You are given:

Calculate 2252—5| .

(A)
(B)
©)
(D)
(E)
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For a select-and-ultimate mortality table with a 3-year select period:

(i)

X 9 e ]2 r+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

(i)  Whitewas anewly selected life on 01/01/2000.
(iii)  White'sage on 01/01/2001 is 61.

(iv)  Pisthe probability on 01/01/2001 that White will be alive on 01/01/2006.

Caculate P.

(A) O£ P<043

(B) 0.43£P<045
(C)  0.45£ P<047
(D) 0.47£ P <0.49

(E) 049£ P£1.00
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For a continuous whole life annuity of 1 on (x):

()
(i)
(iii)

Calculate the standard deviation of am.

(A)
(B)
©)
(D)
(E)

Course 3: November 2001

T(x) isthefuture lifetime random variable for (x).

a, =1250

1.67

2.50

2.89

6.25

7.22

The force of interest and force of mortality are constant and equal.
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For a special fully discrete whole life insurance on (x):

(i)

(ii)

(iii) ¢, =005
(iv) v=090
(v) & =500
(vi)

(vii)

Calculate ./ .
A) 795

(B) 1000

(© 1090

(D) 1180

(E) 1225

Course 3: November 2001

Level benefit premiums are payable for life.

7, =020

The death benefit is 0 in the first year and 5000 thereafter.

1/ isthe benefit reserve at the end of year 10 for thisinsurance.

GO ON TO NEXT PAGE



For afully discrete 2-year term insurance of 1 on (x):

(i)

(ii)
(iii)
(iv)

Calculate Var(Z).

(A)
(B)
©
(D)
(E)

Course 3: November 2001

p, =075

Doy = 0.80

0.15

0.17

0.19

0.21

0.23

0.95 isthe lowest premium such that there is a 0% chance of lossin year 1.

Z isthe random variable for the present value at issue of future benefits.
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A group dental policy has a negative binomial claim count distribution with mean 300 and
variance 800.

Ground-up severity is given by the following table:

Severity Probability
40 0.25
80 0.25
120 0.25
200 0.25

Y ou expect severity to increase 50% with no change in frequency. Y ou decide to impose a
per claim deductible of 100.

Calculate the expected total claim payment after these changes.

(A)  Lessthan 18,000
(B)  Atleast 18,000, but less than 20,000
(C) At least 20,000, but less than 22,000
(D)  Atleast 22,000, but less than 24,000

(E)  Atleast 24,000
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Y ou own afancy light bulb factory. Your workforceis abit clumsy —they keep dropping
boxes of light bulbs. The boxes have varying numbers of light bulbs in them, and when
dropped, the entire box is destroyed.

You are given:
Expected number of boxes dropped per month: 50
Variance of the number of boxes dropped per month: 100
Expected value per box: 200
Variance of the value per box: 400

Y ou pay your employees abonusiif the value of light bulbs destroyed in a month is less than
8000.

Assuming independence and using the normal approximation, calculate the probability that
you will pay your employees a bonus next month.

(A) 0.6
(B) 0.9
© 023
(D) 0.27
(E) 031
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Each of 100 independent lives purchase a single premium 5-year deferred whole life
insurance of 10 payable at the moment of death. Y ou are given:

() m=004
iy d=006

(i) Fisthe aggregate amount the insurer receives from the 100 lives.

Using the normal approximation, calculate F' such that the probability the insurer has
sufficient fundsto pay al claimsis 0.95.

(A) 280
(B) 3%
(©) 500
(D) 610
(E) 720
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9. For a select-and-ultimate table with a 2-year select period:

X IZg Pl D2 x+2
48 0.9865 0.9841 0.9713 50
49 0.9858 0.9831 0.9698 51
50 0.9849 0.9819 0.9682 52
51 0.9838 0.9803 0.9664 53

Keith and Clive are independent lives, both age 50. Keith was selected at age 45 and Clive
was selected at age 50.

Calculate the probahility that exactly one will be alive at the end of three years.

(A) Lessthan0.115

(B)  Atleast 0.115, but lessthan 0.125
(C)  Atleast 0.125, but less than 0.135
(D)  Atleast 0.135, but less than 0.145

(E) Atleast0.145

Course 3: November 2001 -9- GO ON TO NEXT PAGE



10-11. Use the following information for questions 10 and 11.

10.

For atyrannosaur with 10,000 calories stored:

(i)

(if)

(iif)
(iv)

The tyrannosaur uses calories uniformly at arate of 10,000 per day. If his stored

caoriesreach O, he dies.

The tyrannosaur eats scientists (10,000 calories each) at a Poisson rate of 1 per day.

The tyrannosaur eats only scientists.

The tyrannosaur can store calories without limit until needed.

Calculate the probability that the tyrannosaur dies within the next 2.5 days.

(A)
(B)
©)
(D)
(E)

Course 3: November 2001

0.30

0.40

0.50

0.60

0.70
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10-11. (Repeated for convenience) Use the following information for questions 10 and 11.

11.

For atyrannosaur with 10,000 calories stored:

(i)

(if)

(iif)
(iv)

Calculate the expected calories eaten in the next 2.5 days.

(A)
(B)
©)
(D)
(E)

Course 3: November 2001

The tyrannosaur uses calories uniformly at arate of 10,000 per day. If his stored

caoriesreach O, he dies.

The tyrannosaur eats scientists (10,000 calories each) at a Poisson rate of 1 per day.

The tyrannosaur eats only scientists.

The tyrannosaur can store calories without limit until needed.

17,800
18,800
19,800
20,800

21,800
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12-13. Use the following information for questions 12 and 13.

A fund is established by collecting an amount P from each of 100 independent lives age 70.
The fund will pay the following benefits:

10, payable at the end of the year of death, for those who die before age 72, or
P, payable at age 72, to those who survive.

You are given:

1) Mortality follows the Illustrative Life Table.

(i) i=0.08

12. caculaer, us ng the equivalence principle.

(A) 233
(B) 238
© 302
(D) 307
(E) 355
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12-13. (Repeated for convenience) Use the following information for questions 12 and 13.

A fund is established by collecting an amount P from each of 100 independent lives age 70.
The fund will pay the following benefits:

10, payable at the end of the year of death, for those who die before age 72, or
P, payable at age 72, to those who survive.

You are given:

1) Mortality follows the Illustrative Life Table.

(i) i=0.08

13. Forthis question only, you are also given:
The number of claimsin the first year is simulated from the binomial distribution using the

inverse transform method (where smaller random numbers correspond to fewer deaths). The
random number for the first trial, generated using the uniform distribution on [0, 1], is 0.18.

Calculate the ssmulated claim amount.

(A) 0
(B) 10
© 20
(D) 30
() 40
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14. Youaresimulati ng a continuous surplus process, where claims occur according to a Poisson
process with frequency 2, and severity is given by a Pareto distribution with parameters a =2
and g =1000. Theinitial surplusis 2000, and the relative security loading is0.1. Premiumis
collected continuously, and the process terminates if surplusis ever negative.

Y ou simulate the time between claims using the inverse transform method (where small
numbers correspond to small times between claims) using the following values from the
uniform distribution on [0,1]: 0.83, 0.54, 0.48, 0.14.

Y ou simulate the severities of the claims using the inverse transform method (where small

numbers correspond to small claim sizes) using the following values from the uniform
distribution on [0,1]: 0.89, 0.36, 0.70, 0.61.

Calculate the ssimulated surplus at time 1.

(A) 1109
(B) 1935
(C) 2185
(D) 4200

(E)  Surplus becomes negative at sometimein [0,1].
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15. Youare given:
(1) P. =0090
@) V., =0563

(i) P2 =000864

n

Calculate leZl

(A) 0.008
(B) 0.024
(C) 0.040
(D) 0.065
(E) 0.085

Course 3: November 2001
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16. Youare given:

()
(i)
(iif)

Calculate 107 (4yp)-

(A)
(B)
©
(D)
(E)

Course 3: November 2001

Mortality follows De Moivre' slaw with w =100.

i=005

d; =1758

o

Ggy =1871
a5 =19.40

|

0.075
0.077
0.079
0.081

0.083

The following annuity-certain values:

-16-
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17.

For agroup of individuals all age x, you are given:

(i)
(i)

(iii)
(iv)

d =008

30% are smokers and 70% are non-smokers.

The constant force of mortality for smokersis 0.06.

The constant force of mortality for non-smokersis 0.03.

Calculate Var(ﬁm) for anindividual chosen at random from this group.

(A)
(B)
©)
(D)
(E)

Course 3: November 2001

13.0

13.3

13.8

141

14.6
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18. Foracertain company, losses follow a Poisson frequency distribution with mean 2 per year,
and the amount of alossis 1, 2, or 3, each with probability 1/3. Loss amounts are
independent of the number of losses, and of each other.

Aninsurance policy coversall lossesin ayear, subject to an annual aggregate deductible of 2.

Calculate the expected claim payments for this insurance policy.

(A) 200
(B) 236
© 245
(D) 281
(E) 29
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19. A Poissonclaims process has two types of claims, Type | and Typell.

(i)
(i)

(iii)
(iv)

The expected number of claimsis 3000.
The probability that aclamis Typel is 1/3.
Type | claim amounts are exactly 10 each.

The variance of aggregate claimsis 2,100,000.

Calculate the variance of aggregate claimswith Type | claims excluded.

(A)
(B)
©)
(D)
(E)

Course 3: November 2001

1,700,000
1,800,000
1,900,000
2,000,000

2,100,000
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20. Don, age 50, is an actuarial science professor. His career is subject to two decrements:

(1) Decrement 1 is mortality. The associated single decrement table follows De Moivre's
law with w =100.

(i) Decrement 2 is leaving academic employment, with

m2(:)=005, 130

Calculate the probability that Don remains an actuarial science professor for at least five but
less than ten years.

A) 022
(B) 0.25
(C 0.8
(D) 031
(E) 0.34
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21. For adouble decrement model:

(i) In the single decrement table associated with cause (1), qgél) =0100 and decrements
are uniformly distributed over the year.

(i)  Inthesingle decrement table associated with cause (2), g2 = 0125 and all
decrements occur at time 0.7.

Calculate ¢2).

(A) 0114
(B) 0.115
(C) 0.116
(D) 0.117
(E) 0.118
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22. A taxidriver provides servicein city R and city Sonly.

If the taxi driver isin city R, the probability that he has to drive passengersto city Sis0.8. If
heisin city S, the probability that he has to drive passengersto city Ris0.3.

The expected profit for each trip is as follows:

atrip within city R: 1.00
atrip within city S: 1.20
atrip between city R and city S: 2.00

Calculate the long-run expected profit per trip for this taxi driver.

(A) 144
(B) 154
(C) 158
(D) 170
(E) 180
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23.

The Simple Insurance Company starts at time O with asurplus of 3. At the beginning of every
year, it collects apremium of 2. Every year, it pays a random claim amount as shown:

Claim Amount Probability of Claim Amount
0 0.15
1 0.25
2 0.40
4 0.20

If, at the end of the year, Simple’ s surplusis more than 3, it pays adividend equal to the
amount of surplusin excessof 3. If Simpleisunableto pay its claims, or if its surplus drops
to O, it goes out of business. Simple has no administration expenses and interest is equal to O.

Calculate the probability that Simple will be in business at the end of three years.

(A) 0.0
(B) 049
(© 059
(D) 0.0
(E) 1.00
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24.

For a special 2-payment whole life insurance on (80):

()
(i)
(iif)

(iv)
(V)

Premiumsof p arepaid at the beginning of years 1 and 3.

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

Thereisapartial refund of premium feature:

Mortality follows the Illustrative Life Table.

i=0.06

If (80) diesin either year 1 or year 3, the death benefit is 1000 + 5
Otherwise, the death benefit is 1000.

Calculate p , using the equivalence principle.

(A)
(B)
©)
(D)
(E)

Course 3: November 2001

369

381

397

409

425
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2S.

For a special fully continuous whole life insurance on (65):

(i)  Thedeath benefit at timezis b, =1000e*%%, 3 0.

(i)  Level benefit premiums are payable for life.
(iii)  my()=002, 30

(v) d=004

Calculate ,/7, the benefit reserve at the end of year 2.

A) 0
(B) 29
© 37
(D) 61
(E) 83
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26. Youae given:
(i) A, =028
(i)  A.,,=040
(iii) Ax:z—%l =025

(iv) i=005

Cdculate ax:ﬂ )

(A) 110
(B) 112
© 17
(D) 120
(E) 123
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27. oOnhiswalk towork, Lucky Tom finds coins on the ground at a Poisson rate. The Poisson
rate, expressed in coins per minute, is constant during any one day, but varies from day to day
according to a gamma distribution with mean 2 and variance 4.

Calculate the probability that Lucky Tom finds exactly one coin during the sixth minute of

today’ s walk.
(A) 022
(B) 024
(C) 026
(D) 0.28
(E) 030
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28. Theunlimited severity distribution for claim amounts under an auto liability insurance policy
is given by the cumulative distribution:

F(x)=1- 08¢ %% - 02 %™ x3 0

The insurance policy pays amounts up to alimit of 1000 per claim.

Calculate the expected payment under this policy for one claim.

(A) 57
(B) 108
(© 166
(D) 205
(BE) 240
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29. A machineisin one of four states (F, G, H, 1) and migrates annually among them according to
aMarkov process with transition matrix:

F G H I
F 0.20 0.80 0.00 0.00
G 0.50 0.00 0.50 0.00
H 0.75 0.00 0.00 0.25
I 1.00 0.00 0.00 0.00

At time O, the machineisin State F. A salvage company will pay 500 at the end of 3 years if
the machineisin State F.

Assuming v =0.90, calculate the actuarial present value at time 0 of this payment.

(A) 150
(B) 155
(© 160
(D) 165
(E) 170
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30. Theclams department of an insurance company receives envelopeswith claims for insurance
coverage at aPoissonrateof | =50 envelopes per week. For any period of time, the number
of envelopes and the numbers of claimsin the envelopes are independent. The numbers of
clamsin the envelopes have the following distribution:

Number of Claims Probability
1 0.20
2 0.25
3 0.40
4 0.15

Using the normal approximation, calculate the 90" percentile of the number of claims
received in 13 weeks.

(A) 1690
(B) 1710
(© 1730
(D) 1750
(E) 1770
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31. Aninsurerslossesare given by a Poisson process with mean 12 per year. Severity is
constant at 1. Annual premiums of 18 are collected. Initial surplusis6.

Which of the following best describes the insurer’s future?

(A)  Ruiniscertain within 3 years.

(B)  Ruiniscertain, but not necessarily within 3 years.

(C©)  Ruinispossible, but not certain.

(D) Ruinispossible, but can be avoided with certainty by increasing the initial surplus.

(E)  Thecurrent surplusis adequate so that ruin will not occur.
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32. An actuary is evaluating two methods for simulating 7(xy), the future lifetime of the joint-life
status of independent lives (x) and (y):

()
(ii)
(iii)

(iv)

(V)

Mortality for (x) and (y) follows De Moivre slaw with w =100.
O<x £ y <100

Both methods select random numbers R, and R, independently from the uniform
distribution on [0, 1].

Method 1 sets:

(@  T(x)=(100- x)R,

(b 7()=(100- y)R,

()  T(xy)=smalerof T(x) and 7(y)

Method 2 first determines which lifetime is shorter:

(@ If R £050, itchoosesthat (x) isthefirst todie, and sets
T(xy) = T(x) = (100- x)R,.

(b) If R, >050, itchoosesthat (y) isthefirst to die, and sets
T(xy) = T(y) = (100- y)R,.

Which of the following is correct?

(A)
(B)

©
(D)
(E)

Method 1 isvalid for x =y but not for x < y; Method 2 is never valid.

Method 1 isvalid for x = y but not for x < y; Method 2 isvalid for x = y
but not for x < y.

Method 1 isvalid for x = y but not for x < y; Method 2 isvalid for al x and y.
Method 1 isvalid for all x and y; Method 2 is never valid.

Method 1 isvalid for all x and y; Method 2 isvalid for x =y but not for x < y.
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33. Youae given:

(i)

(i)
(iif)

Female mortality follows De Moivre slaw.

The survival function for malesis s(x) =1- 7% 0<x<75.

At age 60, the female force of mortality is 60% of the male force of mortality.

For two independent lives, amale age 65 and a female age 60, calculate the expected time

until the second death.

(A)
(B)
©)
(D)
(E)
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4.33

5.63

7.23

11.88

13.17
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34. For afully continuous whole life insurance of 1:
(1) m=0.04
(i) d=008

(iii) L isthe loss-at-issue random variable based on the benefit premium.

Calculate Var (L).
™

®

© 3

© 3

® 3
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35. Therandom variable for aloss, X, has the followi ng characteristics:

(A)
(B)
©)
(D)
(E)

250

300

350

400

450

x F(x) E(X Ux)
0 0.0 0
100 0.2 91
200 0.6 153
1000 1.0 331
Calculate the mean excess loss for a deductible of 100.
-35- GO ON TO NEXT PAGE
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36. wi dgetsRUs owns two factories. It buysinsurance to protect itself against major repair costs.
Profit equals revenues, less the sum of insurance premiums, retained major repair costs, and
al other expenses. WidgetsRUs will pay adividend equal to the profit, if it is positive.

You are given:
1) Combined revenue for the two factoriesis 3.

(i) Major repair costs at the factories are independent.

(iili)  Thedistribution of major repair costs for each factory is

k Prob (k)
0 0.4
1 0.3
2 0.2
3 0.1

(iv) At each factory, the insurance policy pays the major repair costs in excess of that
factory’s ordinary deductible of 1. Theinsurance premium is 110% of the expected
claims.

(v)  All other expenses are 15% of revenues.

Calculate the expected dividend.
(A) 043
(B) 047
(© o051
(D) 055
(E) 059
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37.

For watches produced by a certain manufacturer:

(i)
(if)

Lifetimes follow a single-parameter Pareto distribution with a >1 and g = 4.

The expected lifetime of awatch is 8 years.

Calculate the probability that the lifetime of awatch is at least 6 years.

(A)
(B)
©)
(D)
(E)

Course 3: November 2001

0.44

0.50

0.56

0.61

0.67
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38. For atriple decrement model:

(i) X q¢" q¢” q¢°
63 0.02000 0.03000 0.25000
64 0.02500 0.03500 0.20000
65 0.03000 0.04000 0.15000

(i) ¢ =002716

(i) Each decrement has a constant force over each year of age.

Caculate qu‘).

(A) 004182
(B)  0.04248
(C) 0.04314
(D)  0.04480
(E)  0.04546
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39.

For a special 3-year deferred whole life annuity-due on (x):

(i) i=004

(i)  Thefirst annua payment is 1000.

(iii)  Paymentsin the following years increase by 4% per year.

(iv)  Thereisno death benefit during the three year deferral period.

(v) Level benefit premiums are payable at the beginning of each of the first three years.

(vi) e, =1105 isthe curtate expectation of life for (x).

(vii) k 1 2 3
L Ds 0.99 0.98 0.97

Calculate the annual benefit premium.

(A) 2625
(B) 2825
(© 3025
(D) 3225
(E) 3425
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40. For aspecia fully discrete 10-payment whole life insurance on (30) with level annual benefit
premium p :

() The death benefit is equal to 1000 plus the refund, without interest, of the benefit
premiums paid.

(i) Az =0102
(i) 1g4so = 0088
(V) (14)5,7 =0078

(V) liggyq = 7747

Calculate p .
(A) 149
(B) 150
© 151
(D) 152
(E) 153

**END OF EXAMINATION**
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