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EXAMINERS’ REPORT

Introduction

The Examiners’ Report is written by the Examiners with the aim of helping candidates. The solutions given
are only indicative. It is realized that there could be other points as valid answers and examiner have given
credit for any alternative approach or interpretation which they consider to be reasonable.

The report is written based on the legislative and regulatory context pertaining to the date that the
examination was set. Candidates should take into account the possibility that circumstances may have
changed if using these reports for revision.
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A. General comments on the aims of this subject and how it is marked
The aim of Subject CM2 is to develop the necessary skills to construct asset liability models, value
financial derivatives and calculate reserves for insurance or guarantees. These skills are also
required to communicate with other financial professionals and to critically evaluate modern
financial theories.

B. Pass Mark
The Pass Mark for this exam was 50.
163 candidates appeared and 24 passed.
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Solution 1:
i) Answer: IV

x1 follows lognormal distribution, x> follows lognormal distribution,
then x1*x; follows lognormal

(2)
ii) Answer : | all of the above (2)

ili) Answer lll. The unexpected dividend will decrease the share price on ex-dividend date. As this is not

anticipated the value of call option will reduce and put option will increase (2)
iv) Answer : lllonlyd (2)
v) Answerlll.bandc since a & d invalidate the assumptions of the theory (2)

Part (i) This MCQ tested the understanding of compound distribution and more than half of the candidates got it right.
Candidate’s poor in fundamental concepts struggled

Part (ii) This question tested the understanding of impact of events related to the company on its Beta. Less than half of the
candidates got it right

Part (iii) A well answered question. Tested the impact of unexpected payment of dividends on the price of call/ put options

Part (iv) Most candidates struggled on this question. Only those who understood that diversification reduces the effect of
correlation got it right

Part (v) This was the most well answered question. Most of the students got it right

Solution 2:

i)
I.  weakform
Il.  Semistrong
lll.  strong form
IV. strongform.

(2)

e There is status quo bias here. [}5]
e the team is sticking with the current situation [}4]
e eveninthe face of a favourable alternative [}4]
e The team are also showing herd behaviour [}5]
e They are following/mimicking the actions of others in order to manage an uncertain situation
[2]
(2)

b) This is an example of anchoring and adjustment. The customer’s expectation with regard to
future car loan interest rates are anchored by past experience of low interest rates.
Consequently, they expect interest rates to revert back to average historical levels even when
there is no evidence that they are likely to do so. (2)
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iii) IV. If Intrinsic value is positive the option is in-the-money and X10 can be the value of any put or
call option as well (2)

iv) Answer I (3)

Using the standard symbols
calculate d1-(In(104/100) +(0.12 +.32/ 2) * .25)/.3*sqrt(.25)
=.5365
dz-.3865 (d1-.3*sqrt(.25))
Price of call option
¢ =104*®(.5365) — 100e"% * (.3865) ------ (1)
=10.11

From equation (1) if the current share price and strike price is divided by 2, the price of call option will
also be half of the calculated value.

[11 Marks]

Part (i) Most of the students struggled in the statement Ill, whether it is Semi strong or Strong form

Part (ii) (a) Most of the students did not write enough to fetch full marks. Many just wrote the bias it relates to without any
analysis or detail and hence lost marks

Part (ii) (b) One of the very poorly answered question with few candidates identifying the bias correctly
Part (iii) Many candidates struggled with this question requiring evaluation of many options and lost mark

Part (iv) Many candidates did not realize that when the strike price and share price is halved, the price of option also will
get halved

Solution 3:

i) Utility functions exhibiting constant relative risk aversion are said to be isoelastic Iso-elastic
means that the elasticity of the marginal utility of wealth is constant with respect to wealth.
Comment :- Single line definition is fine. Highlighted words are critical

(1)

ii) Only (lll) does not exhibit iso-elasticity as its relative risk aversion measures are given by R’(w)= -
2d/(1+2dw)? is not constant. (2)

iii)
a) U’(w)=1+2dw and U”(w)= 2d, Because the contestant is risk averse, we must have U”(w)<0,
so we must have d<0

The condition of non-satiation requires U’(w)>0
Hence 1+2dw>0, and w< -1/2d

So the quadratic utility function can only satisfy the condition of non satiation over a limited range
of w i.e  -eo<w<-1/2d
Now 10,00,000= -1/2d, so d=-0.0000005

Comment:
Uw)-5%
U”(w)-%
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Condition —-1/2
Quaderatic utility satisfaction range — 1/2

(3)
b) U(250,000) = 250,000-0.0000005*(250,000)2 = 218,750

E[U(exchange)] = 0.5 x U(600,000) + 0.5 x U(0)
= 0.5 x (600,000 — 0.0000005 x 6000002) = 210,000

So the contestant should not accept the opportunity to exchange because the expected utility of
the exchange opportunity is lower than that of the prize.

(3)

[9 Marks]

Part (i) A book work question answered well by most candidates. Few lost marks for not using key words “constant relative
risk aversion”

Part (ii) Many candidates identified both Il and IV as iso elastic and hence lost marks

Part (iii) (a) Many candidates did not show all the steps and the range of value of “d” and hence got only reduced marks

Part (iii) (b) Many candidates worked out utility under both the scenarios and reached correct conclusion

Solution 4:

i)
a) The Shortfall probability measures the probability of returns falling below certain chosen
benchmark. (1)

b) VaR gives the maximum potential loss in the value of the portfolio with a given degree of
confidence over a given future time period. (1)

ii) Answer: IV since variance of Weiner processes at and bt are t & 0.75 would out leaving only t

(3)

ili) The single day volatility or standard deviation of daily change of both Asset A and B is 1000*1% = 10
So the variance of daily change of the portfolio
=10%2*10%°+2*0.3*10* 10
=260 (1)
So the standard deviation of daily change of the portfolio is =

SQRT(260) = 16.125 (1)

So the standard deviation of 4-day change = 2*16.125

=32.25 (1)
From the Tables we know that ®(-2.33) = 0.01
So 4-day 99% VaR = 2.33*32.25 =75.14 (1)
[Max 4]
[9 Marks]

Part (i) (a) Most of the candidates produced the book work definition correctly. Few lost marks for not using key word
“Benchmark

Part (i) (b) Most of the candidates did not include time frame in the definition and lost marks
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Part (ii) Most candidates got the answer correctly. Few showed the calculations/ working. But they were not penalized as it
is an MCQ

Part (iii)

® One of the most poorly attempted question in the paper. Few candidates attempted.

e For the calculation of VAR of the portfolio, most of the candidates fail to score marks because of lack of clarity in the
concept.

Solution 5:

i) The process of holding suitable derivatives and the underlying assets in appropriate combinations to
eliminate the market risk facing the portfolio is known as hedging.

(1)

Arbitrage is generally described as a risk-free trading profit. Generally, an arbitrage opportunity exists if

either an investor can make a deal that would give an immediate profit with no risk of future loss or an

investor can make a deal that has zero initial cost and no risk of future loss with a non-zero probability
of a future profit. (1)

[Max 2]

ii) Put-call parity for a non-dividend paying share
p+S = c+Ke (™

a) Differentiating with respect to S
0p/dS + 1 =09c/adS
Hence the delta of call is 1 higher than delta of put. Option ii) is correct
(1)

b) Differentiating with respect to o
0p/dc = dc/do
Shows Vega of European put is equal to European Call. Option i) is correct

(1)

c) Differentiate with respect to S again from a)
9%p/0S? = d?c/dS?
Gamma of European call and put are equal. Option iii) is correct
(1)
iii) The lower bound of the put option
pt >= Max(Ke™™ —S;, 0)

in this case

the present value of the strike price 90e~10*1/2 = 85.61

and since

5 < 85.61 — 80 which does not adhere to the lower bound condition. (1)

Hence arbitrage opportunity exists and it can be utilized as follows
Borrow X 85.61 at 5% and buy one share and put option on that share which costs 85. (2)

If the share price is above 90 at expiry of term the put option is worthless but the share can be sold for
90. This strategy has generated profit which has a present value of at-least X0.61 (1)

If the share price is below 90 the put option can be exercised and the share can be sold for 90. In this
case also it generates a profit with present value of at-least X0.61. (1)
[Max 4]
[9 Marks]
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Part (i) Most of the candidates attempted this question well. Few lost marks for not using key words and not explaining
enough
Part (ii) (a, b and c) Most of the candidates attempted this question well

Part (iii) Most of the candidates identified that there is arbitrage opportunity. But, did not provide the examples of
scenarios and lost marks

Solution 6:

i) a)is false since there cannot be a claim until time 2 (1)
b) is false since the insurance company could be ruined at time 3 if there is a claim, if U is sufficiently
small. (1)
c) is false since the insurance company cannot be ruined in year 4, since by that stage it will have
sufficient premiums to cover any loss. (1)

d) is true since if it is not ruined by time 4, the insurance company cannot be ruined

(1)

ii) The premium charged will be:
1.3*0.2* (0.25*10Crores + 0.75*1Crore) = Rs. 0.845 Crores (2)
iii) The possibilities are tabulated below, where N means not injured, R means injured but recovered and
X means injured but career ending:
Year1 | Year2 | Probability Ruin | Marks
N N 0.8*%0.8=0.64 No
N R 0.8*0.2*0.75=0.16 No
N X 0.8*0.2*0.25=0.04 Yes 1
R N 0.2*0.75*0.8=0.16 No
R R 0.2*0.75*0.2*0.75=0.0225 | No
R X 0.2*0.75*0.2*0.25=0.0075 | Yes 1
X N/A 0.2*0.25=0.05 Yes 1

Summing the cases where ruin occurs we have
y(1Crore, 2)=0.04+ 0.0075+0.0025=0.0975 (1)

(4]
[10 Marks]

Part (i) Many candidates got at least 2 out of 4 questions correct
Part (ii) One of the questions correctly done by most candidates

Part (iii) A question tested understanding of ruin theory, better candidates got it right. Partial marks awarded for those who
got even one or two of the ruin scenarios correctly

Solution 7:

Bond holders would receive : 3 crores ;
if A(5)—6.04 *1.03 A5 cr >= 3 crores

where A(5) is the value of Asset at time 5
And
A(5) — 6.04 *1.03 A5 cr;

if A(5) —6.04 *1.03 A5 cr < 3 crores
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Bond holders would receive the Min( 3 crores, A(5) — 6.04 *1.03 A5 cr)
Let L2 (5) =3 crores, L1 (5) =6.04 *1.03 A5 cr = 7 crores
Bond holders would receive Min(L2 (5) , max(A(5) — L1 (5),0))
Or
L2 (5) - max(L2 (5) - max{ A(5) - L1 (5),0},0)
=> L2(5) -max(L2 (5) + L1(5)- A(5),0)
( max 3 marks for arriving at the correct format )
The second part is a put option with strike price L2 (5) + L1 (5) =10 crores
Put option value at time 0:
K=10,50=15, e~ (.05*5)=.778801, ;d1=1.45204,d2 =0.89302
phi (-d2) = 0.185922 , phi (-d1) = 0.073245

Using the above in Black Scholes formula for put option
=p=0.349

Value of the bond at time O:
3 *e M (.05%5)-0.349

=>3%0.778801 —0.349 = 1.987 crores

(1)

(1)

(1)

(2)

(1)

(0.5)

(0.5)
[7 Marks]

partial marks for the correct steps. Almost no one completed the correct solution

One of the poorly attempted questions in the paper. Those who attempted also did not understand the question. Most
candidates did not explain their understanding and showed enough details in their workings making it difficult to award

Solution 8:

i) (c)isthe correct answer

i)
Underwriting year Development year Marks
0 1 2 Premium Income
2017 38,420 78,110 91,000 1,20,400
2018 31,500 79,000 1,17,100
2019 44,000 1,35,500
Column total 1,57,110 | 91,000 0.5
Column total excluding last | 69,920 78,110
Dev factor 2.2470 1.1650

(2)
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f 2.6178 1.1650 0.5

Underwriting year Premium | Initial UL

2018 1,17,100 | 105390 1

2019 1,35,500 | 121950 1

Initial UL | f 1-1/f | Emerging Liability

2018 1,05,390 | 1.1650 0.1416 | 14,928 0.5

2019 1,21,950 | 2.6178 0.6180 | 75,365 0.5
90,293 1

The estimate of outstanding claim is Rs.90,293
(5)
iii) Assumptions:
1. Payment pattern same for each underwriting year.
2. Estimated Loss Ratio is appropriate.
3. Claims from underwriting year 2017 are fully run off.
4. Data already adjusted for inflation or past pattern of inflation will be repeated in future.
(2)
[9 Marks]

Part (i) Most candidates did this well

Part (ii) One of the standard questions on B-F method. It was disappointing to see that many candidates did not show the
“outstanding claims” correctly (that was the solution expected) and lost full marks.

Part (iii) One of the well attempted questions. Being bookwork even those candidates who did not do the part (ii) correctly,
produced the 4 assumptions correctly

Solution 9:

Find the rate corresponding to probability 50%
.0735 =.05*.2+ .07*.3+ x*.5 (1)

x = .085 (0.5)

Expected accumulated value from the Government scheme = ((1.05)*10*.2+
(1.07)A10*.3+(1.085)710*.5 ) * 2 lakh = 4,09,283.21 (1)

Payment to the Bank:

co-efficient of skewness = 2/3, using the formula in page 12 of “formula tables” , we get alpha =9

(1)

Interest charged follows gamma with expected return of .065 (0.5)
=>.065 = 9/ lambda => lambda= 138.46 (1)
Variance[ interest charged] = alpha/lambda”*2 =0.00047 (1)

Let A10 be the accumulated value of amount payable

To find : P { A10 > 409283} (1)
E [A10] = 2 lakh* 1.065710 = 3,75,427.49 (1)
V [A10] = 2 lakh? 2*([1.06572 + .00047]*10 — 1.065220) = 584,461,380 (2)
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Using normal approximation;

P {(A10- mean) /sd >409283}

=> 1- P{(A10- mean)/sd < (409283.21- 3,75,427.49) /24175.64} (1)
=> 1- P{Z <1.40} (0.5)
=> 8.08% (0.5)

[12 Marks]

First part of the solution, many candidates are able to score marks, but the next part very few could get it, because of lack
of clarity in the concept

This question carried highest marks in the paper but almost no one produced the complete solution. Candidates lost marks
for not showing steps/explaining the working in detail. Marks awarded the step and many candidates got partial marks
even though they did not carry through till solution

Solution 10:
i) The recombining binomial tree is assumed to have the size of up-steps and down-steps to be same
under all states and across all time intervals. It means ut(j)=u and d:(t)=d for all times t and states j,

also d<ef<u (1)
Hence the risk neutral probability ‘g’ is also constant for all times and in all states. (2)
The main advantage of recombining binomial tree is that it greatly reduces the computational time
by reducing the number of states. (1)
[3]
i)
a)

-~

(1) @

The risk-neutral probability for each state

g1- (€92 - 0.95)/(1.10 - 0.95) = 0.4680 (time 1)
92-(€%%3 - 0.90)/(1.20 - 0.90) = 0.4349 (time 2)

(1)
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Possible Payoffs after six months are
pu = Max(500-726,0) =0
pud = Max(500-544.5,0) =0
Pdu= Max(500-628,0) =0
Pdd = Max(500-470.25) = 29.75
(1)

The value of the option at first 3 months if upside

Vi(1) = €093(0.4348 * 0 + 0.5652 * 0)
=0
For downside

V1(2) = €093(0.4348 * 0 + 0.5652 * 29.75)
=16.3178
(2)

At time 0 the value of the put option will be

Vo-e092(0.4680 * 0 + 0.5320 * 16.3178)
= 8.5092
(1)
[Max 6]

b) For the first 3 months, the payoff if upside
Max(500-3/6*605,0) = 197.5
And if downside
Max( 500 - 3/6*522.5,0) = 238.75
(1)

The value of the option at first 3 months [since the final payoffs are same as ii)a )]
V1(1) =0 and V1(2) = 16.3178

It is optimal to exercise the American put option early in this case as the payoffs are high compared to
the value of put option at first 3 months (1)

Hence, the value of the put option assuming at is exercised at the first 3 months
Vo = e902(0.4680 * (197.5-0) +0.5320 * (238.75-16.3178))
= 206.5905 (2)

At expiry the American put option value is same as the European put option derived in ii) a) which is =
8.5092

Hence, the total value of American put is 206.5905+8.5092 = 215.0997
(1)
[Max 5]
[14 Marks]

Part (i) Standard book work question attempted by most candidates. Few candidates lost marks for not providing enough
details to gain the full 3 marks
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Part (ii) (a) Most candidates attempted this question and completed few steps correctly even though they did not get the
solution correctly and were awarded proportionate marks. The Two step binomial tree, pay offs and probabilities were
worked out correctly by many candidates. Few candidates used the force of interest as yearly rate instead of 3 months
rates and lost marks. Some candidates directly calculated VO and did not show V1

Part (ii) (b) Many candidates did not get the solution correctly for this question. Partial marks awarded for the correct steps

Additional Comments
Except for Question 7, it was a fairly straightforward paper. Candidates scored well on most of the multiple-choice questions.

We would like to advice candidates on the following:
i. Read the question thoroughly
ii Be clear with fundamental concepts
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