ys + I1sBs(c1)) )�)+

PT
s=r �

s�t⇡( s|t ) ((I2sPs(c2) + I1sBs(c1))� �[
PT

s=t �
s�t⇡( s|t ) (I2sPs(c2) + I1sBs(c1))�]- /2@

T2M/b QM T2MbBQM `mH2bX h?2 b2+QM/ i2`K- Kt(r) =
Pr�1

s=t (�⇢)
s�t⇡( s|t )- /2T2M/b QM i?2

KQ`i�HBiv `�i2bX "Qi? i2`Kb /2T2M/ QM i?2 T�`�K2i2`b r2 M22/ iQ 2biBK�i2X h?2 T`272`2M+2

2``Q` ⌫t = !t � ⇠tX q2 �bbmK2 ⌫t 7QHHQrb �M �_URV T`Q+2bb, ⌫t = ⇢⌫t�1 + ✏t- r?2`2 ✏t Bb BB/

N(0, �2)X

amTTQb2 r† bQHp2b maxr2{t+1,t+2,......T} A1tVt(r)X h?mb- i?2 i2�+?2` rBHH +QMiBMm2 rQ`FBM; �i

i B7 Gt(r†) = A1tVt(r†)� A1tVt(t) > 0X h?2 T`Q#�#BHBiv Q7 `2iB`2K2Mi �i iBK2 i Bb P[R = t] =

P[Gt(r)  0, 8r � t+ 1] = P[Gt(r†)  0], r?B+? +�M #2 `2r`Bii2M �b

P[�gt(r
†
t )/Kt(r

†
t ) > ⌫t]. U9X3V

jh2�+?2`bǶ b�H�`B2b �`2 H�`;2Hv /2i2`KBM2/ #v i?2 /Bbi`B+iǶb b�H�`v b+?2/mH2 �M/ +�M #2 T`2/B+i2/ mbBM;
i?2 7QHHQrBM; 7Q`KmH�, Salaryt+i = Salaryt ⇤ exp(b1 ⇤ i + b2 ⇤ [(t + i)2 � t2] + b3 ⇤ [(t + i)3 � t3])- r?2`2
#R4yXyj8eN- #k4@yXyyy8je8k- #j4@yXyyyyyjdkX
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AM i?Bb KQ/2H i?2`2 �`2 bBt mMFMQrM bi`m+im`�H T�`�K2i2`b iQ #2 2biBK�i2/- r?B+? �`2

HBbi2/ BM h�#H2 8X h?2 i?`2b?QH/ gt(r
†
t )/Kt(r

†
t ) /2T2M/b QM i2�+?2`Ƕb �;2- b2`pB+2 v2�`b- �M/ i?2

bBt bi`m+im`�H T�`�K2i2`bX .2i�BHb +QM+2`MBM; i?2 +QKTmi�iBQM Q7 i?2 `2iB`2K2Mi T`Q#�#BHBiB2b

�`2 ;Bp2M BM i?2 �TT2M/Bt �XRX

(Table 5)

h?2 bi`m+im`�H KQ/2H �bbmK2b i?�i `2iB`2K2Mi /2+BbBQMb #v i2�+?2`b �`2 ;Qp2`M2/ #v i?2

bBt T�`�K2i2`bX h2�+?2`b rBi? i?2 b�K2 �;2 �M/ b2`pB+2 v2�`b /Bz2` BM iBKBM; Q7 `2iB`2K2Mi

/m2 iQ /Bz2`2M+2b BM T`272`2M+2 2``Q`b ⌫t i?�i K2�bm`2 i?2 mMQ#b2`p2/ rBHHBM;M2bb iQ i2�+?

U`2H�iBp2 iQ `2iB`2K2MiVX h?2 T`272`2M+2 2``Q`b �`2 T�`iHv 2M/Q;2MQmb #2+�mb2 i?2v /2T2M/

QM i2�+?2`bǶ T�bi `2iB`2K2Mi /2+BbBQMbX *QM/BiBQM U9X3V BKTHB2b i?�i i?2 T`272`2M+2 2``Q`b ⌫t

7Q` i2�+?2`b r?Q +?QQb2 iQ +QMiBMm2 i2�+?BM; �`2 ;`2�i2` i?�M �gt(r
†
t )/Kt(r

†
t )X h2�+?2`b rBi?

�#Qp2 �p2`�;2 �;2 �M/ b2`pB+2 v2�`b �M/ r?Q `2T2�i2/Hv +?QQb2 iQ `2K�BM rQ`FBM; BKTHv

?B;?2` p�Hm2b Q7 ⌫tX AM i?2 KQ/2H 2biBK�iBQM r2 7�+iQ` BM i?2 /2T2M/2M+2 Q7 i?2 i?`2b?QH/b

QM T`272`2M+2 2``Q`b #v +QKTmiBM; i?2 b2[m2MiB�H T`Q#�#BHBiB2b Q7 i?2 i2�+?2`bǶ /2+BbBQMbX

h?2 /2T2M/2M+2 Q7 i?2 T`272`2M+2 2``Q`b T2`i�BMb iQ i?2 BMBiB�H b�KTH2 �b r2HH �b i?2

T�M2H �M/ `2bmHib BM i?2 #�b2HBM2 b�KTH2 b2H2+iBQM T`Q#H2K MQi2/ BM i?2 T`2pBQmb b2+iBQMX

h?2 2biBK�iBQM /�i� b2i BM+Hm/2b i2�+?2`b r?Q r2`2 2HB;B#H2 7Q` `2iB`2K2Mi #27Q`2 kyy3 Ui?2

#2;BMMBM; Q7 b�KTH2 T2`BQ/V #mi r?Q +?Qb2 iQ r�Bi- #mi Bi 2t+Hm/2b i?Qb2 r?Q +?Qb2 iQ

`2iB`2 T`BQ` iQ kyy3X 6�BHBM; iQ i�F2 i?Bb b�KTH2 b2H2+iBQM BMiQ �++QmMi rQmH/ `2bmHi BM

#B�b2/ 2biBK�i2bX >2M+2 i?2 b�KTH2 b2H2+iBQM BM i?Bb b2iiBM; Bb �M 2t�KTH2 Q7 i?2 7�KBHB�`

ǳBMBiB�H +QM/BiBQM T`Q#H2KǴ BM /vM�KB+ T�M2H /�i� KQ/2Hb U2X;X- >2+FK�M URN3RVc qQQH/`B/;2

Ukyy8VXV

q2 bQHp2 i?2 ǳKBbbBM; 2�`Hv H2�p2`bǴ T`Q#H2K #v 2biBK�iBM; i?2 KQ/2H +QM/BiBQMBM; QM i?2

T`Q#�#BHBiv i?�i `2iB`2K2Mi@2HB;B#H2 i2�+?2`b �TT2�` BM i?2 BMBiB�H b�KTH2X h?2 QTiBQM@p�Hm2

KQ/2H /2TB+ib ?Qr i?2 b�KTH2 b2H2+iBQM /2T2M/b QM i?2 T`272`2M+2 2``Q`b T`BQ` iQ i?2 BMBiB�H

b�KTH2 T2`BQ/X
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h?2 HBF2HB?QQ/ Q7 i?2 b�KTH2 +�M i?2M #2 +QKTmi2/ #v BMi2;`�iBM; Qmi i?2b2 #�b2HBM2

T`272`2M+2 2``Q`b �HQM; rBi? i?2 T`272`2M+2 2``Q`b BM i?2 b�KTH2 T2`BQ/X Pm` �TT`Q�+? iQ

+Q``2+iBM; i?Bb b�KTH2 b2H2+iBQM T`Q#H2K Bb /Bb+mbb2/ BM ;`2�i2` /2i�BH BM �TT2M/Bt �XkX

h?2 /�i� r2 mb2 7Q` 2biBK�iBQM BM+Hm/2b �HH i2�+?2`b �;2/ 8y@ek BM i?2 kyy3@yN b+?QQH

v2�`- r?B+? Bb i?2 +Q?Q`i Q7 i2�+?2`b mM/2` i?2 TQbi@2M?�M+2K2Mi T2MbBQM `mH2b /2b+`B#2/

BM h�#H2 jX q2 i`�+F i?Bb +Q?Q`i Q7 i2�+?2`b 7Q` i?2 M2ti }p2 v2�`bX lbBM; J�tBKmK

GBF2HB?QQ/ 2biBK�iBQM UJG1V K2i?Q/b /2b+`B#2/ BM i?2 �TT2M/Bt- r2 Q#i�BM i?2 2biBK�i2b

Q7 bBt bi`m+im`�H T�`�K2i2`b `2TQ`i2/ BM h�#H2 eX

(Table 6)

�HH Q7 i?2b2 T�`�K2i2` 2biBK�i2b �`2 bi�iBbiB+�HHv bB;MB}+�Mi- TH�mbB#H2- �M/ 2biBK�i2/

rBi? `2�bQM�#H2 iQ ?B;? T`2+BbBQMX *QKT�`2/ rBi? i?2 2biBK�i2b BM LB �M/ SQ/;m`bFv UkyReV-

i?2b2 ǳ/22TǴ T�`�K2i2`b- BX2X- +�Tim`BM; #�bB+ T`272`2M+2b- �`2 [mBi2 bBKBH�` 2p2M i?Qm;? i?2

aiX GQmBb i2�+?2`b �`2 BM � b2T�`�i2 �M/ bm#bi�MiB�HHv /Bz2`2Mi 6�a@." T2MbBQM bvbi2KX AM

�//BiBQM- aiX GQmBb i2�+?2`b �`2 +Qp2`2/ #v aQ+B�H a2+m`Biv- r?2`2�b i2�+?2`b BM i?2 bi�i2@rB/2

TH�M �`2 MQiX

h?2 T�`�K2i2` � K2�bm`2b i?2 i2�+?2`Ƕb /Bb+QmMi `�i2X h?2 T�`�K2i2` � Bb bB;MB}+�MiHv

H2bb i?�M mMBiv 7Q` #Qi? 72K�H2 �M/ K�H2b- r?B+? BKTHB2b `BbF@�p2`bBQMX � �M/ ⇢ �`2 irQ T�@

`�K2i2`b `2H�i2/ iQ mMQ#b2`p2/ `2iB`2K2Mi T`272`2M+2bX h?2b2 mMQ#b2`p2/ T`272`2M+2b UǳT`27@

2`2M+2 b?Q+FbǴV �`2 bm#bi�MiB�H �M/ T2`bBbi2Mi UBX2X- ⇢ Bb TQbBiBp2 �M/ bB;MB}+�MiVX aBM+2 i?2

QTiBQM p�Hm2 Bb i?2 F2v p�`B�#H2 BM i?Bb KQ/2H i?�i T`2/B+ib `2iB`2K2Mi #2?�pBQ`- i?2 H�`;2

bi�M/�`/ /2pB�iBQM 2biBK�i2b Q7 9yyRXRy3 �M/ jddyX9jk- 7Q` 72K�H2b �M/ K�H2b `2bT2+iBp2Hv-

�`2 `2�bQM�#H2 bBM+2 i?2v +�Tim`2 �HH Qi?2` QKBii2/ p�`B�#H2b i?�i BM~m2M+2 `2iB`2K2Mi /2@

+BbBQMbX h?2 T�`�K2i2`b k �M/ k1 iQ;2i?2` K2�bm`2 i?2 /BbmiBHBiv Q7 i2�+?BM; `2H�iBp2 iQ

`2iB`2K2MiX h?2b2 2biBK�i2b BKTHv i?�i i?2 �ii`�+iBp2M2bb Q7 `2iB`2K2Mi UH2Bbm`2V `2H�iBp2 iQ
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i2�+?BM; `Bb2b rBi? �;2 ULB �M/ SQ/;m`bFv- kyReVX

h?2 bi`m+im`�H KQ/2H T`QpB/2b � ;QQ/ }i iQ i?2b2 /�i� #Qi? BM �M/ Qmi Q7 b�KTH2X 6B;m`2

e `2TQ`ib 2KTHQvK2Mi bm`pBp�H `�i2b BM@b�KTH2 7Q` i?2 kyyN b2MBQ` i2�+?2` +Q?Q`i �M/ Qmi@

Q7@b�KTH2 7Q` i?2 RNNj +Q?Q`iX LQi2 i?�i i?2 RNNj Qmi@Q7@b�KTH2 +Q?Q`i Bb � MQM@Qp2`H�TTBM;

;`QmT Q7 i2�+?2`b r?Q 7�+2 � p2`v /Bz2`2Mi b2i Q7 T2MbBQM `mH2bX LQM2i?2H2bb- i?2 }i Bb ;QQ/

7Q` #Qi? ;`QmTbX JQ`2 2ti2MbBp2 THQib Q7 �;2 �M/ b2`pB+2 v2�`b �`2 T`QpB/2/ BM i?2 �TT2M/Bt

"X Pp2`�HH- i?2 bi`m+im`�H KQ/2H 2t?B#Bib ;QQ/ }i- #Qi? BM �M/ Qmi@Q7@b�KTH2X

(Figure 6)

8 aBKmH�iBM; i?2 1z2+ib Q7 S2MbBQM SH�M *?�M;2b

�b MQi2/ BM i?2 BMi`Q/m+iBQM- i?2 RNNN 2M?�M+2K2Mi Q7 i?2 `2TH�+2K2Mi 7�+iQ` r�b �++QK@

T�MB2/ #v � +�T QM T2MbBQM #2M2}ib Q7 eyW Q7 }M�H �p2`�;2 b�H�`vX lbBM; i?2 2biBK�i2/

bi`m+im`�H KQ/2H r2 +QM/m+i +QmMi2`@7�+im�H bBKmH�iBQMb QM i?2 2z2+i Q7 2�+? �bT2+i Q7 i?2

T2MbBQM `mH2 +?�M;2bX

AM Q`/2` iQ `2KQp2 i?2 BM~m2M+2 Q7 i?2 +QKTQbBiBQM Q7 i2�+?2`b BM i?2 TQbi@2M?�M+2K2Mi

b�KTH2 �M/ ?B;?HB;?i i?2 TQHB+v 2z2+i- r2 +?QQb2 � `2T`2b2Mi�iBp2 72K�H2 �M/ K�H2 i2�+?2`

r?Q Bb 8y v2�`b QH/ �M/ rBi? k8 v2�`b Q7 b2`pB+2X am+? � i2�+?2` Bb 2Mi2`BM; i?2 `2iB`2@

K2Mi rBM/QrX q2 �M�Hvx2 i?2 2z2+ib Q7 i?2 T2MbBQM 2M?�M+2K2Mib �M/ i?`22 +QmMi2`7�+im�H

T2MbBQM �Hi2`M�iBp2b Qp2` � jy v2�` iBK2 ?Q`BxQM- #v r?B+? iBK2 i?Bb i2�+?2` rBHH ?�p2 `2iB`2/X

h�#H2 d `2TQ`ib i?2 2z2+ib Q7 i?2 /Bz2`2Mi T2MbBQM `mH2b QM i?2 iBKBM; Q7 `2iB`2K2MiX

q2 i`2�i i?2 �7i2`@2M?�M+2K2Mi T2MbBQM `mH2b �b Qm` #�b2HBM2 +�b2 U*QHmKM kV �M/ bm#i`�+i

2M?�M+2K2Mi 2z2+ibX *QHmKM 8 `2TQ`ib i?2 2z2+i Q7 2HBKBM�iBM; �HH Q7 i?2 2M?�M+2K2MibX

h?2 2HBKBM�iBQM Q7 T2MbBQM +�T Q7 eyW- � `2/m+iBQM Q7 yXd8W BM i?2 `2TH�+2K2Mi 7�+iQ`- �M/ �

*PG� +�T H2�/b iQ � ?B;?2` H2p2H Q7 �p2`�;2 `2iB`2K2Mi �;2 �M/ 2ti2M/b i?2 i2�+?BM; +�`22`
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#v kXe v2�`b 7Q` 72K�H2b �M/ RXN v2�`b 7Q` K�H2bX h?Bb b?Qrb i?�i i?2 H2bb `2KmM2`�iBp2

�M/ mM+�TT2/ T`2@2M?�M+2K2Mi T2MbBQMb 2t2`i2/ � r2�F2` ǳTmb?Ǵ 2z2+i- �M/ ?2M+2 vB2H/2/

HQM;2` i2�+?BM; +�`22`bX

(Table 7)

h�#H2 d �HbQ /2+QKTQb2b i?2 2z2+ib Q7 i?2 T2MbBQM 2M?�M+2K2Mib BMiQ i?2 +QKTQM2Mib

/m2 iQ BM+`2�bBM; i?2 `2TH�+2K2Mi 7�+iQ` �M/ i?2 2z2+i Q7 � #2M2}i +�TX 1HBKBM�iBM; i?2

+�T QM T2MbBQM #2M2}ib BM+`2�b2b i?2 �p2`�;2 b2`pB+2 v2�`b �i `2iB`2K2Mi #v yXd v2�`b 7Q`

72K�H2 i2�+?2`b �M/ yX8 v2�`b 7Q` K�H2 i2�+?2`bX AKTQbBM; i?2 *PG� +�T BM+`2�b2b b2`pB+2

v2�`b Q7 `2iB`2K2Mi 7`QK yXj@yXe v2�`bX _2/m+BM; i?2 `2TH�+2K2Mi 7�+iQ` 7`QK kW iQ RXk8W

BM+`2�b2b i?2 �p2`�;2 b2`pB+2 v2�`b Q7 `2iB`2K2Mi #v RXj v2�`b 7Q` 72K�H2 �M/ RXR v2�`b 7Q`

K�H2 i2�+?2`bX

AM b?Q`i- i?2 bQK2r?�i bm`T`BbBM; }M/BM; 7`QK h�#H2 d Bb i?�i r?BH2 i?2 eyW +�T- r?B+?

?�b � +H2�` ǳTmb?Ǵ 2z2+i- b?Q`i2M2/ i2�+?BM; +�`22`b- i?2 H�`;2` 2z2+i +�K2 7`QK i?2 BM+`2�b2

BM i?2 `2TH�+2K2Mi 7�+iQ` 7`QK RXk8W iQ kWX h?2 *PG� +�T �HbQ ?�/ � TQi2Mi 2z2+iX

Pp2` i?2 H�bi b2p2`�H /2+�/2b K�Mv T`Bp�i2 b2+iQ` 2KTHQv2`b ?�p2 7`Qx2M Q` +HQb2/ i?2B`

." TH�Mb �M/ Tmi rQ`F2`b BMiQ /2}M2/ +QMi`B#miBQM U.*V TH�Mb U"mi`B+� 2i �HX- kyyNVX a2p@

2`�H T�T2`b BM i?2 `2iB`2K2Mi HBi2`�im`2 ?�p2 mb2/ `2/m+2/ 7Q`K �M/ bi`m+im`�H 2biBK�i2b Q7

`2iB`2K2Mi #2?�pBQ` Q7 2KTHQv22b BM ." TH�Mb iQ bBKmH�i2 r?�i i?2 2z2+i Q7 `2iB`2K2Mi #2@

?�pBQ` mM/2` �M �Hi2`M�iBp2 .* TH�M U2X;X- 6`B2/#2`; �M/ q2## Ukyy8V- *Qbi`2HH �M/ J+:22

UkyRyV- LB �M/ SQ/;m`bFv UkyReV- LB 2i �HX UkykyVVX AM T�`i i?Bb Bb M2+2bbBi�i2/ #v i?2 7�+i

i?�i �M BMpQHmMi�`v +QMp2`bBQM Q7 bi�i2 �M/ HQ+�H 2KTHQv22b UBM+Hm/BM; i2�+?2`bV iQ � .* Bb

BHH2;�H mM/2` bi�i2 +QMbiBimiBQMb UJQM�?�M UkyRyVVX h?mb- i?2 QMHv bm+? +QMp2`bBQMb iQ /�i2

?�p2 #22M 7Q` M2rHv ?B`2/ Tm#HB+ b2+iQ` 2KTHQv22bX r?Qb2 `2iB`2K2Mi #2?�pBQ` rBHH MQi #2

Q#b2`p2/ 7Q` K�Mv v2�`b iQ +QK2X � .* TH�M- r?BH2 +H2�`Hv � K�DQ` +?�M;2 7`QK i?2 ." TH�M

QM r?B+? r2 #�b2 Qm` 2biBK�i2b- K�v MQi #2 iQQ 7�` ǳQmi Q7 b�KTH2Ǵ iQ DmbiB7v bBKmH�iBM;

Bib rQ`F7Q`+2 2z2+ibX AM i?2 +QMi2ti Q7 Qm` KQ/2H- i?2 K�DQ` /Bz2`2M+2 #2ir22M ." �M/ .*
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Bb i?�i i?2 H�ii2` `2KQp2b �HH ǳTmb?Ǵ BM+2MiBp2bX9 AM i?Bb `2bT2+i Bi KB``Q`b BM `2p2`b2 i?2

TQr2`7mH Tmb? BM+2MiBp2b BMi`Q/m+2/ BM RNNN Ĝ BX2X- �M BM+`2�b2 BM i?2 `2TH�+2K2Mi `�i2 7`QK

RXk8 W iQ kXy W +QK#BM2/ rBi? � ey W #2M2}i +�TX

qBi? i?2b2 +�p2�ib BM KBM/- i?2 }M�H +QHmKM Q7 h�#H2 e bBKmH�i2b i?2 2z2+i Q7 � .*

+QMp2`bBQM 7Q` aiX GQmBb i2�+?2`bX h?Bb TH�M rQmH/ 7`22x2 �++`m�H Q7 T2MbBQM r2�Hi? mM/2`

i?2 +m``2Mi ." TH�M �M/ +QMp2`i �HH 7mim`2 +QMi`B#miBQMb iQr�`/ � H2bb 2tT2MbBp2 U#mi biBHH

;2M2`Qmb #v T`Bp�i2 b2+iQ` bi�M/�`/bV .* TH�MX aT2+B}+�HHv- i?2 i2�+?2` rQmH/ `2+2Bp2 i?2

7mHH p�Hm2 Q7 ?2` �++`m2/ T2MbBQM r2�Hi?X q2 �bbmK2 � 9W �MMm�H MQKBM�H `2im`M QM i?Bb

#�H�M+2X :QBM; 7Q`r�`/- i?2 i2�+?2` rQmH/ +QMi`B#mi2 8W Q7 ?2` b�H�`v iQ i?2 .* TH�M Ur?B+?

K�i+?2b ?2` +QMi`B#miBQM `�i2 iQ i?2 ." TH�MV �M/ i?2 /Bbi`B+i rQmH/ +QMi`B#mi2 RyWX h?2

/Bbi`B+i +QMi`B#miBQM `�i2 Bb H2bb i?�M i?2 +m``2Mi +Qbi Q7 i?2 ." TH�MX

h?2 H�bi +QHmKM Q7 h�#H2 d b?Qrb i?2 #2?�pBQ` Q7 Qm` `2T`2b2Mi�iBp2 b2MBQ` i2�+?2` mM/2`

bm+? � ?vTQi?2iB+�H .* TH�MX h?2 K�M/�iQ`v +QMp2`bBQM iQ � .* TH�M T`Q/m+2b � bm#bi�MiB�H

BM+`2�b2 BM �//BiBQM�H i2�+?BM; v2�`b �M/ `2iB`2K2Mi �;2X �b +QKT�`2/ iQ i?2 +m``2Mi TH�M-

+QKTH2i2/ b2`pB+2 v2�`b �i `2iB`2K2Mi `Bb2b #v kX8 �M/ RXd v2�`b 7Q` 72K�H2b �M/ K�H2b-

`2bT2+iBp2HvX �p2`�;2 �;2 �i `2iB`2K2Mi `Bb2b 7`QK 8eX9 iQ 83XN 7Q` 72K�H2b �M/ 8eX8 iQ 83Xk

7Q` K�H2bX h?2b2 bm#bi�MiB�H BM+`2�b2b 7`QK � .* +QMp2`bBQM �`2 `Q#mbi iQ KQ/2bi +?�M;2b

BM mM/2`HvBM; �bbmKTiBQMb `2;�`/BM; `2im`Mb Q` +QMi`B#miBQMX h?Bb 2t2`+Bb2 ?B;?HB;?ib i?2

TQi2Mi 2z2+i Q7 i?2 ǳTmb?Ǵ BM+2MiBp2b #mBHi BMiQ #Qi? i?2 +m``2Mi �M/ T`2@2M?�M+2K2Mi ."

TH�MbX � .* +QMp2`bBQM M2mi`�HBx2b i?2 ǳTmb?Ǵ �M/ i?mb bm#bi�MiB�HHv 2ti2M/b � i2�+?BM;

+�`22`X8
9h?2 `2im`M BM � .* TH�M /2T2M/b QM BMp2biK2Mi `BbF i�F2M #v i2�+?2`bX AM Qm` �M�HvbBb r2 �bbmK2 � 9W

MQKBM�H `2im`M �M/ jW BM~�iBQM- r?B+? BKTHB2b � RW `2�H `2im`MX Pm` #2?�pBQ`�H KQ/2H /Q2b MQi BM+Q`TQ`�i2
BMp2biK2Mi `BbF �b � 7�+iQ` �z2+iBM; `2iB`2K2Mi iBKBM;X

8lMTm#HBb?2/ i�#mH�iBQMb �p�BH�#H2 7`QK i?2 �mi?Q`b b?Qr i?�i i?2 .* 2z2+i QM +�`22` H2M;i?b �`2
`2H�iBp2Hv `Q#mbi �`QmM/ Qm` �;2 8y- k8 b2`pB+2 v2�`b i2�+?2`X 6Q` � ;Bp2M �;2- i?2 .* BKT�+i `Bb2b rBi?
2tT2`B2M+2X 6Q` � ;Bp2M 2tT2`B2M+2- i?2 BKT�+i /2+HBM2b rBi? �;2X h?Bb T�ii2`M `2~2+ib i?2 BKT�+i Q7 i?2
eyWfjy v2�`b b2`pB+2 �MMmBiv +�TX 6Q` � ;Bp2M �;2- i?2 ǳTmb?Ǵ 2z2+i Bb H�`;2` �b b2`pB+2 v2�`b BM+`2�b2X 6Q` �
;Bp2M 2tT2`B2M+2- i?2 Tmb? 2z2+i 7�HHb rBi? �;2 #2+�mb2 QH/2` i2�+?2`b rQmH/ ?�p2 #22M KQ`2 HBF2Hv iQ `2iB`2
�b i?2v T�bb2/ jy v2�`b Q7 b2`pB+2 �Mvr�vX

Re



P7 +Qm`b2- � K�M/�iQ`v +QMp2`bBQM iQ .* K�v `2/m+2 i?2 r2H7�`2 Q7 H�i2@+�`22` i2�+?2`b

r?Q �`2 7�` 7`QK `2�+?BM; i?2 T2MbBQM r2�Hi? T2�FX �b � +QMb2[m2M+2 bm+? � K�M/�iQ`v

+QMp2`bBQM rQmH/ �HKQbi +2`i�BMHv #2 mM+QMbiBimiBQM�H BM KQbi bi�i2b UJQM�?�M UkyRyVVX

>Qr2p2`- bQK2 bi�i2b i?�i ?�p2 BKTH2K2Mi2/ ?v#`B/ TH�Mb U+QK#BM2/ ." �M/ .*V 7Q` M2r

?B`2b ?�p2 T2`KBii2/ KQ`2 b2MBQ` iQ i2�+?2`b iQ pQHmMi�`BHv QTi BMiQ i?2 M2r TH�M U2X;X-

:QH/?�#2` �M/ :`Qmi UkyReVVX AM mMTm#HBb?2/ bBKmH�iBQMb- r2 }M/ i?�i B7 7�+2/ rBi? �

pQHmMi�`v .* +QMp2`bBQM QTiBQM U2p2M �i `�i2b Q7 +QMp2`bBQM #2ir22M 3y@Ny T2`+2Mi Q7 7mHH

T2MbBQM r2�Hi?V- K�Mv K�H2 �M/ 72K�H2 i2�+?2`b �i Q` M2�` T2�F p�Hm2 QTi 7Q` � +QMp2`bBQMX

h2�+?2`b #2HQr i?2 T2�F p�Hm2 BM b2`pB+2 v2�`b K�v �HbQ QTi 7Q` i?2 +QMp2`bBQM- #mi i?2B`

T`Q#�#BHBiv Q7 �++2TiBM; i?2 +QMp2`bBQM Bb Km+? KQ`2 b2MbBiBp2 iQ i?2 i2`Kb Q7 i?2 Qz2`b i?�M

i?�i Q7 i2�+?2`b M2�` T2�F p�Hm2X �i � KBMBKmK- /vM�KB+ bi`m+im`�H KQ/2Hb +�M T`QpB/2

`Qm;? 2KTB`B+�H 2biBK�i2b Q7 i?2 i�F2 mT `�i2b 7Q` #mvQmi Q` +QMp2`bBQM QTiBQMbX

e *QM+HmbBQM

J�Mv bi�i2b 2M?�M+2/ #2M2}ib BM i2�+?2` `2iB`2K2Mi TH�Mb /m`BM; i?2 RNNybX h?Bb T�T2`

2t�KBM2b i?2 2z2+i Q7 � K�DQ` 2M?�M+2K2Mi 7Q` i2�+?2`b BM aiX GQmBb Tm#HB+ b+?QQHb BM RNNNX

S2MbBQM `mH2 +?�M;2b BM RNNN `2bmHi2/ BM p2`v H�`;2 BM+`2�b2b BM T2MbBQM r2�Hi? 7Q` �+iBp2

i2�+?2`b- �b r2HH �b � TQr2`7mH BM+`2�b2 BM ǳTmb?Ǵ BM+2MiBp2b 7Q` 2�`HB2` `2iB`2K2MiX aBKTH2

/2b+`BTiBp2 bi�iBbiB+b QM `2iB`2K2Mi T�ii2`Mb #27Q`2 �M/ �7i2` i?2 2M?�M+2K2Mib bm;;2bi 2�`HB2`

`2iB`2K2Mi `2bmHi2/X >Qr2p2`- iQ #2ii2` mM/2`bi�M/ i?2 HQM; `mM 2z2+ib Q7 i?2b2 +?�M;2b-

r2 2biBK�i2/ � bi`m+im`�H `2iB`2K2Mi KQ/2H mbBM; T�M2H /�i� 7Q` i?2 aiX GQmBb i2�+?2`bX

aBKmH�iBQMb #�b2/ QM i?2 bi`m+im`�H 2biBK�i2b BKTHv b?Q`i2` +QKTH2i2/ i2�+?BM; bT2HHb �M/

2�`HB2` `2iB`2K2Mi �;2b 7Q` � `2T`2b2Mi�iBp2 b2MBQ` i2�+?2` �b � `2bmHi Q7 i?2 2M?�M+2K2MibX

h?2b2 b?Q`i2` i2�+?BM; bT2HHb BKTHv � bi2�/v bi�i2 rBi? KQ`2 i2�+?2` im`MQp2` �M/ � H�`;2`

b?�`2 Q7 MQpB+2 i2�+?2`b BM +H�bb`QQKbX � H�`;2 i2�+?2` p�Hm2@�//2/ HBi2`�im`2 }M/b i?�i

Rd



MQpB+2 i2�+?2`b U2X;X- i2�+?2`b rBi? H2bb i?�M i?`22 v2�`b i2�+?BM; 2t2`B2M+2V �`2 H2bb 2z2+iBp2

BM `�BbBM; bim/2Mi �+?B2p2K2Mi U2X;X- *HQi72Hi2`- G�//- �M/ oB;/Q` UkyyeVc qBbr�HH UkyRjV

h?2 H�ii2` rQmH/ BKTHv HQr2` Qp2`�HH rQ`F7Q`+2 [m�HBivX q?2M +QK#BM2/ rBi? i?2 EQ2/2H

�M/ sB�M; UkyRdV }M/BM; i?�i i?2 H�`;2 a�BMi GQmBb i2�+?2` 2M?�M+2K2Mib ?�/ HBiiH2 2z2+i

QM `2i�BMBM; vQmM;2` i2�+?2`b- i?Bb rQmH/ b22K iQ +�HH BMiQ [m2biBQM i?2 2{+�+v Q7 bm+? �

#�+F@HQ�/2/ +QKT2Mb�iBQM TQHB+vXe

"v +QMi`�bi- +QMp2`bBQM iQ � H2bb 2tT2MbBp2 .* ivT2 TH�M- r?B+? 2HBKBM�i2b i?2 ǳTmb?Ǵ

BM+2MiBp2b BMiQ `2iB`2K2Mi- rQmH/ bm#bi�MiB�HHv H2M;i?2M 2tT2+i2/ i2�+?BM; +�`22`b 7Q` b2MBQ`

aiX GQmBb i2�+?2`bX � K�M/�iQ`v +QMp2`bBQM iQ � .* TH�M rQmH/ bm#bi�MiB�HHv 2ti2M/

2tT2+i2/ i2�+?BM; +�`22`b �KQM; b2MBQ` i2�+?2`bX � bim/v Q7 h2MM2bb22 i2�+?2`b ULB 2i �HX-

kykyV- r?Q �`2 +Qp2`2/ #v � bBKBH�` ." `2iB`2K2Mi TH�M- }M/b bm#bi�MiB�H BKT`Qp2K2Mi BM

i?2 [m�HBiv Q7 i?2 b2MBQ` rQ`F7Q`+2- �HQM; rBi? � H2M;i?2MBM; Q7 i2�+?BM; +�`22`b BM bBKmH�i2/

+QMp2`b�iBQMb iQ � .* ivT2 TH�MX Pm` bBKmH�iBQMb �HbQ bm;;2bi i?�i K�Mv b2MBQ` i2�+?2`b

rQmH/ QTi BMiQ � pQHmMi�`v .* TH�M �b r2HHX

h?Bb T�T2` ?�b 7Q+mb2/ QM i?2 `2iB`2K2Mi #2?�pBQ` Q7 b2MBQ` i2�+?2`bX q2 ?�p2 MQi

�ii2KTi2/ iQ KQ/2H i?2 2z2+i Q7 T2MbBQM TH�M +?�M;2b QM vQmM;2` i2�+?2`b Q` `2+`mBiK2MiX

�b MQi2/- EQ2/2H �M/ sB�M; UkyRdV }M/ HBiiH2 2z2+i Q7 i?2 H�`;2 T2MbBQM 2M?�M+2K2Mib QM i?2

b?Q`i i2`K im`MQp2` #2?�pBQ` Q7 vQmM;2` i2�+?2`bX >Qr2p2`- Bi Bb TQbbB#H2 i?�i 7mM/�K2Mi�H

+?�M;2b iQ i?2 TH�M Bib2H7- bm+? �b T�`iB�H Q` iQi�H +QMp2`bBQM iQ .*- rQmH/ �z2+i `2+`mBiK2Mi

BMiQ i?2 T`Q72bbBQM �M/ 2�`Hv +�`22` im`MQp2`X q?BH2 vQmM; i2�+?2`b /BbTH�v HBiiH2 FMQrH2/;2

Q7 i?2 bT2+B}+b Q7 i?2B` `2iB`2K2Mi TH�Mb- i?2`2 Bb bQK2 2pB/2M+2 i?�i i?2v rQmH/ T`272` � .*

ivT2 TH�M U2X;X- U:QH/?�#2` �M/ :`Qmi- kyReV- U.2�`KQM/ �M/ :QH/?�#2`- kyRyVVX >Qr2p2`-

`2+`mBiK2Mi �M/ 2�`Hv +�`22` `2i2MiBQM 2z2+ib Q7 7mM/�K2Mi�H TH�M `2/2bB;M �`2 #2vQM/ i?2
eAM � bim/v Q7 i?2 2z2+i Q7 � QM2@iBK2 2�`Hv `2iB`2K2Mi BM+2MiBp2 BM AHHBMQBb BM i?2 RNNk@Nj- 6BixT�i`B+F �M/

GQp2M?2BK UkyR9V }M/ MmHH �M/ bQK2 TQbBiBp2 2z2+ib QM bim/2Mi �+?B2p2K2Mi BM i?2 }`bi irQ v2�`b 7QHHQrBM;
i?2 T`Q;`�KX h?2v +QM+Hm/2 i?�i i?2 i2bi b+Q`2b BM+`2�b2/ �b � `2bmHi Q7 �M Qp2`�HH i2�+?2` [m�HBiv- TQbbB#Hv
/m2 iQ H2bb 2z2+iBp2 i2�+?2`b #2BM; KQ`2 HBF2Hv iQ i�F2 i?2 2�`Hv `2iB`2K2Mi QTiBQM- � `2bmHi +QMbBbi2Mi rBi?
i?2 }M/BM; Q7 ULB 2i �HX- kykyV 7`QK h2MM2bb22 /�i�X q2 /Q MQi ?�p2 /B`2+i K2�bm`2b Q7 i2�+?2` [m�HBiv iQ
i2bi i?Bb ?vTQi?2bBb 7Q` aiX GQmBb i2�+?2`bX

R3



b+QT2 Q7 i?Bb bim/vX

�b � TQbi@b+`BTi iQ i?Bb bim/v- `BbBM; T2MbBQM TH�M +Qbib �M/ ;`QrBM; mM7mM/2/ HB�#BHBiB2b

?�p2 H2/ TH�M �/KBMBbi`�iQ`b �M/ b+?QQH H2�/2`b iQ +mi `2iB`2K2Mi #2M2}ib 7Q` M2r aiX GQmBb

i2�+?2`b U?B`2/ BM kyR3 Q` H�i2`V �M/ `�Bb2 +QMi`B#miBQM `�i2b 7Q` M2r i2�+?2`b 7`QK 8 iQ

N T2`+2Mi Q7 b�H�`vX >Qr2p2`- Bi rBHH #2 K�Mv v2�`b #27Q`2 i?2b2 M2rHv ?B`2/ i2�+?2`b �`2

2HB;B#H2 7Q` `2iB`2K2MiX AM i?2 K2�MiBK2- i?2 T2MbBQM BM+2MiBp2b /2b+`B#2/ BM i?Bb T�T2` rBHH

#2 b?�TBM; `2iB`2K2Mi BM+2MiBp2b- �M/ b?Q`i2MBM; i2�+?BM; +�`22`b Q7 BM+mK#2Mi i2�+?2`b 7Q`

K�Mv v2�`b iQ +QK2X h?2 bi`m+im`�H K2i?Q/b mb2/ BM i?Bb T�T2` +�M ?2HT TQHB+v K�F2`b #2ii2`

mM/2`bi�M/ i?2 b?Q`i �M/ HQM; `mM bi�{M; �M/ }b+�H +QMb2[m2M+2b Q7 +?�M;2b BM T2MbBQM TH�M

/2bB;MX

RN



h�#H2 R, amKK�`v Q7 S2MbBQM _mH2b

"27Q`2 RNNN �7i2` RNNN

LQ`K�H S2MbBQM Age+ ServiceY ears � 85URule of 85V Age+ ServiceY ears � 85URule of 85V
or Age � 65 rBi? ServiceY ears � 5 or Age � 65 rBi? ServiceY ears � 5

1�`Hv S2MbBQM Age � 60 Age � 60

_2TH�+2K2Mi 6�+iQ` RXk8W kW
J�tBKmK "2M2}i LQ eyW

h�#H2 k, a�KTH2 ai�iBbiB+b BM "�b2 u2�`, "27Q`2 �M/ �7i2` RNNN 1M?�M+2K2Mib

62K�H2 h2�+?2`b O Q7 h2�+?2`b �;2
a2`pB+2 u2�`b auky kyIaujy au=jy

UauV UWV UWV UWV

h2�+?2`b BM RNNj eNe 88XkN k9Xje kNXkW 99X9W keX9W

h2�+?2`b BM kyyN eNk 88X33 kRX88 9jX8W jeXeW RNXNW

J�H2 h2�+?2`b O Q7 h2�+?2`b �;2
a2`pB+2 u2�`b auky kyIaujy au=jy

UauV UWV UWV UWV

h2�+?2`b BM RNNj R39 88Xyy k9X89 kdXdW 99XeW kdXdW

h2�+?2`b BM kyyN RN3 8eXRN RNXd3 89X8W jRX3W RjXeW

LQi2, h?2 i�#H2 +QKT�`2b irQ +Q?Q`ib Q7 i2�+?2`b �;2/ 8y@ek BM i?2 RNNk@Nj �M/ kyy3@yN b+?QQH v2�`b BM
i?2 #�b2 v2�`X h?2 �;2 �M/ b2`pB+2 v2�`b +QHmKMb `2TQ`i i?2 �p2`�;2b 7Q` i2�+?2`bX h?2 H�bi i?`22 +QHmKMb
`2TQ`i BMi2`p�Hb Q7 b2`pB+2 v2�`b

ky



h�#H2 j, a�KTH2 ai�iBbiB+b, "27Q`2 �M/ �7i2` RNNN 1M?�M+2K2Mib

62K�H2 h2�+?2`b O Q7 h2�+?2`b �;2 a2`pB+2 u2�`b
Nj@Nd yN@Rj Nj@Nd yN@Rj Nj@Nd yN@Rj

62K�H2 h2�+?2`b BM RNNjUkyyNV eNe eNk 88XkN 88X33 k9Xje kRX88
_2iB`2/ BM RNNjUkyyNV jd e9 83Xdy 8eXdy kdXRN k8Xd8
_2iB`2/ BM RNN9UkyRyV j9 RjR 8NXNd 83XdR jyX33 k8XjR
_2iB`2/ BM RNN8UkyRRV jk 93 eyXNR 83XNk jRXye k9XdN
_2iB`2/ BM RNNeUkyRkV jN 8e eyXeN 8NXyN jRXje kjXdd
_2iB`2/ BM RNNdUkyRjV 9e Nd eyX8N eyXkN jyX93 k8Xe3
LQi _2iB`2/ 8y3 kNe 83Xkd 83X89 keXNN kjXjj

J�H2 h2�+?2`b O Q7 h2�+?2`b �;2 a2`pB+2 u2�`b
Nj@Nd yN@Rj Nj@Nd yN@Rj Nj@Nd yN@Rj

J�H2 h2�+?2`b BM RNNjUkyyNV R39 RN3 88Xyy 8eXRN k9X89 RNXd3
_2iB`2/ BM RNNjUkyyNV Re Rd 8dXj3 8eX9R k3Xj3 kjXk9
_2iB`2/ BM RNN9UkyRyV e j8 8NXed 83X3e jRXed kkXd9
_2iB`2/ BM RNN8UkyRRV R3 d 8eX3j 83XdR kdX99 RNX8d
_2iB`2/ BM RNNeUkyRkV Rk kk eyX9k eyXR9 jkXNk kkX88
_2iB`2/ BM RNNdUkyRjV Rd j8 eyXdR eyXke jRX8j kjX9e
LQi _2iB`2/ RR8 3k 83Xyy 8NXRR keX89 kkXek

LQi2, h?2 i�#H2 +QKT�`2b irQ +Q?Q`ib Q7 i2�+?2`b �;2/ 8y@ek BM i?2 RNNk@Nj �M/ kyy3@yN b+?QQH v2�`bX q2
i`�+F i?2 irQ +Q?Q`ib 7Q`r�`/ 7Q` }p2 v2�`bX h?2 �;2 �M/ b2`pB+2 v2�`b +QHmKMb `2TQ`i i?2 �p2`�;2b 7Q`
i2�+?2`b BM i?2 #�b2 v2�`- i?Qb2 r?Q `2iB`2/ BM 2�+? bm#b2[m2Mi v2�`- �M/ r?Q r2`2 MQi `2iB`2/ �i i?2 2M/
Q7 i?2 b�KTH2 T2`BQ/X

kR



h�#H2 9, _2;`2bbBQM 1biBK�i2b, GBM2�` S`Q#�#BHBiv JQ/2Hb

.2T2M/2Mi p�`B�#H2, _2iB`2K2Mi

URV 62K�H2 UkV J�H2

qBi? S2MbBQM 1M?�M+2K2Mi yXjee⇤⇤⇤ yXjyy⇤⇤⇤

UyXyjNV UyXyddV

a2`pB+2 u2�`b yXyRR⇤⇤⇤ yXyRy⇤⇤⇤

UyXyyRV UyXyyjV

�;2 yXy93⇤⇤⇤ yXy9y⇤⇤⇤

UyXyyjV UyXyydV

a�H�`vU0yyyV �yXyyj⇤⇤ �yXyye⇤

UyXyykV UyXyyjV

*QMbi�Mi �kX8k9⇤⇤⇤ �RX3dk⇤⇤⇤

UyXR39V UyXjdeV

P#b2`p�iBQMb R-j33 j3k
_2 yXke9 yXReR
�/Dmbi2/ _2 yXkek yXR8k
_2bB/m�H ai/X 1``Q` yX9k9 U/7 4 Rj3jV yX9eR U/7 4 jddV
6 ai�iBbiB+ Rk9XRRe⇤⇤⇤ U/7 4 9c Rj3jV R3XyNy⇤⇤⇤ U/7 4 9c jddV

LQi2, h?2 i�#H2 b?Qrb i?2 `2bmHib Q7 HBM2�` T`Q#�#BHBiv KQ/2H 2biBK�i2/ QM i?2 irQ +Q?Q`ib Q7 i2�+?2`b BM
h�#H2 j BM i?2 #�b2 v2�`X
JQ/2H, Retirei = �0 + �1Enhancementi + �2ServiceY earsi + �3Agei + �4Salaryi + ✏ic
.mKKv p�`B�#H2 Retire = 1 B7 i?2 i2�+?2` `2iB`2/ /m`BM; i?2 T�M2Hc
.mKKv p�`B�#H2 WithPensionEnhancement = 1 B7 i?2 i2�+?2` Bb BM i?2 yN@Rj +Q?Q`ic
 T<yXRc   T< yXy8c    T<yXyRX h?2 bi�M/�`/ 2``Q`b �`2 BM T�`2Mi?2b2bX

kk



h�#H2 8, ai`m+im`�H JQ/2H S�`�K2i2`b

S�`�K2i2`b 1+QMQKB+ AMi2`T`2i�iBQM

� 2 (0, 1) /Bb+QmMi 7�+iQ`
k 2 (0, 1)& k1 > 0 ks = k( 60

age)
k1 , T`272`2M+2 Q7 i2�+?BM; p2`bmb `2iB`BM;

� 2 (0, 1] +m`p�im`2 BM i?2 miBHBiv 7mM+iBQM U� < 1 BM/B+�i2b +QM+�pBivV
� > 0 K�;MBim/2 Q7 mMQ#b2`p2/ T`272`2M+2 b?Q+Fb

⇢ 2 (�1, 1) T2`bBbi2M+2 BM mMQ#b2`p2/ T`272`2M+2 b?Q+Fb

h�#H2 e, 1biBK�i2b Q7 ai`m+im`�H S�`�K2i2`b

62K�H2 J�H2

� yXNe9 yXNej
U yXyR9V UyXykeV

k yXe3k yXe33
UyXyeRV UyXRy3V

k1 yXNyy yXd8R
UyXRyyV UyXR3NV

� 9yyRXRy3 jddyX9jk
Uj33X3d3V U38jXNdkV

� yXe39 yXeNj
UyXyR8V UyXykdV

⇢ yXejd yXe3k
UyXyjyV UyXy8jV

GQ;@GBF2HB?QQ/ @Ry8jXeNd @jR9X3Nd
LmK#2` Q7 h2�+?2`b eNk RN3

LQi2, S�`�K2i2`b �`2 2biBK�i2/ QM TQbi@2M?�M+2K2Mi UyN@RjV +Q?Q`iX

h?2 bi�M/�`/ 2``Q`b �`2 BM T�`2Mi?2b2bX

kj



h�#H2 d, 1z2+ib Q7 �Hi2`M�iBp2 S2MbBQM _mH2b QM � _2T`2b2Mi�iBp2 a2MBQ` h2�+?2`

_2T`2b2Mi�iBp2 62K�H2 h2�+?2` qBi? 1M?�M+2K2Mib SQHB+v � SQHB+v " LQ 1M?�M+2K2Mib .* SQHB+v

S2MbBQM _mH2b

_2TH�+2K2Mi 6�+iQ` kW kW kW RXk8W MX�X

*�T eyW LQ LQ LQ MX�X

*PG� *mKmH�iBp2 J�tX LQ *�T LQ *�T RXR RXR MX�X

�p2`�;2 _2iB`2/ �;2 8eX9 8dXR 8dXd 8NXR 83XN

�p2`�;2 _2iB`2/ a2`pB+2 u2�`b jRX9 jkXR jkXd j9XR jjXN

�//BiBQM�H u2�`b Q7 h2�+?BM; eXj dXy dXd NXy 3X3

.Bz2`2M+2 BM �//BiBQM�H u2�`b @ yXd RXj kXe kX8

_2T`2b2Mi�iBp2 J�H2 h2�+?2` qBi? 1M?�M+2K2Mib SQHB+v � SQHB+v " LQ 1M?�M+2K2Mib .* SQHB+v

S2MbBQM _mH2b

_2TH�+2K2Mi 6�+iQ` kW kW kW RXk8W MX�X

*�T eyW LQ LQ LQ MX�X

*PG� *mKmH�iBp2 J�tX LQ *�T LQ *�T RXR RXR MX�X

�p2`�;2 _2iB`2/ �;2 8eX8 8dXy 8dXj 83X9 83Xk

�p2`�;2 _2iB`2/ a2`pB+2 u2�`b jRX8 jkXy jkXj jjX9 jjXk

�//BiBQM�H u2�`b Q7 h2�+?BM; eX9 eXN dXk 3Xj 3XR

.Bz2`2M+2 BM �//BiBQM�H u2�`b @ yX8 yX3 RXN RXd

LQi2, h?2 bBKmH�iBQM i`�+Fb � `2T`2b2Mi�iBp2 72K�H2 �M/ K�H2 i2�+?2` �;2/ 8y rBi? k8 v2�`b Q7 b2`pB+2 7Q`
i?2 M2ti jy v2�`b mM/2` 7Qm` +�b2b, � #�b2HBM2 rBi? 2M?�M+2K2Mibc SQHB+v � 2HBKBM�i2b i?2 T2MbBQM +�T Q7
eyWc SQHB+v " 7m`i?2` BKTQb2b i?2 K�tBKmK BM+`2�b2 Q7 RyW QM i?2 `2iB`2K2Mi *PG� �/DmbiK2Mic
#27Q`2@2M?�M+2K2Mi TQHB+vc .2}M2/ *QMi`B#miBQM U.*V SQHB+v rBi? BMp2biK2Mi `2im`Mb Q7 9WX �//BiBQM�H
i2�+?BM; v2�`b Bb i?2 MmK#2` Q7 v2�`b i?2 i2�+?2` Bb 2tT2+i2/ iQ i2�+? #27Q`2 `2iB`2K2MiX .Bz2`2M+2 BM
�//BiBQM�H i2�+?BM; v2�`b Bb i?2 �//BiBQM�H i2�+?BM; v2�`b mM/2` �M �Hi2`M�iBp2 TQHB+v KBMmb i?�i mM/2` i?2
#�b2HBM2 ." TQHB+v UrBi? i?2 2M?�M+2K2Mib BM TH�+2XV h?2 .* TH�M �bbmK2b i?�i i2�+?2`b +QMi`B#mi2 8W
�M/ i?2 /Bbi`B+i +QMi`B#mi2b RyW Q7 b�H�`vX

k9



6B;m`2 R, �++mKmH�i2/ S2MbBQM q2�Hi? #v a2`pB+2 u2�`b 7Q` � h2�+?2` 1Mi2`BM;
�i �;2 k8

LQi2, h?2 };m`2 +QKT�`2b T2MbBQM r2�Hi? �++`m�H #27Q`2 �M/ �7i2` i?2 RNNN T2MbBQM 2M?�M+2K2Mib 7Q` �
`2T`2b2Mi�iBp2 i2�+?2` BM aiX GQmBb r?Q 2Mi2`b i?2 bvbi2K �i �;2 k8X 6Q` T`2/B+iBQM Q7 b�H�`v r2 mb2 � +m#B+
7mM+iBQM Q7 b2`pB+2 v2�`bX

6B;m`2 k, �MMm�H *?�M;2b BM S2MbBQM q2�Hi? 7Q` � h2�+?2` 1Mi2`BM; �i �;2 k8

LQi2, h?2 };m`2 +QKT�`2b i?2 T2MbBQM r2�Hi? �++mKmH�iBQM mM/2` i?2 T2MbBQM `mH2b #27Q`2 �M/ �7i2` i?2
RNNN T2MbBQM 2M?�M+2K2MibX

k8



6B;m`2 j, 1KTHQvK2Mi am`pBp�H _�i2 "27Q`2 �M/ �7i2` S2MbBQM 1M?�M+2K2Mib

LQi2, h?2 };m`2 +QKT�`2b i?2 2KTHQvK2Mi bm`pBp�H `�i2b 7Q` irQ +Q?Q`ib Q7 i2�+?2`b U7Q` 72K�H2 �M/ K�H2
i2�+?2`bV �;2/ 8y@ek �i i?2 #�b2 v2�` �M/ i?2M i`�+Fb i?2K 7Q` i?2 M2ti }p2 v2�`b UNj@Nd �M/ yN@RjVX

ke



6B;m`2 9, �;2 .Bbi`B#miBQM "27Q`2 �M/ �7i2` S2MbBQM 1M?�M+2K2Mib

LQi2, h?2 };m`2 +QKT�`2b i?2 �;2 /Bbi`B#miBQMb 7Q` `2iB`2/ i2�+?2`b U72K�H2 �M/ K�H2 i2�+?2`bV #27Q`2 �M/
�7i2` i?2 RNNN 2M?�M+2K2MibX h?2 i2�+?2`b �`2 �;2/ 8y@ek �i i?2 #�b2 v2�` Q7 irQ T2`BQ/bX h?2 H27i ;`�T?
+QKT�`2b i?2 T`Q#�#BHBiv /2MbBiv- r?BH2 i?2 `B;?i ;`�T? +QKT�`2b i?2 +mKmH�iBp2 /Bbi`B#miBQMX SH2�b2 MQi2
i?�i i?2 };m`2b �`2 F2`M2H@bKQQi?2/ /2MbBiv 2biBK�i2b Q7 /�i�X

kd



6B;m`2 8, a2`pB+2 u2�`b .Bbi`B#miBQM "27Q`2 �M/ �7i2` S2MbBQM 1M?�M+2K2Mib

LQi2, h?2 };m`2 +QKT�`2b i?2 b2`pB+2 v2�`b /Bbi`B#miBQMb 7Q` `2iB`2/ i2�+?2`b U72K�H2 �M/ K�H2 i2�+?2`bV
#27Q`2 �M/ �7i2` i?2 RNNN 2M?�M+2K2MibX h?2 i2�+?2`b �`2 �;2/ 8y@ek BM i?2 #�b2 v2�` Q7 i?2 irQ T2`BQ/bX
h?2 H27i ;`�T? +QKT�`2b i?2 T`Q#�#BHBiv /2MbBiv- r?BH2 i?2 `B;?i ;`�T? +QKT�`2b i?2 +mKmH�iBp2
/Bbi`B#miBQMX h?2 };m`2b �`2 F2`M2H@bKQQi?2/ /2MbBiv 2biBK�i2bX

k3



6B;m`2 e, P#b2`p2/ �M/ S`2/B+i2/ am`pBp�H _�i2 7Q` �HH h2�+?2`b UAM a�KTH2
�M/ Pmi Q7 a�KTH2V

LQi2, h?2 };m`2 +QKT�`2b i?2 Q#b2`p2/ �M/ T`2/B+i2/ bm`pBp�H `�i2 Q7 irQ +Q?Q`ib Q7 i2�+?2`b, BM@b�KTH2
UkyyN +Q?Q`iV �M/ Qmi@Q7@b�KTH2 URNNj +Q?Q`iV i2�+?2`bX J�H2 �M/ 72K�H2 i2�+?2`b �`2 TQQH2/X

kN



�+FMQrH2/;K2Mib

h?Bb `2b2�`+? r�b bmTTQ`i2/ #v i?2 L�iBQM�H *2Mi2` 7Q` i?2 �M�HvbBb Q7 GQM;Bim/BM�H .�i�

BM 1/m+�iBQM _2b2�`+? U*�G.1_V- r?B+? Bb 7mM/2/ #v � +QMbQ`iBmK Q7 7QmM/�iBQMbX 6Q` KQ`2

BM7Q`K�iBQM �#Qmi *�G.1_ 7mM/2`b- b22 rrrX+�H/2`+2Mi2`XQ`;f�#Qmi@+�H/2`X �HH QTBMBQMb

2tT`2bb2/ BM i?Bb T�T2` �`2 i?Qb2 Q7 i?2 �mi?Q`b �M/ /Q MQi M2+2bb�`BHv `2~2+i i?2 pB2rb

Q7 Qm` 7mM/2`b Q` i?2 BMbiBimiBQMb iQ r?B+? i?2 �mi?Q`UbV �`2 �{HB�i2/X *�G.1_ rQ`FBM;

T�T2`b ?�p2 MQi mM/2`;QM2 }M�H 7Q`K�H `2pB2r �M/ b?QmH/ MQi #2 +Bi2/ Q` /Bbi`B#mi2/ rBi?Qmi

T2`KBbbBQM 7`QK i?2 �mi?Q`bX h?2v �`2 BMi2M/2/ iQ 2M+Qm`�;2 /Bb+mbbBQM �M/ bm;;2biBQMb 7Q`

`2pBbBQM #27Q`2 }M�H Tm#HB+�iBQMX q2 �HbQ i?�MF i?2 2/BiQ` �M/ irQ `272`22b 7Q` BMbB;?i7mH

+QKK2Mib �M/ bm;;2biBQMbX

jy



_272`2M+2b

"ƺ`b+?@amT�M- �X �M/ oX �X >�DBp�bbBHBQm URNNjVX aKQQi? mM#B�b2/ KmHiBp�`B�i2 T`Q#�#BH@

Biv bBKmH�iQ`b 7Q` K�tBKmK HBF2HB?QQ/ 2biBK�iBQM Q7 HBKBi2/ /2T2M/2Mi p�`B�#H2 KQ/2HbX

CQm`M�H Q7 1+QMQK2i`B+b 83UjV- j9dĜje3X

"`QrM- EX JX UkyRjVX h?2 HBMF #2ir22M T2MbBQMb �M/ `2iB`2K2Mi iBKBM;, G2bbQMb 7`QK

*�HB7Q`MB� i2�+?2`bX CQm`M�H Q7 Sm#HB+ 1+QMQKB+b N3- RĜR9X

"mi`B+�- "X- >X A�Kb- EX aKBi?- �M/ 1X hQ/2` UkyyNVX h?2 /Bb�TT2�`BM; /2}M2/ #2M2}i

T2MbBQM �M/ Bib TQi2MiB�H BKT�+i QM i?2 `2iB`2K2Mi BM+QK2b Q7 #�#v #QQK2`bX aQ+B�H

a2+m`Biv "mHH2iBM eNUjV- RĜk3X

*HQi72Hi2`- *X- >X G�//- �M/ CX oB;/Q` UkyyeVX h2�+?2`@bim/2Mi K�i+?BM; �M/ i?2 �bb2bbK2Mi

Q7 i2�+?2` 2z2+iBp2M2bbX CQm`M�H Q7 >mK�M _2bQm`+2b 9RU9V- dd3Ĝ3kyX

*Qbi`2HH- _X JX �M/ CX "X J+:22 UkyRyVX h2�+?2` T2MbBQM BM+2MiBp2b- `2iB`2K2Mi #2?�pBQ`-

�M/ TQi2MiB�H 7Q` `27Q`K BM �`F�Mb�bX 1/m+�iBQM 6BM�M+2 �M/ SQHB+v 8U9V- 9NkĜ8R3X

*Qbi`2HH- _X JX �M/ JX SQ/;m`bFv UkyyNVX S2�Fb- +HBzb- �M/ p�HH2vb, h?2 T2+mHB�` BM+2MiBp2b BM

i2�+?2` `2iB`2K2Mi bvbi2Kb �M/ i?2B` +QMb2[m2M+2b 7Q` b+?QQH bi�{M;X 1/m+�iBQM 6BM�M+2

�M/ SQHB+v 9UkV- Rd8ĜkRRX

.2�`KQM/- JX �M/ .X :QH/?�#2` UkyRyVX a+`�K#HBM; i?2 M2bi 2;;, >Qr r2HH /Q i2�+?2`b

mM/2`bi�M/ i?2B` T2MbBQMb �M/ r?�i /Q i?2v i?BMF Q7 �Hi2`M�iBp2b\ 1/m+�iBQM 6BM�M+2

�M/ SQHB+v 8U9V- 883Ĝ83eX

6BixT�i`B+F- JX �M/ JX GQp2M?2BK UkyR9VX 1�`Hv `2iB`2K2Mi BM+2MiBp2b �M/ bim/2Mi �+?B2p2@

K2MiX �K2`B+�M 1+QMQKB+ CQm`M�H, 1+QMQKB+ SQHB+v eUjV- RkNĜR89X

6`B2/#2`;- GX �M/ �X q2## Ukyy8VX _2iB`2K2Mi �M/ i?2 2pQHmiBQM Q7 T2MbBQM bi`m+im`2X

CQm`M�H Q7 >mK�M _2bQm`+2b 9yUkV- k3RĜjy3X

6m`;2bQM- CX- _X SX ai`�mbb- �M/ qX "X oQ;i UkyyeVX h?2 2z2+ib Q7 /2}M2/ #2M2}i T2MbBQM

BM+2MiBp2b �M/ rQ`FBM; +QM/BiBQMb QM i2�+?2` `2iB`2K2Mi /2+BbBQMbX 1/m+�iBQM 6BM�M+2 �M/

SQHB+v RUjV- jReĜj93X

jR



:QH/?�#2`- .X �M/ *X :`Qmi UkyReVX q?B+? TH�M iQ +?QQb2\ i?2 /2i2`KBM�Mib Q7 T2MbBQM

bvbi2K +?QB+2 7Q` Tm#HB+ b+?QQH i2�+?2`bX CQm`M�H Q7 S2MbBQM 1+QMQKB+b �M/ 6BM�M+2 R8URV-

jyĜ89X

>�``Bb- .X LX �M/ aX CX �/�Kb UkyydVX lM/2`bi�M/BM; i?2 H2p2H �M/ +�mb2b Q7 i2�+?2` im`MQp2`,

� +QKT�`BbQM rBi? Qi?2` T`Q72bbBQMbX 1+QMQKB+b Q7 1/m+�iBQM _2pB2r keUjV- jk8ĜjjdX

>2+FK�M- CX CX URN3RVX h?2 BM+B/2Mi�H T�`�K2i2`b T`Q#H2K �M/ i?2 T`Q#H2K Q7 BMBiB�H +QM/B@

iBQMb BM 2biBK�iBM; � /Bb+`2i2 iBK2 T`Q+2bbX AM *?�`H2b 6X J�MbFB �M/ .�MB2H J+6�//2M-

2/bX h?2 ai`m+im`�H �M�HvbBb Q7 .Bb+`2i2 .�i�- JAh S`2bb- *�K#`B/;2- J�- T�;2b RdNĜRN8X

EM�TT- .X- EX "`QrM- CX >Qb2F- JX :X J�iiQ+F- �M/ "X CX �b+? UkyReVX _2iB`2K2Mi "2M2}ib

�M/ h2�+?2` _2i2MiBQMX _�M/ *Q`TQ`�iBQMX

EQ2/2H- *X- aX LB- �M/ JX SQ/;m`bFv UkyR9VX q?Q #2M2}ib 7`QK T2MbBQM 2M?�M+2K2Mib\

1/m+�iBQM 6BM�M+2 �M/ SQHB+v NUkV- Re8ĜRNkX

EQ2/2H- *X �M/ "X sB�M; UkyRdVX S2MbBQM 2M?�M+2K2Mib �M/ i?2 `2i2MiBQM Q7 Tm#HB+ 2KTHQv22bX

AM/mbi`B�H �M/ G�#Q` _2H�iBQMb _2pB2r dyUeV- 8RNĜ88RX

JQM�?�M- �X UkyRyVX Sm#HB+ T2MbBQM TH�M `27Q`K, h?2 H2;�H 7`�K2rQ`FX 1/m+�iBQM 6BM�M+2

�M/ SQHB+v 3U9V- eRdĜe9dX

JQQ/v- CX �M/ �X _�M/�xxQ UkykyVX >B//2M 2/m+�iBQM 7mM/BM; +mib, >Qr ;`QrBM; i2�+?2`

T2MbBQM /2#i Bb 2�iBM; BMiQ F@Rk 2/m+�iBQM #m/;2ibX h2+?MB+�H `2TQ`i- 1[m�#H2 AMbiBimi2X

LB- aX �M/ JX SQ/;m`bFv UkyReVX >Qr i2�+?2`b `2bTQM/ iQ T2MbBQM bvbi2K BM+2MiBp2b, L2r

2biBK�i2b �M/ TQHB+v �TTHB+�iBQMbX CQm`M�H Q7 G�#Q` 1+QMQKB+b j9U9V- Ryd8ĜRRy9X

LB- aX- JX SQ/;m`bFv- �M/ sX q�M; UkykyVX h2�+?2` T2MbBQM TH�M BM+2MiBp2b- `2iB`2K2Mi

/2+BbBQMb- �M/ rQ`F7Q`+2 [m�HBivX CQm`M�H Q7 >mK�M _2bQm`+2b- Tm#HBb?2/ �?2�/ Q7 T`BMi-

/QB,RyXjje3fD?`X8dXRXRkR3ĜNNRk_kX

aiQ+F- CX >X �M/ .X �X qBb2 URNNyVX S2MbBQMb- i?2 QTiBQM p�Hm2 Q7 rQ`F- �M/ `2iB`2K2MiX

1+QMQK2i`B+� 83U8V- RR8RĜRR3yX

qBbr�HH- JX UkyRjVX h?2 /vM�KB+b Q7 i2�+?2` [m�HBivX CQm`M�H Q7 Sm#HB+ 1+QMQKB+b RyyURV-

eRĜd3X

jk



qQQH/`B/;2- CX JX Ukyy8VX aBKTH2 bQHmiBQMb iQ i?2 BMBiB�H +QM/BiBQMb T`Q#H2K BM /vM�KB+-

MQMHBM2�` T�M2H /�i� KQ/2Hb rBi? mMQ#b2`p2/ ?2i2`Q;2M2BivX CQm`M�H Q7 �TTHB2/ 1+QMQ@

K2i`B+b kyURV- jNĜ89X

jj



�TT2M/B+2b

�TT2M/Bt � ai�iBbiB+�H �TT2M/Bt

�XR LmK2`B+�H *QKTmi�iBQM Q7 _2iB`2K2Mi S`Q#�#BHBiv

*QMiBMmBM; rBi? i?2 MQi�iBQM 7`QK a2+iBQM 9- /2MQi2 f+
t = gt(r+)/Kt(r+)X amTTQb2 v2�` R

Bb i?2 }`bi v2�` Q7 Qm` b�KTH2 T2`BQ/- �M/ v2�` L Bb i?2 H�bi v2�` Q7 i?2 b�KTH2 T2`BQ/X .2@

MQi2 Vt1,t2 = (⌫t1 , ..., ⌫t2)- F+
t1,t2 = (f+

t1 , ..., f
+
t2 )X h?2 mM+QM/BiBQM�H HBF2HB?QQ/ UmM+QM/BiBQM�H

T`Q#�#BHBivV i?�i i2�+?2` B +?QQb2b iQ `2iB`2 �i v2�` M (n < N) Bb

prob(V1,n 2 Ai) = prob[((V1,n�1 > �F+
1,n�1) \ (vn < �f+

n ))] U�XRV

h?2 mM+QM/BiBQM�H T`Q#�#BHBiv i?�i i2�+?2` B +?QQb2b iQ bi�v mMiBH v2�` L Bb

prob(V1,N 2 Ai) = prob[((V1,N > �F+
1,N)] U�XkV

h?2b2 T`Q#�#BHBiB2b /2T2M/ QM T2MbBQM `mH2b- i2�+?2`bǶ �;2 �M/ b2`pB+2 v2�`b- �M/ bi`m+im`�H

T�`�K2i2`b (�, k, k1, �, �, ⇢)X lM/2` i?2 MQ`K�HBiv �bbmKTiBQM Q7 T`272`2M+2 2``Q`b- +QKTmiBM;

i?2 T`Q#�#BHBiB2b 7Q` i?2 `2iB`2K2Mi /2+BbBQM K�/2 #v i2�+?2` B BMpQHp2b � ?B;? /BK2MbBQM�H

MmK2`B+�H BMi2;`�iBQM Q7 i?2 +Q``2H�i2/ T`272`2M+2 2``Q`b V Qp2` i?2 `2;BQM Ai- 7Q` r?B+?

r2 mb2 i?2 :2r2F2Ĝ>�DBp�bbBHBQmĜE2�M2 U:>EV �H;Q`Bi?KX h?2 :>E �H;Q`Bi?K i`�Mb7Q`Kb

i?2 T`Q#H2K Q7 ?B;? /BK2MbBQM�H BMi2;`�iBQM iQ � T`Q#H2K Q7 b2[m2MiB�H QM2@/BK2MbBQM�H

BMi2;`�iBQMbX 6Q` KQ`2 �TTHB+�iBQMb Q7 i?2 :>E �H;Q`Bi?K b22 7Q` 2t�KTH2 "ƺ`b+?@amT�M

�M/ >�DBp�bbBHBQm URNNjVX
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�Xk *2MbQ`BM; BM i?2 "�b2HBM2 a�KTH2

h?2 b�KTH2 2t+Hm/2b i?Qb2 i2�+?2`b r?Qb2 �;2 �M/ b2`pB+2 v2�`b rQmH/ ?�p2 Tmi i?2K BM Qm`

b�KTH2 #mi r?Q +?Qb2 iQ `2iB`2 #27Q`2 Qm` b�KTH2 T2`BQ/X h?Bb `2bmHib BM b�KTH2 b2H2+iBQM

#B�bX a�KTH2 b2H2+iBQM #B�b Q7 i?Bb bQ`i rBHH H2�/ iQ Qp2`T`2/B+iBQM Q7 `2iB`2K2Mi 7Q` `2H�iBp2Hv

vQmM; i2�+?2`b ULB �M/ SQ/;m`bFv- kyReVX q2 +Q``2+i 7Q` b�KTH2 b2H2+iBQM #B�b BM Qm`

#�b2HBM2 b�KTH2 #v mbBM; +QM/BiBQM�H T`Q#�#BHBiv iQ +QMbi`m+i i?2 HBF2HB?QQ/ 7mM+iBQMX h?2

T`Q#�#BHBiv Q7 i2�+?2`b `2iB`BM; BM Qm` b�KTH2 T2`BQ/ Bb #�b2/ QM i?2 +QM/BiBQM i?�i i2�+?2`b

�`2 MQi `2iB`2/ �i i?2 #2;BMMBM; Q7 b�KTH2 T2`BQ/X

amTTQb2 BM i?2 }`bi v2�` Q7 Qm` b�KTH2 T2`BQ/- i2�+?2` B r�b 2HB;B#H2 7Q` `2iB`2K2Mi C v2�`b

�;QX h?2 T`Q#�#BHBiv Q7 i2�+?2` B `2iB`BM; �i iBK2 MIL +QM/BiBQM�H QM #2BM; BM i?2 b�KTH2 Bb,

prob(V1,n 2 Ai | appearing in sample)

= Prob (retiring at n | appearing in sample)

= Prob (retiring at n & appearing in sample)
Prob (appearing in sample)

= Prob[((V1,n�1 > �F+
1,n�1) \ (vn < �f+

n )) | V�J,0 > �F+
�J,0]

=
Prob[(V�J,n�1>�F+

�J,n�1)\(vn<�f+
n ) ]

Prob(V�J,0>�F+
�J,0)

h?2 +QM/BiBQM�H T`Q#�#BHBiv Q7 i2�+?2` B +?QQb2b iQ bi�v mMiBH i?2 2M/ Q7 b�KTH2 T2`BQ/ L

Bb,

prob(V1,N 2 Ai | appearing in sample)

= Prob (staying at N | appearing in sample)

= Prob (staying at N & appearing in sample)
Prob (appearing in sample)

= Prob[((V1,N > �F+
1,N)) | V�J,0 > �F+

�J,0]

=
Prob[(V�J,N>�F+

�J,N )) ]

Prob(V�J,0>�F+
�J,0)

:Bp2M i?2 Q#b2`p�iBQMb Q7 i2�+?2`b i = 1, ..., I r?Q `2iB`2/ /m`BM; i?2 b�KTH2 T2`BQ/ U�i

ni < NV Q` MQi `2iB`2/ mMiBH i?2 2M/ Q7 i?2 b�KTH2 T2`BQ/ Uni = NV- i?2 +QM/BiBQM�H HBF2HB?QQ/
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7Q` i?2 r?QH2 b�KTH2 Bb

L(�, k, k1, �, �, ⇢) =
IY

i=1

prob(V1,ni 2 Ai | appearing in sample). U�XjV

q2 mb2 i?2 HBF2HB?QQ/ BM 2[m�iBQM U�XjV iQ 2biBK�i2 Qm` bi`m+im`�H KQ/2HX

�TT2M/Bt " :QQ/M2bb Q7 6Bi

"XR AM@a�KTH2 :QQ/M2bb Q7 6Bi

6B;m`2 "R `2TQ`ib i?2 Q#b2`p2/ �M/ T`2/B+i2/ /Bbi`B#miBQMb Q7 �;2- b2`pB+2 v2�`b- �M/ i?2 bmK

Q7 �;2 �M/ b2`pB+2 v2�`b 7Q` `2iB`2/ i2�+?2`bX h?2`2 Bb � b?�`T bTBF2 �i 38 �M/ 3e `2~2+iBM;

i?2 ǳ_mH2 Q7 38Ǵ UBX2X- �;2 Y b2`pB+2 v2�`b 4 38V QTiBQM 7Q` `2;mH�` `2iB`2K2MiX

q?BH2 i?2 Q#b2`p2/ �;2 �M/ b2`pB+2 v2�`b /Bbi`B#miBQMb �`2 bQK2r?�i +?QTTv #2+�mb2 Q7

i?2 `2H�iBp2Hv bK�HH b�KTH2 bBx2b UT�`iB+mH�`Hv 7Q` K�H2 i2�+?2`b-V Qp2`�HH i?2v �`2 BM HBM2 rBi?

i?2 T`2/B+i2/ /Bbi`B#miBQMbX �HH i?2 �#Qp2 };m`2b b?Qr i?�i i?2 KQ/2H MB+2Hv KBKB+b i?2

/Bbi`B#miBQM Q7 #Qi? �;2 �M/ b2`pB+2 v2�`b- BM T�`iB+mH�` i?2 ǳ_mH2 Q7 38ǴX

(Figure B1)

"Xk Pmi@Q7@a�KTH2 :QQ/M2bb Q7 6Bi

h?2 Qmi@Q7@b�KTH2 bBKmH�iBQM T`QpB/2b � `Q#mbi +?2+F 7Q` i?2 p�HB/Biv Q7 Qm` KQ/2HX h?2

/�i� r2 mb2 7Q` Qmi@Q7@b�KTH2 bBKmH�iBQM BM+Hm/2b �HH i2�+?2`b �;2/ 8y@ek BM i?2 RNNj@Nd

b+?QQH v2�`X h?2 #�bB+ bi�iBbiB+b �`2 b?QrM BM h�#H2 jX h?2 i�#H2 b?Qrb i?�i mM/2` /Bz2`2Mi

`mH2b i?2 T�ii2`Mb Q7 `2iB`2K2Mi `�i2b /Bz2` #27Q`2 �M/ �7i2` i?2 2M?�M+2K2Mi �b r2HH �b

i?2 /Bbi`B#miBQMb Q7 i2�+?2` b2`pB+2 v2�`b �i i?2 iBK2 Q7 `2iB`2K2MiX lbBM; i?2 2biBK�i2/

je



T�`�K2i2`b BM h�#H2 e- r2 bBKmH�i2 i?2 i2�+?2`b `2iB`2K2Mi #2?�pBQ`b BM RNNj@Nd b+?QQH

v2�`bX .m`BM; i?Bb T2`BQ/- i?2 i2�+?2`b �`2 mM/2` T`2@2M?�M+2K2Mi T2MbBQM `mH2bX h?2 Qmi@

Q7@b�KTH2 bBKmH�iBQM �HbQ i�F2 BMiQ �++QmMi Q7 i?2 7�+i i?�i i2�+?2`b BM RNNj �`2 bB;MB}+�MiHv

/Bz2`2Mi 7`QK i?Qb2 BM kyyN BM �;2 �M/ b2`pB+2 v2�`bX 6B;m`2 "k `2TQ`ib i?2 Q#b2`p2/ �M/

T`2/B+i2/ /Bbi`B#miBQM Q7 �;2- b2`pB+2 v2�`b- �M/ i?2 bmK Q7 �;2 �M/ b2`pB+2 v2�`b 7Q` `2iB`2/

i2�+?2`b 7Q` i?2 Qmi@Q7@b�KTH2 bBKmH�iBQMX

(Figure B2)

"Xj Pp2`�HH :QQ/M2bb Q7 6Bi

6B;m`2 "j T`QpB/2b #Qi? i?2 BM@b�KTH2 �M/ Qmi@Q7@b�KTH2 ;QQ/M2bb Q7 }i Q7 i?2 bm`pBp�H `�i2X

6B;m`2 "9 THQib i?2 Q#b2`p2/ �M/ T`2/B+i2/ BM@ �M/ Qmi@Q7@b�KTH2 +mKmH�iBp2 /Bbi`B#miBQMb

Q7 b2`pB+2 v2�`b �i i?2 iBK2 Q7 `2iB`2K2MiX Pp2`�HH- i?2 KQ/2H rBi? i?2 b�K2 T�`�K2i2`b

BM i2�+?2` T`272`2M+2 +�M +�Tim`2 i?2 /Bz2`2M+2 BM `2iB`2K2Mi T�ii2`Mb 7Q` i2�+?2`b mM/2`

/Bz2`2Mi T2MbBQM `mH2bX

(Figure B3@B4)
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6B;m`2 "R, P#b2`p2/ �M/ S`2/B+i2/ _2iB`2/ �;2- a2`pB+2 v2�`b �M/ �;2Ya2`pB+2
u2�`b .Bbi`B#miBQM Q7 62K�H2 �M/ J�H2 h2�+?2`b UAM a�KTH2V
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6B;m`2 "k, P#b2`p2/ �M/ S`2/B+i2/ _2iB`2/ �;2- a2`pB+2 u2�`b �M/ �;2Ya2`pB+2
u2�`b .Bbi`B#miBQM Q7 62K�H2 �M/ J�H2 h2�+?2`b UPmi Q7 a�KTH2V

jN



6B;m`2 "j, P#b2`p2/ �M/ S`2/B+i2/ am`pBp�H _�i2 UAM a�KTH2 �M/ Pmi Q7 a�K@
TH2V

6B;m`2 "9, P#b2`p2/ �M/ S`2/B+i2/ _2iB`2/ a2`pB+2 u2�`b *mKmH�iBp2 .Bbi`B#m@
iBQM Q7 62K�H2 �M/ J�H2 h2�+?2`b UAM a�KTH2 �M/ Pmi Q7 a�KTH2V
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�TT2M/Bt * .2}M2/ *QMi`B#miBQM �M�HviB+b

A7 BM v2�` t � i2�+?2` rBi? �;2@2tT2`B2M+2 (a, e) TH�Mb iQ `2iB`2 BM v2�` r � t- ?2` 2tT2+i2/

miBHBiv mM/2` i?2 ." TH�M Bb /2MQi2/ �b A1tV DB
t (r) BM U9XRVX q2 mb2 � bBKBH�` MQi�iBQM 7Q`

i?2 2tT2+i2/ miBHBiv mM/2` i?2 7QHHQrBM; .* TH�MX

� i2�+?2` rBi? U�;2-2tT2`B2M+2V (a, e) BM i?2 ." TH�M BM � #�b2 v2�` ?�p2 +�b? #�H�M+2

W (a, e)X :QBM; 7Q`r�`/ i?2 p�Hm2 BM i?Bb �++QmMi ;`Qrb #v i?2 MQKBM�H BMi2`2bi `�i2 UQM

i?2 7mM/ #�H�M+2V �M/ 7m`i?2` �MMm�H +QMi`B#miBQMb 7`QK i2�+?2`b �M/ /Bbi`B+ib Q7 ct �M/ cd

7`�+iBQM Q7 b�H�`v 7Q` i2�+?2`b �M/ /Bbi`B+ib `2bT2+iBp2Hv- 7Q` � +QK#BM2/ iQi�H Q7 ct + cd iBK2b

b�H�`vX � i2�+?2`Ƕb �++QmMi �++mKmH�i2b rBi? �MMm�H +QMi`B#miBQMb �M/ MQKBM�H BMp2biK2Mi

`2im`Mb Q7 R� 1 QM i?2 7mM/ #�H�M+2X h?2 BM~�iBQM `�i2 Bb �bbmK2/ iQ #2 iX

h?2 i2�+?2` +QMbB/2`b r?2i?2` iQ `2iB`2 Q` +QMiBMm2 iQ rQ`F �b BM i?2 aq KQ/2H, ?2`

2tT2+i2/ miBHBiv BM T2`BQ/ i Bb � 7mM+iBQM Q7 2tT2+i2/ `2iB`2K2Mi v2�` r UrBi? r = t, · · · , T �M/

T = 101 Bb �M mTT2` #QmM/ QM �;2VX 6Q` � i2�+?2` rBi? � .* �++QmMi p�Hm2 Wt = W (a, e)-

i?2 �++QmMi MQKBM�H p�Hm2 BM v2�` r > t Bb i?2 p�Hm2 Q7 �++mKmH�iBQM Q7 +QMi`B#miBQMb THmb

i?2 +QKTQmM/ `2im`M Q7 i?2 r2�Hi? BM T2`BQ/ t, Wr = WtRr�t +
Pr

k=t+1(ct + cd)YkRr�k, Yk

Bb b�H�`v BM v2�` kX

q?2M � i2�+?2` `2iB`2b- i?2 +QMi`B#miBQM iQ i?2 �++QmMi biQTb �M/ �M BMbm`�M+2 +QKT�Mv

T`QpB/2b �M �+im�`B�HHv 7�B` �MMmBiv U"V 2[m�H iQ i?2 +�b? p�Hm2 BM i?2 i2�+?2`Ƕb �++QmMiX

6Q` � i2�+?2` rBi? � .* �++QmMi p�Hm2 Wr- �;2 a+ (r� t) �i i?2 iBK2 Q7 `2iB`2K2Mi Ui?2

i2�+?2`Ƕb �;2 Bb a BM v2�` tV- H2i i?2 2tT2+i2/ MQKBM�H ~Qr Q7 i?2 �MMmBiv #2 Br+n BM i?2 n�i?

v2�` Q7 `2iB`2K2MiX h?2 `2iB`22 bm`pBp2b iQ r+n rBi? +QM/BiBQM�H T`Q#�#BHBiv ⇡(r+n|r). h?2

2tT2+i2/ �++QmMi p�Hm2 �M/ i?2 2tT2+i2/ T�vK2Mi 2pQHp2 7`QK i?2 +QHH2+iBQM r �b

Wr+n = Wr+n�1R� Br+n, Br+n = ⇡(r + n|r)(1 + i)nBr.
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q2 b2i WT = 0X Ai 7QHHQrb i?�i ;Bp2M �;2 a+(r� t) �i i?2 iBK2 Q7 `2iB`2K2Mi ?�b .* #2M2}i

Br =
Wr(1 + i)t�r

PT�a�(r�t)
n=1 ⇡(r + n|r)(1+i

R )n.
U*XRV

h?2 #2M2}i BM iBK2 t /QHH�` Bb Br(DC) = Br(1 + i)r�tX

AM T2`BQ/ t- i?2 2tT2+i2/ miBHBiv Q7 `2iB`BM; BM T2`BQ/ r mM/2` i?2 .* TH�M- A1tV DC
t (r)-

Bb i?2 /Bb+QmMi2/ bmK Q7 T`2@ �M/ TQbi `2iB`2K2Mi 2tT2+i2/ miBHBiv �7i2` `2TH�+BM; i?2 ."

�MMm�H #2M2}i BM U9XRV #v i?2 .* �MMmBiv Br(DC)X
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