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**BEGINNING OF EXAMINATION**

1. For two lives, (80) and (90), with independent future lifetimes, you are given:
k Pso+i Poo+
0 0.9 0.6
1 0.8 0.5
2 0.7 0.4

Calculate the probability that the last survivor will die in the third year.

(A)
(B)
©
(D)
(E)
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2. You are given:

(1) An excerpt from a select and ultimate life table with a select period of 3
years:
X l[x] l[x]+1 l[x]+2 liis x+3

60 80,000 79,000 | 77,000 | 74,000 63
61 78,000 76,000 | 73,000 | 70,000 64
62 75,000 72,000 | 69,000 | 67,000 65
63 71,000 68,000 | 66,000 | 65,000 66

(i1) Deaths follow a constant force of mortality over each year of age.

Calculate 1000 ,; Gg0.0.75-

(A) 104
(B) 117
©) 122
(D) 135
(E) 142
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3. You are given:
1

(i) So(t):[1—ij4, for 0<t< @
w

.. 1
(i) Hes = 180

Calculate e, the curtate expectation of life at age 106.

(A) 22
(B) 25
C) 27
D) 3.0
(E) 32
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4. For a special fully discrete whole life insurance on (40), you are given:
(1) The death benefit is 50,000 in the first 20 years and 100,000 thereafter.
(i1))  Level benefit premiums of 1116 are payable for 20 years.
(ii1))  Mortality follows the Illustrative Life Table.

(iv) i=0.06

Calculate ,,V, the benefit reserve at the end of year 10 for this insurance.

(A) 13,340
(B) 13,370
(C) 13,400
(D) 13,430
(E) 13,460
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S. A special fully discrete 2-year endowment insurance with a maturity value of 2000 is
issued to (x). The death benefit is 2000 plus the benefit reserve at the end of the year of
death. For year 2, the benefit reserve is the benefit reserve just before the maturity

benefit is paid.

You are given:

(@)
(i)

q.=0.150 and ¢, =0.165

Calculate the level annual benefit premium.

(A)
(B)
©
(D)
(E)

Exam MLC: Fall 2012
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6. For a special fully continuous 10-year increasing term insurance, you are given:

(1) The death benefit is payable at the moment of death and increases linearly
from 10,000 to 110,000.

(i1) 1 =0.01

(iii)) 0=0.05

(iv)  The annual premium rate is 450.

(V) Premium-related expenses equal 2% of premium, incurred continuously.
(vi)  Claims-related expenses equal 200 at the moment of death.

(vit) ,V denotes the gross premium reserve at time ¢ for this insurance.

(viil)) You estimate , /" using Euler’s method with step size 0.2 and the

derivative of [V at time 9.6.

(ix)  Your estimate of ,,J 1s 126.68.

Calculate the estimate of ,(J.

(A) 230
(B) 250
(C) 270
(D) 280
(E) 290

Exam MLC: Fall 2012 -11- GO ON TO NEXT PAGE



USE THIS PAGE FOR YOUR SCRATCH WORK

EXTRA BLANK PAPER IS PROVIDED AT THE END OF THE EXAM BOOK

Exam MLC: Fall 2012 -12 - GO ON TO NEXT PAGE



7. You are calculating asset shares for a universal life insurance policy with a death benefit
of 1000 on (x) with death benefits payable at the end of the year of death.

You are given:

(i)
(i)
(iii)

(iv)
v)

(vi)

(vii)

The account value at the end of year 4 is 30.
The asset share at the end of year 4 is 20.
At the beginning of year 5:

a. A premium of 20 is paid.

b. Annual cost of insurance charges of 2 and annual expense charges of 7
are deducted from the account value.

At the beginning of year 5, the insurer incurs expenses of 2.

All withdrawals occur at the end of the policy year; the withdrawal benefit
is the account value less a surrender charge of 20.

q'”, =0.001 and ¢, =0.050 are the probabilities of death and

x+4 T

withdrawal, respectively.

The annual interest rate for asset shares is 0.08; the annual interest rate
credited to the universal life insurance policy is 0.06.

Calculate the asset share at the end of year 5.

(A)
(B)
©)
D)
(E)

39

40

41

42

43
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8. For a universal life insurance policy with a death benefit of 50,000 plus the account
value, you are given:

(@)
Policy | Monthly | Percent of | Monthly Cost | Monthly | Surrender
Year | Premium | Premium | of Insurance | Expense Charge
Charge | Rate per 1000 | Charge
1 300 W% 2 10 500
300 15% 3 10 125
(ii))  The credited interest rate is i "> = 0.054.
(ii1)  The cash surrender value at the end of month 11 is 1200.00.
(iv)  The cash surrender value at the end of month 13 is 1802.94.
Calculate W %, the percent of premium charge in policy year 1.
(A)  25%
B) 30%
©)  35%
(D) 40%
(E) 45%
Exam MLC: Fall 2012 -15- GO ON TO NEXT PAGE
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9. You are given the following about a universal life insurance policy on (60):

(@)
(i)

(iii)

(iv)

(V)
(vi)

(vii)

The death benefit equals the account value plus 200,000.

Age x Annual Annual Cost of Annual Expense
Premium | Insurance Rate per 1000 Charges
60 5000 5.40 100
61 5000 6.00 100

Interest is credited at 6%.

Surrender value equals 93% of account value during the first two years.
Surrenders occur at the ends of policy years.

Surrenders are 6% per year of those who survive.

Mortality rates are 1000g,, = 3.40 and 1000¢,, = 3.80.

i=7%

Calculate the present value at issue of the insurer’s expected surrender benefits paid in
the second year.

(A)
(B)
©
(D)
(E)

380

390

400

410

420
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10. Fora special 3-year term life insurance policy on (x) and (y) with dependent future
lifetimes, you are given:

(1) A death benefit of 100,000 is paid at the end of the year of death if both
(x) and (y) die within the same year. No death benefits are payable
otherwise.

(i)  p,,=0.84366, k=0,1,2
(i)  p,, =0.86936, k=0,1,2

(V) Py =0.77105, k=0,1,2

)
Maturity (in years) | Annual Effective Spot Rate
1 3%
2 8%
3 10%

Calculate the expected present value of the death benefit.

(A) 9,500
(B) 10,100
(C) 12,100
(D) 12,500
(E) 14,100
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11. For a whole life insurance of 1000 on (70), you are given:

(1)
(i)
(iii)

(iv)

Death benefits are payable at the end of the year of death.

Mortality follows the Illustrative Life Table.

Maturity (in years) | Annual Effective Spot Rate
1 1.6%
2 2.6%

For the year starting at time k—1 and ending at time k, k£ =3,4,5..., the

one-year forward rate is 6%.

Calculate the expected present value of the death benefits.

(A)
(B)
©
(D)
(E)

520

530

550

570

600
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12. a party of scientists arrives at a remote island. Unknown to them, a hungry tyrannosaur
lives on the island. You model the future lifetimes of the scientists as a three-state model,
where:

State 0: no scientists have been eaten.
State 1: exactly one scientist has been eaten.
State 2: at least two scientists have been eaten.

You are given:

(1) Until a scientist is eaten, they suspect nothing, so
i =0.01+0.02x2", t>0

(i)  Until a scientist is eaten, they suspect nothing, so the tyrannosaur may
come across two together and eat both, with
W’ =0.5xu’, t>0

(ii1))  After the first death, scientists become much more careful, so
(=001, t>0

Calculate the probability that no scientists are eaten in the first year.

(A) 0928
(B)  0.943
(C) 0951
(D)  0.956
(E)  0.962
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13. Youare given:

i The following excerpt from a triple decrement table:

(1) g p p
X TG PO d® FIE)
50 100,000 490 8,045 1,100
51 90,365 - 8,200 -
52 80,000 - - -

(11) All decrements are uniformly distributed over each year of age in the triple
decrement table.

(iti) ¢’ is the same for all ages.

Calculate 10,000 ¢3\".

(A) 130
(B) 133
©) 136
(D) 138
(E) 141

Exam MLC: Fall 2012 -25- GO ON TO NEXT PAGE



USE THIS PAGE FOR YOUR SCRATCH WORK

EXTRA BLANK PAPER IS PROVIDED AT THE END OF THE EXAM BOOK

Exam MLC: Fall 2012 -26- GO ON TO NEXT PAGE



14.

Exam MLC: Fall 2012

For a special whole life insurance policy issued on (40), you are given:

(A)
(B)
©
(D)
(E)

(@)
(i)

(iii)

(iv)
V)

(vi)

0.27
0.32
0.37
0.42

0.47

Death benefits are payable at the end of the year of death.

The amount of benefit is 2 if death occurs within the first 20 years and is 1

thereafter.

Z is the present value random variable for the payments under this

insurance.

i=0.03
X Ax 20 Ex
40 0.36987 0.51276
60 0.62567 0.17878

E [z 2] =0.24954

Calculate the standard deviation of Z.
_27—
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15. Fora special 2-year term insurance policy on (x), you are given:
(1) Death benefits are payable at the end of the half-year of death.

(i1) The amount of the death benefit is 300,000 for the first half-year and
increases by 30,000 per half-year thereafter.

(i) ¢,=0.16 and ¢ ,, =0.23

(iv) i%=0.18

(V) Deaths are assumed to follow a constant force of mortality between
integral ages.

(vi)  Zis the present value random variable for this insurance.

Calculate Pr(Z >277,000).

(A)  0.08
(B) 0.1
(C) 0.14
(D) 0.8
(E) 021
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16.

You are evaluating the financial strength of companies based on the following multiple
state model:

State 0 > State 1
Solvent Bankrupt

A

State 2
Liquidated

For each company, you assume the following constant transition intensities:
(1) 1" =0.02
(i1) (" =0.06
(iii)) 4" =0.10

Using Kolmogorov’s forward equations with step #=1/2, calculate the probability that a
company currently Bankrupt will be Solvent at the end of one year.

(A)  0.048
(B)  0.051
(C)  0.054
(D)  0.057
(E)  0.060

Exam MLC: Fall 2012 -31- GO ON TO NEXT PAGE



USE THIS PAGE FOR YOUR SCRATCH WORK

EXTRA BLANK PAPER IS PROVIDED AT THE END OF THE EXAM BOOK

Exam MLC: Fall 2012 -32- GO ON TO NEXT PAGE



17. For a whole life insurance of 1000 with semi-annual premiums on (80), you are given:

(i)

(ii)
(iif)
(iv)

(vi)

(vii)

A gross premium of 60 is payable every 6 months starting at age 80.

Commissions of 10% are paid each time a premium is paid.

Death benefits are paid at the end of the quarter of death.

V' denotes the gross premium reserve at time .

055V =753.72

t l9o+z

0 1000

0.25 898

0.50 800

0.75 706
i%=0.08

Calculate ,,.V.

(A)
(B)
©
(D)
(E)

680

690

700

710

730
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18. Fora special fully discrete whole life insurance on (40), you are given:

(1) The death benefit is 1000 during the first 11 years and 5000 thereafter.

(1))  Expenses, payable at the beginning of the year, are 100 in year 1 and 10 in
years 2 and later.

(ii1) 7z 1is the level annual premium, determined using the equivalence
principle.

(iv) G =1.02xr is the level annual gross premium.
(v) Mortality follows the Illustrative Life Table.
(vi) i=0.06

(vii) ,E, =0.50330

Calculate the gross premium reserve at the end of year 1 for this insurance.

(A) =70
(B) —60
(C) -50
(D) —40
(E) -30

Exam MLC: Fall 2012 -35- GO ON TO NEXT PAGE



USE THIS PAGE FOR YOUR SCRATCH WORK

EXTRA BLANK PAPER IS PROVIDED AT THE END OF THE EXAM BOOK

Exam MLC: Fall 2012 -36 - GO ON TO NEXT PAGE



19. For whole life annuities-due of 15 per month on each of 200 lives age 62 with
independent future lifetimes, you are given:

(1) i=0.06
)  4%Y =0.4075 and 24}” =0.2105
(1) 7z 1is the single premium to be paid by each of the 200 lives.

(iv)  Sis the present value random variable at time 0 of total payments
made to the 200 lives.

Using the normal approximation, calculate z such that Pr(200z > §)=0.90.

(A) 1850
(B) 1860
(C) 1870
(D) 1880
(E) 1890

Exam MLC: Fall 2012 -37- GO ON TO NEXT PAGE



USE THIS PAGE FOR YOUR SCRATCH WORK

EXTRA BLANK PAPER IS PROVIDED AT THE END OF THE EXAM BOOK

Exam MLC: Fall 2012 -38 - GO ON TO NEXT PAGE



20. Stuart, now age 65, purchased a 20-year deferred whole life annuity-due of 1 per year at
age 45. You are given:

(i)

(i)

(iii)
(iv)

Equal annual premiums, determined using the equivalence principle, were
paid at the beginning of each year during the deferral period.

Mortality at ages 65 and older follows the Illustrative Life Table.

i=0.06

Y is the present value random variable at age 65 for Stuart’s annuity

benefits.

Calculate the probability that Y is less than the actuarial accumulated value of Stuart’s

premiums.
(A) 040
(B) 042
(C)  0.44
(D) 046
(E) 048
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21. Fora fully continuous whole life insurance issued on (x) and (), you are given:
(1) The death benefit of 100 is payable at the second death.
(i)  Premiums are payable until the first death.

(ii1))  The future lifetimes of (x) and (y) are dependent.

. 1 —-0.01¢ 3 —0.03¢
v =—e T +—e 7, 20
(iv) Po=7 1

(V) tpx :ef().Olt’ tZ 0
(vi) ,p,= e >0

(vii) 5=0.05

Calculate the annual benefit premium rate for this insurance.

(A)  0.96
(B) 143
) 191
(D) 239
(E) 2.86

Exam MLC: Fall 2012 -41 - GO ON TO NEXT PAGE



USE THIS PAGE FOR YOUR SCRATCH WORK

EXTRA BLANK PAPER IS PROVIDED AT THE END OF THE EXAM BOOK

Exam MLC: Fall 2012 -42 - GO ON TO NEXT PAGE



22. Youare given the following information about a special fully discrete 2-payment, 2-year
term insurance on (80):

(1) Mortality follows the Illustrative Life Table.
(i1) i=0.0175

(ii1))  The death benefit is 1000 plus a return of all premiums paid without
interest.

(iv)  Level premiums are calculated using the equivalence principle.

Calculate the benefit premium for this special insurance.

(A) 82
(B) 86
(C€) 90
(D) 94
(E) 98
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23. A life insurance company issues fully discrete 20-year term insurance policies of 1000.
You are given:
(1) Expected mortality follows the Illustrative Life Table.
(i1) Death is the only decrement.

(ii1) .V, the reserve at the end of year 3, is 12.18.

On January 1, 2009, the company sold 10,000 of these policies to lives all aged 45. You
are also given:

(1) During the first two years, there were 30 actual deaths from these policies.

(11) During 2011, there were 18 actual deaths from these policies.

Calculate the company’s gain due to mortality for the year 2011.

(A) 28,100
(B) 28,300
(C) 28,500
(D) 28,700
(E) 28,900
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24. Aninsurance company is designing a special 2-year term insurance. Transitions are
modeled as a four-state homogeneous Markov model with states:

(2)
(L)
(D)

(H)  Healthy
infected with virus “Zebra”
infected with virus “Lion”

Death

The annual transition probability matrix is given by:

H
H(0.90
Z0.10
L]0.20
D\ 0.00

You are given:

(@)
(i)

(iii)

(iv)
v)

zZ
0.05
0.20
0.00
0.00

L
0.04
0.00
0.20
0.00

either virus.

i=0.05

D
0.01
0.70
0.60
1.00

Transitions occur only once per year.

250 is payable at the end of the year in which you become infected with

For lives infected with either virus, 1000 is payable at the end of the year
of death.

The policy is issued only on healthy lives.

Calculate the actuarial present value of the benefits at policy issue.

(A)
(B)
©
(D)
(E)

Exam MLC: Fall 2012
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25. Fora fully discrete 10-year term life insurance policy on (x), you are given:

Calculate the gross premium using the equivalence principle.

(@)

(ii)

(iii)

(iv)

V)

(vi)

Death benefits are 100,000 plus the return of all gross premiums paid

without interest.

Expenses are 50% of the first year’s gross premium, 5% of renewal gross

premiums and 200 per policy expenses each year.

Expenses are payable at the beginning of the year.

A1 =0.17094
(I4)1 - =0.96728

i =6.8865

**END OF EXAMINATION**

(A) 3200
(B) 3300
(C) 3400
(D) 3500
(E) 3600
Exam MLC: Fall 2012 —49 -
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