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4 & 4 (Life Table)

4 ¢» % (Lifetable) z 2+ &5 24 & Snlic (& 355

I = A ) e H#H A %’@#5
- ERRERREFEF 2 AP TR RY
WH A 5 B A ¢ 4 (Population Table)£ =
% 2 ¢ & (Experience Table) -
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(Parish) i %13 ®emd v kw o

2>Graunt*+ 1662 % = it G 5T A X iz =
(Observations on the London Bills of Mortality) ;

>vs 7301693 % = 2 ¥ — B4 & 4 (Breslau) ;

- 85 wDeparcieux (1746) ~ Bernoulli (1766) ~
Lambert (1772) & % 55T 3548 ¢ ~ u(X) »
S(X)7 “TF /gl— 0



Y + 2 2 \ 5

4 F g w R (F)
In 1725 de Moivre first proposed a piecewise linear survivor
function S(x) - S(x+t)=at.
In 1772 Lambert first expresses the gradual ‘exhaustion of
man’s power’ in a mathematical formula.
In 1798 Malthus predicted exponential increase of human
population with consequent misery and famine unless family
size was regulated. The model was later adjusted by
Verhulst in 1838, to limit the population growth predictions.

In 1825 Gompertz proposed a survivor function which
results in an exponentially rising mortality intensity. This
model was later extended by Makeham in 1860 to allow for
young mortality.

In 1872 Thiele develops the first complex model that
attempts to accurately model g(x) over the whole life span.
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Process State studied State entered State left when... Vertical dimension
when. . of the table
Mortality . Being alive Bormn Die Duration of life
| (age)
Nuptiality Being unmarried  Born Marry Duration of single
(first marriage) life (age)
Migration from Living in Born Move to Duration of
place of birth place of birth another place residence (age)
Entering the Having never Bom First enter Duration of
labor force worked labor force life (age)
Becoming a Having no births Born Have first Duration of
mother birth life (age)
Subsequent Not having an Have a birth Have an Duration since
childbearing additional birth additional birth having a birth
Marital survival Being in intact Marry Marriage ends Duration of
marriage | marriage
Unemployment Being unemployed Become Leave state of Duration of
spells ' unemployed  unemployment unemployment -
Incarceration Being in jail Enter jail Leave jail Duration of

incarceration

2 Al of these processes can also be conceived as multiple decrement processes. Here we ignore other risks
of leaving the state of interest.
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X ~ (X+n) qx Ix dx Lx Tx ex

0 0.015844 1 00000 1844 DE626 6633741 66.34
1 — 4 0.01325 DE156 1304 389102 6335115 66.58
5—09 (.00404 Q6852 392 483155 6146012 63.46
10 — 14 0.00325 Q6461 313 481578 5662857 58.71
15 — 19 000612 Q6147 388 479386 5181279 53.89
20 — 24 000865 05559 827 475819 4701893 49,20
23 — 29 001078 94733 1022 471168 4226075 44.61
30 — 34 0.01245 Q3711 1166 465735 3754907 40.07
33 — 39 0.01637 02545 1515 459099 3289173 35.54
40 — 44 (.0222] 91030 2022 450372 2830074 31.09
45 — 49 (0.03401 89008 5027 438022 2379702 26.74
S0 — 54 003278 83981 4338 419084 1941680 22.58
53 — 59 0.07532 81443 6134 392915 1522596 18.70
GO — 64 012733 753009 Q604 5354002 1129680 15.00
6y — 6Y . 19535 63705 12835 207545 TT5678 11.81
0 — 74 .28679 52870 15163 227208 478133 5.04
T3 — 79 ).4215] 37707 15894 148426 250925 6.65
sl — &84 .590185 21813 12874 T4866 102494 4.°70
B3+ 1.00000 8944) 8040 27633 27633 3.09
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21
28
A MONTH
2
3
b
F YEAR

—1 S0 O He DD D —

o OO

100000

99790
99764
99745
99734

99699
99681
99630

100000
995684
99448
99377
99348

99332
99318
99307
99296
99286

416
136
7l
29
16
14
12
10
10
11

0. 99790

0.99974
0. 99981
0. 99989
0. 99964

0. 99982
0. 99949
0. 99957

0. 99584
0. 99864
0.99928
0. 99971
0. 99984

0. 99986
0. 99988
0. 99989
0. 99990
0. 99989

0.00211

0.00026
0.00019
0.00011
0. 00036

0.00018
0. 00051
0.00043

0. 00416
0. 00136
0.00072
0.00029
0.00016

0.00014
0.00012
0.00011
0.00010
0.00011

1724757
1716363
7691991

1741135
7641363
1541846
1442434
1343071

1243731
7144406
7045093
6945792
6846500
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23 2021 Tarwan Standard Ordinary 2011 Tarwan Standard Ordinary
Expenence Mortality Table Expenence Mortality Table
(2013-2017) ({2004-2008)
B #® Male = & Female H % Male Z- & Female
Age FECFE el FELE FE7 Bk FEE FE3 e FEL 7 e
qx & qgx e gx € qx e

0 0.320 g1.11 0.250 86.40 0.522 77.14 0.389 23.20
1 0.189 80.13 0.145 85.66 0.384 76.18 0.304 8223
2 0.163 79.15 0.124 84 67 0277 75.21 0.218 81.25
3 0.140 T8.16 0.103 8368 0215 74.23 0.183 8027
4 0.125 7717 0.003 g2 .69 0.181 73.25 0.158 79.28
5 0.114 T6.18 0.083 g1.70 0.166 72.26 0.138 7830
[ 0.111 75.19 0.080 g0.71 0.149 71.27 0.121 77.31
T 0.112 74.20 0.078 79.71 0.139 70.29 0.110 76.32
8 0.114 73.21 0.076 78.72 0.134 69.30 0.103 7533
o 0.119 7221 0.073 71.72 0.133 68.30 0.101 7433
10 0.122 71.22 0.070 76.73 0.129 67.31 0.103 7334
11 0.137 70.23 0.072 75.74 0.131 66.32 0.110 7233
12 0.155 6924 0.077 74.74 0.153 65.33 0.123 71.36
13 0.181 6825 0.083 73.75 0.196 64.34 0.141 7036
14 0.227 67.26 0.097 72.75 0.255 63.35 0.159 6937
15 0.296 6628 0.130 71.76 0344 62.37 0.181 68.30
16 0.339 63.30 0.144 7077 0.455 61.30 0.206 6740
17 0.378 64.32 0.157 69.78 0.540 60.42 0.232 66.41
18 0.410 63.34 0.169 68.70 0.584 3945 0.243 6543
19 0.435 62.37 0.181 67.80 0.607 38 48 0.249 64 44
20 0.432 61.40 0.178 66.81 0.624 57.52 0.233 63.46
21 0.447 60.42 0.187 6583 0.641 36.56 0.259 6247
22 0.459 59 45 0.196 64 B4 0.668 35.59 0.273 61.49
23 0.466 58 48 0.203 63 .85 0.710 3463 0.293 60.51
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m ot /Qﬁag'ﬁ;ﬁ;r&d .
23133 7+ = (Uniform distribution of death;UDD)
L, =@-t)L +t-1,, ,0<t<1

1 1 1
LX_IX+1+§dX:IX_§ x:§(|x+|x+1)
459 74 BRERS FA G
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n T 324 ¢ (Expectation of Life)
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> #_§ + v (Stationary Population) sz T
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v 4 Hy
(pz B 7+ = Z Force of Mortality)

R SRR PR T LRSdkh R
TR 3 AFERF LRSS EREY T R
Feoge B it
P(X<X<Xx+At| X >x)=P(0<T(x)<At)

~ S(X)—S(x+At)

S(X)

_ S'(X) At
S(x)




R-dx #% 3

(Ath):_S'(X) 1 dS(x)

ac=1Im| S(x)  S(x)  dx

At—0

X B SR o
J = [~ 0500 = ~log(S(0)

& S(X) = exp(— j 12,0X).

px — exp(__“on lux+tdt)'
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A, =1-p, = P(T(x) <t),
¥ AR % CDF » $FpF & t e ¥ #PDF :

d, o d, o d(SKx+t)
dt(th)_ dt(tpx) dt( S(X) j

1

— _%(_ﬂxﬂ S(X ‘|‘t)):tpx Myt

#ﬁ';i ’ tpxﬂx+t ?;fﬁé TB‘/T:EE%F%&EJ/’JPDF °
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s XA 2 BREER L TEAT B
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E(T) = €x
Var(T) — J.Oootzluxﬂ t px dt _(ex)2

_ 2jooot D, dt —(ex)?.

= E(T) 2 Var(T) 2 L8 7 & -
=2 b4 @ S(X) = (1+x)
2 S(X) = (1+x)2 -
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2> &+, FE(Linear Interpolation)

— 4p # P 4% (Exponential Interpolation)

-3 fop 3&(Harmonic Interpolation)
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CRCEE o R
S(X+t):(1—t)-S(x)+t-S(x+1)
LREF L hE AT, A4 ¢ 2t B )

th :t.qx'



s e dE 0 (0<t<])
ERCIOE o B
S(Xx+t)=S(X)" xS(x+1)'
& ﬁ%{ﬁ LT, T s Bk
TR u = AR
(Constant Force of Mortality) -

s LR TR B e g

t px — (px)t'
log(S(x+1))=(1-1t)log(S(x))+tlog(S(x+1)).
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S(x+t) S(x) S(x+1)
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s 2 % & = #c(Fraction of the Last Age
Interval of Life) : i#3k a,=1/2 (U.D.D.)
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- Moving Weighted Average (MWA)

- Whittaker-Henderson

—->Kernel (%)

>Spline ( <4 ~ ¥ %)

- Curve Fitting (e.g., Local Poly, GAM, Wavelet)

- Parametric Models (e.g., Gompertz, Logistic,
Coale-Kisker, Heligan-Pollard, Wang-Yue)
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-> Bayesian Analysis

->Whittaker Ratio/Partial SMR

—> Lee-Carter Model (or PCA)

- Reduction Factor ( & F§CMI )

- APC & other parametric models (e.g. CBD)
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->Bayesian Lee-Carter Model

> Li-Lee Model (Coherent Lee-Carter) Model

—> Lee-Carter Model + Partial SMR (or Whittaker
Ratio)



