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EXAM 3, FALL 2003
1) Given:

1) ;P =0.990
i) ,p, =0.980
i)  gp, =0.965
1v) |, P,=0.945
V) 5Py =0.920
Vi) 4 P,=0.890

For two independent lives aged 40, calculate the probability that the first death occurs after 6 years, but before
12 years.

Less than 0.050

At least 0.050, but less than 0.055
At least 0.055, but less than 0.060
At least 0.060, but less than 0.065
At least 0.065
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EXAM 3, FALL 2003
Use the following information for questions 2) and 3).
2) For aspecial fully discrete life insurance on (45), you are given:

i) 1i=6%
i)  Mortality follows the Illustrative Life Table.
iif)  The death benefit is 1,000 until age 65, and 500 thereafter.
iv)  Benefit premiums of 12.51 are payable at the beginning of each year for 20 years.

Calculate the actuarial present value of the benefit payment.

Less than 100

At least 100, but less than 150
At least 150, but less than 200
At least 200, but less than 250
At least 250

moow»>
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EXAM 3, FALL 2003
The following is repeated for convenience.
3) For a special fully discrete life insurance on (45), you are given:

) i=6%
ii)  Mortality follows the Ilustrative Life Table.
iii)  The death benefit is 1,000 until age 65, and 500 thereafter.
iv)  Benefit premiums of 12.51 are payable at the beginning of each year for 20 years.

Calculate V', the benefit reserve at time t=19, the instant before the premium payment is made.

A. Less than 200

B. Atleast 200, but less than 210
C. Atleast 210, but less than 220
D. At least 220, but less than 230
E. Atleast 230

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003
4) Given:

2

=———-, for 0<x<100
(100-x)

Hy

Calculate lolq 65"

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003

5) Given:
i) Mortality follows De Moivre’s Law.
i) ¢, = 30
Calculate g,,.
A L
60
B. —
70
C. —
80
D. -
90
E L
100

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003

6) Let Z be the present value random variable for an n-year term insurance of 1 on (x), and let Z, be the

present value random variable for an n-year endowment insurance of 1 on (x). Claims are payable at the
moment of death.

Given;

i) v =0.250
i) . p. =0.400
iii)  E[Z,]=0.400
iv)  Var[Z,]=0.055

Calculate Var{Z,].

0.025
0.100
0.115
0.190
0.215

moaowp
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EXAM 3, FALL 2003

7) Given:
i)y i=5%
ii)  The force of mortality is constant.
i) 92 =16.0

Calculate 20|Z .

Less than 0.050

At least 0.050, but less than 0.075
At least 0.075, but less than 0.100
At least 0.100, but less than 0.125
At least 0.125

Mo oW >
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EXAM 3, FALL 2003
8) Given:

i) i=6%
i) ,E,=0.540
i)  10004,,= 168
iv) 1000 4,,= 264

Calculate 1000,,P(4,,), the benefit premium for a 10-payment fully discrete life insurance of 1,000 on (40).

21.53
21.88
22.19
22.51
22.83

moaOwp

CONTINUED ON NEXT PAGE
8



EXAM 3, FALL 2003

9) Jaand Id represent the standard increasing annuities. A person aged 20 buys a special five-year
temporary life annuity-due, with payments of 1, 3, 5, 7, and 9.

Given:
i) d,;=341
i) a,;=3.04
i) (Jd),,; =8.05
iv)  (la),z =717

Calculate the net single premium.

Less than 18.0

At least 18.0, but less than 18.5
At least 18.5, but less than 19.0
At least 19.0, but less than 19.5
At least 19.5

MoOWwp
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EXAM 3, FALL 2003

10) For a special fully continuous last-survivor life insurance of 1 on (x) and (y), you are given:

1) 6=0.05
ii) T(x) and T(y) are independent.
iii) g (xtt)= u(y+t)=0.07, for t>0.
iv)  Premiums are payable until the first death.

Calculate the level annual benefit premium.

Less than 0.050

At least 0.050, but less than 0.075
At least 0.075, but less than 0.100
At least 0.100, but less than 0.125
At least 0.125

moOwp
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EXAM 3, FALL 2003

11) Given:

¢ a® ¢® g
x<40 [ 0.10 ] 0.04 [ 0.02 |0.16
x>40 {0.20 | 0.04 [ 0.02 | 0.26

Calculate 4q§‘; :

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, but less than 0.09
At least 0.09

moOowy
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EXAM 3, FALL 2003

12) A driver is selected at random. If the driver is a “good” driver, he is from a Poisson population with a
mean of 1 claim per year. If the driver is a “bad” driver, he is from a Poisson population with a mean of 5
claims per year. There is equal probability that the driver is either a “good” driver or a “bad” driver. If the
driver had 3 claims last year, calculate the probability that the driver is a “good” driver.

Less than 0.325

At least 0.325, but less than 0.375
At least 0.375, but less than 0.425
At least 0.425, but less than 0.475
At least 0.475

moQwy
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13) The Allerton Insurance Company insures 3 indistinguishable populations. The claims frequency of each

insured follows a Poisson process.

EXAM 3, FALL 2003

Given:
Population | Expected Probability | Claim
(class) | time between | of being in | cost
claims class
I 12 months 1/3 1,000
II 15 months 1/3 1,000
11| 18 months 1/3 1,000

Calculate the expected loss in year 2 for an insured that had no claims in year 1.

Less than 810

At least 810, but less than 910

At least 910, but less than 1,010
At least 1,010, but less than 1,110
Atleast 1,110

mMYOwp
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EXAM 3, FALL 2003

14) The Independent Insurance Company insures 25 risks, each with a 4% probability of loss. The
probabilities of loss are independent.

On average, how often would 4 or more risks have losses in the same year?

Once in 13 years
Once in 17 years
Once in 39 years
Once in 60 years
Once in 72 years

moaQwp
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EXAM 3, FALL 2003

15) Two actuaries are simulating the number of automobile claims for a book of business. For the
population that they are studying:

1)  The claim frequency for each individual driver has a Poisson distribution.
ii)  The means of the Poisson distributions are distributed as a random variable, A .
iii)  Ahas a gamma distribution.

In the first actuary’s simulation, a driver is selected and one year’s experience is generated. This process of
selecting a driver and simulating one year is repeated N times.

In the second actuary’s simulation, a driver is selected and N years of experience are generated for that driver.

Which of the following is/are true?

L. The ratio of the number of claims the first actuary simulates to the number of claims the second
actuary simulates should tend towards 1 as N tends to infinity.
II. The ratio of the number of claims the first actuary simulates to the number of claims the second
actuary simulates will equal 1, provided that the same uniform random numbers are used.
II. When the variances of the two sequences of claim counts are compared the first actuary’s sequence
will have a smaller variance because more random numbers are used in computing it.

I only

I and II only

I and III only

II and MT only

None of 1, I, or Il is true

MYOW»
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EXAM 3, FALL 2003

16) According to the Klugman study note, which of the following is/are true, based on the existence of
moments test?

I. The Loglogistic Distribution has a heavier tail than the Gamma Distribution.
II. The Paralogistic Distribution has a heavier tail than the Lognormal Distribution.
IIl.  The Inverse Exponential has a heavier tail than the Exponential Distribution.

I only

I and II only

I and III only
IT and ITT only
L 11, and HI

moNw»
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EXAM 3, FALL 2003
17) Losses have an Inverse Exponential distribution. The mode is 10,000.

Calculate the median.

Less than 10,000

At least 10,000, but less than 15,000
At least 15,000, but less than 20,000
At least 20,000, but less than 25,000
At least 25,000

mMYOwWp
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EXAM 3, FALL 2003

18) A new actuarial student analyzed the claim frequencies of a group of drivers and concluded that they
were distributed according to a negative binomial distribution and that the two parameters, 7 and £, were

equal.
An experienced actuary reviewed the analysis and pointed out the following:

“Yes, it is a negative binomial distribution. The r parameter is fine, but the value of the B

parameter is wrong. Your parameters indicate that % of the drivers should be claim-free, but

in fact, g of them are claim-free.”

Based on this information, calculate the variance of the corrected negative binomial distribution.

0.50
1.00
1.50
2.00
2.50

MY 0w >
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EXAM 3, FALL 2003

19) For a loss distribution where x > 2, you are given:

2

i)  The hazard rate function: A(x) = Ez— ,forx>2
x
ii) A value of the distribution function: F(5)=0.84

Calculate z.

Hoowp
= NV RN G IV )
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EXAM 3, FALL 2003

20) Let X be the size-of-loss random variable with cumulative distribution function F(x) as shown below:

F(x)

Which expression(s) below equal(s) the expected loss in the shaded region?

L J.:xdF (x)
L. E(x)- [ xdF(x)-K[1-F(K)]

0L j:[l—F(x)]dx

I only

II only

IIT only

I and ITI only
II and III only

™o 0w
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21) The cumulative loss distribution for a risk is F(x)=1-

EXAM 3, FALL 2003

10°
(x+10*)*

Calculate the percent of expected losses within the layer 1,000 to 10,000.

moOwp

10%
12%
17%
34%
41%
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EXAM 3, FALL 2003

22) The severity distribution function of claims data for automobile property damage coverage for Le
Behemoth Insurance Company is given by an exponential distribution, F(x).

F(x)=1- exp(z5%5)
To improve the profitability of this portfolio of policies, Le Behemoth institutes the following policy
modifications:

i) It imposes a per-claim deductible of 500.
ii) It imposes a per-claim limit of 25,000.

Previously, there was no deductible and no limit.
Calculate the average savings per (old) claim if the new deductible and pdlicy limit had been in place.

490
500
510
520
530

MYOwWp
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EXAM 3, FALL 2003
23) F(x) is the cumulative distribution function for the size-of-loss variable, X.
P,Q,R, S, T, and U represent the areas of the respective regions.
What is the expected value of the insurance payment on a policy with a deductible of “DED” and a limit of

“LIM”? (For clarity, that is a policy that pays its first dollar of loss for a loss of DED + 1 and its last dollar of
loss for a loss of LIM.)

X/} r
P
LIM fmmmmmmm oo
Q R
[5)» J P
S T U
F(X)
A Q
B. Q+R
C. Q+T
D. Q+R+T+U
E. S+T+U
CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003

24) Zoom Buy Tire Store, a nationwide chain of retail tire stores, sells 2,000,000 tires per year of various
sizes and models. Zoom Buy offers the following road hazard warranty:

“If a tire sold by us is irreparably damaged in the first year after purchase, we’ll replace it free, regardless of
the cause.”

The average annual cost of honoring this warranty is $10,000,000, with a standard deviation of $40,000.
Individual claim counts follow a binomial distribution, and the average cost to replace a tire is $100.

All tires are equally likely to fail in the first year, and tire failures are independent.
Calculate the standard deviation of the replacement cost per tire.

Less than $60

At least $60, but less than $65
At least $65, but less than $70
At least $70, but less than $75
At least $75

moow»
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EXAM 3, FALL 2003

25) Daily claim counts are modeled by the negative binomial distribution with mean 8 and variance 15.
Severities have mean 100 and variance 40,000. Severities are independent of each other and of the number of

claims.
Let o be the standard deviation of a day’s aggregate losses.
On a certain day, 13 claims occurred, but you have no knowledge of their severities.

Let o’ be the standard deviation of that day’s aggregate losses, given that 13 claims occurred.

Calculate i' -1.
o

A. Less than -7.5%
B. Atleast —7.5%, but less than 0
C.0

D. More than 0, but less than 7.5%
E. Atleast 7.5%

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003

26) A fair coin is flipped by a gambler with 10 chips. If the outcome is “heads,” the gambler wins 1 chip; if
the outcome is “tails,” the gambler loses 1 chip.

The gambler will stop playing when he either has lost all of his chips or he reaches 30 chips.
Of the first ten flips, 4 are “heads” and 6 are “tails.”

Calculate the probability that the gambler will lose all of his chips, given the results of the first ten flips.

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

HoQwp
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EXAM 3, FALL 2003

27) Not-That-Bad-Burgers employs exactly three types of full-time workers with the following annual
salaries:

Title Annual Salary
Burger Flipper (B) 6,000
Cashier (C) 8,400
Manager (M) 12,000

Each month the employees are promoted or demoted according to the following transition probability matrix:

B ¢ M
s|a Vo 0
c\Va 2 N
Mo ¥ %

Calculate the average long-term annual salary of an employee at Not-That-Bad-Burgers.

8,133
8,533
9,067
9,200
9,467

MOOw»
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EXAM 3, FALL 2003

28) A Markov chain with five states has the following transition probability matrix:

0.50 0.25 0.20 0.05 0.00
0.25 0.20 0.05 0.00 0.50
0.20 0.05 0.00 0.50 0.25
0.50 0.00 0.00 0.50 0.00
0.50 0.00 0.00 0.00 0.50

How many classes does this Markov chain have?

moawpy
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29) A ferry transports fishermen to and from a fishing dock every hour on the hour. The probability of
catching a fish in the next hour is a function of the number of fish caught in the preceding hour as follows:

If a fisherman has not caught a fish in the hour before the next ferry arrives, he leaves; otherwise he stays and
continues to fish. A fisherman arrives at 11:00 AM and catches exactly one fish before noon.

EXAM 3, FALL 2003

Number of fish | Probability of 0 | Probability of 1 | Probability of

caught in the fish caughtin | fish caughtin | 2+ fish caught

preceding hour | the next hour the next hour in the next
hour

0 0.7 0.2 0.1

1 0.3 0.5 0.2

2+ (2 or more) | 0.1 0.5 0.4

Calculate the expected total number of hours that the fisherman spends on the dock.

2 hours
3 hours
4 hours
5 hours
6 hours

MY oWy
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EXAM 3, FALL 2003
30) Speedy Delivery Company makes deliveries 6 days a week. Accidents involving Speedy vehicles occur
according to a Poisson process with a rate of 3 per day and are independent. In each accident, damage to the
contents of Speedy’s vehicles is distributed as follows:

Amount of damage Probability

$ 0 Ya
$2,000 %
$8,000 Ya

Using the normal approximation, calculate the probability that Speedy’s weekly aggregate damages will not
exceed $63,000.

0.24
0.31
0.54
0.69
0.76

Mooy
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EXAM 3, FALL 2003

31) Vehicles arrive at the Bun-and-Run drive-thru at a Poisson rate of 20 per hour. On average, 30% of
these vehicles are trucks.

Calculate the probability that at least 3 trucks arrive between noon and 1:00 PM.

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, but less than 0.95
At least 0.95

moawy
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EXAM 3, FALL 2003

32) Ross, in Introduction to Probability Models, identifies four requirements that a counting process N(t)
must satisfy.

Which of the following is NOT one of them?

A. N(t) must be greater than or equal to zero.

B. N(t) must be an integer.

C. If s<t, then N(s) must be less than or equal to N(t).

D. The number of events that occur in disjoint time intervals must be independent.

E. For s<t, N(t)-N(s) must equal the number of events that have occurred in the interval (s,t].

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003

33) Stock I and stock II open the trading day at the same price. Let X(t) denote the dollar amount by which
stock Is price exceeds stock II’s price when 100t percent of the trading day has elapsed. {X(r),0<t<1} is

modeled as a Brownian motion process with variance parameter o> = 0.3695 .
After % of the trading day has elapsed, the price of stock I is 40.25 and the price of stock II is 39.75.
Calculate the probability that X (1)>0.

Less than 0.935

At least 0.935, but less than 0.945
At least 0.945, but less than 0.955
At least 0.955, but less than 0.965
At least 0.965

moowp
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EXAM 3, FALL 2003
34) Given:

i)  Initial surplus is 10.
i1)  Annual losses are distributed as follows:

Annual Probability
Loss
0 0.60
10 0.25
20 0.10
30 0.05

iii)  Premium, paid at the beginning of each year, equals expected losses for the year.
iv)  If surplus increases in a year, a dividend is paid at the end of that year. The dividend is equal to half of
the increase for the year.
v)  There are no other cash flows.

Calculate w(10,2), the probability of ruin during the first two years.

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

MU oW >
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EXAM 3, FALL 2003

35) In Loss Models — From Data to Decisions, Klugman et al. discuss survival probabilities and ruin
probabilities in terms of discrete time vs. continuous time and finite time vs. infinite time.

Based on that discussion, which of the following are true?

L ¢(u,7)2du)
I ¢u,7)2 ;Z(u, 7)

L. ¢(w) 2y ()
IV. w(u) increases as the frequency with which surplus is checked increases.

Iand IV only.

I, II, and III only.
L II, and IV only.
I, 11, and IV only.
II, 11, and IV only.

MO W
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EXAM 3, FALL 2003

36) A random variable having density function f(x)=30x*(1-x)?,0<x<1 is to be generated using the
rejection method with g(x)=1, for 0<x<1.

Using c=1?5 , which of the following pairs (Y,U) would be rejected?

L (0.35,0.80)
IL (0.80, 0.40)
L. (0.15, 0.80)

II only

III only

I and II only
I and III only
I, II, and IT

moQwy>
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EXAM 3, FALL 2003

37) One of the most common methods for generating pseudorandom numbers starts with an initial value,
X, , called the seed, and recursively computes successive values, X, , by letting

X,=aX,, mod(m).
Which of the following is/are criteria that should be satisfied when selecting @ and m?

I. The number of variables that can be generated before repetition is large.
II. Forany X, generated numbers are independent Normal (0,1) variables.

IOI. The values can be computed efficiently on a computer.

I only

II only

I and ITT only
II and IIT only
LI, and I

moaw»
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EXAM 3, FALL 2003

38) Using the Inverse Transform Method, a Binomial (10,0.20) random variable is generated, with 0.65 from
U(0,1) as the initial random number.

Determine the simulated result.

mYOwW
WD —-=O
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EXAM 3, FALL 2003

39) When generating random variables, it is important to consider how much time it takes to complete the
process.

Consider a discrete random variable X with the following distribution:

k Prob(X=k)
1 0.15
2 0.10
3 0.25
4 0.20
5 0.30

Of the following algorithms, which is the most efficient way to simulate X?

A. IfU<0.15 set X = 1 and stop.
If U<0.25 set X = 2 and stop.
If U<0.50 set X = 3 and stop.
If U<0.70 set X = 4 and stop.
Otherwise set X = 5 and stop.

B. IfU<0.30 set X = 5 and stop.
If U<0.50 set X = 4 and stop.
If U<0.75 set X = 3 and stop.
If U<0.85 set X = 2 and stop.
Otherwise set X = 1 and stop.

C. IfU<0.10 set X =2 and stop.
If U<0.25 set X = 1 and stop.
If U<0.45 set X = 4 and stop.
If U<0.70 set X = 3 and stop.
Otherwise set X =5 and stop.

D. IfU<0.30 set X =5 and stop.
If U<0.55 set X = 3 and stop.
If U<0.75 set X = 4 and stop.
If U<0.90 set X = 1 and stop.
Otherwise set X = 2 and stop.

E. IfU<0.20 set X = 4 and stop.
If U<0.35 set X = 1 and stop.
If U<0.45 set X = 2 and stop.
If U<0.75 set X = 5 and stop.
Otherwise set X = 3 and stop.

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003
40) W is a geometric random variable with parameter £ = % .
Use the multiplicative congruential method:
X,a=aX, mod(m) wherea=6,m=25,and X,=7
and the inverse transform method.

Calculate W, the third randomly generated value of W.

monow»>
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EXAM 3, FALL 2003

Please note: On a one-time basis, the CAS is releasing annotated solutions to Fall 2003 Examination 3 as a study aid to
candidates. It is anticipated that for future sittings, only the correct multiple-choice answers will be released.

1) Given
1) 3Pgp =0.990
i) P, =0.980
Hi) Py, =0.965

V) 1, Ppe=0.945
V) 5 Pp=0.920
Vi) 5P, =0.890

For two independent lives aged 40, caculate the probability that the first desth occurs after 6 years, but before
12 years.

Less than 0.050

At least 0.050, but less than 0.055
At least 0.055, but less than 0.060
At least 0.060, but less than 0.065
At least 0.065

moowy»

P(First death after 6 years, but before 12 years)

P(Neither dies during first 6 and not both dive at 12)

P(Neither dies during first 6 and (not both dive a 12 given both dive after 6))

P(Nether diesduring first 6) * P(not both dive a 12 given both dive after 6) these are independent

2 2 -2
6 Pa0 @12 Pag 6 P40 )
~0.067375

ANS: E

CONTINUED ON NEXT PAGE
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EXAM 3, FALL 2003
Use the following information for questions 2) and 3).
2) For aspecid fully discrete life insurance on (45), you are given:

i)  1=6%
i)  Mortdity followsthe llludtrative Life Table.
iii)  The desth benefit is 1,000 until age 65, and 500 thereafter.
Iv)  Bendfit premiums of 12.51 are payable at the beginning of each year for 20 years.

Cdculate the actuarid present vaue of the benefit payment.

Less than 100

At least 100, but less than 150
At least 150, but less than 200
At least 200, but less than 250
At least 250

moow>

The benefit payments of 1000 until age 65, and 500 theresfter are equivaent to 1000 A, - 500 . As.

1000A; - 500 | A; = 1000 A, - 500 5E5 A,

1000(0.20120) — 500 (0.25634)(0.43980)
144.83

Ans B

(Since at issue the actuarid present vaue of the benefit premium equas the actuarial present value of the
benefit payment, this could aso be done by evauation the actuarid present vaue of the given premiums.)

CONTINUED ON NEXT PAGE
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The following is repeated for convenience.
3) For aspecid fully discrete life insurance on (45), you are given:

i)  1=6%
i)  Mortdity followsthe llludtrative Life Table.
iii)  The desth benefit is 1,000 until age 65, and 500 thereafter.
Iv)  Bendfit premiums of 12.51 are payable at the beginning of each year for 20 years.

Cdculate 4V , the benefit reserve at time t=19, the indtant before the premium payment is made.

Lessthan 200

At least 200, but less than 210
At least 210, but less than 220
At least 220, but |ess than 230
At least 230

moow>

The degred reserve plus the find premium payment plus one year’ s investment income needs to be able to
pay the year-20 death claims and to purchase a single premium policy of 500 on a65-year old. That is:

(V + P(L+0)=1000q , + P_ 500 A,
(sV + 1251)(1.06) =1000q , + P_ 500 A,

(xV + 1251)(1.06) = 19.52 + 215,61 = 235.13
So: ,V = 209.31

Ans B

CONTINUED ON NEXT PAGE
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4) Given:

m = , for 0£x<100
(100- x)

Cdculate .
10|q65

10|q65 is the probability of surviva for 10 years and then deeth in the deventh year for alife aged 65. That

issurviva to age 75, but not to age 76, given surviva to age 65.

=- & i A =-
mX = ) equivaently, dnx log(S(x)) +C
So, §(X) = % The congtant is determined by the fact that S(0) = 1.

The probahility that we want is S(79) - S(76) :100: 25-24 _(5-24)(25+24) _ 1

s®) 100" 35 57 %

Ans A

CONTINUED ON NEXT PAGE
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5) Given:

i)  Mortdity follows De Moivre s Law.
i) 8, =30

Cdculae q,, .

De Moivre s law means that degths are uniformly distributed from age O to age w. We must determine w .

A twenty year old is expected to live 30 more years, so the average time of death between 20 and w is 20+30.
Since deaths are uniformly distributed, we must have w =80.

0,, iSthe probability that atwenty year old diesin the next year. Aswe saw above, times of death for 20 year

olds are uniformly distributed over the next 60 years, S0 q,, = 6_10 :

Ans A

CONTINUED ON NEXT PAGE
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6) Let Z, bethe present vaue random variable for an n-year term insurance of 1 on (x), and let Z, be the

present value random variable for an n-year endowment insurance of 1 on (x). Claims are payable & the
moment of desth.

Given:
i) v" =0.250
i) . b, =0.400

iii)  E[Z,] =0.400
iv)  Var[Z,] =0.055

Cdculate Var[Z]] .

0.025
0.100
0.115
0.190
0.215

moow>

Let M be an n-year pure endowment of 1 on (x). Then:

E[Z,] =0.400 = E[Z,+ M] = E[Z,] +(0.25)(0.40) So: E[Z,]=0.300

Var[z,] =0055=E[7, 1- Fz] So: E[Z, ]=0.055+0.160=0.215

2 2 2
E[Z, 1=E[(Z,+M) 1=HZ 1+E[2ZM]+E[\y ]
Now, it isimpossible to collect on both the term insurance and the pure endowment, so the middie term is 0.
Sy 1= (0.400)(0.250) *=0.025 So E[ Z, 2] =0.215- 0.025=0.190

E[Z,] =0.300°=0.090
var[z]=Ez, 1- Ez.] =0.190- 0.090=0.100

Ans B

CONTINUED ON NEXT PAGE
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7) Given:

i) 1=5%
i)  Theforce of mortdity is congtant

i) & =160

Caculate A, .

Less than 0.050

At least 0.050, but less than 0.075
At least 0.075, but less than 0.100
At least 0.100, but less than 0.125
At least 0.125

moow»

d =In(1+0.05) = 0.0488

m=1/ ex =0.0625

EXAM 3, FALL 2003

2q Z\x -_m g 20(mHd) 0.0625 - 20(0.0625+0.0488)
m+d 0.0625 +0.0488
= 0.0606
Ans B

CONTINUED ON NEXT PAGE
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8) Given:

i) i=6%

i) ,E,,=0.540
iiiy 1000 A, = 168
iv) 1000 A= 264

Cdculate 1000, P(A,,) , the benefit premium for a 10-payment fully discrete life insurance of 1,000 on (40).

21.53
21.88
22.19
22.51
22.83

moow>»

10P(Aw)é, 5 = Ag
8y = 8,019 T 10 Esolso

1=6% so0 d =1- 1 =0.0566
1.06

dd,, + A, =1 So: &, =14.70
da, + A, =1 So: &, =13.00
So: 14.70= &, +(0.540)(13.00) Hence &, =7.68

And:1000,,P(A,)) = ;%88 =21.875

ANS: B

CONTINUED ON NEXT PAGE
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9) laand |4 represent the standard increasing annuities. A person aged 20 buys a specid five-year
temporary life annuity-due, with paymentsof 1, 3,5, 7, and 9.

Given:
1) am =341
i) a, ;=304
i) (18),,7 =805
iv) (1), =717

Cdculate the net Sngle premium.

Lessthan 18.0

At least 18.0, but less than 18.5
At least 18.5, but less than 19.0
At least 19.0, but less than 19.5
Atleast 19.5

moow2>

The (conditiond) payments of 1, 3, 5, 7, and 9 are the same as payments of 1, 1+2(1), 1+2(2), 1+2(3), 1+2(4).
Thenetsnglepremiumis1+a, - +2(la), 5 =1+3.04+2(7.17) = 18.38

Ans B

CONTINUED ON NEXT PAGE
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10) For aspecid fully continuous lagt-survivor lifeinsurance of 1 on (x) and (y), you are given:

i) d=0.05
i)  T(x) and T(y) are independent.
i)  m(x+t) = m(y+t) = 0.07, for t>0.
Iv)  Premiums are payable until the first desth.

Cdculae thelevd annud benefit premium.

Lessthan 0.050

At least 0.050, but less than 0.075
At least 0.075, but less than 0.100
At least 0.100, but less than 0.125
At least 0.125

moow>

The force of mortdity for (x) and (y) iscongtant. The lives are independent so the force of mortdity for the
joint life status is 0.07+0.07 = 0.14.

In the case of congtant mortaity of m and constant force of interest ofd , the actuarid present vaue of a

continuous insurance is

m+d

_0la =0.737
0.14+0.05

1- 0.737 _ 5263

Applying thisto the joint life satus we see that a firg-to-die insurance has vaue

The corresponding annuity, the firgt-to-die annuity, has actuaria present value

Thisisthe annuity corresponding to the premium payments.

To compute the actuaria present vaue of the last-to-die insurance, we observe that thisinsurance isidenticd
to insurance on each of the two lives minus the firgt-to-die insurance.

Insurance on each of the two lives hasvdueL =0.583

0.07+0.05

S0, the net Single premium for the lagt-to-die insurance is 2(0.583) — 0.737 = 0.430

And the level annual bendfit premium isg':zg - 0.082

Ans C

CONTINUED ON NEXT PAGE
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11) Given:

q® g@ g® q©
x<40 [ 0.10 | 0.04 | 0.02 | 0.16
x340 1020 {004 |0.02 | 0.26

Cdculate Slqg) :

Lessthan 0.06

At least 0.06, but |ess than 0.07
At least 0.07, but less than 0.08
At least 0.08, but less than 0.09
At least 0.09

moow>

We need to compute the probability of surviving dl perilsfor five years and the succumbing to peril 1.
That is (1-0.16)(1-0.16)(1-0.26)(1-0.26)(1-0.26)(0.20) = 0.0572

Ans A

CONTINUED ON NEXT PAGE
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12) A driver issdected a random. If the driver isa“good” driver, heisfrom a Poisson population with a
mean of 1 clam per year. If thedriver isa“bad’ driver, he isfrom a Poisson population with a mean of 5
clamsper year. Thereisequa probability thet the driver is either a“good” driver or a“bad” driver. If the
driver had 3 clamslagt year, caculate the probability that the driver isa*good” driver.

Lessthan 0.325

At least 0.325, but less than 0.375
At least 0.375, but less than 0.425
At least 0.425, but less than 0.475
At least 0.475

moow>

This can eadly be done using Bayes Theorem. Hereis an dternative solution using life table techniques.
Suppose we had, say, 20,000 drivers. Since “good” and “bad” are equaly likely we may assume that we have

10,000 of each. The 10,000 “good” drivers each have probability = ge'l = 0.0613 of having exactly 3
accidents --- we expect 613 of them to have 3 accidents.

The 10,000 “bad” drivers have probability = %Se' ® =0.1404 of havi ng exactly 3 accidents --- we expect 1404
of them to have 3 accidents.

So, we expect 613+1404 = 2017 drivers to have 3 accidents and 613 of them are “good” drivers, so the
probability of adriver with 3 accidents being agood driver is % =0.304.

Ans A

CONTINUED ON NEXT PAGE
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13) The Allerton Insurance Company insures 3 indistinguishable populations. The claims frequency of each
insured follows a Poisson process.

Given:

Population | Expected Probability | Clam
(dlass) | timebetween | of beingin | cost
dams class
I 12 months 1/3 1,000
[l 15 months 13 1,000
11 18 months 1/3 1,000

Cdculate the expected loss in year 2 for an insured that had no clamsin year 1.

moow>»

Lessthan 810

At least 810, but less than 910

At least 910, but less than 1,010
At least 1,010, but less than 1,110

Atleast 1,110

Populations|, I1, and I11 are Poisson with annua expected frequency 12/12, 12/15, and 12/18 respectively.

P(O) =P(O| )P(1)+ P(O| )P (1) + PO HH)P(IT) whereQistheevent 0clamsand |, II, and |1l arethe
events the insured is in the respective population.

12 12

12

12 21 2]
PO =pr=-+@5=-+p18==0.4435
©=e 3 € 3 € 3

P(I110) = FF’,(('(;))P(m )= %9%:0.3377

P(1'10) =

P(0)

0.4435

P(I)P( 0[1) = N o7 =0.2765

P(III [0) = P(HI)P(OHII)— KB o7=0.3858 Note that these sum to 1 asthey should.
P(0) 443

S0, the expected number of clams is o (0.2765) + E(0.3377) + T (0.3858) =0.8038
S0, expected loss next year is 804.

Ans A

CONTINUED ON NEXT PAGE
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14) The Independent Insurance Company insures 25 risks, each with a 4% probability of loss. The
probabilities of loss are independent.

On average, how often would 4 or more risks have losses in the same year?

Oncein 13 years
Oncein 17 years
Oncein 39 years
Oncein 60 years
Oncein 72 years

moow>»

P(0losses) = 50520.96250.0425' *=0.3604
P(Llioss) = §520.96240.0425- 2 _ 03754
Pl2losse) =& 90,9670.04” = 01677

5 e
P(3losses) = ?3 20.9670.04” * =0.0600
a
So, probability of 4 or more = 1-0.3604-0.3754-0.1877-0.600 = 0.0165
We would expect such an event to occur once every 1/0.0165 years = 60.61 years

Ans D

CONTINUED ON NEXT PAGE
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15) Two actuaries are Smulating the number of automobile claims for abook of business. For the
population that they are sudying:

1)  Thedam frequency for each individua driver has a Poisson distribution.
ii)  Themeans of the Poisson digtributions are distributed as arandom varigble, L .
i) L hasagammadidribution.

In thefirgt actuary’s Ssmulation, adriver is selected and orne year’ s experience is generated. This process of
selecting adriver and Smulating one year is repeated N times.

In the second actuary’ s smulation, a driver is selected and N years of experience are generated for that driver.
Which of thefallowing i/are true?

|. Theraio of the number of clamsthe first actuary smulates to the number of clams the second
actuary smulates should tend towards 1 as N tends to infinity.
[1. Therdio of the number of clamsthe fira actuary smulates to the number of clams the second
actuary smulateswill equa 1, provided that the same uniform random numbers are used.
I11. When the variances of the two sequences of claim counts are compared the first actuary’ s sequence
will have a smdler variance because more random numbers are used in computing it.

A. lonly

B. I'and Il only

C. landlll only

D. Il and 1l only

E. Noneof I,II,orlll istrue

Thefirg actuary is generating the negative binomia random variable for the population. The second actuary
is generating the Poisson random variable for the driver that he picked.

Thereis no reason that the first two should be true, the second actuary’ s result depends on which driver he
picked. The variances they observe could be higher or lower again depending on which driver the second
actuary picked; the number of random numbers used isirrelevarnt.

None of these statementsistrue.

Ans E

CONTINUED ON NEXT PAGE
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16) According to the Klugman study note, which of the following iSare true, based on the existence of
moments test?

I. TheLoglogigtic Didribution has a heavier tail than the Gamma Didtribution.
I1. ThePardogidtic Didribution has a heavier tall than the Lognorma Didribution.
[1l.  TheInverse Exponentid has a heavier tail than the Exponentid Didtribution.

A. lonly

B. landll only

C. landlll only
D. Il and 1l only
E I,II,and Il

According to the existence of momentstest, digtribution A has a heavier tail than digtribution B if A has fewer
moments than B. The moments for the various digtributions are in the supplied tables, in dl three cases the
digtribution on the left has only finitdly many moments and the distribution on the left has dl moments, so all
three statements are true.

Ans E

CONTINUED ON NEXT PAGE
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17) Losses have an Inverse Exponentid distribution. The mode is 10,000.

Cdculate the median.

Less than 10,000

At least 10,000, but less than 15,000
At least 15,000, but less than 20,000
At least 20,000, but less than 25,000
At least 25,000

moow>»

From the supplied tables for an Inverse Exponentia, mode = 10,000 = g = 20,000.

Themedian of a continuous distribution isthat vaue x so that F(x) = Y2

F(x) = e'% for the Inverse Exponentia (again from the table).
. 1 -2000V
Wewant tofindx sothat~ =@ /*. So, x= - 20000/In( %) = 28,854

Ans E

CONTINUED ON NEXT PAGE
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18) A new actuarid student andyzed the clam frequencies of agroup of drivers and concluded that they
were distributed according to a negative binomia distribution and that the two parameters, r and b , were

equd.
An experienced actuary reviewed the andys's and pointed out the following:
“Yes, it isanegaive binomid digribution. Ther parameter isfine, but the vaue of the b

parameter iswrong. Y our parameters indicate that % of the drivers should be clam-free, but

in fact, g of them are dam-free”

Based on thisinformation, caculate the variance of the corrected negative binomia digtribution.

0.50
1.00
1.50
2.00
2.50

moow>

The probability of O daims from anegative binomial with parametersr and b is (1+b )'r . Wearetold that

origindly these two parameters were equa and that the result was % . By ingpection, r =b = 2 works.

o, the corrected r vaueis 2, aswe weretold it didn’'t change.

The corrected bvdueneedstogis‘y(1+b)'2=g. So, b = %

The variance of anegative binomia with parameters rand b isrb (1+b)=2 % (g) =15

Ans C

CONTINUED ON NEXT PAGE
18



EXAM 3, FALL 2003

19) For alossdigtribution where x3 2, you are given:

2

i)  Thehazard rate function: h(x) =;— , for x3 2
X
i) A vaueof thedigribution function: F(5) = 0.84

Cdculaez

moow»
CUAWN

S(5) =1- F(5)=0.16

¥
\

S(X) — e- 0¥h(x)dx

- &2/ dx
S(5)=0.16=¢ © Z
_ e-(Z%)(ms— In2)

IN0.16=-(Z/4)In5- In2)
=4

z2=2

Ans A

CONTINUED ON NEXT PAGE
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20) Let X bethe sze-of-loss random variable with cumulative distribution function F(x) as shown below:

F(x)

Which expression(s) below equa () the expected loss in the shaded region?
. xdF (¥
. E(X)- (‘;xdF(x)- K[1- F(K)]
. 5[1- F()]dx

A. lTonly
B. Il only
C. lllonly
D. I'and Il only
E. Il andIll only

| isfase, since the correct representation would be (SxdF(x) - KG(K)
Il and Il aretrue.

Ans E

CONTINUED ON NEXT PAGE
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21) Thecumulative lossdigribution for arisk is F(x)=1-

EXAM 3, FALL 2003

10°
(x+10%)2 "

Cdculate the percent of expected losses within the layer 1,000 to 10,000.

A. 10%

B. 12%

C. 17%

D. 34%

E. 41%

Totd losses,

¥ ¥ 10°
AG(X)dx=f ———dx
QM= Q 1000

R

=10° Qmu—lz du =1000

Layer losses.

6
10000 10000 10

0, G()dx

6 41000 1

=10°Q,,, —7 =409

Percentage = 409/1000 = 41%

Ans E

= Qu (x+1000)7
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22) The severity digtribution function of clams data for automobile property damage coverage for Le
Behemoth Insurance Company is given by an exponentid didtribution, F(x).

F(X)=1- exp(z:%5)
To improve the profitability of this portfolio of policies, Le Behemoth indtitutes the following policy
modifications:

1) Itimposes aper-clam deductible of 500.
i)  ltimposesaper-cam limit of 25,000.
Previoudy, there was no deductible and no limit.

Cdculate the average savings per (old) claim if the new deductible and policy limit had been in place.

490
500
510
520
530

moow>»

Unlimited coverage:

E(X) = 6 G(x)dx
y where G(x) = 1 — F(x)
= § &4 dx =5,000

Limited coverage:

E(X:d,L) = QLG(x)dx

25,000

= go e-%,ooodX - _ 5’000(e 5 _ e-O.l) - 4’490

Savings = 5,000 — 4,490 = 510

Ans C

CONTINUED ON NEXT PAGE
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23) H(x) isthe cumulative digtribution function for the Sze-of-loss varigble, X.
P,Q, R, S T, and U represent the areas of the respective regions.

What is the expected vaue of the insurance payment on a policy with adeductible of “DED” and alimit of
“LIM”? (For clarity, that isa policy that paysitsfirst dollar of lossfor alossof DED + 1 and itslast dollar of
lossfor alossof LIM.)

X
P
Y D
Q R
DED f{----------->
S T U
F(X)
A. Q
B. Q+R
C. Q+T
D. Q+R+T+U
E S+T+U

Leeintegrates horizontdly: G(x) = 1 — F(x)

Q. G(Xdx=Q+R

Ans B

CONTINUED ON NEXT PAGE
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24) Zoom Buy Tire Store, a nationwide chain of retail tire stores, sells 2,000,000 tires per year of various
szesand modds. Zoom Buy offers the following road hazard warranty:

“If atiresold by usisirreparably damaged in the first year after purchase, we'll replace it free, regardless of
the cause”

The average annud cost of honoring this warranty is $10,000,000, with a standard deviation of $40,000.
Individua claim counts follow a binomid distribution, and the average cost to replace atire is $100.

All tiresareequdly likely to fall in thefirst year, and tire falures are independent.
Cdlculate the stlandard deviation of the replacement cost per tire.

Less than $60

At least $60, but less than $65
At least $65, but less than $70
At least $70, but less than $75
At least $75

moow>»

E(X) = 100; E(S) = 10,000,000; Var(S) = 40,0007

m =tiressold = 2 million

E(N) = E(S)/E(X) = 100,000

Frequency of loss=E(N)/m=0.05=q

Var(N) = mq(1-q) = (2,000,000)(0.05)(1-0.05) = 95,000

Var(S) = E(N)Var(X) + Var(N)E(X)?
40,0007 = (100,000)Var(X) + (95,000)(1007)

Var(X) = 6,500
Standard Deviation = 80.62

Ans E

CONTINUED ON NEXT PAGE
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25) Dally clam counts are modded by the negative binomia distribution with mean 8 and variance 15.
Severities have mean 100 and variance 40,000. Severities are independent of each other and of the number of
dams

Let s bethe standard deviation of a day’s aggregate | osses.
On acertain day, 13 clams occurred, but you have no knowledge of their severities.

Let s ¢ be the standard deviation of that day’s aggregate losses, given that 13 claims occurred.

Cdculates—-l.
s¢

A. Lessthan —7.5%

B. Atleast —7.5%, but lessthan O
C.0

D. Morethan O, but lessthan 7.5%
E. Atleast 7.5%

Beginning of day:

Var(S) = E(N)Var(X) + Var(N)EgX)z
= (8)(40,000) + (15)(100%)
= 470,000

Std Dev (S) = 685.56

End of day:
Var(S) =N * Var(X)
= (13)(40,000)
= 520,000
Std Dev (S) =721.11
Increase= 685.56/721.11-1=—4.9%

Ans B

CONTINUED ON NEXT PAGE
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26) A far coinisflipped by agambler with 10 chips. If the outcomeis“heads” the gambler wins 1 chip; if
the outcome is “tails,” the gambler loses 1 chip.

The gambler will stop playing when he either haslogt dl of his chips or he reaches 30 chips.
Of thefird ten flips, 4 are “heads’ and 6 are “talls.”

Cdculate the probability that the gambler will lose dl of his chips, given the results of the firg ten flips.

Lessthan 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 |ess than 0.90
At least 0.90

moow>

After 10 flips, the gambler is down 2 and has 8 chips I ft.
He will quit if heloses hisremaining 8 chips or reaches 30 chips (22 more than 8).

Pr(down 8 before up 22) = 22/(8+22) = 0.733

Ans A

CONTINUED ON NEXT PAGE
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27) Not-That-Bad-Burgers employs exactly three types of full-time workers with the following annua
salaies

Title Annud Sday
Burger Hipper (B) 6,000
Cashier (C) 8,400
Manager (M) 12,000

Each month the employees are promoted or demoted according to the following trangtion probability matrix:

B C M

8|2 72 O
c\Va V2 Vi
"o % %

Cdculate the average long-term annua sdary of an employee at Not- That-Bad-Burgers.

8,133
8,533
9,067
9,200
9,467

Mmoo

ar(ip,
J

Wpa=Yopo+ Yipe
(2pc = Yoo+ Yopc + ¥4p,,
@y = ¥jpc + %P,

(A1=pg +Pc +Py

M@ ¥ops=Y4p. ® py = Yope
@@ ¥pu =Ypc®py=pc
@®1=Vp.+pc+ I pc

Pe =%1pc :%,pM =%

(2/9)(6,000)+(4/9)(8,400)+(3/9)(12,000)=9,067

Ans C
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28) A Markov chain with five states has the following trangtion probability meatrix:

050 0.25 0.20 0.05 0.00
0.25 0.20 0.05 0.00 0.50
0.20 0.05 0.00 0.50 0.25
0.50 0.00 0.00 0.50 0.00
0.50 0.00 0.00 0.00 0.50

How many classes does this Markov chain have?

moow>
OAWN R

State 0 communicates with state 1.

State 1 communicates with state 2.

State O communicates with state 3.

State 4 isaccessible from sate 1. State 1 is accessible from state 4 (4-0-1).
Therefore, state 4 and gtate 1 communicate.

Therefore, dl sates communicate, so thereis one class.

Ans A

CONTINUED ON NEXT PAGE
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29) A ferry transports fishermen to and from afishing dock every hour on the hour. The probability of
caching afish in the next hour is afunction of the number of fish caught in the preceding hour asfollows:

Number of fish | Probability of O | Probability of 1 | Probability of

caught in the fish caught in fish caught in 2+ fish caught

preceding hour | the next hour the next hour in the next
hour

0 0.7 0.2 0.1

1 0.3 0.5 0.2

2+ (2ormore) | 0.1 0.5 04

If afisherman has not caught afish in the hour before the next ferry arrives, he leaves; otherwise he says and
continuesto fish. A fisherman arrives at 11:00 AM and catches exactly one fish before noon.

Cdculate the expected tota number of hours that the fisherman spends on the dock.

2 hours
3 hours
4 hours
5 hours
6 hours

moow>

Since the fisherman only staysif he catches afish, the probabilities associated with O fish caught are not
relevant. Therefore,

@5 026
“§05 04

205 - 020

€05 06

2892 O‘%.zg

§0.502 0'50.25
E(Timeinl|Startedin1) =3
E(Timein2|Satedinl) =1
E(Timein0) =1

|- P" =

(1-PT)t=

Total expectedtimeonthedock =3+ 1+1=5

Ans. D

CONTINUED ON NEXT PAGE
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30) Speedy Deivery Company makes deliveries 6 days aweek. Accidents involving Speedy vehicles occur
according to a Poisson process with arate of 3 per day and are independent. In each accident, damage to the
contents of Speedy’s vehiclesis distributed as follows:

Amount of damage  Probability

$ O Ya
$2,000 Ya
$8,000 Ya

Using the norma gpproximation, caculate the probability that Speedy’ s weekly aggregate damages will not
exceed $63,000.

0.24
0.31
0.54
0.69
0.76

moow»

Let Y; represent damages for accident i, and X(6) represent weekly damages.

E[Y,] = 0(1/ 4) + 2,000(1/ 2) + 8,000(1/ 4) = 3,000

E[Y,?] = 0(1/ 4) + 2,000° (1/ 2) +8,000%(1/ 4) = 18million
E[ X (6)] = (6)(3)(3,000) = 54,000

Var[ X(6)] = (6)(3E[Y,?] =324million

X (6) - 54,000 . 63,000- 54,000

Pr(X(6) £ 63000) @Pr(— = /324mil

)
= F (0.5) =0.6915

Ans D

CONTINUED ON NEXT PAGE
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31) Vehidesarive a the Bun-and-Run drive-thru at a Poisson rate of 20 per hour. On average, 30% of
these vehicles are trucks.

Calculate the probability that at least 3 trucks arrive between noon and 1:00 PM.

Lessthan 0.80

At least 0.80, but less than 0.85
At least 0.85, but less than 0.90
At least 0.90, but less than 0.95
At least 0.95

moow>

| tp = (20)(1)(0.30) = 6

Py =< p(r'“tlo)n

P(0) = e ® = 0.0025

e ’(6)"
1

e °(6)?

PQ) = = 0.0149

P(2) = = 0.0446

So the probahility of at least 3 trucks =1 — P(0) — P(1) — P(2)
=1-0.0025 —0.0149 — 0.0446 = 0.938

Ans D

CONTINUED ON NEXT PAGE
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32) Ross, in Introduction to Probability Models, identifies four requirements that a counting process N(t)
must stidy.

Which of the following isNOT one of them?

N(t) must be greater than or equal to zero.

N(t) must be an integer.

If s<t, then N(S) must be less than or equal to N(t).

The number of events that occur in digoint time intervas must be independent.

For s<t, N(t)-N(s) must equd the number of eventsthat have occurred in the interva (st].

moow>

D only appliesif the counting process possesses i ndependent increments.

Ans D

CONTINUED ON NEXT PAGE
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33) Stock | and stock |1 open the trading day at the same price. Let X(t) denote the dollar amount by which
stock I’s price exceeds stock 11’'s price when 100t percent of the trading day haselapsed. { X (t),0£t£1} is

modeled as a Brownian motion process with variance parameter s > =0.3695.
After ¥ 0of the trading day has eapsed, the price of stock 1 i1s40.25 and the price of stock 11 is39.75.

Cdculate the probability that X (1) 3 0.

Lessthan 0.935

At least 0.935, but less than 0.945
At least 0.945, but less than 0.955
At least 0.955, but less than 0.965
At least 0.965

moow>

Pr{ X (1) > 0| X(%) =0.50}
=Pr{[ X(1)- X(3)]>-0.50]| X(3) = 0.50}
=Pr{[ X(@)- X(%)]>-0.50}
= P{ X (%) > - 0.50}
_X(%) _ - 050
= Pr >
{«/s 214 s?/4
_ X (%)
=p{——2 .
{«/s 2/4 o)

=F(@/s)=F(1.645) =0.95

Ans C

CONTINUED ON NEXT PAGE
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34) Given:

i) Initid surplusis 10.
i)  Annud losses are digtributed as follows:

Annual Probability
Loss
0 0.60
10 0.25
20 0.10
30 0.05

i)  Premium, paid at the beginning of each year, equals expected losses for the year.
Iv)  If surplusincressesin ayear, adividend is paid at the end of that year. The dividend isequd to hdf of
the increase for the year.
V)  Thereareno other cash flows.

Cdculatey (10,2) , the probability of ruin during the first two years.

A. Lessthan 0.20

B. Atleast 0.20, but lessthan 0.25

C. Atleast 0.25, but lessthan 0.30

D. Atleast 0.30, but lessthan 0.35

E. Atleast 0.35

Yea 1.

uo P L Rebate Ul Prob

10 6 0 3 13

10 6 10 0 6

10 6 20 0 -4 010

10 6 30 0 -14  0.05

Year 2.

Ul P L Rebate U2 Prob

13 6 0 3 16

13 6 10 0 9

13 6 20 0 -1 0.60*0.10=0.06
13 6 30 0 -11  0.60*0.05=0.03
OR

6 6 0 3 9

6 6 10 0 2

6 6 20 0 -8  0.25*0.10=0.025
6 6 30 0 -18  0.25%0.05=0.0125

0.10+0.05+0.06+0.03+0.025+0.0125=0.2775

Ans C
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35) InLoss Models--- From Data to Decisions, Klugman et d. discuss surviva probabilities and ruin
probabilitiesin terms of discrete time vs. continuous time and finite time vs. infinite time,

Based on that discusson, which of the following are true?

I f(u,t)sf(u)
. f(u,t)3f(ut)

. f@u)sy (u)
IV. ¥y (u) increases as the frequency with which surplusis checked increases.

A. land 1V only.

B. I,1I,and Il only.
C. I,1l,and 1V only.
D. I, I, and 1V only.
E I, I, and IV only.

The discrete time surviva probability with finite time horizon is greater than the continuous time surviva
probability with the same finite horizon (short term ruins during the gaps aren't seen) which in turn is greater
than the infinite time horizon surviva probability (if ruin occurs, it occurs & some finite time), so | istrue.

Short term ruins during the time gaps are caught in the continuous time, but might not be in discrete time, so
Il isfase (the inequdity goes the other way).

The continuous time, infinite horizon survival probability and continuous time, infinite horizon ruin
probability add to one, but neither is necessarily larger than the other, so Il isfase.

The more often you look, the more likely you are to catch a short term ruin, o 1V istrue.

Ans A
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36) A random variable having density function f (x) =30x?(1- x)? 0< x<1 isto be generated using the
rgjection method with g(x) =1, for 0<x<1.

Using c=% , Which of the following pairs (Y ,U) would be rejected?

. (0.35,0.80)
Il. (0.80, 0.40)
ll. (0.15, 0.80)

A. 1l only
B. Il only
C. landll only
D. land 1l only
E 1,1, and Il

A pair (Y.U) isreected if U >0
g (Y)

o(Y) isidenticaly 1.

Itiseedly verified thet only 111 isreected.

Ans B

CONTINUED ON NEXT PAGE
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37) One of the most common methods for generating pseudorandom numbers starts with an initia vaue,
X, , called the seed, and recursively computes successive vaues, X, , by letting

X,=aX,, mod(m).
Which of the following is/are criteriathat should be satisfied when sdecting a and m?

|. The number of variablesthat can be generated before repetition is large.
[l. Forany X,, generated numbers are independent Norma (0,1) variables.
[1l. Thevaues can be computed efficiently on a computer.

A. 1only

B. Il only

C. landlll only
D. Il and 1l only
E ILI,and Il

Once the pseudorandom numbers start to repeet, they really stop looking like random numbers, we want this

to occur aslate as possible, so | istrue.

The given procedure generates a sequence of residue classes mod(m), these are then associated with the
integersfrom 0 to m-1 (these arethe X's). The generated X’ s are then divided by m to get number in the
interval [0,1]. Neither the X’ s nor their rescaled counterparts are normally distributed, so Il isfalse.

Typicaly, the pseudorandom numbers will be used by a computer program, so being able to generate them
efficiently on acomputer isagood feature, thus il istrue.

Ans C
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38) Usng the Inverse Transform Method, a Binomid (10,0.20) random variable is generated, with 0.65 from
U(0,1) astheinitid random number.

Determine the smulated result.

moow>
AWNPR O

Prob(0) = 0.8 =0.1074 < 0.65 keep going
Prob(0 or 1) = 10(0.8)°(0.2)* + 0.1074 = 0.2684 + 0.1074 < 0.65 keep going

Prob(O or 1 or 2) = %(0.8)8(0.2)2 +0.2684 + 0.1074 = 0.6778 > 0.65 Success.

S0, generated valueis 2.

Ans C

CONTINUED ON NEXT PAGE
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39) When generating random variables, it isimportant to consder how much time it takes to complete the
Process.

Congder adiscrete random varigble X with the following digtribution:

Prob(X=k)

0.15

0.10

0.25

0.20

QBIWIN(FP(X

0.30

Of the following dgorithms, which isthe most efficient way to smulate X?

A.

Ans D

If U<0.15 set X =1 and stop.
If U<0.25 set X =2 and stop.
If U<0.50 set X = 3 and stop.
If U<0.70 set X =4 and stop.
Otherwise set X =5 and stop.

If U<0.30 set X =5 and stop.
If U<0.50 set X =4 and stop.
If U<0.75 set X = 3 and stop.
If U<0.85 set X =2 and stop.
Otherwise set X = 1 and stop.

If U<0.10 set X = 2 and stop.
If U<0.25 set X =1 and stop.
If U<0.45 set X =4 and stop.
If U<0.70 set X = 3 and stop.
Otherwise set X =5 and stop.

If U<0.30 set X =5 and stop.
If U<0.55 set X = 3 and stop.
If U<0.75 set X =4 and stop.
If U<0.90 set X =1 and stop.
Otherwise set X = 2 and stop.

If U<0.20 set X =4 and stop.
If U<0.35 set X =1 and stop.
If U<0.45 set X = 2 and stop.
If U<0.75 set X =5 and stop.
Otherwise set X = 3 and stop.

Expected number of tests = 1(.15) + 2(.10) + 3(.25) +4(.50)

Expected number of tests = 1(.30) + 2(.20) + 3(.25) +4(.25)

Expected number of tests = 1(.10) + 2(.15) + 3(.20) +4(.55)

Expected number of tests = 1(.30) + 2(.25) + 3(.20) +4(.25)

Expected number of tests = 1(.20) + 2(.15) + 3(.20) +4(.55)

D has the smdlest expected number of tests, S0 it isthe most efficient of these dgorithms.

CONTINUED ON NEXT PAGE
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40) W isageometric random variable with parameter b = % :

Use the multiplicative congruentid method:
X =aX, mod(m) wherea=6,m=25and X,=7
and the inverse transform method.

Cdculate W, the third randomly generated value of W.

1
1

moo w2
o N NN

X, =6(7) =42 =17 mod(25)
X, =6(17) =102 =2 mod(25)
X;=6(2) =12 =12 mod(25)

The associated uniform pseudo-random variable is ;—2 =0.48

The geometric random variable with parameter 7/3 counts the number of Bernoulli trids (each with success
probability 0.3) needed to observe a success.

Using the inverse transform method, we have:
Probability of successonfirst try =0.3<0.48 (didn't happen onfirst trid) keep going
Probability of successon first or second try = 0.3 + (0.7)(0.3) = 0.51>0.48 Stop.

So, the first success occurred on the second trial.

Ans A

(A grading adjustment was made for question 40 to account for an alternative approach for solving this problem.)

END OF EXAMINATION
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