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T96/SAS052/EE/20160710

Time : 3 Hours Marks : 80

Instructions :
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) For what values of x and y does the matrix given below have a saddle point?
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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) A health insurance company has option of three products to sell in the market and
must decide which product to sell in the coming year. There are three possible choices:
basic, lean or rich product, each with different related costs based on the complexity
of the product. The manufacturer has fixed overheads of Rs. 1,500,000.

The revenue and cost for each product are as follows.

Policy Cost Revenue per policy

Basic 500,000 1500

Lean 300,000 1000

Rich 1,000,000 2000
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The insurer had sold 2,100 policies last year, and is preparing forecasts of
profitability for the coming year based on three scenarios: Low sales (80% of last
year’s level), Medium sales (same as last year’s level) and High sales (20% higher
than last year’s level).

i) Determine the annual profit in rupees for each product under each scenario. 3

ii) Determine the minimax choice of product. 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) The total amounts claimed each year from a portfolio of general insurance policies
over n years were X1, X2, X3, .....Xn. The annual claims have a normal distribution with
mean θ and variance σ2

1, where θ is unknown. The prior distribution of θ is assumed to
be normal with mean μ and variance σ2

2.

Derive the posterior distribution of θ. 5

2. Solve any four sub-questions.

a) The number of claims, N, in a year on a portfolio of policies follow Poisson
distribution with parameter λ. Large claims have a probability p and small claims
(1–p), independently of each other. Suppose we observe R large claims. Show that
conditional distribution of N-R given that R=r is Poisson. Find its parameter. 5

b) The claim amount (X) arising from policies of a general insurance portfolio is assumed
to have probability density function f (x) given by

f (x) = 2 cxe–cx2 for x > 0.

c being an unspecified parameter. In a year, there are 1000 claims of amounts
X1, X2, ....., X1000. The median of these claim amounts is 5000, the mean is 5120.5,
and it is also known that

1000
2

1

97,644,400,000i
i

X
=

=∑

i) Compute the method of moments estimate of c from the given data summary.
3

ii) Compute the method of percentiles estimate of c from the given data summary.
2

http://www.ycmouonline.com

http://www.ycmouonline.com


KA16-1523 T96/SAS052/EE/20160710 : 3

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 100 α% 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 average net claim amount for Alpha. 5

d) An insurer believes claims amounts (in thousands of INR) from it’s property portfolio
follow a Pareto distribution with parameters α = 3 and λ = 300. The insurer wishes to
introduce a deductible such that 20% of the losses result in no claim for the insurer.

Calculate the size of the deductible. 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) The total amount claimed for a particular risk in a portfolio is observed for each of
3 consecutive years. From past knowledge of similar portfolios, an insurer believes
that the claims are normally distributed with mean q and variance 16, and that the
prior distribution of the mean is normal with mean 100 and variance 49.

i) Derive the Bayesian estimate under quadratic loss, and show that it can be written
in the form of a credibility estimate combining the mean observed claim size
for this risk with the prior mean for q. 4

ii) State the credibility factor, and calculate the credibility premium if the mean
claim size over the 3 years is 110. 1
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b) The number, X, of claims on a given insurance policy over one year has probability
distribution given by

P (X = k) = θk (1–θ)     k = 0, 1, 2, .....

Where θ is an unknown parameter with 0 < θ < 1.

Independent observations x1, ...., xn are available for the number of claims in the
previous n years. Prior beliefs about θ are described by a distribution with density

1 1( ) (1 )f α αθ θ θ− −∝ −

for some constant α > 0.

Derive the Bayesian estimate of θ under quadratic loss and show that it takes the form
of a credibility estimate : ˆ (1 )Z Zθ μ+ −

where μ is a quantity you should specify from the prior distribution of θ. 5

c) An insurer’s portfolio consists of three independent policies. Each policy can give
rise to at most one claim per month, which occurs with probability θ independently
from month to month. The prior distribution of θ is beta with parameters α = 2 and
β = 4. A total of 9 claims are observed on this portfolio over a 12 month period.

i) Derive the posterior distribution of θ. 2

ii) Show that Bayes estimator of θ under quadratic loss function has the structure
of credibility estimate. 3

d) A health insurer offers one year “mediclaim” policies covering some specific events
with yearly premium Rs. 180. The total annual claim amount arising from an individual
policy has a compound Poison distribution with Poison parameter ¼. Individual claim
amounts have a normal distribution with mean Rs. 600 and standard deviation Rs. 50.
The claim related expenses (incurred at the time of settlement of claim) is a random
variable, uniformly distributed over the interval Rs. 40 to Rs. 80, and is independent
of the claim amount. Let S be the total aggregate claim amounts and expenses arising
over one year from the portfolio.

If S is assumed to have an approximately normal distribution, estimate the minimum
number policies that the insurer must sell in order to be at least 99% sure of making
a profit from the portfolio in that year. 5
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e) Claims generated by a portfolio arrive regularly at the end of every year, starting from
year 1. The claim size at the end of each year is either Rs. 2 lakhs (with probability 3/4)
or Rs. 10 lakhs (with probability 1/4). Claims of different years are independent of
one another. A fixed premium at the rate of Rs. 6 lakhs per year accumulates
continuously. The initial surplus is Rs. 10 lakhs.

i) Write an expression for the surplus process (in lakhs of rupees) as a function of
time (in years), and simplify this expression for integer time points. 2

ii) Sketch on plain paper the graph of the surplus function over the range 0 ≤ t<5,
if the claims at the ends of the first four years are Rs. 2 lakhs, Rs. 2 lakhs,
Rs. 10 lakhs and Rs. 2 lakhs, respectively. 3

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.

Calculate the mean and variance of S and T. 2

b) The annual number of medical claims of a policyholder having annual income θ has
the Poisson distribution with mean λθ where λ is a fixed parameter. The annual income
θ has the exponential distribution with mean μ.

i) Compute the unconditional variance of the annual number of claims of a policy
holder and show that it is larger than the mean number of claims. 2

ii) Is the conditional variance of the annual number of claims for a policy holder of
given annual income larger than the corresponding conditional mean? Compare
with the result of part (i) and comment. 2

iii) If the unconditional variance of the annual number of claims is 20, and
average annual income of a policy holder is Rs. 16,000/- what must be the
value of λ? 1
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c) Give characteristics of collective risk model and individual risk model. Explain how
they differ from each other. 5

d) i) An insurance company plans to install a custom-built software to handle
night-time complaints, and wants to evaluate the associated risks. It
estimates that the probability of the software failing on the ith day after installation
is e–10–i, while the costs associated with software failure on a particular day
has the exponential distribution with mean Rs. 1 million. Calculate the
expected aggregate of all future losses. 3

ii) List four perils that are typically insured against under a household building
policy. 2

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