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SECTION A — Multiple-Choice



**BEGINNING OF EXAMINATION**

1. You are given the following information from a life table:

(i)
x [, d, P, q,
95 — — — 0.40
96 — — 0.20 -
97 — 72 — 1.00

(i) 1,y =1000 and /,, =825

(iii))  Deaths are uniformly distributed over each year of age.

Calculate the probability that (90) dies between ages 93 and 95.5.

(A)  0.195
(B)  0.220
(C) 0345
(D)  0.465
(E)  0.668
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2. You are given the following extract from a table with a 3-year select period:

Calculate e,

(A)
(B)
©
(D)
(E)

Exam MLC: Spring 2014

(@)

(i)

5.30
5.39
5.68
5.85

6.00

X 44 911111 91102 9.3 x+3
60 0.09 0.11 0.13 0.15 63
61 0.10 0.12 0.14 0.16 64
62 0.11 0.13 0.15 0.17 65
63 0.12 0.14 0.16 0.18 66
64 0.13 0.15 0.17 0.19 67
e, =5.10
-3- GO ON TO NEXT PAGE
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3. A continuous Markov process is modeled by the following multiple state diagram:

State 0 < State 1

NS

State 2

You are given the following constant transition intensities:
(i) 1% =0.08
(i1) 4" =0.04
(i) 4"=0.10

(v) 1" =005

For a person in State 1, calculate the probability that the person will continuously remain
in State 1 for the next 15 years.

(A)  0.032
(B)  0.105
(C) 0.151
(D) 0250
(E) 0350
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4. You are given:

(1) Z(n) is the present value random variable for an n-year term insurance on
a life age x, based on the current yield curve.

(i1) E[Z(1)]=0.014354 and E[Z(2)]=0.032308
(ii1)  The current one-year spot rate is 4.50%.

(V) ¢, =002

Calculate the current two-year spot rate.

(A)  4.55%
(B)  4.75%
©)  4.95%
(D)  5.15%
(E)  5.35%
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S. For a whole life insurance of 1000 on (50), you are given:

Calculate the actuarial present value of this insurance.

(A)
(B)
©
(D)
(E)
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(1)
(1)
(iii)

237
249
251
263

265

Mortality follows the Illustrative Life Table.

The death benefit is payable at the end of the year of death.

i =0.05 in the first year, and i =0.06 in subsequent years.
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6. For a group of 100 lives age x with independent future lifetimes, you are given:
(1) Each life is to be paid 1 at the beginning of each year, if alive.
(i1) A =0.45
(iii)  %4,=0.22
(iv) i=0.05

Y is the present value random variable of the aggregate payments.

Using the normal approximation to Y, calculate the initial size of the fund needed in order
to be 95% certain of being able to make the payments for these life annuities.

(A) 1170
(B) 1180
(C€) 1190
(D) 1200
(E) 1210
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7. The joint mortality of two lives (x) and () is being modeled as a multiple state model:

You are given:

(i)

(ii)
(iif)
(iv)

State 0 State 1
(x)alive | (x)alive
(y) alive () dead

A\ \4

State 2 State 3
(x)dead | (x)dead
(y) alive (y) dead

£°=0.010
1% =0.030
1% =0.005
0=0.05

A special joint whole life insurance pays 1000 at the moment of simultaneous death, if

that occurs, and zero otherwise.

Calculate the actuarial present value of this insurance.

(A)
(B)
©)
(D)
(E)

52.6

55.6

87.9

90.9

93.9
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8. For a special fully discrete whole life insurance of 100,000 on (40), you are given:

(1) The annual net premium is P for years 1 through 10, 0.5P for years 11
through 20, and 0 thereafter.

(i)  Mortality follows the Illustrative Life Table.

(1i1) i=0.06
Calculate P.
(A) 1560
(B) 1660
©) 1760
(D) 1860
(E) 1960
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. or a fully discrete whole life insurance o on (x) with net premiums payable
9 For a fully di hole life i £ 1000 ith net premi payabl
quarterly, you are given:

G i=0.06

(i) 4. =3.4611

(i) P" and P“P" are the annualized net premiums calculated using the
2-term Woolhouse (/) and the uniform distribution of deaths (UDD)
assumptions, respectively.

(UDD)

Calculate =G
(A) 1.001
(B) 1.003
(C) 1.005
(D)  1.007
(E) 1.009
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10. Fora fully discrete 20-year endowment insurance of 100,000 on (30), you are given:
(1) d=0.05

(i1))  Expenses, payable at the beginning of each year, are:

First Year Renewal Years
Percent of Per Percent of Per
Premium | Policy | Premium | Policy

Taxes 4% 0 4% 0
Sales Commission 35% 0 2% 0
Policy Maintenance 0% 250 0% 50

(i11)  The net premium is 2143.

Calculate the gross premium using the equivalence principle.

(A) 2410
(B) 2530
(C) 2800
(D) 3130
(E) 3280
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11. Fora 2-year last survivor term life insurance on two lives each age 30, with independent

future lifetimes, you are given:

(1)

(i1)
(iii)
(iv)

Calculate the annual net premium for this insurance.

(A)
(B)
©
(D)
(E)

Exam MLC: Spring 2014

The insurance pays 10,000 at the end of the year of the second death.

For each life, ¢g,, =0.04 and ¢,, =0.06

Premiums are payable at the beginning of the year while either life is alive.

i=0.05

39

41

43

45

47

—21-—
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12. Fortwo fully continuous whole life insurance policies on (x), you are given:

(1)
Death Annual Variance of the Present
Benefit  Premium Rate Value of Future Loss at ¢
Policy A 1 0.10 0.455
Policy B 2 0.16 -
(i1) 0=0.06

Calculate the variance of the present value of future loss at ¢ for Policy B.

(A) 09
(B) 14
) 20
D) 29
(E) 34
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13. Fora special fully discrete 25-year endowment insurance on (44), you are given:

(1)
(i)
(iif)
(iv)
(v)

(vi)

The death benefit is (26—k) for death in year &, for k=1,2,3...25.

The endowment benefit in year 25 is 1.

gss =0.15
i=0.04
.1V, the net premium reserve at the end of year 11, is 5.00.

..V, the net premium reserve at the end of year 24, is 0.60.

Calculate ,V/, the net premium reserve at end of year 12.

(A)
(B)
©)
(D)
(E)

3.63

3.74

3.88

3.98

4.09
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14. Fora fully discrete 30-year endowment insurance of 1000 on (40), you are given:

(@)
(i)

Mortality follows the Illustrative Life Table.

Calculate the full preliminary term (FPT) reserve for this policy at the end of year 10.

(A)
(B)
©
(D)
(E)

Exam MLC: Spring 2014
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192

217

242

267
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15. vyour company issues whole life annuities to a group of lives age 70. For each policy,
you are given:

(1)
(ii)
(iii)
(iv)
(v)

The annuity pays 2000 at the end of each year.

The single gross premium is 26,600.

Profits are based on gross premium reserves.

The gross premium reserve at the end of year 10 is 8929.18 per policy.

Expenses are paid at the end of each year for any policyholder who does
not die during the year.

During year 11, anticipated and actual experience are as follows:

(a)

(b)

Anticipated Actual
Mortality qg =0.11 200 deaths
Interest i=0.03 i=0.04
Expenses 30 per policy 35 per policy

1000 such policies are in force at the beginning of year 11.

For year 11, you calculate the gain due to interest prior to calculating the gain from other
sources.

Calculate the gain due to interest during year 11.

(A)
(B)
©)
(D)
(E)

87,560
87,902
88,435
88,880

89,292

Exam MLC: Spring 2014
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16. Fora fully discrete 3-year endowment insurance of 1000 on (x), you are given:

Calculate Px;ﬂ'

(A)
(B)
©)
(D)
(E)

(@)

(i)
(iii)

(iv)

0.290
0.295
0.300
0.305

0.310

Expenses, payable at the beginning of the year, are:

Year(s) Percent of Premium Per Policy
1 20% 15
2 and 3 8% 5

The expense reserve at the end of year 2 is —23.64.

The gross annual premium calculated using the equivalence principle is

G =368.05.

G =1000P 5+ P°, where P is the expense loading.

Exam MLC: Spring 2014
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17. Anneand Julie, each age x, purchase identical Type B universal life policies:

(1) The death benefit, payable at the end of the year of death, is F plus the
account value at the end of the year. F is the same for both policies.
(ii)
. Percent of Annual Annual Cost of Annual
Policy . .
Year k Premium Expense Insurance Credited
Charge Charge Rate Per 1000 | Interest Rate
1 40% 50 1.1 6%
2-20 10% 10 1.0+0.1k 6%
(iii)  Anne pays 1000 at the beginning of the first year and 500 at the beginning
of each subsequent year.
(iv)  Julie pays 500 at the beginning of the first year and 1000 at the beginning
of each subsequent year.
(V) Both Anne and Julie are alive at the end of 20 years.
(vi)  The account value of Anne’s policy at the end of 20 years is 10,660.

Calculate the account value of Julie’s policy at the end of 20 years.

(A) 24,940
(B) 25,370
(C) 25,800
(D) 26,380
(E) 26,950

Exam MLC: Spring 2014
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18. Bob, currently exact age 40, joined a defined benefit pension plan at exact age 35. His
current salary is 50,000 per year. He will retire at exact age 65.

You are given:

(1) Bob’s salary will increase at the rate of 2% each year on his future
birthdays.

(i1) The annual retirement benefit is 0.5% of the final three-year average
salary for each year of service.

(iii)  Bob wants to supplement this annual retirement benefit with benefits
provided from a defined contribution plan, so that the total annual benefit

is 42,000.

(iv)  Retirement benefits will commence at exact age 65 and are payable at the
beginning of each year for life.

(V) =99

Calculate the defined contribution plan accumulation needed at age 65 so that Bob
receives his desired annual benefit.

(A) 200,000
(B) 225,000
(C) 250,000
(D) 275,000
(E) 300,000
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19. A pension plan offers a career average retirement benefit where a member will receive,
upon retirement at age 65, an annual pension of 2% per year of service of the average
annual salary received throughout the member’s years of service.

Tom joins the pension plan on July 1, 2014, with a starting salary of 45,000 per year. His
salary will increase by 4% each subsequent July 1*. Tom will retire on June 30, 2044.

Calculate the annual pension that Tom will receive at retirement.

(A) 49,500
(B) 50,000
(C) 50,500
(D) 51,000
(E) 51,500
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20.

For a fully discrete 3-year endowment insurance of 100 on (50), you are given:

Calculate the annual net premium for this policy.

(A)
(B)
©
(D)
(E)

(@)

(i1)
(iii)

18

22

26

30

34

The following double decrement table, where decrement d refers to death
and decrement w refers to withdrawal:

X l(f) d(d) d(W)
50 1000 20 35
51 945 25 25
52 895 30 0

There are no benefits upon withdrawal.

i=0.05

Exam MLC: Spring 2014
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1. (8 points) Ben, age 40, purchases a special life insurance policy with the following
features:

e Premiums are paid monthly for life.

e A death benefit of 20,000 is paid at the end of the year of death if death occurs
after age 60.

e No benefit is paid if death occurs before age 60.

Premiums are calculated using the following assumptions:

e Mortality follows the Illustrative Life Table.

e The Woolhouse formula with two terms is used to calculate annuity values.
e i=0.06

(a) (I point) Show that the expected present value of the death benefit is 2020 to the
nearest 10. You should calculate the value to the nearest 1.

(b) (2 points) Calculate the annualized net premium for the policy.

(c) (2 points) State two reasons why the annualized net premium rate will change if
premiums are payable continuously, giving the direction of change for each
reason.

The policy offers an optional feature under which the premium is waived if Ben’s wife,

Anne, dies. Anne is 50 years old at the issue date. Ben and Anne have independent

future lifetimes.

(d) (3 points) Calculate the increase in the annualized net premium due to the
premium waiver.
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2. (7 points) An actuarial student in your department is using the following 3-state Markov
model to price a one-year consumer warranty for a television.

Working

0

u Under Repair

v

,Uzlo 1

A

12
t

Broken Beyond
Repair
2

The product has the following features:

(1) The warranty is sold at the time that a consumer purchases the television
and pays a replacement cost of 1000 at the end of the half-year during
which the television becomes Broken Beyond Repair.

(i)  Premiums are payable at the beginning of each half-year, but are waived if
the television is not Working at the time a premium is due.

(ii1)  All televisions are in the Working state at time of purchase.

(a) (2 points) Write down the Kolmogorov forward differential equations with
associated boundary conditions (initial conditions) for , py°, , py', and , p.’

under this model.

The forces of transition in this model for a television purchased ¢ years ago are:

U1 =0.5+0.61
1 =02
u=2

The student has applied Euler’s method to the Kolmogorov forward differential equations
with a step size of #=0.5 to calculate probabilities for this model. You have verified

that, using this approach, , ;p.’ =0.75.

Exam MLC: Spring 2014
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2. Continued
(b) (2 points) Using the student’s approach:

(1) Calculate , p,'.

(11) Show that the probability that a television will become Broken Beyond
Repair within a year of purchase is 0.18 to the nearest 0.01. You should
calculate the probability to the nearest 0.001.

C 2 points) Using the probabilities from the student’s approach and i =8%:
p g p pp

(1) Calculate the actuarial present value at issue of the replacement cost
payments for this policy.

(i1) Calculate the semi-annual net premium for this policy.

(d) (I point) Suggest a change to the student’s approach that would improve the
accuracy of the probability calculations.
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3. (7 points) PonceDeLeon Pharmaceuticals is conducting a one-year study of a “Fountain
of Youth” drug. They have two versions under development.

(a)

(b)
(©)

(@)

(i)

(iii)

There is a control group of 1000 subjects with independent future lifetimes
who will not receive either drug. For each of these subjects, ¢ =0.20.

Drug A will be given to 1000 subjects comprising Cohort A.

e With probability 80%, each subject in Cohort A will have ¢ =0.20.
e  With probability 20%, each subject in Cohort A will have ¢ =0.05.

e Conditional on g, the lives have independent future lifetimes.

Drug B will be given to 1000 subjects with independent future lifetimes,
comprising Cohort B. The drug will affect different subjects differently
and independently.

e With probability 80%, any given subject in Cohort B will have
qg=0.20.

e With probability 20%, any given subject in Cohort B will have
q=0.05.

(I point) Calculate the mean and variance of the number of deaths in the control

group.

(2 points) Calculate the mean and variance of the number of deaths in Cohort A.

(2 points) Calculate the mean and variance of the number of deaths in Cohort B.

Mortality risk is called diversifiable if

(d)

m \/ Var(number of deaths among a group of n lives subject to the risk) 0

n—oco

n

(2 points) For each of the 3 groups, state whether the mortality risk is
diversifiable or not diversifiable, and justify your answer. You do not need to
include formulas or calculations in your justification.
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4. (8 points) An insurer issues fully discrete whole life insurance policies to 10,000 lives,
each age 45, with independent future lifetimes.

The death benefit for each policy is 100,000. Gross premiums are determined using the
equivalence principle. You are given the following information:

(a)

(b)

(©)

(d)

Exam MLC: Spring 2014

Pricing and Reserve

Policy Year 1

Policy Year 2

Table

Assumptions Actual Experience | Actual Experience
Interest 6% 7% Same as pricing

o .
Expense at | 75% of premium + 75% of premium + -
Start of the 100 per policy in 105 per polic Same as pricing
Year the first year; Per poticy

10% of premium +
20 per policy
thereafter

Settlement 200 per polic Same as pricin 220 per polic
Expense per policy p g per policy
Mortality Mustrative Life Same as pricing 70 deaths

(2 points) Show that the gross premium for each policy is 1700 to the nearest 10.
You should calculate the premium to the nearest 1.

(2 points) Calculate the gross premium reserve for a policy inforce at the end of

policy year 1.

(3 points) For each of interest, expense and mortality, in that order, calculate the
gain or loss by source in policy year 1 on this block of policies.

(I point) Explain the sources and direction of any gains or losses in policy year 2.
Exact values are not necessary.
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S. (9 points) There are two whole life insurances of 100,000 on (35) with death benefits
payable at the end of the year of death. Policy A has annual premiums and Policy Q has
quarterly premiums.

You are given:

Policy A Policy Q
Premiums 930 per year | 240 per quarter
Commissions on initial premium 100 100

Commissions on subsequent premiums in first 10 years | 45 per year | 16 per quarter

Commissions on subsequent premiums after 10 years 0 per year 0 per quarter
The symbol for gross premium reserve at time ¢ tVA ,VQ
The symbol for the loss random variable at time 0 oL WA

You are also given:

(a)

(b)

(c)

(d)

Exam MLC:

Mortality follows the Illustrative Life Table.

i=0.06
J*=1763
Ve =1765
Jh=2552
i =4.3408

The Woolhouse formula with two terms is used to calculate annuity values.

(2 points) Calculate ,L? when T, =0.30.
(3 points) Caleulate £ ,L°].

(2 points) Show that 5VQ is 2545, to the nearest 5. You should calculate the value

to the nearest 1.

(2 points) Sketch the graph of V* — V' for 4<:<5. An exact calculation of the

difference at intermediate times is not expected. Label the scales on the x (time)
and y (reserve difference) axes.
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6. (10 points) For Type B universal life insurances with additional death benefit 100,000 on
lives age 60, you are given:

. Percent of Annual
) Credited . Annual Cost of
Policy Annual Premium Surrender
. Interest Expense | Insurance
Year k Premium Expense Charge
Rate Charee Charge Rate per
g 1000
1 5000 5% 60% 200 6.00 600
2 1000 5% 10% 50 7.47 200
3 — — — — — 0
You are also given the following assumptions:
Policy Dependent Probabilities Earned 2;?;?;2?:’2; Other
Year k ql? gl Interest Rate . Expenses
60+k—1 60+k-1 Premium
1 0.004 0.100 6% 90% 100
2-10 0.003 + 0.001% 0.050 6% 5% 10

Expenses are incurred at the start of each policy year. Your company uses account values
as reserves. The account value at the end of year 2, for a policy in force, is 1500.

(a) (2 points) Show that the account value at the end of year 1, for a policy in force,
is 1300 to the nearest 100. You should calculate the account value to the
nearest 1.

Your company discounts expected profits at 12%. The expected profits for the first three

years are:
Policy Expected profits at the end of the year
Year k for a policy in force at the start of the year
1 —1206
2 374
3 400

(b) (3 points) Calculate the total expected present value at issue of profits for the first
three years per policy issued.
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6. Continued

(c) Your company’s pricing actuary asks you to redo the profit test using the end of
year cash surrender values as reserves, with no other changes.

(1) (3 points) Calculate the revised expected profits for policy year 2, per
policy in force at the start of year 2.

(i1) (I point) Explain why the expected profit in policy year 2 decreases due
to this change.

(ii1)) (/I point) State with reasons whether the total present value of profits in all
years increases, decreases, or stays the same due to this change.
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(7 points)
(a) (I point) List three reasons why employers sponsor pensions for their employees.

A benefit plan provides a retirement benefit if the employee lives to age 65, and a death
benefit if the employee dies prior to age 65.

e The retirement benefit is an annual whole life annuity-due of 3% of the final
3-year average salary for each year of service.

e The death benefit is a lump sum payable at the end of the year of death equal
to two times the employee’s annual salary in the year of death.

You are given:

e Chris started her employment on January 2, 1990 at exact age 38 with a
starting salary of 50,000.

e The company gives salary increases of 3% on January 1 each year.
e Employees can terminate employment only by retirement at 65 or death.
You are given the following:

° q62+k=0.08+0.01k for k=0,1,2,3

e The expected present value on January 1, 2017 of an annuity-due of 1 per year
payable annually to Chris, if she survives, will be 4.7491.

e The k-year spot rates on January 1, 2014 are 0.030+0.005%, for k£ =1,2,3.

(b) (3 points) Calculate the actuarial present value on January 1, 2014 of Chris’ death
benefit.

(c) (3 points) Calculate the actuarial present value on January 1, 2014 of Chris’
retirement benefit.

**END OF EXAMINATION**
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