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V46/S14023/EE/20160713

Time : 3 Hours Marks : 80

Instruction :
1. All Questions are Compulsory.
2. Each Sub-question carry 5 marks.
3. Each Sub-question should be answered between 75 to 100 words. Write every questions

answer on separate page.
4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

1. Solve any four sub-questions.

a) i) What is a saddle point? 1

ii) Which strategy can be used in a game in which there is no saddle point? 2

iii) Explain maximin and minimax strategies in the context of a two-person zero-sum
game. 2

b) The owner of a personal computer has to decide whether to sign an Annual Maintenance
Contract (AMC) or to pay for repair separately on each occasion of computer fault.
The AMC costs Rs. 1000, and provides for an unlimited count of repair services. In
the absence of the AMC, the servicing agency charges Rs. 300 for each repair. The
owner assumes the probability distribution of the annual number of faults as follows.

  Number of faults 0 1 2 3 4 5 More than 5

  Probability 0.1 0.1 0.2 0.3 0.2 0.1 0

i) Form the loss matrix for the owner of the computer in respect of the above
decision. 2

ii) What is the minimax decision? 1

iii) What is the Bayes decision? 2

c) The loss function for a decision problem is given below.

θ1 θ2 θ3

D1 30 20 15

D2 20 25 10

D3 17 19 24

D4 35 20 17

(P.T.O.)
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i) Explain which strategies, if any, are dominated. 2

ii) Find the minimax solution to this decision problem. 1

iii) Determine Bayes criterian solution if all states are equally likely to occur. 2

d) i) Define the two commonly used loss functions apart from quadratic loss
function. 2

ii) Show that the Bayesian Estimate under quadratic loss is the mean of the posterior
distribution. 3

e) A general insurance company has a portfolio of m independent fire insurance policies.
Under each policy, there can be either one claim or no claim with respective
probabilities of occurrence θ and (1 – θ), respectively; where 0 < θ < 1. The prior
distribution of θ follows the following density:

( ) ( ){ }11 ,0 1f βθ θ θ θ−∝ − < < , for some constant β > 0.

Let the total number of claims for the past n years x1, x2, ....., xn, be available to you.

i) Derive the posterior distribution of θ given x1, x2, ....., xn. 3

ii) Derive the Bayesian estimate of θ under quadratic loss. 2

Where is the maximum likelihood estimate of θ and μ is a quantity obtained from the
prior distribution of θ.

2. Solve any four sub-questions.

a) A motor insurance company is selling insurance for car, truck, two wheelers and buses.
The total numbers of years of experience for each type are 5, 3, 10 and 6 years
respectively. The number of claims in any given year and for any given risk is assumed
to follow a Poisson distribution. The total number of claims for each type till date is
65, 45, 85 and 75.

Calculate maximum likelihood estimate for each insurance type. 5

b) The number of accidents in a year in a city has the Poisson distribution with parameter
λ. The observed number of accidents in that city in five consecutive years happens to
be 120, 135, 104, 128 and 146, respectively. On the other hand, the average annual
number of accidents in comparable cities is known to have the gamma distribution
with mean 110 and variance 1100.

Calculate the marginal (not conditional on λ) distribution of the annual number of
accidents in a single year, and show that it is a negative Binomial distribution. Identify
the parameters of this distribution. 5
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c) Alpha General Insurance Company sells a certain kind of travel insurance policies at a
flat annual premium of Rs. 100 per policy. It has 1000 such policies on its portfolio.
20% of the policies are expected to have a claim in any one year. Loss amounts are
assumed to follow a Lognormal distribution with mean 250 and standard deviation 375.

The insurance company is considering the following two types of reinsurance cover:

• Proportional reinsurance with 100α% of all claims and premiums ceded;

• Excess of loss reinsurance with a retention limit of Rs. 300 per claim for a
fixed premium of Rs. 35,000 for these travel insurance policies on its portfolio.

Determine the value of α, which ensures that the two types of reinsurance cover
result in exactly the same averge net claim amount for Alpha. 5

d) An insurer arranges excess of loss reinsurance with retention limit of Rs. 10,000.
The reinsurer suspects that  the original claims (including the claims settled entirely
by the direct insurer) are independent and have a Pareto distribution. Recent claim
amounts paid by the reinsurer in respect of this risk happen to be Rs. 4,253 Rs. 22,320,
Rs. 9,724, Rs. 3,692 and Rs. 85,035. The reinsurer wants to estimate the proportion
of claims that are settled directly by the insurer. Use the method of moments to
obtain an estimate of this proportion. 5

e) An insurance company ABC has an excess of loss reinsurance contract with retention
Rs. 100000 under a particular class of business.

Last year the following claims data were observed

55000, 33200, 71080, 43120, 13215, 91030, 80000 and 4 claims over 100000

It is assumed that the individual claims gross of reinsurance follow an exponential
distribution with parameter μ

Estimate μ using the method of maximum likelihood estimate. 5

3. Solve any four sub-questions.

a) i) If the density function of λ is

f (λ) = , λ > 0

Show that E[1/λ] = s/(α–1)

ii) If X1, X2, ......, Xn is an independent random sample from the exponential
distribution with parameter λ, show that the posterior mean of 1/λ (for a Gamma
prior) can be expressed as a credibility estimate, i.e., a weighted average of the
prior mean of 1/λ and the sample average. 5
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b) Explain the rationale behind credibility theory. 5
c) An office worker receives a random number of e-mails each day. The number of

emails per day follows a Poisson distribution with unknown mean μ. Prior beliefs
about μ are specified by a gamma distribution with mean 50 and standard deviation
15. The worker receives a total of 630 e-mails over a period of ten days.
Show that Bayes estimator of μ under quadratic loss function has the structure of
credibility estimate. 5

d) An insurer classifies the buildings it insures into one of three types. For type 1
buildings, the number of claims per building per year follows a Poisson distribution
with parameter λ. Data are available for the last five years as follows:
Year 1 2 3 4 5
Number of type 1 buildings covered 89 112 153 178 165
Number of claims 15 23 29 41 50
The insurer also has data for the other two types of building for all five years. Define
Pij = the number of buildings insured in the jth year from type i and
Yij = the corresponding number of claims.
The five years of data can be summarised as follows:
  Type (i) = =
  Type 1 697 0.226686 1.527016 2.502737
  Type 2 295 0.237288 0.96605 1.178133
  Type 3 515 0.330097 4.53253 6.775614

= 0.264101 where =
There are 191 buildings of type 1 to be insured in year six.
Estimate the number of claims from type 1 buildings in year six using Empirical
Bayes Credibility Theory model 2. 5

e) An insurance company has a portfolio of building insurance policies. The company
classifies buildings into three types and believes that the number of claims on buildings
of each type follows a Poisson distribution with parameters as shown:
Type Parameter

1 λ

2 2λ

3 5λ

Where λ is an unknown positive constant.
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Actual claim numbers over the last five years have been as follows. Here Xij represents
the number of claims from the ith type in the jth year:

Number of claims

Type (i) 5 4 3 2 1

1 23 17 9 21 12 139.2

2 56 39 44 29 35 417.2

3 87 115 141 92 84 2322.8

Estimate the average number of claims per year for each type of building using
EBCT model 1. 5

4. Solve any four sub-questions.

a) In the country of Tyreia, a car tyre manufacturer offers a guarantee to purchasers of
its tyres. There are 500 cars covered, each of which has a probability p of being
involved in an accident (independently) and if a car is involved in an accident, there is
a probability of 0.1 for each tyre (independently) that the tyre will need to be replaced
at a cost of 5 units. Let S denote the total cost of replacement tyres in a year. (Assume
each car has 4 tyres)

i) Derive expressions for E(T) and Var(T) in terms of p. 3

ii) Suppose p = 0.05. 2

Calculate the mean and variance of S and T.

b) The number of claims, N, arising from a particular group of policies has a negative
binomial distribution with parameters k = 3 and p = 0.9. Individual claim amounts, X,
have the following distribution:

P(X = 500) = 0.5

P(X = 1,000) = 0.25

P(X = 2,000) = 0.25

Calculate the probability of the aggregate claim being at most 2,000 using the recursive
method. 5

c) i) When is a risk treated as insurable? Give four reasons. 2

ii) List six perils that are typically insured against under a household building
policy. 3

(P.T.O.)
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d) Let S = Xi, where N, X1, X2, Kare independent, N has the Poisson distribution with
mean λ and X1, X2, K have the common distribution P(x) with mean m1, second
moment m2 and third moment m3.

i) Show that the distribution of S is positively skewed. 3

ii) Comment on the skewness of Z for finite λ and also as λ → ∞. 2

e) Derive an expression for rth truncated moment of Lognormal distribution. 5
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