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Solution 1.1
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Solution 1.2

The probability 5| g; =0.015 is the probability that a life currently age 1 will die between ages 3 and 4. View each

of the 20 lives age 1 in the group as a trial, where ‘success’ means that the life dies between ages 3 and 4. Then the
random number of deaths follows a binomial distribution with n=20 trials and p=,|g;=0.015. The expected
number of deaths is np=0.30 and the variance in the number of deaths is npg=0.29550.

Solution 1.3

The probability function is: Pr(K = k)=dj /Iy. From the table we have:
lp=100, dy=1p -1y =54, dy=27 ,dp, =13 , d3=6
So it follows that Pr(K=0)=54/100 , Pr(K =1)=27 /100, and so on.

Solution 1.4

If you are given a formula for the force function, then the survival function is the obvious choice for the first
calculation:

u(x)= Zix =3 Igy(y)dy:(3ln(2+y))‘; :(ln(Zerx)T’
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Solution 1.5

Solution 1.6
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Solution 1.7
100—x\*? sx (60)  [40
= | — = = |— =081

sx () ( 100 j = 20P40 o (40) 0 0.81650

40 20
20120940 = 20P40 X(l_ZOPGO)Z\’% x [1 - _Oj =0.23915

Solution 1.8
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Solution 1.9

For the curtate lifetime at age 20 to be less than 2, we must have K(20) =0 or 1. That means that (20) must die
within 2 years. The probability is 1 minus the probability of surviving the next 2 years:

120\
220 =Pr(K(20)=0or 1) = 1-sp(p0)(2) =1~ ) - 0.01802

Solution 1.10

1#(x)=0.015 = sy (x)= exp[—jJ0.0ldej _ o 0015x

001 5,-0.015(20+)

20+t
M % ,u(20 + t) = —0.015x20
e

= 0.015¢ 01!
Sx (20)

fr20)(t) = P20 w(20+1) =

Solution 1.11

Start by computing a formula for the probability function:

Pr(K(20)=k) = 4/d20 = kP20 — ks1P20 _ ,~0.015(k) _ ,-0.015(k+1) _ (1_ 870_015)( 6—0.015k)
The probability that the curtate lifetime exceeds 1 is:

1-Pr(K(20)=0)~Pr(K(20)=1) =1 - (173 ) (1-¢7001%)e"0015— 0.97045

Note: You could have just as easily used Pr(K (20) = 2) = 2x0015

Solution 1.12

100
~1,000(100 - x)
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Solution 1.13

Use the formula developed in Solution 1.12 and the fact that T,y —T»5 is the number of people-years between ages
20 and 25 lived by the Iy lives that survive to age 20:
1,000(80)"  1,000(75)" % 1o
o = Too-To5 _ 1.95 1.95 _ 807" - 75

= 4.85141
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Solution 1.14

1 _ 0015

- _ ,—0.015¢ o 1 I e
p(x)=0.015 = ,p,=e = g =], it = o = 099254 =

= (0.49875

g'x:ﬂ —Px 0.99254- o 0015
a(X) ) - -0.015
Ix 1—¢

Note: When the force of mortality is constant, on average, deaths during a given year of age occur slightly before
mid-year.

Solution 1.15
oo =1—pop =1 — ¢ %15 = 0.01489
1 1
Io tP20 #4(20+1)dt .[o ¢ P20 0.015d¢

_[Oltpzo dt _[;tPZO dt

Note. When the force of mortality is constant, the central rate at age x is the same as the force.

Mo = = 0.01500

Solution 1.16

1,=1,000(100-x)""° = u(x)=—2% = Lu(x)=—1,=750/(100-x)"%

Solution 1.17

q30 =0.01 7 931 =0.02 1 q32 = 0.03 and the UDD =

q31 _ 0.02
1-04 q31 1-0.4x0.02

14P30 =P30 % 0.4P31 =(1-0.01)(1-0.4x0.02)=0.98208
fr(30) (1:4) = 1.4p30 #(314) = 0.01980

p(31.4)=p(31+04) = =0.02016

Solution 1.18

A person age 30 who survives 3 years gets credit for 3 years of life in both €031 and 530@ . A person who dies
during the next 3 years gets more credit in the calculation of é, 3 for part of the final year of life. Since a(x)=0.5
for all ages under the UDD assumption, it seems reasonable that 5305 =3t 0.53930 -

€031 = P30 + 2P30 + 3p30 =0.99 +(0.99x0.98) + (0.99x0.98x0.97) = 2.90129

63031 €051 + 053830 = 290129 + 0.5x(1-0.99x0.98x0.97) = 2.93075
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Solution 1.19

1,=1,000e 9% = p =1 .1 /L=e"2 forall x

34120] = 1 = 3P[20] =1 —P[20]% P[20}+1 % P22
=1-(1-0.8429)(1-0.9921 ) p2
=1-(1-08(1-p))(1-0.9(1-px ))p2
—1- (1 ~0.8(1-¢02 ))(1 ~0.9(1-¢02 )) P

= 0.05252

Solution 1.20

1, —0.02x22
ooy = —2— = 0%0¢ — 666.28

2P (1-08(1-¢0%))(1-09(1-¢02))

Solution 1.21

Note first that we have:

density function —( tP60 ),

60+t) = =

“( ) survival function P60
For the UDD assumption:

Peo=1-tqe0 = p(60+8)=—T60_ — ,(604)=—To0____ 002 45016

1-tqe0 1-04q¢ 1-0.4x0.02

For the exponential assumption:

u1(60+t)=—-In(pgy) = u(60.4)=-In(0.98) = 0.02020
For the hyperbolic assumption:

— ! t
Peo = Px — u(60+1) = (+Pe0) _Peo 1960 P60 960 = 760
Px + 14, tPe0 Ps0 (Peo +tq60)”  Peo+ teo
= p(604)=—10___ _ 002024
Peo + 04460
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