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i) Starting from LHS
(1a)m=v + 2v* 43w 4 + v (A)

Multiplying by (1+i) both sides, we get
(14i) (12)m = 14 2v + 3o —— Y

By subtraction (B — A}, we get:

i(la) =14+ v+ v+ v +Vv -yt
=4 -nv"
So:
(1@)a = (1 -nv") /i
ii) Value of X:

The present value of contributions:

=2,00,000% & i1 + X (1a)m:

i=10%, v =0.9091, d = if{1+i) = 9.091%
410 = (1-vA)/d
=6.7590
{Ia}gﬂ = Eﬁ g1 —'Q'hl'g':l ,.I" i
Or, e = (1-v"*)/d
=6.3349
(la)e = (6.3349-9% 4241) /0.1
= 25.1804

Thus present value of contribution is
= 2,00,000*6.759026 + X * 25.18046
=13,51,805.20 + X * 25.18046

The present value of higher education expense:
= 30,00,000 * (1.06)*10 * v* @10%
=20,71,350

Substituting and equating the values:
20,71,350 = 13,51,805.20 + X * 25.18046
X =28,575approx
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20
=100000 _[,] VP (Hao 4t + Osg +¢) At

=100000 [, e~"(-9%)t tP£20.006dt

40+t
(P = (PR = exp (-2 (s + o) ds
E—D.l.'l 1118

Therefore, value =

=100000 X .006 [~ e~!n(109)t g=0.006¢gy

-600 fuzﬂ a~In(1.05)t o—-0.006t44

=600 [ e™"5*7tdt
=600 x (—e~~>*791/,5479)%]
=600 (-6.10097+18.25151)

=7290.3
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3.
i)  Assuming claim is payable only at the end

(12)
Premium = P d45.55)

= [as0z - 55 (1-52)]

[[13 927 = _{1 - 2Bu852;:s)]l

=13.66576724 P
Claim Cost

75,00,000 A'49.30) +50,00,000 A’ 140 .27

75,00,000 | 44020 - D“J+5U 00,000 I““l [40] 200 ~ DI-iDII

BAZ.B5 BBZ.BS

2052.54

75,00,000 ID.46433 ] +50,00,000 {D 46423 —

=2,57,193.968202- 1,70,521.965824
=4,27,714.965824

Alternate solution (if claim is paid immediately)
=4,27,714.965824* 1.04"0.5

=4,36,185.3914

Claim Investigation expense

=0.03 x 427714.965824

=12,831. 448975

Alternate solution (if claim is paid immediately)
=0.03 x 43,6185.3914

=13,085.56174
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Commission Expense

(12) (12}
03rPpP §4DI_}+ 0.05P ﬁ‘t_n-_za

11

1 (1 — ﬂ)] +0.05P x 13.66576724

=0.3P [540:1 72 »

197215
2052.96

-0.3P [L x (1—0.000937) — = «x (1 - )] +0.683288362 P
1.04 24
-0.3P x 0.942596 + 0.683288362 =0.966067 P

Management Expense

(12)
=0.1P X d40.057 X 1.04°%5

=0.1P x 13.66576724 x 1.04%>
=1.39364 P
Underwriting Expense

=500

Calculation of Monthly Premium

13.66576724 P = 4,27,714.965824 +12,831. 448975 +0.966067F +1.39364P +500
11.30607 P = 4,41,046.4148

P =39009.7

Alternate solution (if claim is paid immediately)

13.66576724 P = 4,36,185.3914 +13,085.56174 +0.966067P +1.39364P +500
11.30607 P = 4,49,770.95

P=39781.37

Monthly premium =39,009.7/12 = 3,250.8

Alternate solution (if claim is paid immediately)

Monthly premium = 39,781.37/12 = 3,315.1
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ii)  Calculation of Reserve
. Policies in which only accidental claim has been made
(12)
=75,00,000 A’45.43) - 39,009.7 ds5.47)

=75,00,000 | 445,15

-39,009.7 [[345 18~ - (1 - %Z)]

D&uJ

BBZ85

=75,00,000 [{].56206

=75,00,000 x 0.0359 18293 - BE,I]I]EI.?H 11.14485172
=2,69,387.1975- 4,34,750.6352
=-1,65,363.4377

| 390097 [11.386- 201~ 0]

Alternate solution (if claim is paid immediately)

75,00,000 4’ 45.15] - 39,781.37 f4=.13)
n,
=75,00,000 IAH - DJ

Ty b
39 ?81 3?ﬂa45 i5 4 1 D,,_E)JI
BEZ.85

~75,00,000 [{].56206

=75,00,000 x 0.0359 18293 - 39,?81.3? x11.14485172
=2,69,387.1975- 4,43,357.4699
=-1,73,970.2724

] 39 781. 3?[11 386 - -11- (1 - f:?z'f:?)]
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Il. Policies in which only illness claim
(12)
=50,00,000 A'ys.15 - 39,009.7 dyz.q5
=50,00,000 x 0.035918293 — 4,34,750.6352
=-2,55,159.1702

Alternate solution (if claim is paid immediately)
=50,00,000 4’415 -39,781.37 34:.4=
=50,00,000 x 0.035918293 - 4,43,357.4699
=-2,63,766.0049

. Policies in which no claim has been made
=1,25,00,000 x 0.035918293 - 4,34,750.6352

=14,228.0273

Alternate solution (if claim is paid immediately)
=1,25,00,000 x 0.035918293 - 4,43,357.4699
=5,621.1926

4. i) Three key states to include will be healthy, sick and dead. However, the sick states would be either of the two: a
temporarily (recoverable) sick state and a permanent (nonrecoverable) sick state as different benefit levels are paid in
each. It would also be sensible to include lapse, as these policies are paid for by annual premiums so they can be

lapsed if policyholders stop paying their premiums early.

We also need to include the transitions where there are changes in payments.

hs

=

T
Healthy (h) "I Temporarily Sick (t)
*
b
T e Lt
¥ " ¥ &

Lapsed (I} Dead (d) ‘
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ii) EPV(premiums) = EPV(benefits) [1]
EPV of temporary sickness benefit:

10,000f " v" pso™ dr [1]
EPV of permanent sickness benefit:
20,000f " v"pso™ dr [0.5]

EPV of death benefit: On death at time r, a benefit of INR 1,00,000 would be payable,
regardless of which state is then occupied

15
1DD,DI]I]J:,=D V7 (:pso™ Psoer™ + Pso™ Usoer™ + (Pso™ Psos Jdr [1.5]

EPV of premium:
Premiums are paid by healthy lives. So the expected present value is:

P [y V" psa™ dr [
So by setting EPV of benefits = EPV of premium, we obtain:

(= {ID,DGG_[::] v"pso™ dr + ZD,DDG_[::D v7pso™ dr + 1UU,DUUL1=ED v" (rpso™ psoe™ + psg™

Usoer™ + rpso™ psosd )dr} / {f::n v’ pso™™ dr}
[2]
(7]
[12 Marks]
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i) Graoss premium for the compound reversionary policy:

EPV premiums = Py}, =15.887P

EPV expenses = 1200 + 500 * Afuw] + 2% *P * (dijy5):-1)

=1200 + 500 * (1.04)% * 0.23041 + 0.02*P*(15.887-1)

=1317.487 + 0.29774P

EPV benefits = 2,00,000(" gy, +v"* (1.04),qpg) + v**(1.04) , gpigy + )

200000 j

=_TEEFE_[QHW'*{Lﬂqjuqhul+11-04)'uquu1+-~]
200000

=oa - 19611614

Using the equivalence principle,

15.887P =1,96,116.14 + 1317 487 + 0.29774P

P = 12,664 (4]

ii) Revised bonus rates for simple reversionary policy:
Since company plans to charge the same premium rate, simple reversionary bonus rate can he
calculated the equating the EPV of benefits of the two policy. Let’s consider x% as simple bonus

rate:

EPV of benefits = 2.00,000 x%(/ 1}, +2,00,000x (1 - x%) A

= (1.04°° J2.00,000 x x%(14)}5; + 2,00,000 % (1 - x%) 4., |

EPV of benefits to be equated with the EPV of benefits as per compound reversionary bonus
Therefore, (1.04°° [2.00,000x x%(L4 )} +2,00,000 (1 - x%) 4, |= 1.96,116.14

Solving equation, X% = 9% is the simple reversionary rate. 4]

CHAPTER NAME
PRACTICE/NOTES/ASSIGNMENT




iii) Premium as per net premium basis:
P .5 = 2,00,0004 4

P =2,960.54
Net premium reserve at time 10,

WoF = 3,00,000 430 — Piieg,s

=3,00,000 * 1.04%° * 0.32907 — 2,960.54 * 11.253

=67,361.10
[4]
[12 Marks]

Let force of decrement due to death be represented as ., force of decrement due to diagnosis

of cancer as Oy

Value of the benefits on death and Cancer is

20

t hh
V= 1ﬂﬂ,DDUID Vot fas (aset +0 asey dt

20
100,000, e ML05) ... "Mo.0084t

Jo

"= XDl (v

- exp{—jdﬁdm{ﬂ.uusds]

-0.008t
e

The question refers to decrements due to death and does not explicitly state whether deaths after cancer are
included in this or not. Hence marks would be given to both kinds of interpretation i.e 0.006 taken as death excluding
cancer and 0.006 including death after cancer which means death excluding after cancer is 0.006 —0.002*0.01 =
0.00598
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Therefore, V=

20 _yn(1.05)t -0.008t
_rﬂ e e

800* dt

20 _
s00%, " e In(1.05)¢ -0.008t

20
- 200 e ﬂ.ﬂSE?Etdt

Jo

dt

—-.05679¢t /.05679 ]ﬂzn

=B00*[-e
= BOD*(-5.65531+17.60873) = 9562 .8

Value of the Return of Premium

=PtEf::fD.D|}6+D.Dﬂ2}dxt v20
—p* o—0.008+(65-45) * |20
=p* p~0.16 ¥ () 37689

Premium = Value of Benefits on Death and Cancer + Value of Return of Premium + Commission
+ Expenses + Profit Margin

So the Premium = P = 9562.8 + 0.321164 * P+ 0.02*P + 0.02*P+ 0.1 *P

Premium = 17,747.15
[8 Marks]
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7

PV of Net CF = PV of Premium — PV of benefits — PV of Expenses — PV of Commission

Let maximum initial commission be |

Mow

PV of Premium = 30,000 *dss) 20T
=30,000 * 11.888
= 356,640

PV of Benefits = 1,000,000 * Ajss)20T

= 1,000,000 * 0.32711
=327,110

PV of Expenses = 5,000 + 2.5% * 30,000 * ( iy 50t - 1)

+ 500 * pjas; * 1.06A(-1) * (1 + 1.019231*v* pjsg + 1.01923172 * vA2%,pj4g)....
+1.019231718 * vA18* ;5pjag)
= 5,000 + 2.5% * 30,000 * { Gjasj20T - 1)

+ 500 * pasy * 1.06%(-1) *  Gjug)aoT (@4%)

5,000 + 2.5% * 30,000 *{ 11.888- 1)
+ 500 * (9783.3371/9798.0837) * 1.06"(-1) * 13.316

19,438

PV of Renewal commission= 2% * 30,000 * { G520t - 1)
=2% * 30,000 * [11.888-1)
=6,533

PV of Net CF = 356,640 - 327,110 - 19,438 - 6,533 - |
=3,559 =

Margin = PV of Net CF / Annual Premium
=(3,559 —1) / Annual Premium
=(3,559 - 1)/ 30,000 = 10%

| = Rs. 559 [7 Marks]
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i)

The assumption of Independence of Decrements is used to derive single decrement table

from a multiple decrement table.

Mathematically:
{a_u)i = ,uifnr all jand all x

When we look at transition intensities (forces of decrement), we are looking at
infinitesimally small time interval in which there is only time for one decrement. Thus it is
reasonable to assume that the independent and dependent forces of decrement are

equal. (3)

In case of term assurance, it is likely that people who lapse their policies have a lower

than average mortality (1)

5 -

a) 1000 [ e % (;pfiptssse + (PIE Vasyy) dt (1)
5 -

b) 250 [) €™ (pi5vasscdt (1)

o 150 f)e~% pikdt (1)
5 _

d) 250 ;e (pit 9usqp dt (1)

Lets assume that decrements are independent. Hence the given independent forces of
decrement can be assumed to apply when both decrements occur together in the same
population.

(aq)fs = o= (1 — e 018) = 0.045758

(aq)fs = s (1-e™018) = 0.118972

(ap)eg = 1= 0.045758 = 0.118972 = 0.835270
C o 0060  —016y —

(aq)ss = 0_15{1 e )= 0.055446

(aq)fs = -=-(1—e016) = 0.092410

(ap)se = 1 — 0.055446 — 0.092410 = 0.852144

The probability of being in state Inforce at the beginning of age 47 =
0.835270 x 0.852144 = 0.711770 (4)

[12 Marks]
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i)

i)

iii)

Under with profit policies the contract between policyholder and the company is
such that, whatever is the surplus arising on the underlying fund, would be shared
between policyholders and shareholders in a predetermined manner.
MNow, as the surplus arises over future years the same is shared with policyholders in
form of bonuses and hence the need of bonuses under with profit policies.

(1]
Investment Surplus
Expense Surplus
Mortality Surplus
Lapse / Surrender Surplus
Reinsurance Surplus [2]

Terminal bonus could be a strategy to build lower guarantees over the lifetime of

with profit policies.

For example if the proportion of RB and TB is skewed towards TB then it would

means lower guarantees to Policyholders and hence the companies would have

greater freedom in terms of choosing the investment assets.

By doing this they can take risk of investing in real assets like equities and real estate

which can lead to better final returns to policyholders, which would be distributed

through higher TB. [2]
[5 Marks]
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10.
i) Let Monthly Premium be P

EPV of Premiums = 12 * P * i) at 6%

(12 .
Now: ﬂéu;fm = lgg.q07 - (11/28)%(1 - 10psp * v'°)

Now deq.q07 = 7-694 solving it we get

So: ditr )iy = 7.694 - (11/24)*(1 - 1.06710 * (9287.2164/9712.0728))
= 7.694 —(11/24)* (1- 0.533968)
= 7.4804

Hence:

EPV of Premiums = 12 * P * 7.4804
=89.7648* P

EPV of benefits = 10,00,000 * (qso * v + 1.019231 * v* * gsg + ......
+1.019231714 * v'* * 14,gs0
+1.019231715 * v * 1opey )

= 10,00,000 * (1/1.019231) * (gsp * v * 1.019231 + 1.01923172 * v* * ;,gso +

..... +1.0192317M5 * v * 1, gso + 1.019231715 * v'* * 1opsp )

+10,00,000 * (1/1.019231) * v'** 1epeo * (1.019231716 - 1.019231715)

(All at 6%)
Converting to 4% (combination of 1/019231 and 6 % leads to 4%)
EPV of benefits = 10, 00,000 * (1/1.019231) * (As1s7 at 4%)
+10,00,000 * v (at 6%) * 15psp * (1.019231715-1.019231/14)

Mow using AspasT = 0.56719 we get

EPV of benefits =35, 66,004.1

(Above step involves converting from 6% series to 4% by taking a common factor of

1.019231 outside the bracket).
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EPV of Expense and Commission =

(20 +35)/100 * 12*P + (2+1.5)/100 * 1pso * 1.067-1 * 12P * G172

+ 2,5[".] +400 * 10:0 *1.06M-1 * ﬁEl:i‘i-'T at 6%

=9.3333 P +6,115.06
MNow equating EPV of Premiums = EPV of benefits + EPV of Expense and commission
89.7648*P =5, 66,004.1 + 9.3333*P + 6,115.06

80.4315*P =5,72,119.16

We get P = 7,113.12 INR [6]
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ii) Sum Assured at the end of 10" year + Accrued bonuses

X =10,00,000 *1.02 ~ 10

X=12,6 18,994

PV of future benefits at the end of 10" Year =

= X/1.05 * geo + X/1.052 * 1.04 * 1,geo + X/1.05*3 * 1.04"2 * 3 gs0
+X/1.05%4 * 1.04"3 * 3)gso + X/1.0575 * 1.04%4 * 4,gso

+ X/1.0515 * 1.0475 * .pg

=0.952948 * X

=11, 60,774

PV of expenses = 400 * d;q.cq at 5%

=400 * (1 + 1.057-1 * lgy/ lgg+ 1.05%-2 * lgaf lgp+ 1.057-3% lg3/ lgo + 1.057-4

* lga/ lso)

=1,787.39

Reserves required = PV of Benefits + PV of Expenses

=11, 62,561 INR [4]

[10 Marks]
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11. To calculate the net premium reserves we would need to calculate the Net Premium. Let the net premium be P.

Thus, P * ﬁgn;m = 400000 * Azp.20]

P = 400000 * 0.315817 / 12.08705 = 10451.42

We need to calculate the net premium prospective reserve at time 7. To do so we would need the
bonus that has vested in the policy till date. As the bonuses are assumed to be in line with expectations

till time 7, 7 years of simple bonus at the rate of 40 per thousand SA should be added.

5o the total bonus that has been added till date equals 7 * 4% * 400000 = 112000 (16000 is added for
each year gone hy)

So the guaranteed SA now is = 400000 + 112000 = 512000
Thus the prospective net premium reserves at time 7 is
512000 * A3z13 |- 10451.42 * 837.43 |

=512000 * 0.471638 - 10451.42 * 9.333835

= 143926.89 [6 Marks]
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