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Candidates must remain in the examination center until two hours after the start of the
examination. You may leave the examination room to use the restroom with permission
from the supervisor. To avoid excessive noise during the end of the examination,
candidates may not leave the exam room during the last fifteen minutes of the examination.

At the end of the examination, place the short-answer card in the Examination Envelope.
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booklet and scrap paper inside and submit it separately to the supervisor. It will be
mailed to you. Do not put the self-addressed stamped envelope inside the Examination

Envelope.

If you do not have a self-addressed, stamped envelope, please place the examination
booklet in the Examination Envelope and seal the envelope. You may not take it with
you. Do not put scrap paper in the Examination Envelope. The supervisor will collect
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Candidates may obtain a copy of the examination from the CAS Web Site.
All extra answer sheets, scrap paper, etc., must be returned to the supervisor for disposal.

Candidates must not give or receive assistance of any kind during the examination. Any
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may be deemed appropriate within the guidelines of the CAS Policy on Examination
Discipline.

The exam survey is available on the CAS website in the “Admissions/Exams” section.
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EXAM 3, FALL 2006

Claim sizes are described by an exponential distribution with parameter 0.

The probability density function of the order statistic Yi with a sample size # is

n . btp L
DL T U=FOIT /).

For a sample of size 5, determine the bias in using Y3, the third order statistic, as an
estimate of the median of the distribution.

Less than 0.050

At least 0.056, but less than 0.086
At least 0.080, but less than 0.100
At least 0.100, but less than 0.130
At least 0.130
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EXAM 3, FALL 2006
2. Call center response times are described by the cumulative distribution function
F(x) =x"*! where 0 <x<1and 6 >-1.
A random sample of response times is as follows:
056 083 074 068 0.75
Calculate the maximum likelihood estimate of 0.

A. Lessthan 1.4

B. Atleast 1.4, butless than 1.6
C. Atleast 1.6, but less than 1.8
D. Atleast 1.8, but less than 2.0
E. Atleast 2.0

CONTINUED ON NEXT PAGE
2



EXAM 3, FALL 2006

3. Claim sizes of 10 or greater are described by a single parameter Pareto distribution,
with parameter o.. A sample of claim sizes is as follows:

10 12 14 18 21 25
Calculate the method of moments estimate for o for this sample.

Less than 2.0

At least 2.0, but less than 2.1
At least 2.1, but less than 2.2
At least 2.2, but less than 2.3
At least 2.3

MY owp

CONTINUED ON NEXT PAGE
3



EXAM 3, FALL 2006

Claim counts, N, are described by a probability distribution that depends on 6, which
can take on two values, 8 or 6;. The possible probability distribution results are
shown below:

n 0 1 2 3 4 5
An;, Bp) 0.01 0.04 0.05 0.06 0.30 0.54
fn;, 01 0.04 0.04 0.09 0.05 0.40 0.38

The Neyman-Pearson Lemma and a single observation are used to test these
hypotheses:

Ho:9=90
H129=61

Which of the following points is in the critical region defined by a significance level
of 5%7?

nisOorl
nis?2
nis3
nis4
niss
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The following table displays the nu

EXAM 3, FALL 2006

mber of policyholders by territory by number of

claims:
Number of
Claims Territory 1 | Territory 2 | Territory 3 | Territory 4 Total
0 97 188 392 293 970
1 2 10 4 4 20
2 1 2 4 3 10
Total 100 200 400 300 1,000

You are testing the hypothesis that the claim count distributions are the same in each
territory using a Chi-Square goodness of fit test with a significance level of 5%.

Calculate the absolute value of the difference between the test statistic and the critical
value,

Less than 0.30

At least 0.30, but less than 0.40
At least 0.40, but less than 0.50
At least 0.50, but less than 0.60
At least 0.60

moaQwp
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EXAM 3, FALL 2006

6. You are testing the hypothesis Hj that the random variable X has a uniform
distribution on [0,10] against the alternative hypothesis H; that X is uniform on
[5,10].

Using a single observation and a significance level of 5%, calculate the probability of
a Type II error.

Less than 0.2

At least 0.2, but less than 0.4
At least 0.4, but less than 0.6
At least 0.6, but less than 0.8
At least 0.8

HOOW»
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EXAM 3, FALL 2006

A random sample of 21 observations from a normal distribution yields the following
results:

X=35
21 —
Z(Xi '"X)z
i=l

20

=0.6156

You are testing the following hypotheses:

Hy py=3
H o p+#3

Calculate the p-value for this test.

Less than 0.002

At least 0.002, but less than 0.004
At least 0.004, but less than 0.006
At least 0.006, but less than 0.008
At least 0.008

Mg ow
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EXAM 3, FALL 2006

8. Mr. Smith is buying a ring valued at $1,200 and wishes to insure it. The jeweler
provides him with the following information to estimate the insurance premium, y;,
based on the value of the ring, x; (in 000s):

Y =a+ P
3 -
> (x,—x)* =10

i=1
5

> (x, —x)(y, — y) =195

i=1
x=3

y=45
Using least squares regression, calculate the predicted premium for the ring.

A. Less than 9.75

B. Atleast 9.75, but less than 10.00
C. Atleast 10.00, but less than 10.25
D. Atleast 10.25, but less than 10.50
E. Atleast 10.50

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2006

9. Claim sizes follow an exponential distribution with 6 = 200. A random sample of
size 10 has been drawn.

The probability density function of the order statistic Yy with a sample size n is

n! k-iry n-k
m[F(Y)] U-FOWI™ Q).

Calculate the probability that the second smallest claim will be larger than 50.

A. Less than 0.30

B. Atleast 0.30, but less than 0.35
C. Atleast 0.35, but less than 0.40
D. Atleast 0.40, but less than 0.45
E. Atleast 0.45

CONTINUED ON NEXT PAGE
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10. You are given the following 2-year Select-and-Ultimate table:

x 9. 91z i1
60 0.014 0.020 0.030
61 0.026 0.032 0.038
62 0.040 0.044 0.048

Calculate |, g4, -

A. Less than 0.066

B. At least 0.066, but less than 0.067
C. Atleast 0.067, but less than 0.068
D. Atleast 0.068, but less than 0,069
E. Atleast 0.069

CONTINUED ON NEXT PAGE
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11. Using the Illustrative Life Table, calculate the average number of complete years
lived between ages 60 and 65.

A. Less than 4.70

B. Atleast 4.70, but less than 4.75
C. Atleast4.75, but less than 4.80
D. Atleast 4.80, but less than 4.85
E. Atleast 4.85

CONTINUED ON NEXT PAGE
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12. For two independent lives (55) and (60), you are given:

$®

$(55) = 0.90
$(60) = 0.85
sszo 9o = 0.25

sopodo =0.30

Calculate the probability that at least one of the lives survives 20 years.

Less than 0.75

At least 0.75, but less than 0.80
At least 0.80, but less than 0.85
At least 0.85, but less than 0.90
At least 0.90

Hoowy
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EXAM 3, FALL 2006

13. Using the Illustrative Life Table and the uniform distribution of death assumption,
which of the following are true?

L. 025 Pezo59ez2s = 0.00410

2. 0259625 <02596275
3. 025 Peatd(62.25)=¢q,

1 only

3 only

1 and 2 only
2 and 3 only
1,2, and 3

MY oW
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EXAM 3, FALL 2006

14. For two independent lives (30) and (40), you are given:

e Mortality follows DeMoivre with o = 110.

® o1 Txouo iS the probability that the first death occurs between 10 and 20 years
from now.

® w45z 1S the probability that the last death occurs between 10 and 20 years
from now.

Calculate 141093040100 D575 -

Less than 0.155

At least 0.155, but less than 0.175
At least 0.175, but less than 0.195
At least 0.195, but less than 0.215
At least 0.215

moowy
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EXAM 3, FALL 2006

15. A hospital is considering the purchase of a power supply system using two new
independent generators. System X provides power as long as both generators are
working. System Y provides power as long as at least one generator is working.

For all generators and for t<10, ,q, =¢*/100.

Calculate the difference in expected lifetimes of system X and system Y.

Less than 1.5 years

At least 1.5 years, but less than 3.0 years
At least 3.0 years, but less than 4.5 years
At least 4.5 years, but less than 6.0 years
At least 6.0 years

mouawy
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EXAM 3, FALL 2006

16. You are given the following 2-decrement table:

m (2)

X 9x q.

65 0.02 0.05
66 0.03 0.06
67 0.04 0.07
68 0.05 0.08
69 0.06 0.09
70 0.00 1.00

Calculate the difference between ,g$ and 5 g% .

moQwp

Less than 0.24

At least 0.24, but less than 0.26
At least 0.26, but less than 0.28
At least 0.28, but less than 0.30
At least 0.30

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2006

17. For a 20-year term life insurance on (x), you are given:

e i=0
o 1 =1¢/20, the force of mortality due to accident

e 1% =¢/10, the force of mortality due to other causes

The benefit is paid at the moment of death.
e A benefit of 2 is paid if death occurs by accident, and a benefit of 1 is paid if
death occurs by other causes.

Calculate the actuarial present value of this insurance.

2 3 — ‘20
1/—%‘2" )
1- e—30
4/3(1 - €%

moowy
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18. A loss distribution is a two-component spliced model using a Weibull distribution
with 01 = 1,500 and 7 = 1 for losses up to $4,000, and a Pareto distribution with 6, =
12,000 and o = 2 for losses $4,000 and greater. The probability that losses are less
than $4,000 is 0.60.

Calculate the probability that losses are less than $25,000.

Less than 0.900

At least 0.900, but less than 0.925
At least 0.925, but less than 0.950
At least 0.950, but less than 0.975
At least 0.975

moows
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EXAM 3, FALL 2006

19. In 2006, annual claim frequency follows a negative binomial distribution with
parameters fand 7. [ follows a uniform distribution on the interval (0,2) and = 4.

Calculate the probability that there is at least 1 claim in 2006.

Less than 0.85

At least 0.85, but less than 0.88
At least 0.88, but less than 0.91
At least 0.91, but less than 0.94
At least 0.94

mMoowp

CONTINUED ON NEXT PAGE
19



EXAM 3, FALL 2006

20. An insurance company sells hospitalization reimbursement insurance. You are given:

o Benefit payment for a standard hospital stay follows a lognormal distribution
withp=7and c=2.

o Benefit payment for a hospital stay due to an accident is twice as much as a
standard benefit.

e 25% of all hospitalizations are for accidental causes.

Calculate the probability that a benefit payment will exceed $15,000.

Less than 0.12

At least 0.12, but less than 0.14
At least 0.14, but less than 0.16
At least 0.16, but less than 0.18
At least 0.18

MY oW
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EXAM 3, FALL 2006

21. For independent lives (x) and (y), State 1 is that (x) and (y) are alive, State 2 that (x)
is alive but (y) has died, State 3 that (y) is alive but (x) has died, and State 4 that both
(x) and (y) have died.

You are given:

o s4x)=(1-%x/100)"* 0<x <100
sy(y) = (1 -y/100), 0 <y < 100

e (0% is the probability that (x) and (y) are in State j at time #+1 given that
they are in State 7 at time 7.

e Attime 0, (x) is age 54 and (y) is age 75.

Calculate 932

Less than 0.026

At least 0.026, but less than 0.039
At least 0.039, but less than 0.052
At least 0.052, but less than 0.065
At least 0.065

MY oW
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EXAM 3, FALL 2006

22. For a non-homogenous Markov chain with States X, Y, and Z, the following matrices
show the probability of movement between states at times 1, 2, and 3.

04 05 0.1 02 06 02 0.0 06 04
0,=/00 1.0 0.0 0,=/00 1.0 00 0,=/00 1.0 00
0.0 0.0 1.0 0.0 00 1.0 00 0.0 1.0

Calculate the probability that a subject in State X at time 0 will be in State Z at time
3.

Less than 0.16

At least 0.16, but less than 0.18
At least 0.18, but less than 0.20
At least 0.20, but less than 0.22
At least 0.22

moow»
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EXAM 3, FALL 2006

23. An actuary has determined that the number of claims follows a negative binomial
distribution with mean 3 and variance 12.

Calculate the probability that the number of claims is at least 3 but less than 6.

Less than 0.20

At least 0.20, but less than 0.25
At least 0.25, but less than 0.30
At least 0.30, but less than 0.35
At least 0.35

Mo oW
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EXAM 3, FALL 2006

24. Two independent random variables, X; and X;, follow the negative binomial
distribution with parameters (r1, B1).and (r2, B2), respectively.

Under which of the following circumstances will X; + X; always be negative

binomial?
1. r 17 I
2. Bi=p
3. The coefficients of variation of X; and X are equal.
A. 1only
B. 2only
C. 3 only
D. 1and 3 only
E. 2and 3 only

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2006

25. You are given the following information about the probability generating function for
a discrete distribution:

o P(1)=2
e P'(H)=6

Calculate the variance of the distribution.

Less than 1.5

At least 1.5, but less than 2.5
At least 2.5, but less than 3.5
At least 3.5, but less than 4.5
At least 4.5

HoOQwpE
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EXAM 3, FALL 2006

26. Which of the following is/are true?

1. A counting process is said to possess independent increments if the number of
events that occur between time s and # is independent of the number of events
that occur between time s and #u for all #>0.

2. All Poisson processes have stationary and independent increments.

The assumption of stationary and independent increments is essentially

equivalent to asserting that at any point in time the process probabilistically

restarts itself.

had

1 only
2 only
3 only
1 and 2 only
2 and 3 only

MY QW
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EXAM 3, FALL 2006

27. A customer service operator accepts calls continuously throughout the work day. The
length of each call is exponentially distributed with an average of 3 minutes.

Calculate the probability that at least one call will be completed in the next 2 minutes.

Less than 0.50

At least 0.50, but less than 0.55
At least 0.55, but less than 0.60
At least 0.60, but less than 0.65
At least 0.65

MU oW
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EXAM 3, FALL 2006

28. Customers arrive to buy lemonade according to a Poisson distribution with A(t),
where t is time in hours, as follows:.

2+6t 05153
A(t) =420 3<t<4
36-4¢t 4<t<8

At9:00 am,tis 0.

Calculate the number of customers expected to arrive between 10:00 a.m. and 2:00
p.m.

Less than 63

At least 63, but less than 65
At least 65, but less than 67
At least 67, but less than 69
At least 69

HoOwp
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EXAM 3, FALL 2006

29. Frequency of losses follows a binomial distribution with parameters m = 1,000 and
q=0.3. Severity follows a Pareto distribution with parameters o =3 and 6 = 500.

Calculate the standard deviation of the aggregate losses.

Less than 7,000

At least 7,000, but less than 7,500
At least 7,500, but less than 8,000
At least 8,000, but less than 8,500
At least 8,500

moowr
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EXAM 3, FALL 2006

30. An insurance company offers two policies. Policy R has no deductible and no limit.
Policy S has a deductible of $500 and a limit of $3,000; that is, the company will pay
the loss amount between $500 and $3,000. In year t, severity follows a Pareto
distribution with parameters o. = 4 and 6 = 3,000. The annual inflation rate is 6%.

Calculate the difference in expected cost per loss between policies R and S in year
t+4.

Less than $500

At least $500, but less than $550
At least $550, but less than $600
At least $600, but less than $650
At least $650

moawp
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31. You are given the following information for a group of policyholders:

e The frequency distribution is negative binomial withr=3 and f = 4.
e The severity distribution is Pareto with o = 2 and 0 = 2,000.

Calculate the variance of the number of payments if a $500 deductible is introduced.

Less than 30

At least 30, but less than 40
At least 40, but less than 50
At least 50, but less than 60
At least 60

moowy
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32. You are given:

e Annual frequency follows a Poisson distribution with mean 0.3.
e Severity follows a normal distribution with F(100,000) = 0.6.

Calculate the probability that there is at least one loss greater than 100,000 in a year.

Less than 11%

At least 11%, but less than 13%
At least 13%, but less than 15%
At least 15%, but less than 17%
At least 17%

moow
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33. For a 5-year deferred whole life insurance of 1 on (x), you are given:

6=10.06

u=0.04

The benefit is paid at the moment of death.

Z is the present value random variable of the insurance benefit.

Calculate Var(Z).

Less than 0.05

At least 0.05, but less than 0.06
At least 0.06, but less than 0.07
At least 0.07, but less than 0.08
At least 0.08

MY oW
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34. For a fully discrete 20-year term life insurance of 1 on a life aged 90, you are given:

e i=10% for the first two years and i = 6% thereafter.
o Mortality follows the Illustrative Life Table.

1
Calculate Ago;z“o; .

Less than 0.71

At least 0.71, but less than 0.73
At least 0.73, but less than 0.75
At least 0.75, but less than 0.77
At least 0.77

HYOws
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35. An appliance store sells microwave ovens with a 3-year warranty against failure. At
the time of purchase, the consumer may buy a 2-year extended warranty that would
pay half of the original purchase price at the moment of failure.

You are given:

e The extended warranty period begins exactly 3 years after the time of
purchase, but only if the oven has not failed by then.
Any failure is considered permanent.
0=4%
Failure of the ovens follows the mortality table below, with uniform
distribution of failure within each year:

Age (x) O
0 0.008
1 0.015
2 0.026
3 0.042
4 0.063
5 0.089

Calculate the actuarial present value of the extended warranty as a percent of the
purchase price.

Less than 3.8%

At least 3.8%, but less than 4.1%
At least 4.1%, but less than 4.4%
At least 4.4%, but less than 4.7%
At least 4.7%

moow»
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36. The city of Stevens Crossing wishes to insure a 50-year-old bridge against collapse
for the next 25 years. The present mayor, concerned with the tax burden of the
premium on the 2,000 residents of Stevens Crossing, proposes the following scheme:

e A benefit of $10 million is payable at the end of the year that the bridge
collapses.

e FEach resident of Stevens Crossing would pay an annual premium of P payable
at the beginning of the year for the next 10 years and 1.2P for the remaining
15 years of the term.

e In the event of bridge collapse, premium payments cease.

The city’s actuary has determined the following:

o The number of residents of Stevens Crossing will remain steady over the next
25 years.
e The bridge mortality follows the Ilustrative Life Table with 1 = 6%.

Calculate P, the initial annual premium per resident.

Less than 45

At least 45, but less than 50
At least 50, but less than 55
At least 55, but less than 60
At least 60

SE-ReY-
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37. For a fully discrete whole life insurance on (x) with a benefit of 1, you are given:

e 1=5%
k+1
k!qx ’-—"“'i"é‘” fork==0, 1,2,3

Calculate the benefit reserve at time 2.

Less than 0.32

At least 0.32, but less than 0.36
At least 0.36, but less than 0.40
At least 0.40, but less than 0.44
At least 0.44

MoUOw
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38. Robin is initially classified as a Standard driver. At the beginning of each subsequent
year, Robin will transition between the classes (1) Preferred, (2) Standard, and (3)
Non-Standard according to the following transition matrix:

0.60 030 0.10
030 050 0.20
0.00 040 0.60

Standard premium is $500. A discount of $50 is applied to Preferred premium and a
surcharge of $75 is applied to Non-Standard premium. Premiums are paid at the
beginning of each year. The annual interest rate is 5%.

Calculate the actuarial present value of the premium paid by Robin in the first three
years.

Less than 1,430

At least 1,430, but less than 1,460
At least 1,460, but less than 1,490
At least 1,490, but less than 1,520
At least 1,520

Hoowy
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39. You are given the following information about an insurance company:

Initial surplus = $3
Premiums are collected at the beginning of each year.
Losses are paid at the end of each year and follow the distribution below:

Annual Losses  Probability

0 0.4
10 0.5
25 0.1

There are no other costs.
i=15%

Interest is earned on funds available at the beginning of each year.

The company wishes to maintain a probability of ruin in the first year of no more than
10%.

Which of the following is the lowest premium the company can collect under this ruin
constraint?

moowy
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40. You are given the following information about an insurance company:

Initial surplus = $6
A premium of $10 is collected at the beginning of each year.
Losses are paid at the end of each year and follow the distribution below:

Annual Losses  Probability

0 0.5

10 04

25 0.1
There are no other costs.

1=0%

Interest is earned on funds available at the beginning of each year.

Calculate the probability that the company will survive the next two years.

moows

Less than 0.81

At least 0.81, but less than 0.83
At least 0.83, but less than 0.85
At least 0.85, but less than 0.87
At least 0.87

END OF EXAM
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