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Problem 1. (6 marks) The survival function Sy(t) of the age—at—death random variable Tj is given

by ,
100
— f >
So(t) (100 n t) or t>0,

1. (2 mark) Calculate 5g40.

2. (2 mark) You are given S1(25) = 0.9 and Fyy(15) = 0.05, calculate S;((10).

3. (2 mark) Given Sy(t) = /1 — 15, for 0 <t < 100, calculate the probability that a life age 36

will die between ages 51 and 64.

Solution:

L. We know 50 = 5pan— 6pao = Sao(5) = Sa0(6) = Faio — 2208 = 0.932224—0.919497 = 0.012727,

2. We have S10(10) = 19p19. Moreover we have a95p10 = 10010 - 15P20 = 10010 (1 — 15¢20),

25P10 09

= = 0.94737.
1-— 15Q20) 1—0.05

10P10 =
(

3. The required probability is given by

So(51) — Sp(64)
So0(36)

B
100 100 :§:0125
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Problem 2. (6 marks) The force of mortality u, is given by

P (15 <Ty < 28) = S3(15) — S36(28) =

1
100 —

oy for 0 <2x <100,

1. (2 marks) Find Sy(t) for 0 <t < 80.
2. (2 marks) Compute 4pa0.
3. (2 marks) Find fy(t) for 0 <t < 80.

Solution:



1. By definition Sy(t) = e~ Jy taoudn — o= Jo somdn — n(E0-wlf — n(%55t) — 1 _ =
2. We have 40P20 = 520(40) = 1— g—g = % = 0.5.

3. the p.d.f. of Ty is given, foo(t) = —Sh(t) = 55

Problem 3. (6 marks) You are given the following life table:

x 90 91 92 93 94 95
ly 1000 950 900 840 | c2 700
d, 20 20 60 c1 70 80

1. (2 marks) Find the values of ¢; and ¢,
2. (2 marks) Calculate 1 4pgg, assuming uniform distribution of deaths between integer ages.

3. (2 marks) Repeat 2. by assuming constant force of mortality between integer ages.

Solution:

1. We know that £, — &H_l =d, — &H_l = gx — dl«, thus 595 = 694 — d94 =700 =cy — 70, hence
Co = 770. And 694 = 693 — dgg =770 = 840 — C1, hence C1 = 840 — 770 = 70.

2. Under UDD we can write

P90 0.4P91 = P90 (1 - 0.4(]91) = P9o (1 - 04(191)

1-04 1—@ = 0.93.
950

1.4P90 =
_ ol gy b)) _ 950
Lo lgq 1000

3. Under CFM we can write

ﬁ g 0‘4
0.4 91 92
1.4P90 = P90 0.4P91 = P90 " Po1 = 5 — ( ) =

950 /900 0'4_092968
loo \ oy 1000 - '

950

Problem 4. (6 marks)

1. (2 mark) You are given: 6[45} = 1000, 54[45] = 004, 5q[45]+5 = 0.05. Calculate g[45]+10.

2. (2 mark) You are given the following extract from a select-and-ultimate mortality table with a
2-year select period:

T E[x] K[x]ﬂ lrio x+2
60 80625 79954 78839 62
61 79137 78402 77252 63
62 77575 76770 75578 64

Calculate under UDD ¢ 9qj60]+0.6-

3. (2 mark) Select mortality rates for [45] are half of the Illustrative Life Table’s mortality rates

for a selection period of 3 years and i = 6%. Calculate 92qs).



Solution:
1. We have
Cuusi+10 = Las) 10Pus) = Lias) 5Pus] sPs)+5 = Lus) (1 - 5Q[45]) (1 - 561[45}+5) = 1000x0.96x0.95 = 912.
2. We know that o.9qe0j+06 = 1 — 0.9P[60j+0.6 and

1.5P[60] _ P[6o] X 0.5P[60]+1 _ Peo) (1 - 0-561[60}+1)

0.9P 6 =
[60}+0.8 0.6D[60] 0.6D[60] 1 — 0.64160]
Li60]+1 < _ ( _ _te2 >>
(e (ogm)) mmoesaomm)
79054 : :
1—-0.6 <1—£[§[Z%]1> 1-06(1— )

hence ¢.9q(601+0.6 = 1 — 0.9897 = 0.0103.
3. We will calculate ypys and opps)+2. So
opus) = D) Psi+1 = (1= qus)) (1= qusj+1)

and
Dus)+2 = Dusj+2 Pasj+s = (1 — qusr2) (1 — qusss) -
For qus) and qps)+1 we use half of the ILT rates. Then

2pus) = (1 —0.5(0.004))(1 — 0.5(0.00431) = 0.995849,

moreover qs4+2 = 0.5q47 but gus)4+3 = qus since the selection period ends after 3 years. Mortality
for duration 3 and on is no different from standard mortality.

2Da5] 42 = (1 —0.5(0.00466))(1 — 0.00504) = 0.992642
The answer is

22qia5) = 2P5] 2qas)+2 = 2Pjs) (1 — 2pusj+2) = 0.995849(1 — 0.992642) = 0.0073275.

Problem 5. (6 marks)

1. (5 marks) Given S()(lf) =4/ 1-— ﬁ, for 0 S t S 100. Evaluate a. 17P19, b. 15436, C.15|13(]36, d.
pae and e. E [Tsq] .

2. (1 mark) You are given u, = 0.02 for all x > 0. Calculate Var(T,).

Solution:

/1— 36
L. a. y7p1g = Si9(17) = ﬁgﬁ’gg = \/l_ﬁ = £ =0.88889.

100
So(51) _ Vi-tw 1
So =1- Vg =1=0125
/1—3BL _ /164
c. 15)13G36 = S36(15) — S36(28) = \1;01_& 10 =1 =0.125.
100

b. 1536 =1 — 15p36 = 1 —




d Sz(t k d h w . —%0%(1 13060)—05 B
 Hatt = 75,0 MOV take z = 0 and ¢ = 36 then p35 = T So(36) T Ji = 0.078125.

e. By definition

100—36 64 /1 — 36+t o
100 36+t
E [Ty = / tP3edt = / \/736/ \/1-— Wdt

100 100

64 t, 4.1
= \/ 36+' _3 33—-42666

2. The case of CFM we have

o0 o0 1 o0
ET,] = dt = ~0.02t gy _ _/ 026002t gy — _
= A P Ae 002 f, "% o0z~ 0

and

= > 2 [ 2 1
Eﬁﬂz/ %%m:/ %ﬂwﬁ:mﬁ/tmm4wﬁ:a@aﬁzmm
0 0 . 0 . .

then Var(T},) = 5000 — 50% = 2500.



