MATH 3631
Actuarial Mathematics I1
Class Test 2 - 3:35-4:50 PM
Wednesday, 20 April 2016
Time Allowed: 1 hour
Total Marks: 100 points

Please write your name and student number at the spaces provided:

Name: h MlC Student ID: gwﬂc’)c 3 A SC[L(_"I ons

e There are ten (10) written-answer questions here and you are to answer all
ten. Each question is worth 10 points.

e Please provide details of your workings in the appropriate spaces provided;
partial points will be granted.

e Please write legibly.

e Anyone caught writing after time has expired will be given a mark of zero.
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Question No. 1:

An insurance company issued 500,000 fully discrete whole life insurance policies to lives all
exactly age 40 on January 1, 2002. Each policy issued has a death benefit of $50,000 with an

annual gross premium of $375. Near 101
You are given: \ B i
. . 2062 2elt 2ol3
e The following values in Year 2012: C Lo) 5 G5O -
anticipated actual
Expenses as a percent of premium 0.05 0.04
Fixed expenses 7 10
Death settlement expense 100 150
Annual effective rate of interest 0.050 0.063
d50 0.0012 -

e The gross premium reserves per policy at the end of Years 2011 and 2012 are, respectively:

10V = 3,539 and ,;V9 = 4,027

e A total of 495,100 remain 'in force at the beginning of Year 2012.

e Gains and losses are calculated in the following order: expenses then mortality then

interest. '
9(1 bll-v\ 5 7\’\‘:4

e There is a total of zero gain or loss for Year 2012. | 2 less g4 A

Calculate the gain or loss due to mortality in Year 2012. /
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Question No. 2:

For a fully discrete whole life insurance policy of $150,000 issued to age 40, you are given:

e Mortality follows the I1lustrative Life Table.
=6
o i =6% - ol
ob e
Calculate the Full Preliminary Term (FPT) reserve at the end of 15 years. /l / loco
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Question No. 3:

The joint lifetime of (z) and (y) is being modeled as:

% al%ve 035 x alive

y alive y dead
(0) (1)

O
0S H7T3

& dgad 050 x dead

y alive 5 y dead
(2) (3)

Assume that at time 0, both (z) and (y) are alive. All transition intensities are constant and
independent of age:

p®t =0.035, u®2=0.015, p° =0.001, w'*=0075 and p**=0.050

Calculate the probability that the first death is (z) and that the death of (y) occurs within the
subsequent 10 years.
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An insurer issues a special 2-year insurance to a high risk individual. You are given the following
time-homogeneous Markov Chain model:

Question No. 4:

e The possible states are active (a), disabled (i), withdrawn (w) or dead (d) with annual
transition matrix:

a i w d
a (03 02 03 0.2
i 0.3 04 0.0 0.3
w|{ 0O 0 1 O
d 0o 0 0 1

Changes in state occur at the end of the year.

The only benefit is a death benefit of $100,000 payable at the end of the year of death.

Interest rate is 7 = 5%.

The insured is active and healthy at policy issue.

Calculate the actuarial present value of the benefits for this insurance.
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Question No. 5:

An actuarial student uses one of two manuals (Maﬁual X and Manual Y) to prepare for an
actuarial exam. You are given the following states:

(a) uses Manual X, but fails,

(b) uses Manual X, and passes,
(¢) uses Manual Y, but fails, and
(d) uses Manual Y, and passes

Assume time-homogeneous Markov Chain with annual transition probability matrix given by

a b c d

a (03 01 05 0.1  mckrix

- b 00 1.0 00 0.0 Q
B‘S““"”SSL“L"*Q clos 02 02 01|~
d \0.0 00 00 10

The actuarial exam is given once a year. The student, on his first attempt, just failed the
actuarial exam using Manual Y.

Calculate the probability that the student will pass the actuarial exam only on his fourth
attempt. \rv\\'vl 3\_:& e o
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Question No. 6:

A college football player may withdraw from the university for one of three possible reasons:
(1) academic failure;
(2) joins professional league; or

(3) other reasons.

According to a university’s historical experience, the following table provides probabilities of
withdrawals from each of these causes:

(0
class qél) qg(;Z) qg(gg) CE:
first year 0.10 0.15 0.05 40
second year |  0.08 0.25 0.04 37
third year 0.05 0.30 0.03 13 ¢
fourth year 0.02 0.50 0.02 At

Calculate the probability that an entering freshman joining the university’s football team will
ever graduate by completing its 4-year degree program.

— } y

O { 2 3 Y
e N \"// = =
o v NG wo
NG -.\AW‘”“' W \;\r{\ e

w \\"r‘ d

provabilily = (1= (1-3T) (1 -35)(1-5%)

= 2T



MATH 3631, ACTUARIAL MATHEMATICS II, SPRING 2016 CLAss TEST 2

Question No. 7:

For a fully discrete whole life insurance policy of $20,000 on (40) with level annual premiums,
the asset shares at the end of years 10 and 11 are respectively:

ASlo = 1, 990.0 and ASll = 2, 010.8

In addition, you are given: : 20000 % 6] = R00
e The contract premium is one cent for every dollar of insurarge.
e The percent of premium expense in year 11 is 5%.
e The fixed expense in year 11 is $10.
e i =7.0%

o ¢) =0.15 and ¢? = 0.03

Calculate the cash value payable upon withdrawal at the end of 11 years.
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_ . Cen 7000 < AV
Question No. 8: Ty?& A ADR = 15000 i
O~
For a Type A Universal Life policy with a total death benefit of $ 75,000, you are given:
annual annual
annual  percent of  fixed cost of
policy premium premium expense insurance interest
year  deposit charge charge rate per 1,000 credited
1 $1,500 10% $10 2.5 5%
2 $1,250 5% $10 3.0 5%

Calculate the account value at the end of two years.
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Question No. 9:

For a Universal Life policy with death benefit equal to $5,000 plus account value issued to (50),
you are given:

The premium paid at the beginning of each year is $2,500.
Expense charges in each year are 2% of premium plus $20.

The cost of insurance rate is equal to 120% of the mortality rate at the attained age based
on the I1lustrative Life Table.

i¢ = 5% for all years

19 = 4% for all years

Calculate the corridor factor at the end of the second year.
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Question No. 10:

For a Type A universal life insurance policy issued to (45), you are given:
e The total death benefit, payable at the end of the year of death, is $250,000.
e The annual premium at the beginning of the first year is $3,000.

e COI charges are paid at the beginning of each year, and the COI rate is equal to 125%
of the mortality rate at the attained age according to the I1lustrative Life Table.

e 19 =0.04 and ¢ = 0.05 for all years.

e Expense charges consist of: (a) 3% of each annual premium, plus (b) a fixed amount of
40 at the beginning of each year.

e Account values are calculated once a year.

Calculate the decrease in the account value if this were a Type B Universal Life with an
additional death benefit of $250,000.
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EXTRA PAGE FOR ADDITIONAL OR SCRATCH WORK
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