SOCIETY OF ACTUARIES

EXAM MLC Models for Life Contingencies

EXAM MLC SAMPLE SOLUTIONS

Copyright 2016 by the Society of Actuaries

The solutions in this study note were previously presented in study note MLC-09-08
and MLC-09-11. They have been edited for use under the 2014 learning objectives
and textbook. Most solutions are mathematically the same as those in MLC-09-11.
Solutions whose wording has changed are identified with a * before the question
number. The only question which has changed mathematically is 300. Questions
310-322 are new.

Some of the questions are taken from past SOA examinations. No questions from
published exams after 2005 are included except 310-313, which come from exams of
2012 or 2013. Recent MLC exams are available at
http://www.soa.org/education/exam-reg/syllabus-study-materials/edu-multiple-choice-

exam.aspx.

The average time allotted per multiple choice question will be shorter beginning with
the Spring 2014 examination. Some of the questions here would be too long for the
new format. However, the calculations, principles, and concepts they use are still
covered by the learning objectives. They could appear in shorter multiple choice
guestions, perhaps with intermediate results given, or in written answer questions.
Some of the questions here would still be appropriate as multiple choice questions in
the new format.

The weight of topics in these sample questions is not representative of the weight of
topics on the exam. The syllabus indicates the exam weights by topic.

September 2016 changes: Questions 319-322 were added.
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Question #1
Answer: E

2|%032 = 2 P35 ~ 3 Paoma
, Py = (0.9)(0.8)=0.72
, Py =(0.5)(0.4)=0.20

2 Paos =(0.72)(0-20) = 0.144
2 Psgas =0.72+0.20-0.144 = 0.776

3 P3 =(0.72)(0.7) = 0.504

3 P3s =(0.20)(0.3) = 0.06

3 Paoas = (0.504)(0.06) = 0.03024
= 0.504+0.06 —0.03024
= 0.53376

3 p30:34

=0.776-0.53376
=0.24224

2| %5032

Alternatively,

293032 =2/ O30 T2/%34 =2 G034

=2P30032t2P34%36 —2P30:34 (1 - p32:36)

= (0.9)(0.8)(0.3) + (0.5)(0.4)(0.7) — (0.9)(0.8)(0.5)(0.4) [1-(0.7)(0.3)]
= 0.216 + 0.140 — 0.144(0.79)
= 0.24224

Alternatively,

2| Y3032 = 3030 % 3034 — 2030 X 2034

= (1_ 3 pso)(l_ 3 p34)—(1— 2 pso)(l_ 2 p34)
=(1-0.504)(1-0.06)—(1-0.72)(1-0.20)
=(0.24224

(see first solution for , Py, » Pasr 3P300 3P3s)
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Question #2
Answer: E

1000A, =1000| Al + 1A, |

1000 j:o e 00%e 00 (0,06)dt + ¢ O4e 00 [ " 0%t 00 (0.07)dt}

=1000/ 0.06 j;o e %14t +e71(0.07) j: eo'mdt}

_e00t

=1000_0.06[ - }20%‘1(0-07)[%}:}

:1000_&[1—6’1}&51}

| 0.10 0.12

=1000(0.37927 +0.21460) = 593.87

Because this is a timed exam, many candidates will know common results for
constant force and constant interest without integration.

For example Al = —E_(1-E))

H+0
-10(u+8
1wEx=¢€ (+2)
x _ M
A U+0

With those relationships, the solution becomes

1000A, =1000] Al + 10 Ao |

=1000 (006 (1_ o~(0.06+0.04)10 ) 4+ g(008+00ap0( 007
11.0.06+0.04 0.07+0.05

=1000[ (0.60)(1-¢7)+ 0.5833e‘1}

=593.86
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Question #3
Answer: D

o0 o0 _ _ 1
E[Z]:J‘o titt By Ly dtzj‘o @006 t5-0.08 14 0.05t2_0dt

1 (100 _ © 5
:Z_O(TJ[_E o.on}o -2

E [Z 2] _ J‘:(btvt )Zt T J‘: @012t 4016t 4 -0.05t idt _ iJ“‘O o009 4y

20 2070
_1(@ -5
200 9 9
2
Var[Z]:E—[Ej =0.04535
9 \7
Question #4
Answer: C
Let ns = nonsmoker and s = smoker
k= a\) p"S) a) p)
0 .05 0.95 0.10 0.90
1 .10 0.90 0.20 0.80
2 .15 0.85 0.30 0.70
A=y g™ v ™ g
1 (005) 1 095x0.10=0.1403
1.02 02
A v qP o+ v o)
L (0.10)+ L > 0.90x0.20 =0.2710
1.02 (1.02)

Ai;ﬂ: weighted average = (0.75)(0.1403) + (0.25)(0.2710)
=0.1730
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Question #5
Answer: B

249 = 4O 4 3 4 1) = 0.0001045
(r) _ —0.0001045¢

t Px

APV Benefits = [&*'1,000,000, p, ", Vet
+j;° e7%'500,000, p, ") 1z, Pat

+["6777200,000, p, 7 g1Vt

_ 1,000,000 J‘we—0.0601045tdt N 500,000 J“”e_o.0601o45tdt N 250,000 J'°° o-0.0601045t ¢
2,000,000 250,00070 10,000 -0

= 27.5(16.6377) =457.54

*Question #6
Answer: B

EPV Benefits = 1000A10ﬂ + Z « E401000vQ,,.
k=20

k=20

Net premiums = Equivalence principle =

1000A; o5+ > (E41000v0,q,, = 78,050+ D, E4p1000v0,q,
k=20 20

7 =1000A; /&,
_ 161.32-(0.27414)(369.13)
~ 14.8166—(0.27414)(11.1454)
=5.11

While this solution above recognized that = =1000P410,ﬂ and was structured to take

advantage of that, it wasn’'t necessary, nor would it save much time. Instead, you
could do:
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EPV Benefits =1000A,, =161.32
EPV Premiums =78, -+ 5 Eyq D,  Ego 100000,
k=0

= 78, 2o + 2E491000A
= 7[14.8166 - (0.27414) (11.1454) ] +(0.27414) (369.13)
=11.76127+101.19

11.76127 +101.19 =161.32

161.32-101.19 _
11.7612

5.11

Question #7
Answer: C

S~ |I’l(l.06)

—OA -\ (053)=05147

_1-Ay _1-05147 .
d 0.06/1.06

dgg =1+ VPggdzg =1+ (%)(8.5736) =8.8457

736

8 = ar(2) dge - B(2) = (1.00021)(8.8457) ~0.25739
85902

o m-1 .
Note that the approximation a‘&m) =¥:| —(2—) works well (is closest to the exact
m

X

answer, only off by less than 0.01). Since m = 2, this estimate becomes

8.8457 —% = 8.5957

Question #8 - Removed

Question #9 - Removed
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Question #10
Answer: E

d=0.05 - v=0.95

At issue

Ay = f:vk”kqm =0.02(v!+..+v**) =0.02v(1-v*)/d = 0.35076
k=0

and &, = (1— Ay )/ d = (1-0.35076)/0.05 =12.9848

_1000A,,  350.76 _

soP =
7§, 129848

27.013

Revised ..Revised

E(10L|Kgp210)=1000A;,  —Pyds,  =549.18—(27.013)(9.0164) = 305.62

where
. 24 .
A = v k‘q;fwsed = 0.04(v1 + ...+v25) = 0.O4v(1—v25)/d =0.54918
Py

..Revised ( Revised

and gy =(1- Ay )/d =(1-0.54918)/0.05=9.0164

*Question #11
Answer: E

Let NS denote non-smokers and S denote smokers.
The shortest solution is based on the conditional variance formula
Var(X)=E(Var(X |¥))+Var(E(X]Y))

Let Y =1 if smoker; Y = 0 if non-smoker

v\ _as _1-AD
E(aﬂ|Y_1)—aXS——5

E(E(aqlY))=E(E(a[0))xProb(Y=0)+ E(E (ap2))x Prob(Y=1)
= (7.14)(0.70) +(5.56)(0.30)
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E [(E (3v ))1 = (7.24%)(0.70)+(5.56%) (0.30)
= 44.96
Var(E(a;|v )) = 4496 - 6.67 = 0.47

E(Var(§ﬂ|Y)) = (8.503)(0.70) +(8.818)(0.30)
=8.60
Var () =8.60+0.47 =9.07

Alternatively, here is a solution based on
Var(Y) = E(YZ)—[E(Y )]2 a formula for the variance of any random variable.

This can be
transformed into E(YZ) = Var(Y)+[E(Y )]2 which we will use in its conditional

form

E((a_ﬂ)2|NS)=Var(e‘tﬂ|NS)+[E(aﬂ|NS):|2

vara;]=€| (&)’ |-(E[ar])
E[ & |=E[a;|s|xProb[S]+E[ &;|NS | xProb[Ns]
=0.30a,” +0.70a,"®
030(1- A7) 0.70(1- A%
~T o1 7 o1

_ 0.30(1-0.444)+0.70(1—0.286)

0.1
=1.67+5.00=6.67

=(0.30)(5.56)+(0.70)(7.14)

E[(éﬂ)z} = El:a_ﬂ2 |S:|x Prob[S]+ E[§ﬂ2|N8:|x Prob[NS]
- o.30(Var(aﬂ|s)+(E[aﬂ|s])z)
+0.70(Var(aﬂ|NS)+ E(aﬂ|NS)2)

=0.30/ 8.818+(5.56)" | +0.70] 8503+ (7.14)’ |
11.919 + 41.638 = 53.557

Var| & |=53.557-(6.67)" =9.1
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1—-v'
Fo)

Alternatively, here is a solution based on a; =

.
Var(a_ﬂ) =Var(%—%j
.
= Var[%] since Var( X + constant) = Var(X)

Var(vT )
= .— since Var(constantx X ) = constant? x Var(X)
o
‘A -(A)
52

This could be transformed into A, = 52 Var(aﬂ)+ AZ, which we will use to get
ZAXNS and ZA)(S )
2Ax _ E|:V2T:|
= E[v*"|NS ] xProb(NS)+E[ v*"[$ | x Prob(8)
- [52Var(§ﬂ|NS)+(ﬂst)2}x Prob(NS)
+_52Var(§ﬂ|8)+(ﬂxs)2}x Prob(S)

=[(0.02)(8.503)+0.286” |x0.70

+[(0.01)(8.818) +0.444 |x0.30

= (0.16683)(0.70) + (0.28532)(0.30)
=0.20238

E[V'|NS]xProb(NS)+E|[ v'[S]x Prob(s)
(0.286)(0.70) +(0.444)(0.30)

0.3334
var(sr)- 2L

_0.20238-0.3334°
0.01

2

=90.12
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Question #12 - Removed

Question #13

Answer: D

Let NS denote non-smokers, S denote smokers.

Prob(T <t)= Prob(T < t|NS)x Prob(NS)+P rob(T < t|S)x Prob(S)

= (1_ JRUEL )x 07+ (1_ e—O.Zt)x 0.3
=1-0.7e%" -0.3e7%*

S, (t) = 0.3e7%2" +.0.7e7 %"
Want f such that 0.75=1-,(f) or 0.25=5,({)

R R A\ 2 R
0.25=0.3e%2 4076704 = 0.3(e—°-1t ) +0.7e704

Substitute: let x= e_o'lf
0.3x>+0.7x=0.25=0

~0.7+,/0.49+(0.3)(0.25)4

This is quadratic, so x =
! 2(0.3)

x=0.3147

e 0% 03147 sof=1156
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*Question #14
Answer: A

At a constant force of mortality, the net premium equals the force of mortality and
so 1 =0.03.

?R —020-_# 003
25+u 25+0.03

=0 =0.06
‘A -(A) _020-(
(oa 2
U

Var(,L)= )2 (ﬂ

003 1 — 1 1
= — a= -

where A= —_—
U+0o - 0.09 3 u+o6 0.09

Question #15 - Removed

*Question #16
Answer: A

1000P,, = 2w _ 161:32 _ ;4 g9
4, 14.8166

1000,V _1000(1 %0 ] 1000[1— 11'1454) = 247.78
8,0 14.8166
( 0V +5000P,, ) (1+1i) —5000q,
PGO
_ (247.78+(5)(10.89))x 1.06 —5000(0.01376)
- 1-0.01376

Y =

=255

[Note: For this insurance, ,V =1000,\,, because retrospectively, this is identical
to whole life]

Though it would have taken much longer, you can do this as a prospective
reserve. The prospective solution is included for educational purposes, not to
suggest it would be suitable under exam time constraints.

1000P,, =10.89 as above

where A=Ay — 5Eqy Ags =0.06674
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8,055 = 8ag — 20Eqp 8gp =11.7612
8,5 = 8gp — 5 Egp dg5 = 4.3407
1000(0.16132)+(4000)(0.27414)(0.06674) =

=(10.89)(11.7612)+(5)(10.89)(0.27414)(4.3407) + 7 (0.27414)(0.68756) (9.8969)

= 161.32+73.18—-128.08—-64.79
1.86544
=22.32

Having struggled to solve for 7, you could calculate ,,V prospectively then (as

above)
calculate ,,V recursively.

oV =4000A - +1000Ag; —5000P,0 & - — 7 5 Eq) dgs
=(4000)(0.06674)+369.13—(5000)(0.01089)(4.3407)—(22.32)(0.68756)(9.8969)
= 247.86 (minor rounding difference from 1000,V,,)

Or we can continue to ,,V prospectively
2V =5000A, - +1000 , Eg, A —5000P; &, 11— 7 4 Egy dgs
7,533,964

(0.79209) = 0.73898
8,075,403

where ,Eg, = Yos oo (
I61
AL = Ao — 4 Eey Ass = 0.38279—0.73898x 0.43980

=0.05779
8,41 = 61— 4 o s = 10.9041—0.73898x 9.8969

= 3.5905

,V =(5000)(0.05779) +(1000)(0.73898) (0.43980)
—(5)(10.89)(3.5905) — 22.32(0.73898)(9.8969)
= 255

Finally. A moral victory. Under exam conditions since prospective net premium
reserves must equal retrospective net premium reserves, calculate whichever is

simpler.
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Question #17
Answer: C

Var(z) = 2Ay —(An)
Py1 = Ay =0.00822 = Ay — (V00 + VP4 Asz)

= A,,—(0.0028/1.05+(0.9972/1.05) A,,)
= A, =0.21650

2Alll_ 2A4o =0.00433 = 2A41—(V2q40 +V2 Pao 2A41)

2 2 2 2
= A, —(0.0028/1.05° +(0.9972/1.05°) A,)
2A,, =0.07193

Var(Z)=0.07193-0.21650
=0.02544

Question #18 - Removed

Question #19 - Removed

MLC-09-16 12



*Question #20
Answer: D

) = 1+ 1)

= O.Zy(r) +,u(2)

X+t X+t

= ,U(Z) = 0.8,u(r)

X+t X+t

~f o2kt dt _02K
f— e —

Q>Sl) =1- p(l) =1 =]1-—¢e 3=0.04

K4 = In(1-0.04)/(=0.2) = 0.2041
k=0.6123

2 2
o0 = [ Ol at=0gf ) ullat

- 038,007 =0.8(1-,p{")

X

2
T =[S dt
( ) =e J.O

2px

=0.19538

,0\? =0.8(1-0.19538) = 0.644
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Question #21

Answer: A
k min(k,3) f(k) f (k)x(min(k,3)) ¢ (K)x[min(k,3) ]
0 0 0.1 0 0
1 1 (0.9)(0.2) =0.18 0.18 0.18
2 2 (0.72)(0.3) =0.216 0.432 0.864
3+ 3 1-0.1-0.18-0.216 = 1.512 4.536
0.504
2.124 5.580

E[min(K,3)]=2.124
E{[min(K,3)]2} —5.580

Var[min(K,3)]=5.580-2.124* =1.07

Note that E[min(K,3)] is the temporary curtate life expectancy, e  if the life is
age x.

Question #22
Answer: B
e—(O.l)(GO) e—(o.os)(so)

S (60) = 2

=0.005354
o~ (00)(61) | o~(0.08)(61)

2

S (61) =

=0.00492

_q 000492 _ 40y

%0 =%~ 0.005354
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*Question #23
Answer: D

Let gg, for Michel equal the standard qg, plus c. We need to solve for c.
Recursion formula for a standard insurance:

20V45 = (19\/45 + I:>45 ) (103) - q64 (1_ 20V45)

Recursion formula for Michel’s insurance
20Vas = (19\/45 + Py + 0-01) (1-03) - (q64 + C) (1= 20V4s)

The values of 4V,5 and ,,V,s are the same in the two equations because we are

told
Michel’s net premium reserves are the same as for a standard insurance.

Subtract the second equation from the first to get:

0=—(1.03)(0.01) +c(L— »V,5)
(1= 20%is)
_ 0.0103

1-0.427
=0.018
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Question #24
Answer: B

K is the curtate future lifetime for one insured.
L is the loss random variable for one insurance.
Lasg IS the aggregate loss random variables for the individual insurances.

O IS the standard deviation of L,gg .
M is the number of policies.

0.75095

= 0.24905-0.025
0.056604

) =-0.082618

2 2
AT ) 0.025 ( 2)
Var[L]={1+2 —A2)=|1+——2> | (0.09476 - (0.24905)" ) = 0.068034

ar[L] (+d] ( A A‘) (+0.056604] ( )

E[Lacs]=ME[L]=-0.082618M
Var[Lass]=M Var[L]= M (0.068034) = o g = 0.260833v/M

Pr{Lass >0]= [ Lace ;AEG[GLAGG] > _EogALGA(;GG )}
0.082618M
~Pr{ N(0,1
r[ D> (0.260833)]

0.082618VM
0.260833
— M =26.97

=1.645=

= minimum number needed = 27
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Question #25

Answer: D
l_VK+1
Annuity benefit: Z,=12,000 for K=0,1,2,...
Death benefit: Z, =Bv<* for K=0,1,2,...
. 1-v* K+1
New benefit: Z=7,+7,=12,000 + Bv
_12,000 (B _ 12,000)VK+1
d d

2
Var(Z) = [B - 12’;)00) Var(vK+1)

Var(Z)=0ifB= 1%’ 020 =150,000.

In the first formula for Var(Z), we used the formula, valid for any constants a and
b and random variable X,

Var(a+bX)=b’Var(X)

Question #26
Answer: A

Hyityst = Hyyr T Hy,p =0.08+0.04=0.12
A =ty | (1, +5)=05714

Ky = Ly /(,uert +5):O.4

Ry = tstyet ! Byt +8) = 0.6667
& =1/ ( fty,yst +J)=5.556

Ay =A+A —A, =05714+0.4-0.6667 = 0.3047
Premium = 0.304762/5.556 = 0.0549
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*Question #27
Answer: B

P = A,/ 8, =0.16132/14.8166 = 0.0108878
P, = A,/ 4,, =0.17636/14.5510 = 0.0121201
a,s = 4, —1=13.1121

E[ 5L|K,, 23] =1000A,5 —~1000P,, —1000P,, 8,5
=201.20-10.89 - (12.12)(13.1121)
=31.39

Many similar formulas would work equally well. One possibility would be
1000 ,V,, +(1000P,, —1000P,, ), because prospectively after duration 3, this differs

from the normal net premium reserve in that in the next year you collect 1000P,,
instead of 1000P,, .

*Question #28
Answer: E

E[min(T,40)]=40-0.005(40)" =32
32=["tf (t)dt+ [ 40f (t)dt
= ["tf (t)dt— [, tf (t)dt+40(.6)

=86 [ tf (t)dt

[, tf (t)dt =54

. [, (t—40)f (t)dt _54-40(8)
o S, (40) 6
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*Question #29
Answer: B

d=0.05=v=0.95

Step 1 Determine p, from Kevin’s work:
608+ 350vp, =1000vq, +1000v? p, ( Pyyy + Uyss)
608+ 350(0.95) p, =1000(0.95)(1- p,)+1000(0.9025) p, (1)
608+332.5p, =950(1- p,)+902.5p,
p,=342/380=0.9

Step 2 Calculate 1000P ;, as Kira did:
608+ 350(0.95)(0.9) =1000P ;[ 1+(0.95)(0.9) ]

_ [299.25+608]
~1.855

1000P = 489.08

The first line of Kira’s solution is that the expected present value of Kevin’s net
premiums is equal to the expected present value of Kira’s, since each must equal
the expected present value of benefits. The expected present value of benefits
would also have been easy to calculate as

(1000)(0.95)(0.1)+(1000)(0.957)(0.9) = 907.25

Question #30
Answer: E

Because no premiums are paid after year 10 for (X), vV, = A 1

. . V+7z, )(1+1)—b
One of the recursive reserve formulas is ,,V = (o +720) (14 ) =B

Px+h
V- (32,535+2,078)%(1.05)—100,000x 0.011

10 0.989

35,635.642+0)x (1.05) —100,000x 0.012
V= ( )*(1.05) A _36,657.31= A,
0.988

= 35,635.642
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Question #31
Answer: B

The survival function is S, (t) = (1—l]:
w

Then,

o a)—X t
ex = > andtpxz(l—w_xj
545=105_45=30

Ses = 105-65 ~20

: % ©060—t 40—t
€45165 =jo t Pasees t=_[0 50 <0

40
= 1 (60x40xt—60+40t2+1t3j
60 x40 3 0
=1556

€45:65 = €45+ €65— €45:65

=30+20-1556=34

In the integral for €, , the upper limit is 40 since 65 (and thus the joint status

also)
can survive a maximum of 40 years.

Question #32
Answer: E

Hy = _So' (4)13,(4)

B -(—e4 /100)

" 1—e*/100

_e*/100
1-e*/100

4

- 1202553
100—e
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Question # 33
Answer: A

(i _ 0
g = g In p;"” e Ine™”
X X (7) X _#(f)
In p, In e

w = D+ P 4 P =15

g =1-e ) =1-¢1®

=0.7769
() (07769)4®  (05)(0.7769)
L O T
= 0.2590

Question # 34
Answer: D

22 Aeo] = v ox 2Peo] X Yeop2 F
l \2 \2
pay at end live then die
of year 3 2 years inyear3

4

+v x sPeo] X Ueoss
pay at end live then die
of year 4 3 years in year 4
= g ;3)3 (1-0.09)(1-0.11)(0.13) + o ;3)4 (1-0.09)(1-0.11)(1-0.13) (0.15)

=0.19
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Question # 35
Answer: B

a, = aXﬂ‘"5Ex Ay

1— e—0.07(5)
a=————=4219,where 007=u+06 for t<5
X:5] 0.07

E, =e70) =0705

1
a,..=——=125 where 008=u+6 fort>5
X+5 008 H

@, =4.219+(0.705)(125) = 1303

Question #36
Answer: D

pX X X

. In(p'(xl))
gl = q") since UDD in double decrement table
In( p(’))

_| In(0.8) 0.44
In(0.56)
=0.1693
® 0.3q"

030x10.1 = m =0.053

) =pPp?=0.8(0.7)=0.56

X

To elaborate on the last step:

1 between x+0.1 and x+0.4
Number alive at x +0.1

[Number dying from cause j
&

03Ux+01=

Since UDD in double decrement,
1 (03)gd
|§’)(1—0.1q@)
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*Question #37
Answer: E

The net premium is _i—é = %—0.04 =0.04333

X

oL =vT —(0.04333+0.0066)a; +0.02+0.003a,

1-v'

=v' —0.04693( ]+o.02

0.02

T( 0.04693 ) 0.04693
o o
0.04693

2
Var (,L)=Var (v' )[1+ ) =0.1(4.7230) = 0.4723

Question #38

Answer: D
0.7 0.1 0.2 0.52 0.13 0.35
T=(03 06 0.1 T2=(039 0.39 0.22
0 0 1 0 0 1

Actuarial present value (APV) prem = 800(1 + (0.7 + 0.1) + (0.52 + 0.13)) = 1,960
APV claim =500(1 + 0.7 + 0.52) + 3000(0 + 0.1 + 0.13) = 1800
Difference = 160

Question # 39 - Removed
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Question # 40
Answer: D

Use Mod to designate values unique to this insured.
dgo = (1— Ag)/d =(1-0.36933)/ [(0.06) / (106)] =111418

1000P,, =1000Ag, / &g, = 1000(0.36933/111418) = 3315
1700 = v(gae™ + pag™ Agy ) = 16[0 1376+ (0.8624)(0.383)] = 044141

= (1- A%*")/d = (1-0.44141)/[0.06/ 106] = 9.8684
E[O LMod] 1000( Mod — P4 Mod)

=1000{0.44141 - 0.03315(9.8684)]

=114.27

*Question # 41
Answer: D

The prospective reserve at age 60 per 1 of insurance is Ay, since there will be no

future premiums. Equating that to the retrospective reserve per 1 of coverage, we
have:

401@

M d
A60 - P40 10Es P5 ° 50 10‘ 20k 40
. .. 1
A, =D, 010 + s %org Aoz
0 ™ 50 E—
a40 10 E40 10=50 10 =50 20 E40
036913 = 210132 7.70 woa 757 006

- x + Fso -
14.8166 (0.53667)(0.51081) 051081 0.27414
036913 = 030582 +14.8196 RV 021887

1000 Ry =19.04
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Alternatively, you could equate the retrospective and prospective reserves at age
50. Your equation would be:

. 1
a40:E[ A4O:E[

Ao,

d =
A, —Ry™a =
0 50 5010 T 4
19 dp 10BEx  10Ea

where Aiom = Ay—10E40 Aso
= 016132 —(053667)(0.24905)
=0.02766

0.24905_(P5(I\)/Iod )(757) _ 016132 « 7.70 _ 0.02766
148166 053667 053667

vos _ (1000)(014437)

1000PN* = = =19.07

Alternatively, you could set the expected present value of benefits at age 40 to the
expected present value of net premiums. The change at age 50 did not change the

benefits, only the pattern of paying for them.

. Mod .
Ay = Py %ﬂ + Py 1040 asom

(016132 Mod
016132 = (—14.8166 )(7.70) +( P )(053667)(757)

Mod _ (1000)(0.07748)

1000R.} o606 = 1807

Question # 42
Answer: A

d® =q® x17) = 400

X
d{ = 045(400) = 180

(2)
@ ___ 40 _ 48

T2 g® T 1000-180

p?) =1-0.488=0512

Note: The UDD assumption was not critical except to have all deaths during the
year so that 1000 - 180 lives are subject to decrement 2.
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Question #43
Answer: D

Use “age” subscripts for years completed in program. E.g., p, applies to a person
newly hired (“age” 0).

Let decrement 1 = fail, 2 = resign, 3 = other.
Then o =%, o =%, ;¥ = %

w? =%, =%, ¥ =%

0 =Yoo 0¥ =%, 0¥ =%

This gives p{”) = (1-1/4)(1-1/5)(1-1/10) = 054

pl”) = (1-1/5)(1-1/3)(1-1/9) = 0474

py?) = (1-1/3)(1-1/8)(1-1/4)=0.438
So 1) =200, 1{”) =200 (054) =108, and 15" =108 (0.474) =512
af! =[1og p /10g p}” o}

as =[log(%)/ log(0.438)|[1- 0438]

= (0405/0.826)(0562)

Question #44 - Removed
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Question #45

Answer: E
: . . o —X
For the given life table function: e, = wz
1
b=
w—x-1 ol 1 w-x-1 ol
+ +
A= D Vg, = v
k=b @ =X ip
A)( — a.C()—X
®—X
g -1 A
X d

€, =25= w =100 for typical annuitants

e, =15=>y = Assumed age = 70

A= aﬂg —0.45883

4,0 = 9.5607
500000 =b &,, = b =52,297

Question #46
Answer: B

10 Ea0:40=10P30 10 Pap V*° = (10 p3oV10)(1o p40V10)(1+ i)lo
= (10E30)(10Ea0)(1+ i)lo
= (054733)(053667)(179085)
= 052604

The above is only one of many possible ways to evaluate ;, Pz, 10 P V', all of
which should give 0.52604

8304010~ 3040 —10E30:40 830410:40410
= (330:40 - 1) - (0-52604)(340:50 - 1)
=(13.2068) - (052604)(11.4784)
=7.1687
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*Question #47
Answer: A

Equivalence Principle, where = is annual net premium, gives

1000A,, + (1A) s x 77 = Hyr

_1000A;; _ 1000x 042898
(45— (1A),;)  (1199143-616761)
_ 42898
582382
= 7366

We obtained &,5; from

1- Ay 1-042898

d 0.047619

Question #48 - Removed
Question #49
Answer: C
Hyy = Hy +:uy =014
A=A =t - 997 ;533

u+o6 007+0.05
~ H 014 014 _ 1 1
A, =—2 =0.7368 and a,, = =52632

Y~ +5 014+005 019

o Ay _A+A-A, 2(05833)-07368
“%," &, 5263

fy+5  014+005

=0.0817
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Question #50
Answer: E

(20V + on)(1+ i)_q4o (1_ 21\/) = 21V
(0.49+001)(1+i)—0022(1—0545) = 0545

(1+7)= (0545)(1-0.022) +0.022
B 050

=111
(21V + on)(1+ i) =0y (1_ 22V ) = 22V
(0545+.01)(111) — g, (1 0.605) = 0.605

0 = 0.61605— 0.605
e 0.395

=0.028

Question #51
Answer: E

=1000 V(g + PeoAs1) / (1+ Pgo V &gy)

= 1000(%0 + Pso Ael)/(l-OG+ Peo 3:61)

= (15+(0.985)(382.79)) / (106 +(0.985)(10.9041)) = 3322

Question #52 - Removed
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Question #53
Answer: E

g =—1In(0.96) = 0.04082
4%, =0.04082 -0.01=0.03082
h =—In(0.97) = 0.03046
. =0.03046 - 0.01=0.02046

00 5 01 02 03 -5(0.06128)
5 pxy =5 pxy = exp(_J.O lux+t:y+t + :ux+t:y+t + :ux-¢—t:y+tdt =€ = 0736

Question #54
Answer: B

Transform these scenarios into a four-state Markov chain, as shown below.

fromyeart—3 | fromyeart—2 Probability that year t
State to year t — 2 to year t— 1 will decrease1 from year t

0 Decrease (D) Decrease (I) 0.8

1 Increase Decrease 0.6

2 Decrease Increase 0.75

3 Increase Increase 0.9
0.80 0.00 0.20 0.00

The transition probability matrix is 0.60 -0.000.40 0.0
0.00 0.75 0.00 0.25

0.00 0.90 0.00 0.10

Note for example that the value of 0.2 in the first row is a transition from DD to DI,
that is, the probability of an increase in year three after two successive years of
decrease.

The requested probability is that of starting in state 0 and then being in either state
0 or 1 after two years. That requires the first row of the square of the transition
probability matrix. It can be obtained by multiplying the first row of the matrix by
each column. The result is [0.64 0.15 0.16 0.05]. The two required probabilities are
0.64 and 0.15 for a total of 0.79. The last two values in the vector do not need to
be calculated, but doing so provides a check (in that the four values must sum to
one).

Alternatively, the required probabilities are for the successive values DDID and
DDDD. The first case is transitions from state O to 2 and then 2 to 1 for a
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probability of 0.2(0.75) = 0.15. The second case is transitions from 0 to 0 and then
0 to O for a probability of 0.8(0.8) = 0.64 for a total of 0.79.
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Question #55
Answer: B

l, =0 —Xx=105-X
= Py =45, /1,5 =(60-1)/60

Let K be the curtate future lifetime of (45). Then the sum of the payments is O if
K<19 andisK-19if K>20.

60
. 60— K

K=20

_ (40+39+..+1)  (40)(41)
- 60 ~ 2(60)

=1366

Hence,

Prob(K —19 > 1366) = Prob(K > 32.66)

= Prob(K > 33) since K is an integer

= Prob(T > 33)

_ o ke _27
=33P45 = e =60
=0.450
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Question #56
Answer: C

2K H
= =025—> =004
A H+20 #

X __ M
= =04
A H+0

[ sEcAds

= '[oo (e7*)(04)ds
_e015\* 04

o[ -2

Alternatively, using a more fundamental formula but requiring more difficult
integration.

(1A), = [ t by (t)e'dt
= [71e " (004)e % dt
0

= 004 j:’ t e 0t

(integration by parts, not shown)
= 0.04(_—t—i) et
01 001 0
_004_
001
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Question #57
Answer: E

Subscripts A and B here distinguish between the tools and do not represent ages.

We have to find €ag

0 t2
é 1—— |dt=t——
AT Jo( 10) 20|,

t2 7
B_j 1—— tot- 1| 29— % _35
141 14

10
=10-5=5

7
t2 2 t3

20 14 210

=7_£_£ %_2683

20 14 210

o

o o o
€AB =EA+€EB—€EAB

=5+35-2.683=5817

Question #58
Answer: A

£) =0.100+0.004 = 0.104

(7) -0.104t

tPy " =¢€

Expected present value (EPV) = EPV for cause 1 + EPV for cause 2.
2000 & *%*te-%1%% (0.100)dt +500,000[ e 2% e"%%*!(0.400)
0 0

2200

= (2000(0.10) +500,000(0.004)) || e ***dt = S

(1 g 01408 ) 7841
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Question #59
Answer: A

R=1-p, =0y
1 1 1
- X+ k)d - ><+td_ kd
S=1-p, xe™ since e Jlsashget_ ~Jopat e

_ e—j:yxﬂ dte—j;kdt

S0 S=075R=1-p, xe ¥ =0.75q,

o« _1-075q,
Px
ek _ Py _ 1_qx

~1-075q, 1-0.75q,

N P
1-0.75q,
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Question #60
Answer: C

A, =0.36913  d =0.05660
Ay, =0.17741

and +/2A,, — AL =0.202862

Expected Loss on one policy is E[L(7)]= (100 000+ )Am -=

Variance on one policy is Var|[ L(r) (100 000+~ ) *Poo— A )

On the 10000 lives,
E[S]=10,000E[ L(7)] and Var[S]=10,000 Var[ L(r)]

The 7 is such that 0—E[S]//Var[S]=2.326 since ®(2.326)=0.99
10,000(3—(100,00%3” A60j

100(100 000 + }/ Ao — A

=2.326

100 (;’ - (100, 000+ Zn(o.segls)

=2.326
(100, 000+ Zj(o.zozsez)

0.63087 % —36913
d —0.004719

100,000 +%

0.63087%— 36913=471.9= 0.004719%

7 36913+4719

d  0.63087—0.004719
— 59706

7 =59706xd = 3379
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Question #61

Answer: C

N =(oV +7)(1+1)—(1000+ V — V ) x G5
=1.057 -1000q;5

Similarly,
o,V =(,V +7)x1.05-10000

V =(,V +7)x1.05-1000q;,
1000 =3V =(L.05°7 +1.05” - 7 +1.057 ) ~1000 x 75 x 1.05” ~1000x1.05 x Gz, ~1000x q, *
 1000+1000(1.05% 75 +1.050;6 + 77 )
(1.05)° +(1.05)* +1.05
~ 1000"(1+1.05” x0.05169+1.05x 0.05647 +0.06168)
3.310125
=355.87

~1000x1.17796
3310125

* This equation is an algebraic manipulation of the three equations in three
unknowns (,V, ,V, 7). One method — usually effective in problems where benefit =
stated amount plus reserve, is to multiply the ,V equation by 1.05%, the ,V
equation by 1.05, and add those two to the ;V equation: in the result, you can
cancel out the ,V , and ,V terms. Or you can substitute the ,V equation into the

,V equation, giving ,V in terms of 7, and then substitute that into the ;V
equation.

Question #62
Answer: D

_ 2 _
Azéﬂ =J0e ! 72dt

= ?15(1— e?%)=0,02622 since & = In(106) = 0.05827

) 71
=1t v(ﬁj =19303

~1l " _
2V =500,000A,; , - 66434, = 287
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Question #63
Answer: D

Let A, and a, be calculated with x ,, and §=0.06

Let A anda, be the corresponding values with 4, ,
increased by 0.03 and ¢ decreased by 0.03

g -1 04 gee7
5 006

t
_ % o —| (pygs+0.03)ds
Proof: a, :jo o ol 009 aga gy
_ J‘ I Hixis 0 o0.08t-0.03t ¢

_ J‘ J Hxss dse—o.oetdt

=3]

A =1-003a, =1-003a,
= 1-(0.03)(6.667)
=08
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Question #64

Answer: A
bulb ages
Year 0 1 2 3 #
replaced

0 10000 0 0 0 -

1 1000 9000 0 0 1000

2 100+2700 900 6300 0 2800

3 280+270+3150 3700

The diagonals represent bulbs that don’t burn out.

E.g., of the initial 10,000, (10,000) (1-0.1) = 9000 reach year 1.

(9000) (1-0.3) = 6300 of those reach year 2.

Replacement bulbs are new, so they start at age 0.
At the end of year 1, that’s (10,000) (0.1) = 1000
At the end of 2, it's (9000) (0.3) + (1000) (0.1) = 2700 + 100

At the end of 3, it's (2800) (0.1) + (900) (0.3) + (6300) (0.5) = 3700

1000 2800 3700

+ 2 + 3
105 105° 105
= 6688

Expected present value =

Question #65
Answer: E

. 15 10
€252 = J.o thSdt+15p25J0t Paodt

15 (" 04ds ) ¢10
=J e"°4tdt+(e J, o4 SJJ e~ %ldt
0 0

= %(1— e ®)+e® [é (1- e'so)}

=112797 + 43187
=15.60
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Question #66
Answer: C

5 Pleoji =

(l_ q[60]+1)(1_ q[60]+2)(1_ %3)(1_ %4)(1_ q65)
= (0.89)(0.87)(0.85)(0.84)(0.83)
= 0.4589

Question # 67
Answer: E

1250=a, = =>u+6=008= u=05=004

H+0

N H
= =05
A U+0o
N
H+26 3

28 p2
Var(a_ﬂ): A‘ngx

1 1

-3 4 _52083
0.0016

S.D.=4/52.083 =7.217
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*Question # 68
Answer: D

v=090= d =010
A, =1-dé, =1-(010)(5) = 05

5000A, — 5000va,
i

_ (5000)(05) ~5000(090)(0.05) _ .
5

Net premium z =

X

. a
Net premium reserve at the end of year 10 =122

X

0.2=1—%:>a 4

x+10 —

Aao =1-dd, 10 =1-(010)(4) = 06
1V =5000A, o — 78,10 = (5000)(0.6) — (455)(4) =1180

Question #69
Answer: D

v is the lowest premium to ensure a zero % chance of loss in year 1 (The present
value of the payment upon death is v, so you must collect at least v to avoid a loss

should death occur).

Thus v = 0.95.
E(Z) = V0 + V2P, 0.y = 0.95% 0.25+(0.95)° x 0.75x 0.2
=0.3729
E(ZZ) = V20, + VP, Oy = (0.95)2 x 0.25+ (0.95)4 x0.75%0.2
= 0.3478

Var(z) = E(2%) - (E(2))* = 0.3478—(0.3729)° = 0.21
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Question #70
Answer: D

Expected present value (EPV) of future benefits =

=(0.005x 2000 +0.04x1000)/1.06 +(1—0.005—0.04)(0.008 x 2000 + 0.06><1OOO)/1.062
=47.17 + 64.60

=111.77

EPV of future premiums =[1+(1-0.005-0.04)/1.06 |50

— (1.9009)(50)

=95.05
E[,L|Ks 21]=111.77-95.05=16.72

Question #71 - Removed

Question #72
Answer: A

Let Z be the present value random variable for one life.
Let S be the present value random variable for the 100 lives.

E(Z) =10 j: e e ydt
=10 H e—(5+y)5

o+ u
=2.426

E(zZ) — 102 (Lje—(25+y)5
20+ u

= 102(%)(@08) =11233

var(z) = E(2%)~ (E(2))’
=11233-2426°
=5348

E(S)=100E(Z) = 2426

Var(S) =100 Var(Z) = 53438

F—2426
5348

=1645—> F =281
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Question #73
Answer: D

Prob{only 1 survives} = 1-Prob{both survive}-Prob{neither survives}
= 1=3P50 %3Pys0) ~ (1—3p50)(1—3p[50])

—1-(0.9713)(0.9698)(0.9682)(0.9849)(0.9819)(0.9682) — (1 0.912012)(1- 0.93632)
=0.912012 0.936320

=0.140461
Question # 74 - Removed
Question #75 - Removed

Question # 76
Answer: C

This solution applies the equivalence principle to each life. Applying the
equivalence principle to the 100 life group just multiplies both sides of the first
equation by 100, producing the same result for P.

EPV (Prems) = P = EPV (Benefits) =100,V +10 p;o0;,V* + Pp;o P,V
(10)(003318) _(10)(1-003318)(0.03626) _P(L-0.03318)(1-003626)

108 108? 1082
= 0.3072 + 0.3006 + 0.7988P

06078
0.2012

P =302

(EPV above means Expected Present Value).
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*Question #77
Answer: E

Level net premiums can be split into two pieces: one piece to provide term
insurance for n years; one to fund the reserve for those who survive.

Then,

— 1 1
P=PL+PLV

And plug in to get

0.090 = P +(0.00864)(0563)

Py = 0.0851

Another approach is to think in terms of retrospective reserves. Here is one such
solution:

0563 = (0.090— P}/ 0.00864

)

P, = 0.090 - (0.00864)(0563)

=0.0851
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Question #78
Answer: A

5 =In(105) = 004879

A< = J-o _ t px/ux+te7§tdt

. e ®'dt for the given mortality function
®—X

L
DX o

From here, many formulas for the reserve could be used. One approach is:

- J =12.83

_ 7 A
Ay =0 19403933507, = 10 | 1387
60 60 5

Since

a
9 187163740507, =15
=—1=""""=0. SO &, =
Ay 500~ 5 8o

— | 03233
(AAO) Tag ~ 002331

reserve =| A, - P(A, )&, | =[0.3742-(0.02331)(12.83) | = 0.0751.

Question #79

Answer: D
A, =E[V™]=E[v*|NS |xProb(NS)+E[v"|S |xProb(s)

_ [&}OJM[LJXMO
0.03+0.08 0.06+0.08

=0.3195

Similarly, ?A, = (&) x 0.70 + (&) x 0.30 = 01923.
003+016 006+ 016

_ 2
Var(gT ) ‘A~ A; _01923-03195° .

52 0.08°

MLC-09-16 45



Question #80
Answer: B

295082 = 2980 T 2084 ~ 2 Yso84

=0.5x 0.4><(1—O.6)+O.2x0.15><(1—0.1)—O.5><O.4><0.2><O.15>< (1-0.6x0.1)
=0.10136

Using new pg, value of 0.3

= 0.5><0.4><(1—O.3)+O.2><0.15><(1—0.1)—0.5><O.4x0.2><0.15x (1-0.3x0.1)
=0.16118

Change = 0.16118 — 0.10136 = 0.06

Alternatively,
2 Pgo =0.5x0.4=0.20

3Pg0 = 5 Pgp x0.6=0.12
) Py =0.20x0.15=0.03
3 Pgs = 5 Pgy X0.10=0.003
2 Paggz = 2 Peo + 2 Pag — 2 Pgo 2 Pgg SINCE independent
~0.20+0.03—(0.20)(0.03) = 0.224
3Pgo82 = 3Ps0 + 3 P84 —3Ps0 3Pss
=0.12+ 0.003—(0.12)(0.003) =0.12264
295082~ 2 Psosa — 3 Paoma
=0.224-0.12264 =0.10136

Revised
3 Pgo =0.20x0.30=0.06

—0.06+0.003—(0.06)(0.003)
—0.06282
2 O ggi=0-224-0.06282 = 0.16118

change =0.16118-0.10136 =0.06

3P 80:84

Question #81 - Removed
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Question #82
Answer: A

()

T
5 Pso

1) (2)

— ’ !
=5P50 "5 Psp

_ (100 - 55) e_(0_05)(5)
100-50

= (09)(0.7788) = 0.7009

Similarly

ole) — (100 - 60)6(0-05) (10)
100 1 100-50

= (0.8)(0.6065) = 04852

5505 =555 —1ok;) = 0.7009 - 04852
=0.2157

Question #83
Answer: C

Only decrement 1 operates before t = 0.7

070i = (0.7) Y = (0.7)(010) = 0.07 since UDD

Probability of reachingt = 0.7 IS 1-0.07 = 0.93

Decrement 2 operates only at t = 0.7, eliminating 0.125 of those who reached 0.7

0i2) = (093)(0125) = 011625
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Question #84
Answer: C

3
Tf(1+2 psoVZ) =1000Ag, + ﬂVSSO sV 2pso%z

TE(1+ 0.839;[0) 665754 1 0.08030 N 083910 x 0.29561
06 2(106) 2(106)

m(1.74680) = 665.75 + (0.07156)
n(167524) = 665.75
n = 39741

3,914,365

Or , pgo = (1—0.08030)(1—008764) = 083910

*Question #85
Answer: E

At issue, expected present value (EPV) of benefits
= .[o titt Pes ﬂ65+tdt = _[0 1000(e0'04t )(e70'04t )t Pes :u65+tdt

=1000] ", Pgs 4es, At =1000 g =1000

EPV of premiums = 7@, = ;z‘[vtt pdt=r J e ¥ dt = 72'(0—](-)6] =16.6677
0 0 '

Net premium 7 =1000/16.667 = 60

2\7 = _[b2+u V' Per Meso.dU — 78,
0
= [1000e°%) e p, .., du - (60)(16.667)
0

= 100090'08.'- u Pe7 Hgs.5.,dU —1000
0

=1083.29, q,, —1000 =1083.29 -1000 = 83.29
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Question #86
Answer: B

(1) axzﬁ‘ = axﬁ‘ —1+20 EX

1-Az

x20 d
(3) A(:ﬁ\ = A&(:ﬂ)\ + AS(%)\
4) A = A{;ﬁ\"—ZOEX Ao

2 |

0.28 = Az +(0.25)(040)
Az =018

Now plug into (3): A 018+ 0.25=043

%20 —

1-043

= 1197
x20 ™ (0,05/105)

Now plug into (2): a

Now plug into (1): =1197-1+0.25=1122

ax:ﬂ
Question #87 - Removed
Question #88

Answer: B

& _883 (95048
1+e

"~ 9.29

ex = px + pxex+1 = px =
X+1

A, =14+vp, +V2,p, +...

. _ 2
ad— =1+Vv+Vo,p +...

8 _; — 48, =VQ, =5.6459-5.60 = 0.0459

v(1-0.95048) = 0.0459

v =0.9269

= 1—1: 0.0789
\'
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Question #89
Answer: E

One approach is to enumerate the possible paths ending in F and add the
probabilities:

FFFF —0.23=0.008

FFGF - 0.2(0.8)(0.5) = 0.080

FGFF — 0.8(0.5)(0.2) = 0.080

FGHF — 0.8(0.5)(0.75) = 0.300

The total is 0.468.

An alternative is to use matrix multiplication. The desired probability is the value in
the upper left corner of the transition probability matrix raised to the third power.
Only the first row needs to be evaluated.

The first row of the matrix squared is [0.44 0.16 0.40 0.00], obtained by multiplying
the first row by each column, in turn. The first row of the matrix cubed is obtained
by multiplying the first row of the squared matrix by each column. The result is
[0.468 0.352 0.080 0.100]. Note that only the first of the four calculations in
necessary, though doing the other three and observing that the sum is 1 provides
a check.

Either way, the required probability is 0.468 and the actuarial present value is
500v°(0.468) = 500(0.9)*(0.468) = 17

Question #90 — Removed
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Question #91

Answer: E

w_ 1 1

Mo =75 60 " 15

F 1 1 3 1
=——=—x—=—=w=85

Moo= _60 15 5 25
M_q b

t Pes 10

F_q_ bt

t Peo 5

Let x denote the male and y denote the female.
€ =5 (mean for uniform distribution over (0,10))

8, =125 (mean for uniform distribution over (0,25))

10 t t
g = 1-— || 1-—|dt
Y IO ( 10}[ 25}

2
:jm 1- et gt
0 50 250

3 10
oL U 10— x1004+20%0
100 750 )|o 100 750
_10-744.18
3 3
o o o o 25 13 30+75-26
e@:ex+ey—exy=5+7—§=T:1317
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*Question #92
Answer: B

n

>

- p+9o -

poo 1
u+25 5

Let P(A) denote the net premium.

P(A)=n=004

Wl

ZKX _

*Question #93
Answer: A

Let 7 be the net premium
Let V denote the net premium reserve at the end of year k.

V)

n+1

For any n’(nv +7Z')(1+i) :(q25+n X n+1V + p25+n X
Vv
1

N+

Thus V =(,V +7)(1+i)

N =1V +7)(1+i)=(z(1+i)+7)(1+i) =78
3V =(2V +7r)(l+i):(7[§ﬂ.|_7[)(:|__|_i):7r-s-a

By induction (proof omitted)
For n=35, |V =d&;, (expected present value of future benefits; there are no future
premiums)

_ dgo _ _ s _| 90 |
ﬂ—g— For n=20, ZOV_zzsﬂ_LS_—Jsﬂ
35| 35l
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Alternatively, as above
(V+7)1+i)= WV

n+l
Write those equations, for n=0 to n=34
0:(oV+7)(1+i)=V
L:(yV +7)(1+i) =,V
2:(LV+7)(1+i) =3V

34:(gV +7)(1+i) =5V

34—k
and sum the results:

Multiply equation k by (1+1i)

(oV +7r)(1+i)35 +(yV +7z)(1+i)34 +(,V +7z)(1+i)33 +oot (gV +7)(1+1) =
v (1+i)34+2V (1+i)33+3v (1+i)32+~-~+34v (1+i)+45V

For k=1,2,---,34, the ,V (1+i)*"

oV (1+i)35+7r[(1+i)35+(1+i)34+--~+(1+i)} =3V

Since ,V =0

terms in both sides cancel, leaving

= dgg
(see above for remainder of solution)
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*Question #94
Answer: B

Note: The symbol u can be ambiguous. Here it means that both lives were

X+ty+t

alive at ages x and y and the last survivor status is intact at time t (that is, at least
one of the two lives is alive). This meaning matches the wording of the question,
which does not use the symbol. Then,

tqy tpx/ux+t +th t py ,uy+t
tOx X ¢ Py + ¢ Px XUy + ¢ Px X ¢ Py

/*x+t:y+t -

For (x) = (y) = (50)

. _ (os%0)(10Pso) o2 (0.00152)(0.91478)(0.01876)(2) .
rinaenne (10590) (105 Pso)- 2+ (105 Pso )2 (0'09152)(0'90848)(2)"'(0'90848)2
where
ol ) %(8188.07448,075,403) oo e
s 8,950,901
105950 =1~ 105 Psp = 0.09152
8,188,074

=225 _0.91478
10 Pso 8,950,901

105 Pso #4(50+10.5) = (40 Ps) 0o SiNCE UDD
Alternatively, (4.1 Pso = 10 Pso t Peo

(10+t) Psos0 = (10 Pso )2 (¢ Peo )2
(10+t) P5555= 2 10 Pso ¢ Peo (10 Pso )2 (¢ Peo )2
=2 19 Pso (1100 )~ (10 Pso )2 (1-t9e0 )2 since UDD

. . 2
Derivative =—-2 14 Psy Ggo + 2(10 pso) (1—t%0)%o
Derivative at 10+t =10.5 is

~2(0.91478)(0.01376) +(0.91478)° (1-(0.5)(0.01376))(0.01376) = ~0.0023

105 P5050= ¢ 105 Pso _(10.5 pso)

= 2(0.90848) - (0.90848)*

=0.99162
dp
4t —(-0.0023
u (for any sort of lifetime) = dt _ ( ):0.0023
p 0.99162
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Question #95
Answer: D

i) = 19+ 43 =0.01+2.29=2.30
2 T © T
P=P jo vt o)) dt+50,000f v* p{7) 4 dt+50,000(v* {7 ot

P =P e"0"e™* x2.20dt +50,000["e"*"e** x0.01dt +50,000 " & " 'e2% x 2.3t

_a2(24) _a2(24) -2(2.4)
Pl1-220x2"% " |=50000{0.01x =% +23x®
2.4 2. 2.4

P=11,194

*Question #96
Answer: B

8y = Py+oPy+3Py +...=1105

Annuity =v? 4p,1000+v* ,p, x 1000 x (104) +...

="1000(104)* *v¥  p,
k=3

- 1OOOV3Z « Py
k=3

3
—1000v°(e, —0.99 - 0.98) = 1000(&) x 9,08 =8072

Let = = net premium.

n(1+ 099v + O.98v2) — 8072

28580n =8072
n =2824
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Question #97
Answer: B

785 = 1000 A + P(IA) 315+ (107[)(10‘ Ago)
B 1000A,,
é3om _( IA)%om N 1010\ Aso
~ 1000(0102)
~ 7.747-0.078-10(0.088)

102

 6.789
—15.024

Question #98
Answer: E

For the general survival function S, (t) :1—l, 0<t<w,
w

o w-30 t
€30 = J-O (1—(0_30)&

e

_0-30
2
Prior to medical breakthrough ®=100= €3 = 100-30 =35
After medical breakthrough €'30 = €30+ 4 =39
so  6,-39-2"30_ »_108
Question #99
Answer: A
L =100,000v*° — 4000% @5%

=77,079
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Question #100
Answer: D

/u(accid) —0.001
,Ll(tOtal) —-001
2°™") —0.01-0.001=0.009

Expected present value = I: 500,000 &% %% (0.009) dt

+10] 50,000 6 & " &% (0.001) dt

_ 500’000{0.009 N 0.001

—— |=100,000
0.06 0.02

Question #101 Removed
Question #102
Answer: D

1000,V =10004, , = 2000V * 2P.)(1.06) ~ 6,1, (1000)

px+19

~ (342.03+13.72)(1.06) - 0.01254(1000)
B 0.98746

=369.18

1-0.36918

o = =11.1445
o0 (0.06/1.06)

so 1000P, , =1000 2wz _ 36918 _ 45,
8., 111445
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Question #103
Answer: B

k k
[ .0 - ()
) _ -I.O ‘uxﬁdt — e J‘O 2/‘x+tdt

P =e
K 2
_ (e—jo ﬂ@[mJ

=(,p,)’ where , p, is from lllustrative Life Table, since x" follows I.L.T.

_ 6,616,155
10 Pso = m
_ 6,396,609
1P = 5188 074
(2)

10) qég) =10 pe(sg) —11Pgo

2 2
=(10Ps0)” —(11Peo)” from L.L.T.
= 0.808022 —0.78121% = 0.0426

=0.80802

=0.78121

Question #104
Answer: C

1 . :
P.== —d, where s can stand for any of the statuses under consideration.

S ds

= =625
01+0.06

4 - 1 8333

% 0.06+006

ax—y +axy =ax+ay

dy, =6.25+6.25-8333=4167

Py = EE 0.06=018

Y4167
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Question #105
Answer: A

d{) =1000[ e "% (1 + 0.04)ct

- 1000(1— e‘(”+°-°4)) - 48

e (#004) _ 9959
11+0.04 = —In(0.952)

= 0.049
12=0009

d{?) =1000[" e %% (0.009)dt

_ 1000%(6(0'049)(3) B e’(°'°49)(4)) _76
0.049

Question #106
Answer: B

This is a graph of | ..
1, would be increasing in the interval (80,100).
The graphs of I, p,, I, and I? would be decreasing everywhere.

Question #107
Answer: B

Variance =v® .p, 150, Expected value =v*° s p,
V¥ 15 Pe 150y =0.065 V5,
v 150, =0.065 = ,:q, = 0.3157

Since u is constant
150 = (1—( px)ls)

(py)" =0.6843
p, =0.975
d, =0.025
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*Question #108
Answer: E

(1) 11\/'=(10v'+0)@—qx;10><1ooo
px+10 px+10

(2) Mv“:(lov"m")@_qx;wxmoo
px+10 px+10

I R

(1.06)
1-0.004

—(101.35-8.36)

=98.97

Question #109
Answer: A

2
EPV (x's benefits) = ka”bM kPx x+k
k=0

=1000[300v(0.02) + 350v*(0.98)(0.04) + 400v°(0.98)(0.96)(0.06)
— 36,829

*Question #110
Answer: E

7 denotes the net premium
1V = EPV future benefits - EPV future premiums
O.6=i—7r:> 7 =0326
108
(10V +7)(108) - (les )(10)
Pes
(5.0+0.326)(108) — (010)(10)
1-010

11V =

=5.28
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Question #111
Answer: A

Expected present value Benefits = (08)(0-1)(10,000) + (0.8)(0.9)(0.097)(9,000)

Log* 1.06°
~1,239.75
1,239.75 = p(u (08) (0.8)(2.9)]
106 1.06
— P(2.3955)

P=51753 =518

Question #112
Answer: A

1180 = 70a,, + 50, — 20a50,4,

1180 = (70)(12) +(50)(10) — 208354

530:40 = 8

540 = a0 + 80 — 340 =12+10-8=14
1003, .- = 1400

30:40

Question #113
Answer: B

__ a—0.05t
I e~ 1ot

O vy

= 0_25 J:O (te_t _te-Lost ) dt

= i _—(t + 1)eft + (L + 1 )el.OSt
0.05| 105 105°

2
:i 1- 1 =185941
0.05 105

o0

0

20,000x 185941 = 37,188
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Question #114

Answer: C
Event Prob Present Value
x=0 (0,05) 15
x=1 (0_95)(0,10):0_095 15+20/1.06 =33.87
X>2 (0.95)(0.90)=0.855  15+20/1.06+25/1.06% =56.12

E[X]=(0.05)(15)+(0.095)(33.87)+(0.855)(56.12) =51.95
E[ X?|=(0.05)(15)" +(0.095)(33.87)" +(0.855)(56.12)" = 2813.01

Var[X]=E(X?)-E(X)* =2813.01-(51.95)" =114.2

Question #115
Answer: B

Let K be the curtate future lifetime of (x + k)

L =1000v"** —1000P, 5 x &,

When (as given in the problem), (x) dies in the second year from issue, the curtate
future lifetime of (x+1) is 0, so

,L =1000v ~1000P &

:@— 279.21
1.1

=629.88 = 630

The premium came from

_Ag
3 A
©odg

Ag=1-dé& 5

1-d4
Py=27921="—x3 - L4

X: =
a, 3] a, 3]
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Question #116
Answer: D

Let M = the force of mortality of an individual drawn at random; and T =future
lifetime of the individual.

PrT<1]  =e{pT<im]}
= J:Pr[T SZI]M = ,u] f(w)du
- J'OZ J.:ﬂe‘”tdt%dﬂ

B Joz(l‘e”)%d“ :%(2%2 -1) :%(1+e2)
— 056767

Question #117
Answer: E

For this model:
1/60 1
o _ — . ,,Q
Hagst 1-t/60 Go_t’ﬂ40+2o
1/40 1
(2 _ — . ,,Q@
Haoe Z773720 ~ 20—t Moo
15) 0 =0.025+0.05 = 0.075

=1/40=0.025

=1/20=0.05
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*Question #118
Answer: D

Let 7 = net premium

Expected present value of benefits =
= (0.03)(200,000)v + (0.97)(0.06)(150,000)v2 + (0.97)(0.94)(0.09)(100,000)v3
=5660.38+7769.67 + 6890.08
=20,320.13

Expected present value of net premiums
=d -7
x:3]
= [1+097v+(097)(0.94)v* | =

=2.17266 7
~20,32013

T =———"—=145255
2.71266

V- (7452.55)(106) — (200,000)(0.03)
v 1-0.03

=1958.46

Initial reserve, year 2 = V + 7

=1958.56 + 7452.55
=9411.01

Question #119
Answer: A

Let ~ denote the premium.

L=bv' -7 =(1+i)T x V' -7y

:ZI.—7z§.ﬂ
E[L]=1-7a, =0 :>7z=}§x
B a &, -(1-v')
:>L=1—7Z'aﬂ= —ajo
V' —(1-57) V' -A
A

53, 1-

MLC-09-16 64



Question #120

Answer: D
(0, 1) (1, 0.9
‘/\/ (1.5, 0.8775)
\L‘/ (2, 0.885)
tP1

P, =(1-01)=09
, P, =(0.9)(1-0.05) = 0.855

since uniform, ,.p, = (0.9 +0.855)/2
=08775

6,75 =areabetweent=0and t=1.5

_ (1+ 0.9] M) +(0.9 + 0.8775)

> (0.5)

=0.95+0.444=1.394
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Alternatively,
. 15 1 05
€115 = Io t pldt = J.o t pldt + le.o t pzdt

1 0.5
= jo (1—0.1t)dt+0.9'[0 (1-0.05t)dt

_ (t B 0.1t2) o.ostzJ
2

=0.95+0.444=1.394

0.5

1
+0.9(t—
0

0

Question #121
Answer: A

10,000 A55(112) = 5233
Ags = 04672

Ax+1 = AX(1+ I) — %
Px
_ (0.4672)(105)-0.01788
‘e 1-0.01788
=0.4813
~ (04813)(105) - 0.01952

° 1-0.01952
= 0.4955

Single gross premium at 65 = (1.12) (10,000) (0.4955)
= 5550

(1+i)° =% i= J%—l: 0.02984
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Question #122A
Answer: C

Because your original survival function for (x) was correct, you must have
ﬂxﬂ - O 06 :ux+t y+t + :ux+t y+t :ugit:yﬂ + 002
lux+t:y+t = 004

Similarly, for (y)
ﬂyﬂ = O 06 :ux+t y+t + /ux+t y+t :ugit:yﬁ + 002
lux+t:y+t = 004

The first-to-die insurance pays as soon as State O is left, regardless of which state
is next. The force of transition from State O is

ﬂfit:y+t + /ugit:y-ﬁ + /ugit:y-v[ = 004 + 004 + 002 = 010 )

With a constant force of transition, the expected present value is

© oost o 0.10
j e tt pxy X+t y+t +/ux+t y+t +lux+t y+t)dt = Io € 005te . (Olo)dt - 015
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Question #122B
Answer: E

Because (X) is to have a constant force of 0.06 regardless of (y)’s status (and vice-
versa) it must be that s>, = u;> =0.06.

X+t

There are three mutually exclusive ways in which both will be dead by the end of
year 3:

1: Transition from State O directly to State 3 within 3 years. The probability of this

0.02 o0 ?

IS
8 00 03 _ 3010t _ _ 03y _
IO t pxy lux+t:y+tdt - J.O € OOZdt - 010 - 02(1 € ) - 00518

0
2: Transition from State 0 to State 1 and then to State 3 all within 3 years. The
probability of this is

J-Ost poo 01 p)lj-tdt _ J'03 e—O.lOt0.04(1_6—0.06(3—t))dt

Xy :ux+t:y+t 3-t

3
_0.04 p-0l0t 0.04e* o004t
0.10 0.04

=0.4(1-e %) —e B (1—e ) =0.00922

_ J‘03 0.04 ':e—O.lOt _ g 018-004t } _

0

3: Transition from State 0 to State 2 and then to State 3 all within 3 years. By
symmetry, this probability is 0.00922.

The answer is then 0.0518 + 2(0.00922) = 0.0702.
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Question #122C
Answer: D

Because the original survival function continues to hold for the individual lives, with
a constant force of mortality of 0.06 and a constant force of interest of 0.05, the
expected present values of the individual insurances are

=~ = 0.06

=A =————=0.54545,
A=A 0.06+0.05
Th

en,
A=A +A - A, =054545+0.54545-0.66667 = 0.42423

Xy

Alternatively, the answer can be obtained be using the three mutually exclusive
outcomes used in the solution to Question 122B.

. [*.,-005 00 03 ® _-0.05t,-0.10 0.02
L [Ce® R, dt= e e t0.02dt:m:0.13333

J: e_OIOStt p)?)?ﬂgit:yﬂ J.OOC e_0105r r piit:y+tﬂ)1<it+r:y+t+rdrdt
2and 3: 0.04 0.06

= [ e e 0,04 e **e** 0.06drdt = ————— = 0.14545
0 0 0.150.11

The solution is 0.13333 + 2(0.14545) = 0.42423.

The fact that the double integral factors into two components is due to the
memoryless property of the exponential transition distributions.
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Question #123
Answer: B

5 Ogi2s =5/ U35 5/ 0as —5Uasuas
=5 p35q40 +5 p45q50 5 p35:45q40150
=5P35040 T5Pa5U50 ~5P35 ¥5Pu5 (1 - p40:50)
=5P35040 T5P45U50 75P35 X5 Ps5 (1 — Pao pso)
= (0.9)(.03) +(0.8)(0.05) - (0.9)(08)[1—(0.97)(0.95)]
=0.01048

Alternatively,

s Pas = 5 Pas X Pa = (0.90)(1—0.03) = 0.873
6 Pas = 5 Pa5 X P5p = (0.80)(1—0.05) =0.76

503525 = 5 P3545 ~ 6 P3s25

=(5 P35+ 5P — 5 p35:45)_(6 P35+ 6 Pas — 6 p35:45)

:(5 p35+5p45+5p35><5p45)_(6 p35+6p45_6p35xﬁp45)

—(0.90+0.80-0.90x0.80) - (0.873+0.76 - 0.873x 0.76)
—0.98—0.96952

=0.01048
Question #124 — Removed

Question #125 - Removed
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Question #126
Answer: E

Let Y = present value random variable for payments on one life
S= ZY = present value random variable for all payments

E[Y]=104,, = 148166
(%A - AD)
d 2
=100(0.04863- 0161322 )(106/0.06)"
= 70555
E[S]=100E[Y]=14,8166
Var[S]=100Var[Y]= 70,555
Standard deviation [S]=4/70,555 = 265.62

Var[Y] =107

By normal approximation, need
E [S] + 1.645 Standard deviations = 14,816.6 + (1.645) (265.62)
= 15,254

*Question #127
Answer: B

55 4 Ao

5055 ~ 48000

_ 5(010248) - 4(0.02933)
5(14.835) - 4(11.959)

~ 05124-011732 039508

Initial net premium =

= =0.015
74175-47.836 26.339
Where
A310:m = (Asam - Aao:%’) =0.32307 —0.29374 = 0.02933
and
) 1- Az 1-032307
=g = ooy 1L
(i)

Comment: the numerator could equally well have been calculated as
Agy +4 0Ezp Ap=0.10248 + (4) (0.29374) (0.24905) = 0.39510
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Question #128
Answer: B

075 Py =1—(0.75)(0.05)
= 09625

075 Py =1-(0.75)(10)
= 0925

0.750xy = 1475 Pxy

=1— (o5 px)(o_75 py) since independent
=1-(0.9625)(0.925)
= 01097

*Question #129
Answer: D

Let G be the gross premium.
Expected present value (EPV) of benefits = 100,000 A,

EPV of premiums = Gégg
EPV of expenses = [ 0.1G +25+(2.50)(100) | &g

Equivalence principle:
Gé;5 =100,000 A5 +(0.1G + 25+ 250) &5

G =100,000$+ 0.1G + 275
dss
0.9G =100,000P,; + 275

(100)(8.36)+275
0.9

=1234
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Question #130
Answer: A

The person receives K per year guaranteed for 10 years= Kad_, = 8.4353K

10]
The person receives K per years alive starting 10 years from now :>10‘éi4OK

Hence we have 10000 = (8.4353+,,E 485, )K

Derive |,E,q:
Ay = Aiom +(10E40) Aso

1
Ao~ Ay 030-009

E, = =060
10 =40
A, 035
Derive &, = 1_dA5° = 1_00435 =16.90
104

Plug in values:
10,000 = (8.4353+ (0.60)(16.90))K

=185753K
K =538.35
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Question #131
Answer: D

11

=10.1933

. 11 t t2
STANDARD: &5 = | 1- o Jdt=t-—

MODIFIED:  p,s = e b _ o1 _ 00484

o 1 10 t
€511 = _[0 t P2s dt + P2s Io (1_ﬂ) dt

= Jle‘o'ltdt + e‘o'lflo (1 - L)dt
0 o " 74

1_e—0.1 o1 t2 10
01 2x 74 ‘0

= 095163+ 0.90484(9.32432) = 9.3886

Difference =0.8047

*Question #132
Answer: B

Comparing B & D: Prospectively at time 2, they have the same future benefits. At
issue, B has the lower net premium. Thus, B has the higher reserve.

Comparing A to B: Consider them retrospectively. At issue, B has the higher net
premium. Until time 2, they have had the same benefits, so B has the higher
reserve.

Comparing B to C: Visualize a graph C* that matches graph B on one side of t=2
and matches graph C on the other side. By using the logic of the two preceding
paragraphs, C’s reserve is lower than C*'s which is lower than B’s.

Comparing B to E: Reserves on E are constant at O.
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Question #133
Answer: C

Since only decrements (1) and (2) occur during the year, probability of reaching
the end of the year is

pY x p?) = (1-0.01)(1- 0.05) = 09405

Probability of remaining through the year is

i) x pt? x pe? = (1-0.01)(1- 0.05)(1— 010) = 0.84645

Probability of exiting at the end of the year is
qé%) = 0.9405-0.84645 = 0.09405

Question #134 - Removed

Question #135
Answer: D

EPV of regular death benefit = J;O (100000)(e™*)(0.008)(e™* )dt

= [ (100000)(e**")(0.008)( %" )
0
=100000[0.008/ (0.06 + 0.008)] = 11,764.71

EPV of accidental death benefit = Jjo (100000)(e™*)(0.001)(e™" )t

_ '[030 ( 1 ooooo)(e'o'om)(0.001)(6'0'008t)dt

- 100[1— e'2'°4] /0.068 = 1,279.37
Total EPV =11765+1279 = 13044
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Question #136
Answer: B

lreoj6 = (6)(79,954) +(.4)(80,625)
= 80,2224

lsoj15 = (:5)(79,954) +(5)(78,839)
= 79,3965

_ 80222.4—-79,3965
09%e0}6 = g0 2004
= 00103

Question #137 - Removed

Question #138
Answer: A

ol = aip + i) =034

=1-piypit)

034 =1-0.75p;,?

pio”) =088
05'?) =012 =y
g =2y =024

a4y =1-(08)(1-0.24) = 0392
1{5) = 2000(1— 0.34)(1— 0.392) = 803
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Question #139
Answer: C

Pr{L(z)>0]<05

K+1 Vi
Pr[10,000v%* - 7', > 0]
From lllustrative Life Table, ,; p;, =050816 and ,qp,, =47681

<05

Since L is a decreasing function of K, to have
Pr[L(#")>0]<0.5 means we must have L(z')<0 for K >47.

Highest value of L(z') for K >47 is at K = 47.
L(z")[at K =47]=10,000v*™* —7'4
= 609.98 -16.5897'
L(z')< 0 = (609.98—16589 ') <0
609.98

' >———=36.77
16.589

o]

Question #140
Answer: B

Pr(K =0)=1-p, =01

Pr(K =1) =,p,—,p, = 09-081=0.09
Pr(K >1)=,p, =081

E(Y) = 1x1+.09x187+81x 2.72 = 24715
E(Yz) = 1x12+.09 x187%+81x 2.72% = 6.407

VAR(Y) = 6407 — 24715% = 0.299
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Question #141

Answer: E
E[Z]=bA,
since constant force A, = u/(u+6)
b(0.02
E@Q) =24 _ (002) o
p+s  (0.06)

Var[Z]= Var[vaJ = bZVar[vT} = bZ(ZAX - Af)

b{i}zg

451 3

b[i}=£:>b=3 75
45] 3

*Question #142
Answer: B

In general, for any premium P and corresponding loss at issue random variable L,
Var(L) = (1+5) (*A- A?)
1 1

Here P=7=—-6==--0.08=0.12
a 5

12V 0 oy
So Var(L)=(1+Ej (?A - A?)=5625

and Var(L*):(H%) (ZR_RZ)
So Var(L*):%

E[L*]= A —15a, =1-&,(6+15) =1-523) = —15

E[L*]+4/Var(L*) =7125

(05625) =744
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Question #143 - Removed

Question #144
Answer: B

Let Ié’) = number of students entering year 1

superscript (f) denote academic failure
superscript (w) denote withdrawal
subscript is “age” at start of year; equals year - 1

p{) =1-040-0.20 =040
1) =101 i) = qf") = 01

g =g —gl") = (L0-06)-01=03
")~ 0o -]

o) =04(1-q{" 03

1(”:%:0.2
14
pl) =1-q{") —q" =1-02-03=05

W) — qW) 4 p(F)gW)

3o " =Uo "t Po G ()

+ b7 p{g")
= 02+(04)(03)+(0.4)(05)(03)

=038
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Question #145
Answer: D

€5 = Py (1+85)

€y =€, due to having the same u
pgls =exp [—Jj,u%H +0.1(l—t)dt:| - pzl\ge—o.os
el =l (l+e,) =% p! (L+e,) = 0.951e" 951

Question #146
Answer: D

E[Y, . ] =100E[Y]=100(10,000)a,

=100(10,000) % =10,000,000

o, = Var[Y] = \/(10,000)2 5—12(2KX -A)

(10,000)

(0.25)— (0.16) = 50,000

0 ace = V1000, =10(50,000) = 500,000

0.90 = Pr[% > o}

O pcG

1282 - T ~Elace]
O ace

F =12820 56 + E[Yacs |
F =1282(500,000) +10,000,000 = 10,641,000
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Question #147
Answer: A

A, 5 =1000vgy, +500v? yGao + 250v° 20

2 3
=1ooo(ij( L 53] 500( L j (0. 99847)( L 61] 250(ij (0.99847)(0. 99839)( L 70j
1.06 )\ 1000 1.06 1000 1.06 1000

=1.4434+0. 71535+ 0.35572 = 2.51447
1 1
1 1

+(0.97129)(0.999235)

0. 00153j

=0.985273
2.51447

0.985273
=2.552

Annualized premium =

: : 2.552
Each semiannual premium ==

=128

Question: #148

Answer: E

(DA)dyz5 = 20V6lgo +VPo((DA)dysg)

20(2) 8

Ogo =2 13= 106 + M( DA)sl:@

- (DA)hgg = 1L06) =4 _ 12905
U =1 DAY, 75 = 20v(1) + v(9)(12:225)

_2+9(12225) )0
106

Question #149 - Removed
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Question #150

Answer: A
- b g In(L00 —
P, =exp —_[Om exp[ n( X— s)|]
e50 :60 e50 + eGO e50 :60
—jsoydt_ [50t j
yomdt_ [ _t_j
2

100—x -t
100 -—x

40

. o(50—t)(40-t) (4200090t +t’
b=, ( 50 j( ] - = -

=25+20-14.67 =30.33

50 60

Question #151
Answer: C

Ways to go 0—>2 in 2 years
0-0-2; p=(0.7)(0.1)=0.07
0-1-2; p=(0.2)(0.25)=0.05
0-2-2;p=(0.1)(1)=0.1
Total = 0.22

Binomialm=100 q=0.22
Var = (100) (0.22) (0.78) = 17
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Question #152
Answer: A

For death occurring in year 2

epy = 20:3x1000 _ 00 29
1.05

For death occurring in year 3, two cases:

(1) State 2 — State 1 — State 4.  (0.2x0.1) =0.02
(2) State 2 — State 2 — State 4:  (0.5x0.3) =0.15
Total 0.17

epy = 217100045, 5
1.05

Total. EPV = 285.71 + 154.20 = 439.91

Question #153 - Removed

*Question #154
Answer: C

Let 7 denote the single net premium.

= 30|a35 +7 Aavlﬁﬂ

30|61'35 ('Abs;ﬂ B Ais;m)a% _

= = 1
1- As%:ﬂ 1- ASS:@
_ (21-07)9.9
(1-07)
| 1.386

.93
=1.49
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Question #155
Answer: E

04Pg=9= e_Jg.zl(Hezx)OIX

2 4
~aF |
=€

0.8_.
| ar{8a)

5= e—.4F—.6128

o

= In(5) = —4F—6128

= —-6931=-4F-6128
= F=0.20

*Question #156
Answer: C

(9V + P)(1.03) = qx+9b+(1—qx+9)1ov
=0Oys9 (b — 1Y ) + 10V
(343)(1.03) = 0.02904(872) +
= v =327.97
b=(b— 4V )+ =872+327.97 =1199.97

p—b| L—d =1zoo( L -°'°3j
a, 14.65976 1.03
=46.92
vV = net premium reserve at the start of year ten — P = 343 — 46.92 = 296.08

Question #157
Answer: B

d=0.06 = V=094

Step 1 Determine p,
668 + 258vp, =1000vq, +1000v> P, (Pysy + Oyar )
668+ 258(0.94) p, =1000(0.94)(1- p,)+1000(0.8836) p, (1)
668+242.52p, = 940(1- p, ) +883.6p,
p, =272/298.92=0.91
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Step 2 Determine 1000P
668+ 258(0.94)(0.91) =1000P ;[ 1+(0.94)(0.91)]

[220.69 + 668]
1.8554

1000 Px:ﬂ = =479

Question #158
Answer: D

100,000 IA)’ 5 =100,000V pyg | (1A, 551 =10V Py Ui | + Ay (100,000)  [see comment]

8,950,901

9,287,264
1.06Y°

0.99722

—100,000 0.16736— ( ] x(0.00592)

+(0.02766 x100,000)

=15,513

Where A, = Ay —10Eq A
—0.16132 - (0.53667)(0.24905)

=0.02766

Comment: the first line comes from comparing the benefits of the two insurances.
At each of age 40, 41, 42,...,49 (IA)ioﬂ provides a death benefit 1 greater than

(IA)i@. Hence the Ajoﬂ term. But (IA)i@ provides a death benefit at 50 of 10,
while (IA)iOﬁ provides 0. Hence a term involving o041 = 9 Pa1 Oso - The various Vv’s

and p’s just get all expected present values at age 40.
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Question #159
Answer: A

1000 = 7z(1+i)-q, (1000-1000,V )
40 =80(1.1) - q, (1000 - 40)
_ 88-40

= =0.05
%= 960
AS = (G — expenses)(1+i)—1000q,
Px

_ (100-(0.4)(100))(1.1)—(1000)(0.05)

- 1-0.05

_ 60(1.1)-50 168

0.95

Question #160
Answer: C

Atany age, p," =e°%=0.9802
q’x(l) =1-0.9802 =0.0198, which is also q(xl), since decrement 2 occurs only at the
end of the year.

Expected present value (EPV) at the start of each year for that year’s death
benefits
=10,000*0.0198 v = 188.1

pl”) =0.9802*0.96 = 0.9410
E, = plv =0.941 v = 0.941*0.95 = 0.8940

EPV of death benefit for 3 years 188.1+ E,,*188.1+ E,,*E,; *188.1=506.60
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Question #161
Answer: B

40
€001 = I t Paodit

a)30t
_Iw30

Or, with a linear survival function, it may be simpler to draw a picture:

oPxp=1 40 P30
30 70

o _ (1+ 40 pso)
€020 = ar€a =27.692 = 40T

10 P3p =0.3846
w—10
w—30

w=95

5 65t
t M30 65

=0.3846

Var =E(T)* —(E(T))’
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Using a common formula for the second moment:

Var(T) = J'tht p dt — €2

Ao

= 2*(2112.5-1408.333) - (65— 65/2)°
—1408.333-1056.25 = 352.08

Another way, easy to calculate for a linear survival function is

o » 2
Var(T):J‘0 t2, pxﬂxﬂdt_(.[o t, pxyxﬂdt)

t3 (65 t2 (65 ?
_3><65|o B 2><65|o

—~1408.33-(32.5)" = 352.08

With a linear survival function and a maximum future lifetime of 65 years, you

probably didn’t need to integrate to get E (T, ) =€, =32.5

Likewise, if you realize (after getting @ =95) that T, is uniformly distributed on (0,
65), its variance is just the variance of a continuous uniform random variable:

(65

2
-0
Var = —) =352.08
12

Question #162
Answer: E

_ 218.15(1.06)-10,000(0.02)

Y —31.88
1-0.02
V= (31.88+218.15)(1.06) -(9,000)(0.021) __ .
1-0.021
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Question #163
Answer: D

e =e,=» p,=095+095+..
k=1
0.95

1-0.95
€y = Py + 2 Pyy + -
=1.02(0.95)(0.95)+1.02(0.95)* (0.95)° +...

2
=1.02[0.952 +0.95" +] _102(0.95)" 9.44152
1-0.95°

€y =6 T —€, =28.56

Question #164 - Removed
Question #165 - Removed

Question #166
Answer: E

3, =[ e ®®dt=125
~ _ [*_.-0.08t 3
A, =], e (0.03)dt = 5 =037

3
2A =| e (0.03)dt == =0.23077
.[0 e (0.03) 13

o(a@)=Var[a, ] = \/%[Z/KX —(KX)Z} - \/400[0.23077 ~(0375)" | =6.0048
Pr| & >3, -o(a)|=Pr[a; >125-6.0048]
1-v'

> 6.4952 | = Pr[o.67524 > e*O-OST]

_pr|T > 2IN0.67524 0'67524} —Pr[T >7.85374]

0.05

_ e—0.03x7.85374 =0.79
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Question #167
Answer: A

o pie) = e (009)5) — g=025 _ 0 7788

5
S0 = j; 1Y) xe 00 02Ngt — _(0.02/0.05)e 0% |O

- 0.4(1—e‘°'25)
=0.0885

Probability of retiring before 60 = ¢ pgg) X 5q§15)
= 0.7788*0.0885
=0.0689
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Question #168
Answer: C

Complete the table:
lg; = I[so] - d[go] =910

lg, = '[31] —d[8l] =830 (not really needed)
o 1 1 .
ex =€, +— (— since UDD)

2 2

U =6 + 72

e[ox] | dytlgp g+ +1

€s0] —% lgg) =le1 + 12 + ... Call this equation (A)

é[81] —% I[81] =lg, +... Formula like (A), one age later. Call this (B)

Subtract equation (B) from equation (A) to get

o

1 o 1
lo1 =1 a0 =5 [eo) | &e = ey

910=[85- o.5]1ooo—{é[81] —o.5}920

~ 8000+460-910

0= g0 o
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Alternatively, and more straightforward,

(Do

1 o
[80] =~ Yao] * Prso) (“ ewj

where gpg; contributes % since UDD
8.5=%(1—O.91)+(0.91)(1+681j
€, =8.291

o 1 o
€e1 = 5%1 + Pg; (1+ eszj

1

8.291= 2(1—0.912)+o.912(1+é82j

€3, =8.043
0 1 o
€1y =5 Yoy * Payy (1*' eszj

= %(1— 0.902)+(0.902)(1+8.043)

=8.206

Or, do all the recursions in terms of e, not €, starting with €go) =8-5-0.5=8.0, then

final step &gy =€ +0.5
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Question #169

Answer: A
T px+t t Px Vt Vtt p,
0 0.7 1 1 1
1 0.7 0.7 0.95238 0.6667
2 - 0.49 0.90703 0.4444
3 - _ _ _

2
From above & 5 => V', p, =21111
t=0

Y. 1
1000,V - =1000| 1— =21 |-1000( 1— —526
273l 85 2.1111

Alternatively,

P =——d=04261
’ a
XZQ
1000,V 5 =1000(v—-P,5)
=1000(0.95238-0.4261)
=526

You could also calculate AX:a and use it to calculate Px:a.
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Question #170
Answer: E

Let G be the gross premium.
Expected present value (EPV) of benefits = 1000Ay, .

EPV of expenses, except claim expense = 15+1xds

EPV of claim expense = 50A;, (50 is paid when the claim is paid)
EPV of premiums = G,

Equivalence principle: Gés, =1000A;, +15+1x &5, +50Ay,

G  1050Ay, +15 + &,
350
For the given survival function
1-1.057°
vE(l ) = (2) = j = 0.36512
50 kZ;L 50+k-1 " 50+k 100 % 0. 05(50)

e, = :ﬂ ~13.33248

Solving for G, G =30.88

Question #171
Answer: A

1o Pep =€ P9 = 06065
s Peo =€~ “¥® = 0.7261

18 Pso = (10 p50)(8 DGO) =0.6065x%0.7261
=0.4404
4‘14q50 = 4 Psg — 15 P5p = 0.8187-0.4404 = 0.3783
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Question #172
Answer: D

05 = 8o ~ 5 B0 s
=14.8166— (0.73529)(14.1121)
=4.4401

78,5 =100,000A45 V° 5 Py + 7 (1A),

405]
7 =100,000A % sEgo /(805 = (1A);05]
—100,000(0.20120)(0.73529)/(4.4401-0.04042)

=3363

Question #173
Answer: B

Calculate the probability that both are alive or both are dead.
P(both alive) = Py =« Px* k Py

P(both dead) = g, =0, 1,
P(exactly one alive) = 1—, Py ~ Oy
Only have to do two year’s worth so have table

Pr(both alive) Pr(both dead) Pr(only one alive)
1 0 0

(0.91)(0.91) = 0.8281 | (0.09)(0.09) = 0.0081 | 0.1638
(0.82)(0.82) =0.6724 | (0.18)(0.18) =0.0324 | 0.2952

EPV Annuity = 30,000( 1 5+ 0'82811+ 0'67224]+ 20,000( 0 5+ 0'16?;8 + 0'2922] =80,431
1.05° 1.05 1.05 1.05° 1.05 1.05
Alternatively,
d =1+ O.8281+ 0.67224 _ 23986
X 1.05 1.05
091 0.82

a'@ = .a:y:a =1+E+ 1052 =2.6104

EPV =20,0004, 5 +20,0004 5 10,0004, 5

(it pays 20,000 if x alive and 20,000 if y alive, but 10,000 less than that if
both are alive)
=(20,000)(2.6104)+(20,000)(2.6104)—(10,000)2.3986 = 80,430
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Question #174
Answer: C

Let P denote the gross premium.

P=3a, = Ie‘&e‘”tdt = Ie‘O'OStdt =20
0 0

E[L]=a™ -P
3 XIMP _ 1J96_O'03te_0'02t dt + e—0.03(10) e—o.oz(lo)T e—0.03t e—o.01t dt
0 0
-05 -05
I el
0.05 0.04
E[L]=23-20=3
E(L
L - i =15%
20

Question #175
Answer: C

Asyz) =1000vGg, +500v%

2
=1ooo(ij(o.00153)+5oo(ij (0.99847)(0.00161)
1.06 1.06

=2.15875
Initial fund =2.15875x1000 participants = 2158.75

Let F, denote the size of the fund at the end of year n.

F, = 2158.75(1.07) —1000 = 1309.86
F, =1309.86(1.069) —500 = 900.24

Expected size of the fund at end of year 2 = 0 (since the amount paid was the
single net premium). Difference is 900.
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Question #176
Answer: C

Var[z]=E[Zz]—E[zr
J?(V bt) D 4, dt = J‘ o0.08t 1003t oozt(o 02) dt

o “oort g, 002 5
(0.02)e dt—m—%

E[2°]=["(w b[)ztpxymdt—j (e°°5t)2e‘°'°2t(0.02)dt

= [70.02¢ %y, dt =2/, = I

Var[z] :%—(%)Z :%_4;49: 0.08503

*Question #177
Answer: C

From A, =1-d&x we have A = 1—— /1

Ax+10_1 11 /1
— :Axx%,

=0.2861

11|()

0.1

——-=0.4769
Ax+10 ll In ( )

Let P be the net premium.

w0V = Ruo —Px&, 0
_ 0l4769_(0.286116

=0.2623

There are many other equivalent formulas that could be used.
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Question #178

Answer: C
Regular death benefit = j(;”loo,oooXe*O-O6t x 70001t 0 0014t
=1oo,ooo(&j
0.06 +0.001
=1639.34

Accidental death = J';oloo, 000 e %%®'e™2%%(0.0002)dt

= 20[ e 0%gy
0
061
_20| 128 " |_14972
0.061

Expected Present Value =1639.34 +149.72 =1789.06

Question #179

Answer: C

P =560/800=0.70

o =160/800 =0.20

pe =0, once dead, stays dead

Pe: =1, once dead by cause 1, stays dead by cause 1

Doy + Pe; + Pay + Par =0.70+0.20+0+1=1.90
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Question #180
Answer: C

The solution requires determining the element in row 2 column 3 of the matrix
obtained by multiplying the first three transition probability matrices. Only the
second row needs to be calculated. After one period, the row is [0.0 0.7 0.3]. For

the second period, multiply this row by the columns of Ql. The result is [0.07 0.49
0.44]. For the third period, multiply this row by the columns of QZ. The result is
[0.1645 0.3465 0.4890] with the final entry providing the answer.

An alternative is to enumerate the transitions that result in extinction. Label the
states S (sustainable), E (endangered) and X (extinct). The possible paths are:

EX-0.3
EEX — 0.7(0.2) = 0.14
EEEX — 0.7(0.7)(0.1) = 0.049

Total = 0.489
Note that if the species is not extinct by time 3, it will never become extinct.

Question #181
Answer: B

Pr(dies in year 1) = p® =0.1
Pr(dies in year 2) = p®p* + p*p** =0.8(0.1) +0.1(0.2) = 0.10
00 00 502 00 ,,01 412 01 411 412 01 ,,10 .02 — 0095

Pr(dies in year 3) = p®p™ p®” + p®p” p* + p™ p" p** + p™p*p
EPV (benefits) =100,000[0.9(0.1) + 0.9%(0.10) + 0.9°(0.095)] = 24,025.5

Pr(in State 0 at time 0) =1

Pr(in State 0 at time 1) = p® =0.8

Pr(in State 0 at time 2) = p® p® + p* p™ =0.8(0.8) +0.1(0.1) = 0.65
EPV ($1 of premium) =1+ 0.9(0.8) +0.9%(0.65) = 2.2465

Net premium = 24,025.5/2.2465 = 10,695.
Question #182 - Removed

Question #183 - Removed
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Question #184
Answer: B

1000Pyed, = + 7 8y 1z % 15 Egs =1000A,5

1000%(345 — 1545850 ) + 77 (80 — 15 Ego &i75 ) (15 E4s ) =1000 Ay
45

201.20
14.1121
+7(11.1454 —(0.68756) (0.39994)(7.2170) ) x (0.72988)(0.51081) = 201.20

where ;E, was evaluated as ;E, x,E

(14.1121-(0.72988)(0.51081)(11.1454)

X+5

14.2573(9.9568) + (7 )(3.4154) = 201.20

7w =17.346

Question #185
Answer: A

=(oV +7)(1+i)-(1000+ V — V)q,
=(V +7)(1+i)—(2000+ V — V)q,,, = 2000

7 (1+1) 10000, )+7)(1+1) - 20000, = 2000

1.08)-1000x0.1)+ 7 ) (1.08) - 2000 0.1= 2000

7 =1027.42
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Question #186
Answer: A

Let Y be the present value of payments to 1 person.
Let S be the present value of the aggregate payments.

E[Y]=5004, :500% —5572.68

oy = Var[Y] = \/(SOO)Zd—lz(ZAX - A}) =1791.96
S=Y+Y, +..+ Y,
E(S)=250E[Y]=1393,170
o =+/250 x o, =15.811388 0, = 28,333
$-1393170 _F-1 393,170}
28,333 28,333
F-1, 393,170}

0.90=Pr(S<F)= Pr[

~ P{N (0,1)<
28,333

0.90=Pr(N(0,1)<1.28)
F =1,393,170+1.28(28,333)
=1.43 million

Question #187
Answer: A

o)
q!u(l) =1- pz'll(l) —1— ( p41(f) )q Al(f)

(z

L' =1, —d o™ ~do?) =1000 - 6055 = 885

d =1, -d,® -1, =885-70-750 = 65

0,7} = 120 ) _ 65
% 885 0, 135

1) 750 has
L =1 — =0.0766
Qa1 (885]
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Question #188

Answer: D
so(t)=(1—ij
w

d a
He=t log (So(t))=ﬂ

=X t w—X
e, =j 1- dt =

0 o —X a+1
e(r;ew 1 w w o™ =25 1

Question #189
Answer: C

Constant force implies exponential lifetime

Var([T]= E[TZ]—(E[T])2 =%—Gj =%=1oo
u=0.1

E[min(T,10)]= [ t(0.L) *dt + [ 10(0.0)e"dt

= —te™ —10e™" |2° ~10e™"|"

10

=-10e*-10e* +10+10e™
:10(1— e-l) - 6.3
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Question #190
Answer: A

% premium amount for 15 years

G ;7 =100,000A, +(0.08G +0.02G4, 5 ) +((x—5)+54, )
Per policy for life

4669.95(11.35) = 51,481.97 +(0.08)(4669.95) + (0.02)(11.35)(4669.95) +((x —5) + 54, )

, _1-Ax_1-05148197

y =16.66
d 0.02913

53,003.93=51,481.97 +1433.67 + (X —5) +83.30
4.99 =(x-5)
X =9.99

The % of premium expenses could equally well have been expressed as
0.10G +0.02Ga ;-

The per policy expenses could also be expressed in terms of an annuity-
immediate.
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Question #191
Answer: D

For the density where T, =T,

Pr(T, <T,) =] :00 [ 0.0005dxdy + jj;o j:foo.ooowxdy

40 y 50 40
_ J'y:00.0005x|0dy+ jy:‘mo.ooo5x|0 dy

40 50
= jo 0.0005ydy + jyjmo.oz dy

_0.0005y? 40 50
== |O +o.02y|40

=0.40 + 0.20 = 0.60

For the overall density,

Pr(T, <T,)=0.4x0+0.6x0.6=0.36

where the first 0.4 is the probability that T, =T, and the first 0.6 is the probability
that T, =T, .

Question #192
Answer: B

The conditional expected value of the annuity, given u, is :
0.01+ u

The unconditional expected value is

8, =100["% 1 _qy =100 In [ 2002405
001 0,01+ 1 0.01+0.01

100 is the constant density of & on the interval [0.01,0.02]. If the density were not
constant, it would have to go inside the integral.
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Question #193
Answer: E

o a)—X
Recall e, =

e =6+ —86.

XX

éx.xzj”_x(l— t j[l— ! jdt
' 0 @ — X w—Y

Performing the integration we obtain

o w—X

XX 3

o 2(w—X

g, =20

n 2(w;2a) _ 3y 2(a)3—3a) . ow—Ta

N 2 _ ><2(a)—3a)

(ii) g(a)—a)_k —a
3.5a—a=k(3.5a—3a)
k=5

The solution assumes that all lifetimes are independent.

Question #194
Answer: B

Although simultaneous death is impossible, the times of death are dependent as
the force of mortality increases after the first death. There are two ways for the
benefit to be paid. The first is to have (x) die prior to (y). That is, the transitions are
State 0 to State 2 to State 3. The EPV can be written with a double integral

R T
0.06 0.10

- j " g 00012t () g j " @ 00rg-010r(y 1 0qrdt = —— ~—— — 0.26786
0 0 0.16 0.14

By symmetry, the second case (State O to State 1 to State 3) has the same EPV.
Thus the total EPV is 10,000(0.26786+0.26786) = 5,357.
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Question #195
Answer: E

Let , p, = Probability someone answers the first k problems correctly.

, P =(0.8)° =0.64 4P =(0.8)" =0.41
2 2
2 Poo =(2Pp)” =0.64° =0.41 4 Poo =(0.41)" =0.168

Prob(second child loses in round 3 or 4) = , p55 — 4 P

=0.87-0.652
=0.218
Prob(second loses in round 3 or 4| second loses after round 2) = 2p00;—4po0
2 oo
_ 0.218 ~0.25
0.87

Question #196
Answer: E

If (40) dies before 70, he receives one payment of 10, and Y = 10. The probability
of this is (70 — 40)/(110 — 40) = 3/7

If (40) reaches 70 but dies before 100, he receives 2 payments.

Y =10+ 20v* =16.16637
The probability of this is also 3/7.

If (40) survives to 100, he receives 3 payments.

Y =10+ 20v¥® +30v® =19.01819
The probability of thisis 1 —3/7 — 3/7 = 1/7

E(Y)=(3/7)x10+(3/7)x16.16637 +(1/7)x19.01819 =13.93104
E(Y?)=(3/7)x10° +(3/7)x16.16637 +(1/7) x19.01819° = 206 53515
var(Y)=E(Y?)-[E(Y)] =1246

Since everyone receives the first payment of 10, you could have ignored it in the
calculation.
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Question #197
Answer: C

2
E(Z) = Z(Vk+lbk+l) k px qx+k
k=0
[v(soo)xo.ozwz(350)(0.98)(0.04)+v34oo(o.98)(0.96)(o.06)}
=36.8
2
E (Zz) = Z(Vk+1bk+l)2 k px qx+k

k=0

—v2(300) x0.02+v*(350)" (0.98)(0.04)+v° 400 (0.98)(0.96)0.06

=11,773
Var[Z]=E(2*)-E(2)

=11,773-36.8°

=10,419

2

Question #198
Answer: A

Benefits + Expenses — Premiums
oLe = 1000v° + (0.20G +8)+(0.06G +2)v+(0.06G + 2)v2 -Gy

at G =41.20 and i=0.05,
oL (for K =2)=770.59
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Question #199
Answer: D

P =1000P,,
(235+P)(1+i)-0.015(1000 - 255) = 255 [A]
(255+ P)(1+i)—-0.020(1000 - 272) =272 [B]

Subtract [A] from [B]

20(1+i)-3.385=17

20.385 _ 1.01925

1+i=

Plug into [A] (235+P)(1.01925)-0.015(1000 - 255) = 255

255+11.175

235+P =
1.01925

P =261.15-235=26.15

(272 +26.15)(1.01925) - (0.025) (1000)

1000 L.V =
1-0.025

=286
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*Question #200
Answer: A

1.2 -

l1e1
0.8 -
0.6 -
0.4 - - 0.4

0.2 -

0 10 20 30 40 50 60 70 80 90 100

Give Give Give

Given
n n n
X 0 15 25 35 75 90 100
s(x) 1 0.70 0.50 0.48 0.4 0.16 0
Linear Linear Linear
Interpolation Interpolation Interpolation

g1 S (90) _, 016 _32_, o
S,(35) ~ 048 48

g - 50(35)-50(%) 048-016_32 .
2EST 5 (15) 070 70

2055%s 04571

= =0.6856
s50ss  0.6667
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Alternatively,

20‘55q15 _20 p15 X 55q35 — Pis = M
55035 55035 2 S0 (15)
048
" 070
=0.6856

*Question #201
Answer: A

So(80) = % *(e”(-0.16*50)+e " (~0.08*50)) = 0.00932555
So(81) = %*(e“(—0.16*51)+e"(—0.08*51)) =0.008596664

Peo = So (81)/ S, (80) = 0.008596664 / 0.00932555 = 0.9218
Ogo =1-0.9218=0.078

Alternatively (and equivalent to the above)
For non-smokers, p, =e *% =0.923116

-, P, =0.018316
For smokers, p, =e %*° =0.852144
- P, =0.000335

So the probability of dying at 80, weighted by the probability of surviving to 80, is

0.018316x(1—0.923116)+0.000335x (1-0.852144)
0.018316 +0.000335

=0.078
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Question #202

Answer: B
X |)((f) d)((l) d)((z)
40 2000 20 60
41 1920 30 50
42 1840 40

because 2000-20-60=1920; 1920-30-50=1840

Let premium =P

EPV premiums = (2000 1920 1840

+ v+
2000 2000 2000

vzj P =2.749P

EPV benefits = 1000 20 v+ 30 v+ 40 v3 |=40.41
2000 2000 2000
P:ﬁﬂm
2.749
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Question #203
Answer: A

10 0
aF -0.08t ,-0.05 -0.08t
a30__[0 e e dt+10EXj0 e e

10 ©
:JO e—0.13tdt+e—1.3j0 e—o.ledt

_e 0Bt g g 0l6t o

e e
0.13 |o +(e™) 0.16 |o
1.3 1 e—l.3

S S
0.13 0.13 0.16
=7.2992

Ago _J. —0 08t —0 05t (O 05)dt+e—l 3J-

-0.08t dt

e *1%(0.08)dt

-1.3 -1.3
005 1 & " | (0.08)%
013 013 0.16

=0.41606
_ 5('&30) A30 0 41606 — 0.057
ay, 7.29923
_ 1 1
A4 = =
0.08+0.08 0.16
A40 =1- 5540

=1—(0.08/O.16) =05
0\7(;‘30) = KAO - IS(&0)540
(0.057)

0.16

=0.5- =0.14375

*Question #204
Answer: C

Let T be the future lifetime of Pat,
T .
L =100,000v —1600am

=100,000v" 16004
~16004&

Minimum is —1600:‘%
=-12,973

MLC-09-16

and K be the curtate future lifetime.

0<T <10

10<t<20
20<t

when evaluated ati = 0.05
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Question #205 - Removed

Question #206
Answer: A

Pd 5 =EPV (stunt deaths)
2500+ 2486/1.08 + 2466/(1.08)? 4/1.08+5/(1.08)* +6/(1.08)°
P{ i + 2466/ )]=5ooooo[ +5/(1.08)" +6/(1.08)

2500 2500

P(2.77) = 2550.68
= p=921

*Question #207

Answer: D
80 X2
80 1- % |dx
s _[30 Sp(x)dx jso[ 10,000]
3050 = 50(30) - . ﬂ 2
100
2 )is0
x= |
[ 30,000) 30
- 0.91
_33.833
~ 091
=37.18

Question #208
Answer: B

Aso =V x( Pgo % A1 +0go)
— (1/1.06)x(0.98x 0.440+0.02)
=0.42566

Ao = (1_ AGO)/d
=(1-0.42566)/(0.06/1.06)
=10.147

1000,V =1000A, —1000P, x &,

=425.66-10.147 x 25

=172
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Question #209
Answer: E

Let Yg; = present value random variable for an annuity due of one on a single life
age 65.

Let Y;; = present value random variable for an annuity due of one on a single life
age 75.
Thus E(Ys5) =4

E (X) =50(2)égs +30(L) s
—100(9.8969) +30(7.217) =1206.20
Var (X) =50x22Var[Ye ]+ 30(1)?Var[Y;s] = 200(13.2996)+ 30(11.5339) = 3005.94

1 1 2
where Var([Y.:]= —(%A. - A2 )=——= | 0.23603—(0.4398)° | =13.2996
[Yes ] dz( Aes Aes) (0.05660)2[ ( ) }
1/, 2 1 2
and Vvar[Y,.]= = - -~ 10.38681—(0.59149)" |=11.5339
[ 75] dz( Ars A75) (0.05660)2[ ( ) }

95" percentile = E (X)+1.645, /Var[x]
:1206.20+1.645(54.826)
=1296.39

Question #210

Answer: C
a= jwe“"t xe Mgt = T
0 o+ u
EPV = 50,OOO><i b1 du :100,000><[In(5 +1)— In(5+0.5)]
0570565+ u
=100,000xIn (wj
0.045+0.5

=65,099

Question #211 - Removed

Question #212 - Removed

Question #213 - Removed
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Question #214
Answer: A

Let 7 be the net premium at issue.

[0.20120-0.25634(0.43980) +0.25634 |
14.1121-0.25634(9.8969)

A

7 =10,000—4520 — 10,000
95701

= 297.88

The expected prospective loss at age 60 is
10,000,V 55 =10,000A, 5 —297.88&,

=10,000x0.7543 -297.88x 4.3407
=6250

where Al - =0.36913-0.68756(0.4398) = 0.06674

A,z = 0.68756
A,z =0.06674+0.68756 = 0.7543
8,5 =11.1454—0.68756 x 9.8969 = 4.3407

After the change, expected prospective loss = 10,000A, - + (Reduced Amount) A, %

Since the expected prospective loss is the same
6250 = (10, OOO)(0.06674) +(Reduced Amount)(0.68756)

Reduced Amount = 8119
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Question #215
Answer: D

A, = A17+5E LT+12E><'KS<+12

where
5 Ex _ e—5(0.04+0.02) _ 0.7408
- 0.04

__ 904  (1-07408)=0.1728
8 = 0087002 )

JE,c = o 7(00540.02) _ g o109
_ 0.05
AL — 2 |(1-0.6126)=0.2767
sl (o 05+0. ozj( )
E, = sE, x,E, s =0.7408x0.6126 = 0.4538
_ 0.05
2P _0.625
A1z = 0.05+0.03
A, =0.1728+(0.7408)(0.2767) +(0.4538)(0.625)

=0.6614

Question #216
Answer: A

EPV of Accidental death benefit and related settlement expense =

(2000x1.05) 0.004 —89.36
0.004 +0.04+0.05
EPV of other DB and related settlement expense = (1000x1.05)x 0'0;4 =446.81

EPV of Initial expense =50

EPV of Maintenance expense =Oi =31.91

EPV of future premiums = 100 ———=1063.83
0.094

EPV of ,L =89.36+446.81+50+31.91-1063.83
= —445.75
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Question #217
Answer: C

One approach is to enumerate all the paths from state 1 to state 3 and evaluate
their probabilities. The paths are:

113 — (0.8)(0.05) = 0.04
123 — (0.15)(0.05) = 0.0075
133 — (0.05)(1) = 0.05

The sum is 0.0975.

Alternatively, the required probability is in row 1 column 3 of the square of the
transition probability matrix. Multiplying the first row of the matrix by each column
produces the first row of the square, [0.6475 0.255 0.0975]. While only the third
calculation is required, doing all three provides a check as the numbers must sum
to one.

The number of the 50 members who will be in state 3 has a binomial distribution,
so the variance is 50(0.0975)(0.9025) = 4.40.
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Question #218

Answer: C
0.6 03 0.1 0.36 0.18 0.46
Q=0 0 1 QuxQ =l O 0 1
0 0 1 0 0 1
0 0.108 0.892
QuxQxQ,={0 O 1
0 0 1

Note that after four transitions, everyone must be in state 2. For premiums, the
probability is the sum of the first two entries in row 1 (with probability 1 that a
premium is paid at time 0). Then,

APV (Premiums) =1+0.9v +0.54v* +0.108v° = 2.35.

For benefits, the probabilities are the second entry in row 1. Then,
APV (Benefits) = 4(0.3v+0.18v* +0.108v° ) = 2.01

Difference =2.35-2.01 =0.34
Note that only the first row of each of the products needs to be calculated.

It is also possible to enumerate the transitions that produce the required events,
though for this problem the list is relatively long:

Premium at time 1:

00 (0.6)

01 (0.3)

Total = 0.9

Premium at time 2:

000 (0.6)(0.6) = 0.36

001 (0.6)(0.3) =0.18

Total = 0.54

Premium at time 3:

0001 (0.6)(0.6)(0.3) = 0.108
Benefit at time 1:

01 (0.3)

Benefit at time 2:

001 (0.6)(0.3) =0.18
Benefit at time 3:

0001 (0.6)(0.6)(0.3) = 0.108
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Question #219
Answer: E

0.251.50x = 0.25 Px = 1.75 Px

Let u be the force of mortality in year 1, so 3 i is the force of mortality in year 2.
Probability of surviving 2 years is 10%

0.10=p, p,, =€ “e# =

U= @ =0.5756

0.5 P, = 405™%) = 0.8660
3

- E(0.5756)
175 Px = Py X075 Py =€ 7€

3 —
() _ga =0.1540

0.251.5x _025Px—175Px _ 0.866—0.154 —0.82

0.25 Px 0.25 Px 0.866

150x4025 =

Question #220
Answer: C

500 1
500(110-x) 110-x

2
_ S S _
_%:ux :>:ux _110—X

=1 =15 (120-x)* [see note below]

NS _
/ux -

15, (90-t)°
Thus 5y =2t =
t p20 |230 902
ol I%Sgt _(85-t)
IS 85
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. 85
€2025 = J.o ¢ Paosdt

85(90—t)° (85-1)

8 s ns
) dt = dt
J.O t p20 t p25 IO (90)2 o
1 85 )
" 688 500J-o (90—-t)"(90—t-5)dt
1 [y 3 85 )
B 688,500 _'[0 (90—t) dt—5j0 (90—'[) dt

i 4 378
1 | —(90-t)" 5(90-t)

= -
688,500 4 3

L 0
__1 [-156.25+208.33+16,402,500 -1, 215,000]
688,500

=221

[There are other ways to evaluate the integral, leading to the same result].

x( 2 X 2
—| | =—=—|dt _ _
The S,(x) form is derived as S,(x)=¢ k [110—J _ g2n10-1), :(111010 Xj

The |, form is equivalent.

Question #221
Answer: B

Aa0.35 = d3o10] T 10 Fao X 801
15.0364 =8.7201+ ,, E,, x8.6602
10Es0 =(15.0364—8.7201)/8.6602 = 0.72935
Expected present value (EPV) of benefits =
1 1
=1000x A, 751 +2000x 15 Egg x A, o0
=16.66+2x0.72935x32.61=64.23
EPV of premiums = 7z xd, . +27x0.72935xd, .
= x8.7201+2x 7x0.72935x8.6602
=21.3527x

7w =64.23/21.3527 =3.01
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*Question #222

Answer: A
1

V=P.§ - AZE@ (this is the retrospective reserve calculation)
e 15525 P
Py = Pz — Ppeay = 0.05332-0.05107

=0.00225

1
_ Azsﬁ
A5 5]
15 Eos 1

0.05107 = PSN_a— —_
25:15] 251@

1 1 .
AZS-E _ A25:1ﬂ/?25ﬁ _ 0.00225 — 0.04406
5B 15Eps /8, 0.05107

. 001128
25 %2578 ~ .05107
25,000,V = 25,000(0.22087 —0.04406) = 25,000(0.17681) = 4420

=0.22087

There are other ways of getting to the answer, for example writing
A: the retrospective reserve formula for 2V .

B: the retrospective reserve formula for the 15" net premium reserve for a
15-year term insurance issued to (25), which =0
Subtract B from A to get

(P25 stﬂ).25ﬂ 15V

Question #223
Answer: C

ILT:
We have p,,=6,396,609/6,616,155=0.96682

» P70 =6,164,663/6,616,155 =0.93176

e,,5 = 0.96682+0.93176 = 1.89858
CF: 0.93176=,p,,=¢* = u=0.03534
Hence e, - = Py +, Py =€ +€ 72 =1.89704

DM: Since |,, and , p,, for the DM model equal the ILT, therefore |,, for the DM
model
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also equals the ILT. For DM we have |, —I,; =1, -l,, = I71(DM) =6,390,409
Hence e, 5 =6,390,409/6,616,155+ 6,164,663/ 6,616,155 =1.89763

So the correct order is CF < DM < ILT

You could also work with p’s instead of I's. For example, with the ILT,

P7o =(1—0.03318) = 0.96682
» Pz =(0.96682)(1-0.03626) = 0.93176

Note also, since e, - = p;o+, Py, @and , Py is the same for all three, you could just
order py,.

Question #224
Answer: D

1) =1000
I{7) =1000(0.99)(0.97)(0.90) = 864.27
d{’) =1000-864.27 =135.73
—-In(0.9
“In [(0.99)50.9;)(0.9)] :l35.73x% 9805
15 =864.27(0.987)(0.95)(0.80) = 648.31

d?) =864.27 —648.31= 215.96

“In(0.80
d® = 215,96 x (080) _ 215.96x 22231
0.2875

~In[(0.987)(0.95)(0.80) |

d{¥ =135.73x

=167.58

So d$) +d¥) = 98.05+167.58 = 265.63
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Question #225
Answer: B

0,05t
t Pso =€

¢ Pso :(60—t)/60
Hsp .t :1/(6O_t)

J‘lo [ 0.5t Y o005t [0
o tPaoso Hsoit L= | 60 60 (0.05) 0
:E(l_e“) ~0.13115
60

Question #226
Answer: A

. . 3 5
Actual payment (in millions) =—+ —=6.860
Pay ( ) 1.1 1.1

0.30

-1-—"--05
% 0.60

0.30—0.10
— T _0.333
1% 0.60

Expected payment =10 (%+ 0'31?;?’) =7.298

6.860

Ratio =94%
98

Question #227
Answer: E

At duration 1

Kx 1L Prob
1 V- le:2 Oxi1
>1 0-PL 1=y

So Var (;L)=Vv?q,.;(1-0,,,)=0.1296
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That really short formula takes advantage of
Var(aX +b)=a%ar(X), if a and b are constants.

Here a = v; b= PL;; X is binomial with p(X =1)=q,,,.

Alternatively, evaluate P, =0.1303
,L=0.9-0.1303=0.7697 if K, =1
,L=0-0.1303=-0.1303 if K, >1
E(,L)=(0.2)(0.7697)+(0.8)(~0.1303) = 0.0497
E(,L7)=(0.2)(0.7697)" +(0.8)(-0.1303)" = 0.1320

Var (L) =0.1320—(0.0497)" = 0.1295

Question #228
Answer: C

P(A)=

o
[EEN
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Question #229
Answer: E

Seek g such that Pr{airm > g} =0.25

a Is a strictly increasing function of T.

100-40

=0.25
120-40

Pr{T (40)>60} =0.25 since g p, =

g =3 =19.00

Question 230
Answer: B

A g =1-dé; 4 =1—(%)(7.1) =0.6619

.V =(2000)(0.6619) - (100)(7.1) = 613.80

(10 +P)(1.05) = 1,V + 05 (2000~ V)

(1oV +100)(1.05) = 613.80 +(0.011)( 2000 - 613.80)

WV =499.09

where g, =(0.001)(10)+(0.001) = 0.011

Alternatively, you could have used recursion to calculate A ., from Aﬂ@, then

éisoﬂ
from A, .5, and used the prospective reserve formula for ;3 .
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Question #231
Answer: C

1000Ay; = (1000Ag )(1+1)—dgo (1000 - Ay;)
689.52 = (679.80)(1.06) - g, (1000 - 689.52)

_ 720.59-689.52

- -=0.10
80 310.48

q[BO] - 0'5q80 = 005

1000 AIBO] = 1000Vq[80] + Vp[BO] lOOOASl

=1000x 0.05 + 689.52x@ =665.14
1.06 1.06

Question #232

Answer: D
42 776 8 16
43 752 8 16

19 and 1$5) came from 117) =1 —q® _¢(?

X+l = X

2000(8v +8v? ) +1000 (16v +16v? )
776

EPV Benefits =

=76.40

776+ 752v

EPV Premiums =34
776

j: (34)(1.92)= 65.28

,V=76.40-65.28=11.12
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*Question #233
Answer: B

pxx :l_qxx =0.96
p, =+0.96 =0.9798
Pysixst = 1= Ogepxen = 0.99

Py =v0.99 =0.995

" 0.9798 (0.9798)(0.995
8 5 =1+vp, +Vix,p, =1+ o +( 1.0)5(2 )
=2.8174
0.96)(0.99
8og =1 VP +V° % 5 P =1+ 0.9 , (0.96)(0.99) _, 774

1.05 1.052
EPV = 20004 5 +20004 5 +60004

= (4000)(2.8174) + (6000)(2.7763)
=27,927
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Question #234
Answer: B

PP (1) =g =020
¥ =1-tq® =1-0.08t
¥ =1-tq® =1-0.125t
1 T l ! ’ ’
Q>(<1) = _[Ot pf( )M((l) (t)dt = Iot px(Z)t px(B)t px(l),u

= [ (1-0.08t)(1-0.125t)(0.20)

@) gt

X+t

=0.2[ :(1—0.205t+0.01t2)dt

2 3T
:O_Z{t_o.zoa | 0.01t }

2 3

- (0.2){1—0.1025+%} =0.1802
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Question #235
Answer: B

(G -0.1G —(1.50)(1))(1.06) ~1000q(5) — 2.93x gy

(d) _ 4(w)

AS =
1 d
1-040" — Qg

~ (0.9G -1.50)(1.06) - (1000)(0.00278) - (2.93)(0.2)
- 1-0.00278-0.2

~0.954G-1.59-2.78-0.59
0.79722

=1.197G -6.22

(1AS+G—0.1G —(1.50)(1))(1.06) ~1000q} - ,CV x g’

(

,AS = "
1—(&(&) —Q41)

~ (1.197G -6.22+G —0.1G ~1.50)(1.06) - (1000)(0.00298) — ,CV x0

1-0.00298-0

_ (2.097G -7.72)(1.06) - 2.98
B 0.99702

=2.229G-11.20

2.229G-11.20=24
G =158
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Question #236
Answer: A

As (4AS+G(1-c,)—e,)(1+i)-1000q,Y, — sCV xq,’)
5 1_q(1) _q(z)

X+4 X+4

(396.63+281.77(1-0.05) - 7)(1+i) -90-572.12x 0.26

1-0.09-0.26

_ (657.31)(1+i)-90-148.75
- 0.65

=694.50

(657.31)(1+i)=90+148.75+(0.65)(694.50)

. 690.18

1+i=
657.31
i =0.05

=1.05

Question #237 - Removed

Question #238 — Removed
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Question #239
Answer: B

Let P denote the annual premium

The EPV of benefits is 25, OOOK@ = 25,000(0.4058) =10,145.
The EPV of premiums is P& _, =12.522P

The EPV of expenses is

(0.25-0.05)P+0.05 P, +(2.00~0.50) + 0.50 a@]_zf”o%%(’

=0.20P +0.6261P +194.025+12 + 37.566 = 0.8261P + 243.591

+(15-3)+38 5

Equivalence principle:

12.522 P =10,145+0.8261P + 243.591
10,388.591

T 12522-0.8261
—888.23

Question #240
Answer: D

Let G denote the premium.
Expected present value (EPV) of benefits = 1000A, —

EPV of premiums = G4, ;5

EPV of expenses =(0.04+0.25)G +10+(0.04+0.05)Ga, 5 +58,
=0.29G6+10+0.09G a, 5 +5a,,14
=0.2G +10+0.09G &, +58,,5

(The above step is getting an 4, ., term since all the answer choices have one. It
could equally well have been done later on).
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Equivalence principle:

G é, ;5 =1000A, - +0.2G +10+0.09G &, . +5a, 1
G (8,75 ~0-2-0.098, ) =1000A, - +10+5a, -

_1000A,,55 +10+5a,,55
0.918, - —0.2

Question #241 - Removed

Question #242
Answer: C

10AS+G-¢,, G- e10)(1"‘ i)-10, OOqu(fl)O -1uCV qgvl)o
1_q (d) _q (W)

x+10 x+10

11 AS :(

(1600+200—(0.04)(200) - 70)(1.05) - (10,000)(0.02) —(1700)(0.18)

1-0.02-0.18

~1302.1

0.8

=1627.63
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*Question #243
Answer: E

The net premium reserve at the end of year 9 is the certain payment of the benefit
one year from now, less the premium paid at time 9. Thus, it is 10,000v — 76.87.

The gross premium reserve adds expenses paid at the beginning of the tenth year
and subtracts the gross premium rather than the net premium. Thus it is 10,000v +
5+ 0.1G — G where G is the gross premium.

Then,

10,000v —76.87 — (10,000v +5-0.9G) =1.67
0.9G-81.87=1.67

0.9G =83.54

G =92.82

Question #244
Answer: C

(3AS+G—c,G—e, )(1+i)-1000q.%} - ,cva,")
1_q(d) _q(W)

X+3 X+3

JAS =

Plugging in the given values:

.. (25.22+30-(0.02)(30)—5)(1.05)-1000(0.013) - 75(0.05)
B 1-0.013-0.05

4

~35.351
0.937

=37.73
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With higher expenses and withdrawals:

25.22+30—(1.2)((0.02)(30)+5)(1.05)—1000(0.013) - 75(1.2)(0.05)

AS revised _
! 1-0.013-(1.2)(0.05)

(48.5)(1.05)-13-4.5
0.927

33425
0.927

= 36.06

JAS — , AS "®Vis®d _ 37 73_36,06
= 1.67

Question #245
Answer: E

Let G denote the gross premium.
EPV (expected present value) of benefits =1000,y 50 Az -
EPV of premiums =G4, .
EPV of expenses =(0.05+0.25)G + 20 first year
+[(0.05+0.10)G +10 |a, ;; years 2-5
+10 5‘335:1 years 6-10 (there is no premium)
=0.30G +0.15G a

30:4]
=0.15G +0.15G 3'3@

+20+10 a7 +10 5 33(@

+20+10 0]

(The step above is motivated by the form of the answer. You could equally well put it that
form later).

Equivalence principle:
G5 =1000,g0 Ay +0.15G +0.15G &, 51 + 20 +10a

30:9]
(10004150 Ay +20+10a,, 5 |
(1-015)a,, ¢ —0.15

(1000, Ao +20+102, )
0.854, 5 —0.15

G=
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Question #246
Answer: E

Let G denote the gross premium
EPV (expected present value) of benefits

=(0.1)(3000)v +(0.9)(0.2)(2000)v* +(0.9)(0.8)1000v?
300 . 360 720

= + 5+ 5 =1286.98
1.04 1.04° 1.04

EPV of premium =G
EPV of expenses = 0.02G +0.03G +15+(0.9)(2)v

=0.05G +16.73

Equivalence principle: G =1286.98+0.05G +16.73

G= 1308.71 =1372.33
05

Question #247
Answer: C

EPV (expected present value) of benefits = 3499 (given)

EPV of premiums =G +(0.9)(G)v

=G +% =1.8571G
1.05

EPV of expenses, except settlement expenses,
=[25+(4.5)(10)+0.2G |+(0.9)[ 10+(1.5)(10)+0.1G Jv+(0.9)(0.85)[10+(1.5)(10) v

104006 4 09(25+0.0G) 0.765(225)
1.05 1.05

=108.78+0.2857G
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Settlement expenses are 20+(1)(10) =30, payable at the same time the death benefit is
paid.

So EPV of settlement expenses = 30 EPV of benefits
10,000

— (0.003)(3499)
—~10.50

Equivalence principle:

1.8571G = 3499 +108.78+0.2857G +10.50

_ 3618.28 _ 930259
1.8571-0.2857

Question #248
Answer: D

éig,o;ﬂ =850 — 0 Esp dg
=13.2668 — (0.23047)(8.5693)

=11.2918
. 0.06
Asozgl =10 85,56 =1~ —j(ll.2918)
1.06
=0.36084

Expected present value (EPV) of benefits =10,000A, 5
=3608.40

EPV of premiums = 4958, -
=5589.44

EPV of expenses =(0.35)(495)+20+(15)(10)+ [(0.05)(495) +5+ (1.50)(10)] 8, 15]
—343.25+(44.75)(11.2918-1)
=803.81

E(L) = EPV benefits + EPV expenses — EPV premiums
= 3608.40 + 803.81 — 5589.44
=-1177.23
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Question #249
Answer: B

1 1
q;L(y = J-O t pxy:uxﬂdt = J.O t pxt py:uertdt
Lo 025t
= J'O q.e ~dt (under UDD, ,p, 4., =0,)

0.125=q, (~4e°*)| =g, (4)(1-e %) =0.8848g,
g, =0.1413

Question #250
Answer: C

11 1 .11 2 2
2 Piga = P Pixgez + Prxgen Prxpez

{or 2 or ) on-Sfor )

= 0.75(0.7333) + 0.25(0.3333) = 0.6333

Note that Anne might have changed states many times during each year, but the
annual transition probabilities incorporate those possibilities.

Questions #251-260 — Removed
Question #261

Answer: A

The insurance is payable on the death of (y) provided (x) is already dead.

E(Z)= Ryz = Jj e™.q,, p,u,. dt
_ J‘O°° @008t 1- e—0.0?t)e—0.0Qt 0.09dt

=0.09) e —e*dt

=0.09 1 =0.191
0.15 0.22
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Question #262

Answer: C
0 _95-x-t 1 D, =gt
T Tgg Ty 1 et Ty 1Py

Pr(x dies within n years and before y) = J'On ¢ Pt Pyt dt

95 -x-t 1 1 J'ne“‘td o 1l-e”
0 95-x = 95-—x-—t 95— x o 1(95—-X)

Question #263
Answer: A

0.25
2 —
0.25 q30.5:40.5 - J.O t p30.51u30.5+t tq40.5dt

_J.o.zs 04 0.6t
°© 1-0.5(0.4)1-0.5(0.6)
0.25
_0408) 1 h1aa
0.8(0.7) 2 .

Question #264 — Removed

Question #265
Answer: D

(P =exp [—ﬁSrdr} —g 2
P, =exp [—j; rdr} — g0

! L 0st2 252 1o
ai, ZLtpythﬂx+tdt=Le e 5tdt=5J'0e tdt
1

6

5 e
_ 2

:%(1—e3) =0.7918

0
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Question #266

Answer: B
(L g v [ 1
03025 30(25)(2) o 60

2520 2015 200 4

H = 5 Paoes — 10 Paoss = T750 15
5 Psoss — 10 Paoss 3025 3025 750 15

G+H 1 +16 —2:0.2833

“60 60 60

Question #267
Answer: D
S, (t) = exp[— [\(80- x)°'5de - exp[z(so— x)°-5|t0} — exp[ 2(80-1)"° ~80°)

F =S, (10.5) = exp| 2(69.5°° ~80°°) | = 0.29665
S,(10) = 0.31495

S,(11) =0.27935

G = S, (10.5)*° =[0.31495(0.27935)]°° = 0.29662
F —G =0.00003

Question #268
Answer: A

E(Z)=500] 0.2(1-0.25)dt +1000[ 0.25(0.21)dl
4 4
=500(0.2)(t —0.125t2)|0 +1000(0.25) (0.1t2)|0
=100(4 - 2) + 250(1.6) = 600

Question #269
Answer: A

1093555 = 10930 20050 = (1-e°)(1-e"°)=0.1548
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Question #270
Answer: C

eSO 50 e30+ e50 e30:50
6y =6 = [ €™t =20
€050 = J'O e '%dt =10

=20+20-10=30

3050
Question #271
Answer: B

_10:50 = _[: e’ ¢ Pao ¢ Pso e, At = J.: e e e 10,05dt = % =0.3846

Question #272
Answer: B

T, has the exponential distribution with parameter 0.05 + 0.05 = 0.10 and so its

mean is 10 and its variance is 100.

Question #273
Answer: D

COVU—SO:SO 'Tm] = (eoSO - e030:50 j (éSO 30 50 j (20 10)(20 10) 100

See solution to Question #270 for the individual values.

Question #274
Answer: E

V= (Vv +7[3)(1+ i3) —Oys2 (ba - 3V)
96 =(84+18)(1.07)-q,,,(240-96)
d,., =13.14/144 = 0.09125
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Question #275

Answer: A
V + 1+i,)—0.,..b 96 + 24)(1.06) - 0.101(360
4V — (3 ”4)( 4) qx+3 4 — ( )( ) ( ) 210105
Pyis 0.899
Question #276
Answer: D
Under UDD:
= 0.5q,., _ 0.5(0.101) _0.0532
ST 1-05q,., 1-0.5(0.101)
Question #277
Answer: E
3.5V =V 05 Pss 4V +V*° 05 q3.5b4
=1.06""°(0.9468)(101.05) +1.06 °°(0.0532)(360)
=111.53
Question #278
Answer: D
6050 2
1- 10 P30:40 =1- 10 P30 10 Pao :1_%E :7
Question #279
Answer: A
10 101 t 50
1005040 = .[0 ¢ Paottzgs (L= Pyo)dt = 0 %adt = m =0.0119
Question #280
Answer: A
20 20
J.lo t Psotao tq40dt +.[10 t Paobagit tqaodt
B 20iLdt+ 0] t 1 400-100 1 400-100 _0.0714

= —_—— [ — +_
07060 06070 70 2(60) 60 2(70)
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Question #281
Answer: C

30 30
140, OOOI t Psodlao.t ¢ p4odt +180, 000_[ t PaoMaost ¢ psodt

"1 600tdt 180, oooj 1 70—t

60 70
2 2 2 2
=140, 000iu 180,000— L M=115,714
70 2(60) 60 2(70)

—140, oooj

Question #282
Answer: B

PjMO t60-t _ j 4200-130t + 2t
60 . 4200%

2—420 [4200(20) —130(200) + 8000/ 3] =14.444P

20
P_[ t Pso ¢ p40dt =

Question #283
Answer: A

Note that this is the same as Question 33, but using multi-state notation rather
than multiple-decrement notation.

The only way to be in State 2 one year from now is to stay in State 0 and then
make a single transition to State 2 during the year.

1
2 (Y o0 02 (0.3+0.5+0.7)t e _1 _ al5y _
p = [ pluldt= e 0.5dt=0.5 150_3(1 e*%)=0.259
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Question #284

Answer: C
, . (m) . m_l m2 1
Woolhouse’s formula to three terms is &g, :ago—ﬁ—l2 (0 + 1) - Then,
2-1 2°-1 4-1 4*-1
@ _§O) = f, (O + ) — gy +——+——— (5 +
dgy’ —dgy’ = gy 202) 12(2)( Hgy) — 8y 2(4) 12(4)2( M)

8.29340—8.16715 = —(1/ 4) + (3/8) —[(3/ 48) — (15/192)1(5 + 115,
0.00125 = 0.015625(5 + 415, )

S+ 1, = 0.08

8, = 42 +1/ 4+ (3/48)(0.08) = 8.5484.

The answer is:

12-1 122-1 11 143
(12) _ 8.54840 - — —-——(0.08) = 8.08345.
i) 12(12)( + o) = 24 1728 008 =

Question #285
Answer: B

2 3
1| a70;ﬂ =V, Py TV 3Py

0.000003

B
Dy = e*Ate( Incj -y e70.0002te[7 In(1.1)
t

, Py = €700 (0 9754483) 4 = 0.9943956
L Py = €024 (0,9754483)" = 0,9912108
Jla; =0.9943956/1.05° +0.9912108/1.05° =1.7582.

]1.170 (1.1-1)

_ e—0.000Zt (0.9754483)1'11 -1

Question #286
Answer: E

AL 5 =V0g, + V* Psgllsy

o _d ke _ [ e
P, = 0.951311

p;;, =0.941861

AL~ =0.048689/1.03+0.951311(0.058139) /1.03% = 0.09940.

_ e—0.0000054848(1.2)5°
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*Question #287
Answer: E

The reserve at the end of year 2 is 10,000vq,, — 7, where z, is the net premium in year 3.
From the equivalence principle at time zero:
10,000(va, + v? Psols; + Ve Pso Ps10s,) = 0.575 + 0.57,vpg, + 773V2 Pso Psy

+

0.05 0.95(0.06) _0.95(0.94)(0.07)

10, OOO(

1.04

1.04

1563.4779 =1.782367,
7, =877.1953

Vv =10,000(0.7)/1.04—-877.1953 = -204.12

*Question #288
Answer: C

The net premium in year one is V(. . By the equivalence principle:

1.04°

=1 05+05
j ( 1.04

_l_

10,000(V0l, +V? Pgys; +V° Psg P05 ) = 10,000V, + (VPg, + V7 Psg Py )7

0.95(0.06) _ 0.95(0.94)(0.07)

10, 000(

1.04?

1082.708665 =1.739090~

7 =622.57

1.04°

1.04

v =10,000(0.07)/1.04 -622.57 =50.51.

Note that this is a full preliminary term reserve without that term being used.

Question #289

1.04?

(0.95 N o.95(o.94)j

0.95 O.95(O.94)j
2 73
1.04

Answer: E
;et;‘r VP E | | EDB | EV | Pr | ,p, | m
0* 0 0 | 1000 | © 0 0 | -1000 | 1.000 | -1000.0
1 0 | 14500 | 100 | 864 | 14000 | 690.2 | 573.8 | 1.000 | 573.8
2 | 700 | 14500 | 100 | 906 | 15000 | 689.5 | 316.5 | 0.986 | 312.1
3 | 700 | 14500 | 100 | 906 | 16000 | O 6]0.971 5.8

NPV =-1000+573.8v +312.1v* +5.8v® = —216.08 using a 10% discount rate.

*The 1000 at time 0 is neither accumulated nor discounted. The value is treated as

occurring at the end of time 0 and not as occurring at the beginning of year 1.

*Question #290
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Answer: C

Expected present value of future profits
=140v +0.95(135) p,,v* +(0.95)*(130) , p,,v° =314.09 at a 10% discount rate.

*Question #291
Answer: B

Solution
Profit = (6,000 + 700 —10)(1.06)"** —0.002(200, 000) — 0.0015(50, 000 + 15, 000)

—0.9965(6, 200) = 46.7.

*Question #292
Answer: C

245=1p,,274 and 300 =, p,,395

Present value of expected premiums:
1000[1+ (245/ 274)(1/1.12) + (300/395)(1/1.12%)] = 2403.821.

Present value of expected profits:
—400+150/1.12+245/1.12% +300/1.12° =142.775.

PV Profit / PV premium = 5.94%

Question #293
Answer: B

P[1+0.97(0.98624) + 0.92(0.98624)(0.98499)]
=100,000[0.97(0.01376) + 0.92(0.98264)(0.01501) + 0.87(0.98264)(0.98499)(0.01638)]
P =1431.74.
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Question #294
Answer: A

Let Ir equal 1 if the index drops below its current level in the next year and equals
0 otherwise.

E[X, | 1. =1]= N(1000)vq, = 48.54N

E[X, |l =0]=0

E[X,]=0.1(48.54N)+0 = 4.854N

Var[X, | 1. =1]=(1000v)*Nq, (1-q,) = 44,773.31IN

Var[X, |1 =0]=0

E[Var(X, | 1.)]=0.1(44,773.31N) + 0 = 4,477.33N

Var[E(X,, |1:)]=0.1(48.54N)? +0— (4.854N)? = 212.05N*

Var[X,]=4,477.33N +212.05N°

—Var(xlo): 25.69
10 '
ar(X 2
i —\N(N)= i J4,477.33N +212.05N _ /21305 —14.56

N —o0 N N -0 N

25.69-14.56 =11.13.

*Question #295
Answer: E

The actuarial present value of the death benefit is

100. 000 8) DGV + (5 ) (A + (55, ) (A
S62|62
3.589(4)(213)v°° +3.643(4)(214)v** + 3.698(4) (215)v?°

=100,000
3.589(52,860)

=4,585.
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Question #296
Answer: A

Policy 1:

AV} =[AV,, +G — E — (100,000 — AV}) ., 0, /1.004](1.004)
= (Avse +G - E)1-004 -100, 0001/12 Oss + AV317 112 %63
= [(Avse +G - E)1-004 —100, OOO1/12 q63] / (1_ 112 qas)

Policy 2
AV2Z =[AV,, +G - E -100,000,,,,,, /1.004](1.004)
= (AV,, + G — E)1.004 100,000,

Because the starting account value, G and E are identical for both policies:

AVL [ AV2 =1/ (1— ,,,0) =1/ [1- (1/12)(0.01788)] =1.0015.

*Question #297
Answer: E

The recursive formula for the account values is:
AV, , =(AV, +0.95G -50)1.06 — (100,000 - AV, ,,)0s,. -

This is identical to the recursive formula for net premium reserves for a 20-year
term insurance where the net premium is 0.95G — 50. Because the net premium
reserve is zero after 20 years, using this premium will ensure that the account

value is zero after 20 years. Therefore,

l - —
0.95G — 50 = 100,000 Ag@ _ Ao 0B _ 19 gop0:24905-0.23047(0.51495)
820 Bso — 20 Esoling 13.2668 —0.23047(8.5693)

G = (1154.55+50)/0.95 = 1,267.95.
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Question #298
Answer: A

5,000

E(Z?2) = (5,000/1.030) (0.005){m

} (1-0.005)(0.006)

N 5,000
1.030(1.032)(1.035)
=392,917

} (1-0.005)(L— 0.006)(0.007)

Question #299
Answer: E

Note: This solution used the derivatives at 4.50 and 4.75. The question did not
specify whether this should be done as a forward or a backward recursion. Either
would have been fine. Using the derivatives at 4.75 and 5.00 produces an answer
of 922.3. See sample questions 306 and 307, where the derivatives to use are
specified.

f1as 75 = 0.00004(L.1%7°) = 0.002847
J1;s = 0.00004(1.1%°) = 0.002780

1000— E(, ,sL) = 0.25{0.04E(, ,, L) +150—150(0.05) — 0.002847[10,000+100— E(, ,. L)I}

E(,,sL) =£1000-0.25[150 —150(0.05) — 0.002847(10, 000 +100)]}/ [1+ 0.25(0.04 + 0.002847)]
=961.27

961.27 — E(, L) = 0.25{0.04E(, . L) +150 —150(0.05) — 0.002780[10, 000 + 100 — E(, . L)I}

E(,L) ={961.27 —0.25[150 —150(0.05) — 0.002780(10, 000 +100)]}/ [1+ 0.25(0.04 + 0.002780)]
=922.795

Question #300
Answer: B

Assumed profit =
800[(83.30+87(1—-0.03))(1.05) — (0.0035)(10,000) — (1—0.0035)(141.57)] =0 .

This is expected because it should be zero with gross premium reserves and the
gross premium reserve assumptions

Actual profit =
800[(83.30+87(1—0.025))(1.04) — (0.0025)(10,000) — (1-0.0025)(141.57)] = 6907.14.

Gain from all sources = 6,907.14 — 0 = 6,907.14.
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Question #301
Answer: E

The death benefit is max(100,000,1.3x85,000 =110,500) =110,500.
The withdrawal benefit is 85,000 1,000 = 84,000 .

_ (4AS+P—E)(1+i)-110,500q% ™" —84,000qy,""""

10 AS = 1— q%eath) —q %vithdrawal) =
_ (75,000 +9,000—900)(1.08) —110,500(0.01) —84,000(0.03)
B 1-0.01-0.03
=89,711.

Note — companies find asset share calculations less useful for universal life
policies than for traditional products. This is because policyholders who choose
different premium payment patterns have different asset shares. However, for any
pattern of premiums, an asset share can be calculated.

Question #302
Answer: B

_ (g\/ +G— E)(l+ i) _1000qf(death) _ 10CV (1_ q/(death))qr(withdrawal)

X+9 X+9 X+9

1_ qr(death) _ (l— q/(death) )qr(withdrawal)

X+9 X+9 X+9

_ (115+16—3)(1.06) —1000(0.01) —~110(1—0.01)(0.10)
- 1-0.01—(1-0.01)(0.10)

lOV

=128.83.

Expected deaths = 1000(0.01) = 10; actual deaths = 15.

Expected withdrawals = 1000(1 — 0.01)(0.1) = 99; actual withdrawals = 100.

Gain from mortality and withdrawals is equal to

(Expected deaths — Actual deaths)(Death benefit — End of Year Reserve)

+ (Expected withdrawals — Actual withdrawals)(Withdrawal benefit — End of Year
Reserve)

= (10 — 15)(1000 — 128.83) + (99 — 100)(110 — 128.83) = -4337.

Question #303
Answer: C

Because there are no cash flows at the beginning of the year, the only item
earning interest is the reserve from the end of the previous year. The gain is
1000(10,994.49)(0.05 — 0.06) = -109,944.90
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Question #304
Answer: B

Expenses are incurred for all who do not die. Because gain from mortality has not
yet been calculated, the anticipated experience should be used. Thus, expenses
are assumed to be incurred for 1000(1 — 0.01) = 990 survivors. The gain is 990(50
—60) =-9,900.

Question #305
Answer: E

The tenth reserve is
3 V(L+i)—(@1-0q$)(1000 +50)
1-qf
10,994.49(1.06) — (1-0.01)(1050)
1-0.01

10V

10V =

v =10,721.88,

Note that reserves are prospective calculations using anticipated experience.

There were 2 more deaths than expected. For each extra death, an annuity benefit
is not paid, an expense is not paid and a reserve does not have to be maintained.
Thus, the saving is 1000 + 60 + 10,721.88 = 11,781.88. The total gain is
2(11,781.88) = 23,563.76. Because the gain from expenses has already been
calculated, the actual value is used.

As an aside, the total gain from questions 303-305 is -96,281. The actual profit can
be determined by first calculating the assets at the end of the year. Begin with
1000(10,994.49) = 10,994,490. They earn 5% interest, to accumulate to
11,544,215. At the end of the year, expenses are 60 for each of 988 who did not
die, for 59,280. Annuity benefits of 1000 are paid to the same 988 people, for
988,000. Assets at the end of the year are 11,544,215 — 59,280 — 988,000 =
10,496,935. Reserves must be held for the 988 continuing policyholders. That is,
988(10,721.88) = 10,593,217. The difference, 10,496,935 — 10,593,217 = -96,282.

Note also that gain is actual profit minus expected profit. If reserves are gross
premium reserves, as in this problem, expected profit = 0 and thus total gain =
actual profit. Problem 300 illustrates a case where total gain is different from actual
profit.
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Question #306
Answer: E

. d
A :atv =G+5(V)- (b, - V)

Att=4.5,
,V'=25+0.05(,.V)-0.02(4.5)(100—- ,.V) =16 +0.14(, V)
Euler's formula in this case is .V =,V +(5.0-4.5),V'.
Because the endowment benefit is 100, , V =100 and thus,
100=,V +0.5(, V") =,V +0.5[16 + 0.14(, V)] =8+1.07(, V)

.V =85.981.

Similarly,

WV =V+(45-40) V" and

wV'=25+0.05(,,V)-0.02(4.0)(100—-, V) =17+0.13(, V)
85.981=,V +0.5(, V") =,V +0.5[17+0.13(, V)] =8.5+1.065(, V)
WV =T72.752.

Note that if smaller step sizes were used (which would be inappropriate for an
exam question, where the step size must be specified), the estimate of the time 4
reserve converges to its true value of 71.96.

Question #307
Answer: A

. d
v :atv =G+o(V)- b, - V)

Att=5.0,

sV =25+0.05(;,V)—-0.02(5.0)(100 - V) =15+0.15(; V)

Because the endowment benefit is 100, .V =100 and thus,

V' =15+0.15(100) = 30.

Euler's formula in this case is ,V =,V +(4.5-5.0), V' =100-0.5(30) = 85.

Similarly,
WV =,V +(4.0-45),V'" and

LV =25+0.05(,.V)—0.02(4.5)(100 — , V) =16+0.14(, V) =16+ 0.14(85) = 27.9.
.V =85+ (4.0-4.5)(27.9) = 71.05.

Note that if smaller step sizes were used (which would be inappropriate for an
exam question, where the step size must be specified), the estimate of the time 4
reserve converges to its true value of 71.96.
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Question #308
Answer: A

t t
- mts efjo(o.osw.ozs)ds _ o005 0.012)

P, = €% =0.94176
APV = j0480(1—o.25t)e-5tt p, 4 dlt
f (1) = 80(L—0.25)e °%(0.94176)(0.05+ 0.02) = 3.7625.

Question #309
Answer: D

Let P be the net premium. There are three ways to approach this problem. The
first two are intuitive:

The actuarial present value of the death benefit of 1000 is 1000,, A,,. The return of

net premium benefit can be thought of as two benefits. First, provide a ten-year
temporary annuity-due to everyone, with actuarial present value Pé, .. However,

those who live ten years must then return the accumulated value of the premiums.

This forms a pure endowment with actuarial present value P$_,,E,,. The total

actuarial present value of all benefits is 1000,, A, + P4, . — PS5, E,, . Setting this

equal to the actuarial present value of net premiums (P&d ) and solving gives

4020]
1000, Ay, + P&, — P51,y = Pd,

100010| Ay = ngo\

p— 100010\ A40 _ 100010 E40 Aso — 1000A50 ]

Es :

.S.lT)] 10 SlT)\ 10 E40 SlT)\

The second intuitive approach examines the reserve at time 10. Retrospectively,
premiums were returned to those who died, so per survivor, the accumulated
premiums are only the ones paid by the survivors, thatis P$;,. There are no other

past benefits so this is the reserve (it is easy to show this using a recursive
formula) Prospectively, the reserve is the actuarial present value of benefits (there
are no future premiums), or 1000A,,. Setting the two reserves equal to each other
produces the premium:

p _ 1000A,

St
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The final approach is to work from basic principles:
APV (net premiums) = Pd, ..
9 9-k

APV benefits = 1000, Ay +PD D VI oo (L+0) 040,

k=0 j=0
In that double sum, k is the time the premium is paid, with probability , p,, that it is
paid. j is the curtate time, from when the premium was paid, until death. The
amount of premium refunded, with interest is P(1+i)'*. The probability, given that
it was paid, that it will be refunded at time j+1is ||q,,,, . The interest discount

factor, from the date of refund to age 40 is v*™**vk4*1 Then,
9 9k L 9 9-k
PY DV g @+i)™ g =P DV Pl 1 Oao

k=0 j=0 k=0 j=0
9
= szk (k P — 10 p4o) = P(am;ﬂ 10 p4oaro\)
k=0

Setting APV net premiums = APV benefits:
Pa, & =1000,4 A, + P(f';i40m — 10 p4oéim)
P p4oa:ro\ = 100010\ Ay

p—10 E,,(1000A,) Ve 10 Pao (1000A) _ 1000A;, .

10 Paolig 10 Pl Sl

The numerical answer is
249.05 =17.83.

T 13.97164
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Question #310
Answer: B

Final average salary
50,000

T[(1.04) *+(1.04)* + (1.04)* | =133,360.2

Annual retirement benefit

=0.017(27)(final average salary)(0.85) =52,030

Note that the factor of 0.85 is based on an interpretation of the 5% reduction as
producing a factor of 1 — 3(0.05) = 0.85. This is the approach used in AMLCR. An
alternative approach is to use 0.953. Upon rounding, the same answer choice

results.

Question #311
Answer: E

Retirement Benefit

20% x
Age at Interest Years Total
Retirement  Salary discount Prob of Service Reduction APV
63 253,094 e 0050 0.06 0.6 0.40 4,705
64 263,218 g 0054 0.05 0.8 0.20 6,896
65 273,747 e 0050 0.43 1.0 0.0 91,674
Sum 103,275
APV above

= Salary x Interest discount x prob x (20% x Years of service) x (1-reduction)

Death Benefit

Age at Interest
Death Salary discount prob
60 225,000 e 00 0.01
61 234,000 g 00 0.01
62 243,360 e 0050 0.01
63 253,094 e 0054 0.01
64 263,218 e 00%0) 0.01
sum

total
2,140
2,117
2,095
2,072
2,050
10,474

Total APV of both benefits = 103,275 + 10,474 = 113,749.
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Question #312
Answer: B

g, = (85 —1) % (1+1)/ pgg
=(5.89-1)x(1.06)/(1-0.077) = 5.616
Ag =1-d &, =1-(0.06/1.06)x5.616 = 0.6821

Modified renewal net premium
=1000x0.6821/5.616 =121.5

Agy =1—d &, =1—-(0.06/1.06)x3.65 = 0.7934
oV T =1000x0.7934 —3.65x121.5 = 350

Note: Other reserve formulas could also be used, including 1000x (1&g, /&, ).
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Question #313
Answer: E

Gross premium = G
Gé,; = 2000A,, + 1(@}20 + o.5(2000]+1o 4, +0.20G +0.05G4
1000 1000
22 11
0.954,; —0.20)G = 2000A,, + 22 +114,,

2000A,; +22+11d,;  2000(0.20120) + 22 +11(14.1122)
0.954,, —0.20 0.95(14.1121) —0.20

G- —43.89

There are two ways to proceed. The first is to calculate the gross premium reserve
and the benefit reserve and take the difference.

2000A,, _ 2000(0.2012) _ 2852,

d, 14.1121

The net premium reserve is
2000A,, —28.524,, = 2000(0.30514) —28.52(12.2758) = 260.17.

The net premium is

The gross premium reserve is
2000A,; +[0.05(43.89) +0.5(2000/1000) +10]4&,; —43.894,,

=2000(0.30514) + (13.19-43.89)(12.2758) = 233.41.
Expense reserve is 233.41 — 260.17 = -27

The second is to calculate the expense reserve directly based on the pattern of
expenses. The first step is to determine the expense premium.

The present value of expenses is

[0.05G +0.5(2000/1000) +10]4,; + 0.20G +1.0(2000/1000) + 20

=13.1945(14.1121) +30.778 = 216.98.

The expense premium is 216.98/14.1121=15.38

The expense reserve is the expected present value of future expenses less future
expense premiums, that is,

[0.05G +0.5(2000/1000) +10]4,, —15.384,, = —2.1855(12.2758) = -27

There is a shortcut with the second approach based on recognizing that expenses
that are level throughout create no expense reserve (the level expense premium
equals the actual expenses). Therefore, the expense reserve in this case is
created entirely from the extra first year expenses. They occur only at issue so the
expected present value is 0.20(43.89)+1.0(2000/1000)+20 = 30.778. The expense
premium for those expenses is then 30.778/14.1121 = 2.181 and the expense
reserve is the present value of future non-level expenses (0) less the present
value of those future expense premiums, which is 2.181(12.2758) = 27 for a
reserve of —27.
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Question #314
Answer: B

1000A,,  161.32

The valuation premium in years 21 and later is — =
4,  14.8166

=10.89.

The valuation premium in year 1 is 1000q,,v = % =2.62.

Let P? denote the valuation premium in years 2-20. By the equivalence principle:
1000A,, = 2.62+ P*(&, ; —1) +10.89,,4,,

where 8, = 5, E, o8, =0.27414(11.1454) = 3.0554 and
8,055 = a0 — 20/8s =14.8166 —3.0554 =11.7612,

Then,

161.32 = 2.62+(11.7612 —1)P? +10.89(3.0554)
P?=11.66

V™ =1000A, —11.664_,; —10.89, &,

where

5955 = 0.70810(11.1454) = 7.8921

d, 5 =12.2758-7.8921=4.3837

V™ =305.14—11.66(4.3837) —10.89(7.8921) = 168.08

Question #315
Answer: D

1 px = 09’ 2 px = 081

Let v(k) denote the present value at time O of a payment of 1 at time k. Thus,
1 and v(2) = ! X ! .

1+ year 1 rate 1+ year 1 rate 1+ year2rate

This notation is used in Chapter 11 of ALMCR. There all the rates are known
based on the initial yield curve. Here the v(k) are conditional upon the future

interest rates. For the up/up path, the year 1 rate is 0.07 and the year 2 rate is
0.09. Then,
V(1) =0.93458, v(2) = 0.85741, 4 4 =1+,p,v(1)+,p,V(2)
=1+0.9(0.93458) + 0.81(0.85741) = 2.53562.
For the other paths:

v(d) =

Path Year 1 rate | Year 2 rate v(1) v(2) a

Up/down 0.07 0.05 0.93458 0.89008 2.56209

Down/up 0.03 0.05 0.97087 0.92464 2.62274

Down/down 0.03 0.01 0.97087 0.96126 2.65240
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The unconditional expected present value is the weighted average of the
conditional ones:

Y =100,000[0.75(0.75)(2.53562) + 0.75(0.25)(2.56209)
+0.25(0.75)(2.62274) + 0.25(0.25)(2.65240)]
= 256,422.

Question #316
Answer: C

,En=0-q,)/1.04=(1-0.00278) /1.04 = 0.95887
If i becomes 0.06 starting at age 41,
APV benefits =1000q,,v + , E,,(L000) A,

=1000(0.00278) /1.04+0.95877(168.69) = 164.41

APV premiums of P = P(1+,E,,d,,) = P[1+0.95887(14.6864)] =15.0823P
If i remains at 0.04,
1-A,  1-0.27345

%0 =10,04/1.04) _ 0.03846
Unconditional APV of benefits = 0.75(273.45) + 0.25(164.41) = 246.19
Unconditional APV of premiums = 0.75(18.8911P) +0.25(15.0823P) =17.9389P
By the equivalence principle, P =246.19/17.9389 =13.72

=18.8911

Question #317
Answer: D

Profit = (,)V +G — E)(L+i)—10,000q — ,/ (1— q)
= (2,750 + 200 — 20)(1.07) —10,000(0.01) — 2,920(0.99)
=144.30

Dividend = 0.8(144.30) =115.44
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Question #318
Answer: B

Profit = (,v +G —E)(1+1)—(Total face)q -,V (1-q)
=(3,600-+ 200 - 20)(1.07) — (10,000 + 2,000)(0.01) — 3,800(0.99)

=162.60
Dividend = 0.8(162.60) =130.08

Reversionary bonus amount = 130.08 =296.31
0.439

296.31 0.025
10,000+ 2,000

Compound reversionary bonus rate =

Question #319
Answer: B

Under the Traditional Unit Credit cost method the actuarial accrued liability (AAL) is the
actuarial present value of the accrued benefit on the valuation date.
The formula for the accrued benefit, B, is
B =(0.02)(FAS)(SVC)
Where FAS is the final average salary and SVC is years of service.
FAS is the average of the salaries in the years 2013, 2014, and 2015, which is 35,000 x
(1.03% + 1.03% + 1.03%)/3 = 38,257. Therefore
B =(0.02)(38,257)(5.0) = 3826 .
The AAL is the actuarial present value (as of the valuation date) of the accrued benefit and
IS given by
AAL =B- & 'qz(s;) " 65-35 pég) v

(3826)(11.0)(1.00)(0.95)* (1,04)‘30
2785
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Question #320
Answer D

We know that:
V +C, = EPV of benefits for mid-year exits+v-, p” -,V where:

C, = Normal Cost for year t to t +1 and \V is the Actuarial Accrued Liability at time t

Average Salary at 12-31-2015 35,000 x (1.03% + 1.03% + 1.03%)/3 = 38,257
Accrued Benefit at 12-31-2015 (0.02)(38,257)(5.0) = 3826

Actuarial Accrued Liability 12-31- (3826)(11.0)(1.00)(0.95) (1.04)—30 — 2785
2015, |V

If you do not understand the above numbers, you can look at the solution to Number 319
for more details.

Average Salary at 12-31-2016 35,000 x (1.03% + 1.03* + 1.03°)/3 = 39,404
Accrued Benefit at 12-31-2016 (0.02)(39,404)(6.0) = 4728

Actuarial Accrued Llabl|lty 12-31- (4728)(11.0)(1.00)(0.95)29 (1.04)‘29 = 3768
2016, .,V

Note that EPV of benefits for mid-year exit is zero. Then:
V +C, = EPV of benefits for mid-year exits +v-, p{”

X t+l

2785+C, =0+ (1.04)(0.95)(3768)

C, =657
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Question #321
Answer: B

Under the Projected Unit Credit cost method, the actuarial liability is the actuarial present
value of the accrued benefit. The accrued benefit is equal to the projected benefit at the
decrement date multiplied by service as of the valuation date and by the accrual rate.

We have the following information.

Projected Final Average Salary (35,000)(1.03%2 + 1.03%* +1.03%*)/3 = 92,859
at 65

Service at valuation date 5
Accrual Rate 0.02
Projected Benefit (92,859)(0.02)(5) = 9286

The actuarial liability is the actuarial present value (as of the valuation date) of the
projected benefit and is given by

Actuarial Liability = (Projected Benefit) - & - 0 - ¢5_q5 PS - V>
(9286)(11.0)(1.00)(0.95)* (1.04)
6760
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Question #322
Answer: D

We know that:

V +C, = EPV of benefits for mid-year exits+v-, p{” -,V where:

C, = Normal Cost for year t to t +1 and V is the Actuarial Liability at time t

We have the following information.

Projected Final Average Salary at
65

(35,000)(1.03% + 1.03% +1.03%%)/3 = 92,859

Projected Benefit at 12-31-2015

(92,859)(0.02)(5) = 9286

Accrued Liability 12-31-2015, |V

(9286)(11.0)(1.00)(0.95)* (1.04)™® = 6760

If you do not understand the above numbers, you can look at the solution to Number 321

for more details.

Projected Final Average Salary at
65

(35,000)(1.03% + 1.03% +1.03%%)/3 = 92,859

Projected Benefit at 12-31-2016

(92,859)(0.02)(6) = 11,143

Accrued Liability 12-31-2016,
\

t+1

(11,143)(11.0)(1.00)(0.95)* (1.04) ® = 8880

Note that EPV of benefits for mid-year exit is zero. Then:
V +C, = EPV of benefits for mid-year exits+v-, p -,V

6760+ C, =0+ (1.04)™(0.95)(8880)

C, =1352
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