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Question #1
Key: E

293032 = 2 Pagaa ~ 3 Paozs
2Py =(0.9)(0.8)=0.72
2P, =(0.5)(0.4) =0.20

2 P3034 = (0.72)(0,20) —0.144
2 P3533 =0.72+0.20-0.144=0.776

3Py =(0.72)(0.7) = 0.504

3Pa =(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 U3032

Alternatively,

2950332 =2/ O30 234 —2 U034

=5P30032+2P34036 —2P3034 (1~ Paz.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| Y3532 = 3%30 % 3034 — 2030 X 2034

= (1_ 3 pso)(l_ 3 p34)_(1_ 2 p30)(l— 2 p34)
= (1-0.504)(1-0.06) - (1-0.72)(1-0.20)
=0.24224

(see first solution for , Psy, 5 Pasr 3 P30 3P34)
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Question #2
Key: E

1000A, =1000| Alzy + 1o A, |

~1000 :0 g-004-006t (0 )it 1 ¢ 040 J‘: g~0.05-007t () 7) dt}

=1000| 0.06 j 601t 4 071(0.07) j N eo'mdtJ

~1000 006[ Ojg“}l e (0. 07)[ e 22 m

' fort[1-e2]]

=1000(0.37927 + 0.21460) =593.87

=1000 ggg [1-e7 ]+

o|o

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

—
Forexample A ;=

A m(l—lo E,)

E _ e—lO(ﬂ+§)

A= ,u+5

With those relationships, the solution becomes
1000A, =1000[ Al + 10 Ay ]

_1000| [ 006 (1_6—(0-06+o.04)1o) 4 g-(00ss008p0(_ 0.07
10.06+0.04 0,071 0,05

~1000[ (0.60)(1~e")+0.5833¢™

=593.86
Question #3
Key: D
= [Tt py p(x+t) = [P0 09t 008t
0 t X 20
l 100 [_e—o.on]w: §
20 7 o 7
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E[Zz] _ I:(btvt)zt pxu(x+t)dt _ J':eo.lzte—o.16te—0.05t%dt :%J‘:e—o.omdt

1100\ _ o 5
:%(7j[e O.OQt]O -3

Var[Z]== —(—jz =0.04535

Question #4
Key: C

Let ns = nonsmoker and s = smoker

k= q\) ol avk Pk
0 05 0.95 0.10 0.90
1 10 0.90 0.20 0.80
2 15 0.85 0.30 0.70
AG= v e v ol
L (005) —1. 0.95x0.10=0.1403
1.02 02
L A G
L (010)+ —1 090x0.20=0.2710
1.02 (1.02)

Alx;f weighted average = (0.75)(0.1403) + (0.25)(0.2710)

=0.1730
Question #5

Key: B

29 = 19+ 13 4 1) = 0,0001045

(=) _ ~0:0001045¢

tpx -
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APV Benefits = j:’ e°'1,000,000, px(’)ﬂx(l)dt
+ jo°°e—f“5oo,ooot p\ Pt

+["e79200,000, p, )1,

_ 1,000,000 roe*O‘OGOlOA'Stdt n 500,000 If‘o e70.0601045tdt " 250,000 J.we’o'0601045tdt
2,000,000 -0 250,000 Y0 10,000 J0

= 27.5(16.6377) =457.54

Question #6
Key: B

APV Benefits =1000A, —+ >  E4,1000v0,q,
k=20

APV Premiums = &, - + D  E441000vq,q,,
k

=20
Benefit premiums = Equivalence principle =

1000A; o+ D «E4pl000VTyq,y =78, 50 + 2 E4p1000VT,4,
k=20 20

7 =1000 Azlto:ﬂ / 440701
161.32—(0.27414)(369.13)

© 14.8166—(0.27414)(11.1454)
=511

While this solution above recognized that = =1OOOP410W and was structured to take

advantage of that, it wasn’'t necessary, nor would it save much time. Instead, you could
do:

APV Benefits =1000A,, =161.32

APV Premiums =7, =+ 54 Y  Ego1000v0g,
k=0

= 7,50 + 29 E491000Ag,
= [ 14.8166—(0.27414)(11.1454) | +(0.27414)(369.13)
=11.76127 +101.19
11.76127 +101.19 =161.32
161.32-101.19
T o712

5.11

MLC-09-08 -4 -



Question #7

Key: C
5~ In(L06
Pro =5 Poo = (()—06)(0.53) =0.5147
= 1= Ay 1705147 55736
d  0.06/1.06

g =1+ VPggllzg =1+ (%}(8.5736) =8.8457

82) = o (2) g — B(2) = (1.00021)(8.8457) - 0.25739

=8.5902

: : m-1 .
Note that the approximation aﬁ’“) =d, —(2—) works well (is closest to the exact answer,
m

only off by less than 0.01). Since m = 2, this estimate becomes 8.8457—%=8.5957

Question #8
Key: C

The following steps would do in this multiple-choice context:

1. From the answer choices, this is a recursion for an insurance or pure

endowment.

2. Only C and E would satisfy u(70) = 1.0.

3. Itis not E. The recursion for a pure endowment is simpler: u(k) Ll u(k-1)
Pk

4. Thus, it must be C.

More rigorously, transform the recursion to its backward equivalent,
u(k-1) interms of u(k):

D st (K) == o +(1+i) u(k 1)
u(k—1) =Gy +vp_ u(K)

This is the form of (a), (b) and (c) on page 119 of Bowers with x=k —-1. Thus, the
recursion could be:
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A= V0, + VP, A
or Ay =Vo WPk Ay
O Agm = Vot VP Aol

Condition (iii) forces it to be answer choice C

u(k-1)= A, fails at x=69 since it is not true that
Ay = V0g + (Vpag)(l)
u(k-1)= Aslcm fails at x=69 since it is not true that

Aég:ﬂ = V(g + (Vpeg)(l)
u(k —1) = AA:W is OK at x =69 since

Asoz =Vlsg + (Vpeg )(1)

Note: While writing recursion in backward form gave us something exactly like page
119 of Bowers, in its original forward form it is comparable to problem 8.7 on page 251.
Reasoning from that formula, with 7z, =0 and b, =1, should also lead to the correct

answer.
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Question #9
Key: A

You arrive first if both (A) the first train to arrive is a local and (B) no express arrives in
the 12 minutes after the local arrives.
P(A)=0.75

Expresses arrive at Poisson rate of (0.25)(20)=5 per hour, hence 1 per 12 minutes.

7110

=0.368

f(0)=
A and B are independent, so
P(Aand B)=(0.75)(0.368) = 0.276

Question #10
Key: E

d=0.05 » v=0.095

At issue

49
Ap =DV Uy = 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

SO Py =— =27.013
4,  12.9848
E(10L|K (40)>10)= 1000A " — Pydiy " =549.18—(27.013)(9.0164) = 305.62
where

A = Z g = 0.04(V!+...+v*) = 0.04v(1-v**)/d = 054918

and &

Rewsed ( Revised )

1- A, =(1-0.54918)/0.05=9.0164
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Question #11
Key: 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|v))+Var(E(X]Y))
Let Y =1 if smoker; Y = 0 if non-smoker

=y =1)=as =2
_1-0444
0.1
Similarly E(a|Y =0)= 1-0286 _714

0

0.1
E(E(ay|Y))=E(E(a0))xProb(Y=0)+ E(E(ap 1)) x Prob(Y=1)
)( 0)+(5.56)(0.30)

=(71
=66
[ (71v)) } (7.14%)(0.70) + (5.56°)(0.30)
= 44.96
Var(E(a|Y)) = 4496-6.67° = 0.47

E(Var(a|v)) = (8.503)(0.70) + (8.818)(0.30)
=8.60
Var(a:) =8.60+0.47 =9.07

Alternatively, here is a solution based on

Var(Y) = E( ) [E ]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((Eﬂ)2|NS)=Var(aﬂ|NS)+[E(€Lﬂ|NS)]2

E[ & ]=E[a[S]xProb[S]+E[ a;|NS |xProb[NS]
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=0.30a,” +0.70a,®

0.30(1-A7) 0.70(1- AX®

_ ( Ay)+o7o(1 A¥)
0.1 0.1

_ 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 [(aﬂ)z} = E[ &[S |xProb[S]+ E| &[NS |xProb[NS]
= 0.30(Var(aﬂ|s)+(E[aﬂ|s})2)
+0.70(Var(§ﬂ|NS)+ E(an |NS)2)

~0.30[ 8.818+(5.56)° | +0.70| 8503+ (7.14)’ |
11.919 + 41.638 = 53.557

Var| &, | =53557-(6.67)" =9.1

1-v'

Alternatively, here is a solution based on a; = 5

Var(%):Var(é—Vg]

.
= Var(%} since Var (X +constant) = Var(X)

Var(vT _ )
= 52 since Var(constantx X ) = constant” x Var( X )
o= = \2
- Axé—w which is Bowers formula 5.2.9

N —

This could be transformed into A, = 6 Var (a5 )+ AZ, which we will use to get
ZA(NS and ZA)(S )
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ZA& _ E[VzT]
= E[v*|NS ] xProb(NS)+E[ v*"[$ |x Prob(S)
- [52Var(a_.ﬂ|NS)+(KXNS)2}x Prob(NS)
+ :52Var(a_Lﬂ |S)+(KXS)2]>< Prob(S)
=[(0.01)(8.503) +0.286” |x0.70

(0.01)(8.818)+0.444% |x 0.30

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

E[V'[NS]xProb(NS)+E[ v'[s]xProb(s)
(0.286)(0.70) +(0.444)(0.30)
0.3334
— —\2
Var(aﬂ) = —ZA‘ ;(ZAX)
_ 0.20238-0.3334
0.01

=90.12

Question #12
Key: A

To be a density function, the integral of f must be 1 (i.e., everyone dies eventually). The
solution is written for the general case, with upper limit «o . Given the distribution of

f,(t), we could have used upper limit 100 here.

Preliminary calculations from the lllustrative Life Table:

k% _ 08951
IO

lo _ 09313
I0
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© 50 o0
1= [ fr(t)dt=[ "k fy(t)dt+ [ 1.2f,(t)dt

k[, (t)dt+1.2[7 1, (t)dt

= kF,(50) +1.2(F, () -F,(50))
=k(1-5Pp)+1.2(1-0.5)
=k(1-0.8951)+0.6

k= 1-06 =3.813
1-0.8951

For x<50,F (x) = ['3.813f, (t)dt = 3.813F,(x)

F; (40)= 3.813[1—';‘—°J = 3.813(1-0.9313) = 0.262

0

R (50) = 3.813( —'IS—OJ =3.813(1-0.8951) = 0.400
0
1-F(50) 1-0.400

_ _ =0.813
10Pa0 =77 Fr (40) 1-0.262

Question #13
Key: D

Let NS denote non-smokers, S denote smokers.

Prob(T <t)="Prob(T <t|NS)xProb(NS)+Prob(T <t|S)xProb(S)
=(1—e_0'1t)x0.7+(1—e_0'2t)x0.3
=1-0.7e %% -0.3¢702%

S(t)=0.3e7"%* +0.7e7"
Want f such that 0.75=1- s(f) or 0.25= S(f)

. R N2 .
0.25=0.3e"2 +0.7e0% = 0.3(e—°-1t ) +0.7e701

Substitute: let x = e 01t
0.3x>+0.7x—0.25=0
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~0.7+,/0.49+(0.3)(0.25)4

This is quadratic, so x =
q 2(03)

x =0.3147

e 0% _-03147 sof=11.56

Question #14
Key: A

P(A)=u=003
'R —020= K _ 0.03
25+u 25+0.03

= §=0.06

i A -(R) _ 020
(55)2 (0.06)
7,

;)2
Var(,L) 3/-=0.20

0.09

003 1 _ 1 1
where A= === = -
u+o6 009 3 u+o6 0.09

Question #15
Key: C

Let N = number of sales on that day

S = aggregate prospective loss at issue on those sales
K = curtate future lifetime

N~Poisson (0.2x50) = E[N]=Var[N]=10
oL =10,000v"** - 5004 = E[,L]=10,000Ag; —5008¢;

2
L= (10,000+5dﬂ)v*<+1—¥ =Var[,L]= (10'000+5dﬂj [2,%5 —(AG5)2]

S=L+,L+...+,Ly
E[S]=E[N]-E[oL]

var[s]=Var[,L]- E[N]+(E[,L])"- Var[N]
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Pr(s<0)= P{z < O_E[S]]

ar[S]

Substituting d = 0.06/(1+0.06), ?Ag; =0.23603, Ags =0.43980 and &, =9.8969 yields
E[oL]=-550.45
Var[,L]=15,112,000
E[S]=-5504.5
Var[$]=154,150,000

Std Dev (S) = 12,416
Pr(S <0)= Pr(5+5504.5 5504.5)

<
12,416 12,416
=Pr(Z <0.443)
=0.67

With the answer choices, it was sufficient to recognize that:
0.6554 = ®(0.4) < ©(0.443) < ®(0.5) = 0.6915

By interpolation, ®(0.443)~(0.43)®(0.5)+(0.57)®(0.4)
=(0.43)(0.6915)+(0.57)(0.6554)
=0.6709
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Question #16

Key: A
1000P,, = i _ 16132 1589
4,y 14.8166

1000V, =1000| 1— 60 | 1000(1— 11'1454) =247.78

a0 14.8166
V- (0¥ +5000P,)) (1+1i) — 500004,
I:)60
247.7 . 06— .
_ (247.78+(5)(10.89)) x1.06 —5000(0.01376) _ -

1-0.01376

[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
1000A,; +4000 5 E 4o A; 5 =1000P,; +5000P;0 X 50 E g &g =+ 7 59 Eg X 5 Ego dgs
where Al o= Ay — 5Eq Ags =0.06674
8,551 = 840 — 20 Eso 5o =11.7612
8,5 = 80 — 5 Ego 85 = 4.3407
1000(0.16132)+(4000)(0.27414)(0.06674) =
=(10.89)(11.7612)+(5)(10.89)(0.27414)(4.3407) +  (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, & = — 7 5 Egy g5
=(4000)(0.06674)+369.13—(5000)(0.01089)(4.3407)—(22.32)(0.68756)(9.8969)
= 247.86 (minor rounding difference from 1000,,V,,)
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Or we can continue to ,,V prospectively

where ,E,, =185 ¢ = (%](o.mzog) =0.73898

|61
AL 1= Ay — 4Eoy Ass =0.38279-0.73898x 0.43980
=0.05779
8,5 = 861 — 4 Eoy s =10.9041—0.73898x 9.8969
=3.5905

,1V = (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 benefit reserves
must equal retrospective benefit reserves, calculate whichever is simpler.

Question #17
Key: C

Var(z)=2A;—(An)’
Ay1 — Ayp =0.00822 = Ay — (VO + VP4oAu1)

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

?A = FA =0.00433 = 2A,; - (viau + VP Py P Ay

2 2 22
= 2A,,—(0.0028/1.05 +(o.9972/1.05 ) A
2A,, =0.07193

Var(Z)=0.07193-0.21650°
=0.02544
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Question #18
Key: D

This solution looks imposing because there is no standard notation. Try to focus on the
big picture ideas rather than starting with the details of the formulas.

Big picture ideas:

1. We can express the present values of the perpetuity recursively.

2. Because the interest rates follow a Markov process, the present value (at time t)
of the future payments at time t depends only on the state you are in at time t,
not how you got there.

3. Because the interest rates follow a Markov process, the present value of the
future payments at times t, and t, are equal if you are in the same state at times

t, and t,.
Method 1: Attack without considering the special characteristics of this transition matrix.

Let s, = state you are in at time k (thuss, =0,10r 2)

Let Y, = present value, at time k, of the future payments.
Y, is a random variable because its value depends on the pattern of discount factors,

which are random. The expected value of Y, is not constant; it depends on what state
we are in at time k.

Recursively we can write

Y, =vx(1+Y,,,), where it would be better to have notation that indicates the v's are not
constant, but are realizations of a random variable, where the random variable itself has

different distributions depending on what state we’re in. However, that would make the
notation so complex as to mask the simplicity of the relationship.
Every time we are in state O we have
E[Y|se =0]=0.95x(1+E[ Y,.s|s, =0])
- 0.95><(1+{ [Vea|Sea = o]))x Prob (s, =0[s, =0])
+(E[ Yl =1])xProb(s,,; =1Js, =0])

(E Yiea|Siss = 2])>< Prob(sk+1 = Z‘Sk = 0])}

=0.95x (1+E[ Y1 [s0 =1])
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That last step follows because from the transition matrix if we are in state 0, we always
move to state 1 one period later.

Similarly, every time we are in state 2 we have
E[Yy[se =2]=0.93x(1+E[ Y,.o|5 =2])
=0.93x(1+E[ Y1 [s,1 =1])
That last step follows because from the transition matrix if we are in state 2, we always
move to state 1 one period later.

Finally, every time we are in state 1 we have
E[ Yy |8 =1]=0.94x(1+E[ Yy, [s, =1])

- O.94><(1+{E [YioalSiia =0]xPr[ s, =0Js, =1|+E[ Y, 4[8,,s =2 |xPr[ s, =2[s, = 1}})

= 0.94x (1+ {E[Meua [0 =0]x0.9+E[Yy[sq =2 0.1}) . Those last two steps follow
from the fact that from state 1 we always go to either state 0 (with probability 0.9) or

state 2 (with probability 0.1).

Now let’s write those last three paragraphs using this shorter notation:
X, = E[Yk |sk = n]. We can do this because (big picture idea #3), the conditional

expected value is only a function of the state we are in, not when we are in it or how we
got there.

Xo =0.95(1+x,)

X, =0.94(1+0.9%, +0.1x, )
X, =0.93(1+x,)

That's three equations in three unknowns. Solve (by substituting the first and third into
the second) to get x, =16.82.

That's the answer to the question, the expected present value of the future payments
given in state 1.

The solution above is almost exactly what we would have to do with any 3x3 transition
matrix. As we worked through, we put only the non-zero entries into our formulas. But

if for example the top row of the transition matrix had been (0.4 0.5 O.l) , then the first
of our three equations would have become x, =0.95(1+0.4x, +0.5x, +0.1x, ), similar in

structure to our actual equation for x,. We would still have ended up with three linear
equations in three unknowns, just more tedious ones to solve.

Method 2: Recognize the patterns of changes for this particular transition matrix.
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This particular transition matrix has a recurring pattern that leads to a much quicker
solution. We are starting in state 1 and are guaranteed to be back in state 1 two steps
later, with the same prospective value then as we have now.

Thus,

E[Y]=E [Y [first move is to 0] x Pr[first move is to 0]+ E [Y [first move is to 2] x Pr[first move is to 2]

—094x((1+0.95x (1+ E[Y]) |x0.9+| 0.94x[ (1+0.98x(1+ E[Y])x0.1

(Note that the equation above is exactly what you get when you substitute x, and X,
into the formula for x, in Method 1.)

=1.6497 +0.8037E[Y |+0.1814+0.0874E[Y]

[v]= L6497+0.1814
(1-0.8037 - 0.0874)

=16.82

Question #19
Key: E

The number of problems solved in 10 minutes is Poisson with mean 2.
If she solves exactly one, there is 1/3 probability that it is #3.

If she solves exactly two, there is a 2/3 probability that she solved #3.
If she solves #3 or more, she got #3.

f(0) = 0.1353
f(1) = 0.2707
f(2) = 0.2707

P= (%)(0.2707) + (%)(0.2707) + (1— 0.1353-0.2707 - 0.2707) =0.594
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Question #20
Key: D

) = O )+ 1O (t)
024 (04471

= 1P (t) =084 (1)

| —[f0.2k 2 dt _0.2K
)El) =1l-e “.0 =]1—¢e 3-0.04

g =1-p

k4= In(1-0.04)/(-0.2) =0.2041
k=0.6123

2qg<2) = .[Ozt pf(r)/u)((z) dt = 0.8."02 . pff) ﬂ)((f)(t) dt

X

=08 ,¢7 = 0.8(1-,p!")

, p)((f) _ —joz,ux(t)dt

—(8) (0.6123)
=0.19538

,0?) =0.8(1-0.19538) = 0.644

Question #21

Key: A
k min(k, 3) f(k)
0 0 0.1
1 1 (0.9)(0.2) =0.18
2 2 (0.72)(0.3) = 0.216
3+ 3 1-0.1-0.18-0.216 = 0.504

MLC-09-08 19

f (k)x(min(k,3))

0
0.18
0.432
1.512
2.124

f (k)x[min(k,3)]"
0
0.18
0.864
4.536
5.580



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

Var[min(K,3)] = 5.580— 2.124? =1.07

Note that E[min(K,B)] is the temporary curtate life expectancy, e 5 if the life is age x.

Problem 3.17 in Bowers, pages 86 and 87, gives an alternative formula for the variance,
basing the calculation on | p, rather than | 9x-

Question #22

Key: B
—(0.1)(60) , ,—(0.08)(60)
s ( 60) _e +e
2
=0.005354
—(0.1)(61) , ,—(0.08)(61)
2
=0.00492
Gy =1-2:00492 _ 51
0.005354

Question #23
Key: D

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

20Va5 = (19V45 + P45)(1-03) —ss (1— 20V45)
Recursion formula for Michel’s insurance
20Va5 = (19\/45 + Py + 0-01) (1-03) - (%4 + C) (1— 20V4s)

The values of 4V,; and ,,V,; are the same in the two equations because we are told
Michel’s benefit reserves are the same as for a standard insurance.

Subtract the second equation from the first to get:
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0=—(1.03)(0.01) +c(1— ,0Vys)
(1.03)(0.01)
c= =ER)
(1_ 20V45)
_ 00103

1-0.427
=0.018

Question #24
Key: B

K is the curtate future lifetime for one insured.

L is the loss random variable for one insurance.

Lass IS the aggregate loss random variables for the individual insurances.
oase IS the standard deviation of L,qg .

M is the number of policies.

K+1 " 7T ) K+l
L=v"" —ﬂam=(1+ajv * —%

E[L]=(A-74,)= Ax—ﬂ(l_d—A()
0.75095

=0.24905-0.025| ———
0.056604

) =-0.082618

2 2
_ 1 2p _ a2\ 0.025 _ 2 -
Var[L]_(1+d] (2A-A2) (1+—0.056604j (009476 (0.24905)° ) = 0.068034

E[Lacs]=ME[L]=-0.082618M

Var[Lags]=M Var[L]= M (0.068034) = 0 pqs = 0.260833vM

Lace — E[LAGG] > _E(LAGG):|
O acG O acG

Lo 20)-|

0.082618M
~Pr| N(0,1) >
[ D> (0.260833)]

0.082618VM
0.260833
— M =26.97

=1.645=

= minimum number needed = 27
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Question #25

Key: D
1_VK+1
Annuity benefit: Z, =12,000 for K=0,12,...
Death benefit: Z, =By for K=0,12,...
- 1-v"t K+l
New benefit: Z=7,+7,=12,000 +Bv
_ 12,O(|)OO +(B _ 12,(;)00)VK+1

(. 12,000 .
Var(Z)_(B— r jVar(v )

Var(Z)=0ifB= 12’820

=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
Key: A

Ry =ty (1)1 (11, (t) +5) = 0.6667
&y, =1/( 1y (t)+5)=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
Key: B

Py = Ay /d, =0.16132/14.8166 = 0.0108878
P, =A,, /8, =0.17636/14.5510 =0.0121201

E[ 5L|K (42) >3] =1000A,5 ~1000P,, ~1000P,; a,
= 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 benefit reserve in that in the next year you collect 1000P,, instead of
1000PR,, .
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Question #28
Key: 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)at _54-40(6)

=50
0 s(40) 6

Question #29
Key: B

d=0.05=>v=0.95

Step 1 Determine p, from Kevin's work:
608+ 350vp, =1000vq, +1000v>p, ( Py,s + Uyyr)
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]
B 855

1000P = 489.08

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

(1000)(0.95)(0.1)+(1000)(0.957)(0.9) = 907.25
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Question #30
Key: E

Because no premiums are paid after year 10 for (x), ,\V, = A 1,

V 1+i)=b
Rearranging 8.3.10 from Bowers, we get ,,V = (Y +20) (L4 1) = B

px+h
32,535+ 2,078)x (1.05)—100,000x 0.011
10V:( +2,078)x(1.05) X 35,635.642
0.989
35,635.642+ 0)x (1.05) —100,000x 0.012
= i )x(() 988) e _36,657.31= A,

Question #31
Key: B

For De Moivre’s law where s(x) = (1—1) :
[0

o a)—X t
Ex == and , p, =(1_a)—x)
o 105-45

€45 30

. 105-65

€65 20

4060_tx 40—'[dt

R 40
€4565 = _'.0 t p45:65dt = J. 0 60 40

1 40

T 6040

(60x40xt—60+40t2+%t3)
0

=1556

€45.65 = €45+ €65— €45:65

=30+20-1556=34

In the integral for e°45:65 , the upper limit is 40 since 65 (and thus the joint status also)
can survive a maximum of 40 years.
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Question #32
Answer: E

w(4)==s'(4)/5(4)

—(—e4 /100)

1-e*/100

_e*/100
1-e*/100

e4

~ 100—¢*

=1202553

Question # 33

Answer: A
i _ 0
o= [ B o In e
X X In (7) X _ﬂ(f)
Px Ine
(i)
_ql) M
=0y X
ﬂ( )

=W P Y =15

gl =1-e ) =1-¢1S

=0.7769
) (07769)4  (05)(0.7769)
R T
— 0.2590
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Question # 34
Answer: D

22 Aeo] = v ox 2Peo] X Oeopr2 T+
\2 \2 \2
pay at end live then die
of year 3 2 years inyear3

4

WV X aPeo] X Ueoss
pay at end live then die
of year 4 3 years in year 4
1 1
= 1-0.09)(1-011) (013)+ 1-0.09)(1-011)(1-013) (015
oy (1009 (=018 (018)+ -5 (1-009) (1-011)(1-013) (019
=019
Question # 35
Answer: B

a, = EX;Q‘FSEX ay,5

1_ e 007

a_ ,=———=4219,where 007=pu+0 for t<5
&l 0.07

E, =0 = 0705

X+5

a, :i:12.5, where 008 = u+06 for t>5
0.08

.8, =4.219+(0.705)(125) = 1303

MLC-09-08 -27 -



Question #36
Key: D

o) = p I P-08(0.7) - 056

X

In( p'(xl))
qW = q\”) since UDD in double decrement table
In( ff))
_| In(0.8) 0.44
In(0.56)
=0.1693
(1)
W - 039 __ 053
03Ux+0.1 1_0.1q)((,)

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
&)

03Uxr01 =

Since UDD in double decrement,
~17(0.3)g
Q”@—amyﬂ
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Question #37
Key: E

Above step is because for any random variable X and constants a and b,
Var(aX +b)=a’Var(X).
Apply that formula with X =v'.

Plugging in,

0.04333 (0.0030-0.0066) )’
0.04 0.04

Var(,L,)= (o.1o)(1+

= (0.10)(2.17325)°
= 0.472

Question #38

Key: D
0.7 01 0.2 0.52 0.13 0.35
T=/03 06 0.1 T?2=/0.39 039 0.22
0 0 1 0 0 1
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Actuarial present value (A.P.V.) prem = 800(1 + (0.7 + 0.1) + (0.52 + 0.13)) = 1,960
A.P.V. claim =500(1 + 0.7 + 0.52) + 3000(0 + 0.1 + 0.13) = 1800
Difference = 160
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Question # 39
Answer: D

Per 10 minutes, find coins worth exactly 10 at Poisson rate (05)(0.2)(10) =1

Per 10 minutes, f(0)=0.3679 F(0)=0.3679
f (1) = 0.3679 F(1)=0.7358
f(2)=01839 F(2)=09197
f (3)=0.0613 F(3)=09810

Let Period 1 = first 10 minutes; period 2 = next 10.

Method 1, succeed with 3 or more in period 1; or exactly 2, then one or more in period 2
P=(1-F(2))+ f(2)(1- F(0)) = (1-09197) +(0.1839)(1- 0.3679)
= 01965

Method 2: fail in period 1 if < 2; Prob = F(1) = 0.7358
fail in period 2 if exactly 2 in period 1, then 0;  Prob= f(2)f(0)

= (01839)(0.3679) = 0.0677
Succeed if fail neither period; Prob =1-0.7358—-0.0677

= 01965

(Method 1 is attacking the problem as a stochastic process model; method 2 attacks it
as a ruin model.)

Question # 40
Answer: D

Use Mod to designate values unique to this insured.
8o = (1— Ago) / d = (1-0.36933)/[(0.06) / (1L06)| = 111418

1000P,, = 1000 Ay, / &g, = 1000(0.36933/111418) = 3315

0% = V(g™ + pga™' Agy) = ﬁ[om?e +(08624)(0.383)] = 0.44141

MLC-09-08 -31-



° = (1- Aj*)/d = (1-0.44141)/[0.06/ 106] = 9.8684
E[ LMOd ] 1000( Mod P60a6'\(/JIOd )
=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:

S0
Ao = Py ET PsMOd Kso

50 20
10 =50 T

. . 1
d da A
A4 40:10 50:10 40:20]
Ay = 0 % + P53"°d — e

dyo  10E40 10Es0 10Es0  20Ea0
0.36913= 016132 X 7.70 4 pMod 757 006

148166 (053667)(0.51081) 051081 0.27414

0.36913 = 0.30582 +14.8196 P} —0.21887

1000 RM? =19.04

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

" 1
A, - PSMod = Ay N a4om 3 AA.om
%010

d 10BEs0 10Ea0

where Aoj A—10E40 Aso

— 016132 - (053667)(0.24905)
— 0.02766
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0.16132>< 770 0.02766

148166 053667 053667
(1000)(014437)

757

0.24905— (R"*!)(757) =

1000R¢ = =19.07

Alternatively, you could set the actuarial present value of benefits at age 40 to the
actuarial present value of benefit premiums. The change at age 50 did not change the
benefits, only the pattern of paying for them.

A40 = P4O 3:40:@ + P5|(\)/|0d 10E40 asom
016132
148166

1000)(0.07748)
4.0626

016132 = ( j(7.7o) +( Py )(053667)(757)

=19.07

1000R" = (

Question # 42
Answer: A

d? =@ x1(9) = 400

X

d ¥ = 0.45(400) = 180

q,(g)z d)((z) _ 400
* 1) _g® " 1000-180

0488
pi?) =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 q =Y ql =%, Q’1 =%

:}/' Ch }/, Q2 =%

=0 4 1 =%, Q2 =%

This gives p{” = (1-1/4)(1-1/5)(1-1/10) = 054
plY) = (1-1/5)(1-1/3)(1-1/9) = 0.474
Py = (1-1/3)(1-1/8)(1-1/4) = 0438
So 1) =200, 11 = 200(054) =108, and 1" =108 (0.474) = 512

" =[tog p5 110 p}” Jof”
05" =[log(%)/log(0.438)|[1- 0.438]

=(0.405/0.826)(0562)

Question #44
Answer: C

Let: N =number
X = profit
S = aggregate profit
subscripts G = “good”, B ="bad”, AB = “accepted bad”

Ag = (%)(60) =40
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A8 =(3)(1)(60)=10 (If you have trouble accepting this, think instead of a heads-tails

rule, that the application is accepted if the applicant’s government-issued identification
number, e.g. U.S. Social Security Number, is odd. It is not the same as saying he
automatically alternates accepting and rejecting.)

Var(Sg ) = E(Ng ) xVar(Xg ) +Var(Ng) x E(Xg)*
= (40)(10,000) + (40)(300% ) = 4,000,000
Var(Sug) = E(Ng) xVar(X xg) +Var(N 5 ) x E(XAB)2
= (10)(90,000) + (10)(~100)° = 1,000,000
Sg and S,z are independent, so

Var(S) =Var(Sg ) +Var(S g ) = 4,000,000 +1,000,000
— 5,000,000

If you don'’t treat it as three streams (“goods”, “accepted bads”, “rejected bads”), you
can compute the mean and variance of the profit per “bad” received.

o= (3)60) =20

If all “bads” were accepted, we would have E(X?s)=Var(Xg)+ E(Xg)’

= 90,000 + (~100)* = 100,000

Since the probability a “bad” will be accepted is only 50%,
E(Xg)= Prob(accepted) x E (X g[accepted ) + Prob(not accepted) x E( X g|not accepted)

= (05)(~100) + (05)(0) = -50
E(X3)=(05)(100,000)+(05)(0) = 50,000

Likewise,
Now Var(Sg)=E(Ng)xVar(Xg)+Var(Ng)x E(Xg)’
= (20)(47,500) + (20)(50% ) = 1,000,000

Sg and Sz are independent, so

Var(S) =Var(Sg) +Var(Sg ) = 4,000,000 +1,000,000
= 5,000,000

Question #45
Key: E

MLC-09-08 -35-



For De Moivre’s Law: € = >
q 1
T o —x
w—Xx-1 c 1 w—Xx-1 c
Ax _ Vv +1 k\qx Vv +1
k=b O=X ip
a
A( — w—X
—X
g -1
X d

€5, =25= @ =100 for typical annuitants

e, =15—=y = Assumed age = 70

A
= 30 _ 45883
Ao 30

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

Question #46
Answer: B

10Es0.40=10P30 10 Pag V' = (10 paovlo)(lo p4oV10)(1+ i)lo

= (10Es0)(10Ea0)(1+ i)m
= (054733)(053667)(179085)
= 052604

The above is only one of many possible ways to evaluate ;,Psy 10 Pso vi?, all of which
should give 0.52604

Q304010 = 330:40 710 E30.40 830410140410
= (330:40 - 1) - (0-52604)(540:50 - 1)
— (132068) — (052604)(114784)
=7.1687
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Question #47
Answer: A

Equivalence Principle, where 7 is annual benefit premium, gives

1000( Ags + (1A), x 7) = &,

___ 1000A; _  1000x 042898
(45— (1A),5)  (1199143-616761)
_ 42898
582382
= 7366

We obtained d&;; from

1- Ay 1-042898
d 0047619

MLC-09-08 -37-



Question #48
Answer: C

Time until arrival = waiting time plus travel time.

Waiting time is exponentially distributed with mean % The time you may already have

been waiting is irrelevant: exponential is memoryless.

You: E (wait) = -5 hour = 3 minutes
E (travel) = (0.25)(16)+(0.75)(28) = 25 minutes
E (total) = 28 minutes

Co-worker:  E (wait) = 1 hour = 12 minutes

E (travel) = 16 minutes
E (total) = 28 minutes

Question #49
Answer: C

Hyy = Hyx + Hy = 014

A=A =t - 907 4533
u+S 007+005
~ My 014 014 1 1
Ay =0.7368 and &, = =5.2632

iy +0 014+005 019

Ay _A+A-A, 2(05833)-07368
a, ayy 5.2632

fy+3  014+005

P= =0.0817

Q)|

Xy
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Question #50
Answer: E

(20Va0 + Pao )(1+1) = Gag(1=52Va0 )= 22V20
(0.49+001)(1+i) - 0.022(1— 0545) = 0545

(0545)(1—0.022) +0.022
050

(1+i)=

=111
(220 + Pog J(1+1) = Qg (1=22Va0 )=25Vap
(0545+.01)(111) - q4(1— 0.605) = 0.605

0 = 0.61605— 0.605
41 0.395

=0.028

Question #51
Answer: E

=1000 V(g + Pso A1) / (1+ Pgo V &y )

=1000(qg + Pgo As1)/ (106 + pgg dgy)

= (15+(0.985)(382.79)) / (106 + (0.985)(10.9041)) = 33.22
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Question #52
Key: D

Since the rate of depletion is constant there are only 2 ways the reservoir can be empty
sometime within the next 10 days.

Way #1.:
There is no rainfall within the next 5 days

Way #2

There is one rainfall in the next 5 days

And it is a normal rainfall

And there are no further rainfalls for the next five days

Prob (Way #1) = Prob(0 in 5 days) = exp(-0.2*5) = 0.3679
Prob (Way #2) = Prob(1 in 5 days) x 0.8 x Prob(0 in 5 days)
= 5*0.2 exp(-0.2* 5)* 0.8 * exp(-0.2* 5)
=1 exp(-1) * 0.8 * exp(-1) = 0.1083

Hence Prob empty at some time = 0.3679 + 0.1083 = 0.476

Question #53
Key: E

0.96 = (4+4)
14+ 2 =—In(0.96) = 0.04082
14, =0.04082 — / = 0.04082 — 0.01=0.03082

Similarly

4, =—In (0.97) —-1=0.03046-0.01=0.02046
fhy = My + it + A =0.03082+0.02046 + 0.01=0.06128
: pxy _ e—(5)(0.06128) _ e—0.3064 -0.736

Question #54
Answer: B

Transform these scenarios into a four-state Markov chain, where the final disposition of
rates in any scenario is that they decrease, rather than if rates increase, as what is
given.
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fromyeart—3 | fromyeart—2 | Probability that year t will
State
toyeart—2 toyeart—1 decrease fromyeart- 1
0 Decrease Decrease 0.8
1 Increase Decrease 0.6
2 Decrease Increase 0.75
3 Increase Increase 0.9
080 0.00 0.20 0.00
. . 1060 000 040 0.00
Transition matrix is
0.00 0.75 0.00 0.25
0.00 090 000 010

P2 + P2 =08%08+02*0.75=0.79

For this problem, you don’t need the full transition matrix. There are two cases to

consider. Case 1: decrease in 2003, then decrease in 2004; Case 2: increase in 2003,

then decrease in 2004.

For Case 1: decrease in 2003 (following 2 decreases) is 0.8; decrease in 2004
(following 2 decreases is 0.8. Prob(both) =0.8x 0.8 = 0.64

For Case 2: increase in 2003 (following 2 decreases) is 0.2; decrease in 2004 (following

a decrease, then increase) is 0.75. Prob(both) =0.2x 0.75 =0.15
Combined probability of Case 1 and Case 2 is 0.64 + 0.15=0.79
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Question #55
Answer: B

l, =0 —-x=105-X

Let K be the curtate future lifetime of (45). Then the sum of the payments is 0 if K <19
andisK—-19if K>20.

60
. 60— K

K=20

_ (40+39+..+41)  (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)

k2
33M4s s 60

=0.450
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Question #56
Answer: C

2K H
_ 025> 1= 004
A= s #

x MU
= =04
A H+0

(m)x - J‘(:o S‘KX ds
I:SEXKde

= [ (e7**)(04)ds

_ (o.4)[ _%_;.13 ]:

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

04

=—=4
01

(1A), = [ t by, (t)e'dt
= [ te%(0.04)e™®dt

= 004[" te™dt
(integration by parts, not shown)

- 0.04(_—t— i) e—o-“\“’
01 001 0

_004_,
001
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Question #57
Answer: E

Subscripts A and B here just distinguish between the tools and do not represent ages.
We have to find €zs

o (lo t t2
eA=JO (1—E)dt=t—2—0

10
=10-5=5
0

o 7 2.7
eB:L(1~;%t:t—£— _49-B _35

7 1410 14
2
Ep = 7(1—3)(1—i)dt=j7 JESLINL S P
o\~ 7 10 0 10 7 70
2 2 3
:_%_E'Zm
_7_29_ 49 383 683
20 14 210

=5+35-2.683=5817
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Question #58
Answer: A

7 (t) = 0100 +0.004 = 0104

t p)((r) — 0104t
Actuarial present value (APV) = APV for cause 1 + APV for cause 2.

2000["&0%'6010% (0100)dt +500,000 [ e **** e 01! (0.400)dt

= (2000(0.10) +500,000(0.004)) jje—O-lMtdt

_ 2200 (1_ e—o.144(5)) _ 7841
0144

Question #59
Answer: A

R=1- Py = 0y

1 1 1
s=1-p, xe™ since e_Io(#X(t)H()Olt = e_IOﬂX(t)dt_Jokdt

_ e—j;yx(t)dte—j;kdt

So S=075R=1-p, xe * =0.75q,

o« _ 10750,
Px
ek _ Px _ 1_qx

~1-075q, 1-0.75q,

T i
1-0.75q,
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Question #60
Key: C

Ag =0.36913  d =0.05660
?Aso =0.17741

and /%A, — A% =0.202862

Expected Loss on one policy is E[ L(7)]= (100,000 +%) A, —%

2
Variance on one policy is Var|L(z)|= (100,000+§) (2A60 _ Ago)

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

The 7 is such that 0—E[S]/,/Var[S] =2.326 since ®(2.326)=0.99

[
10,000(3—(100,000{) AGOJ
~2.326

100 [100, 000+ Zj«/ero Y

100(3—(100,000+Zj](0.36913)

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

O.63087§ —36913

—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
Key: C

Vv =(oV+7)(1+i)—(1000+ V — V )x Gys
—1.057 ~1000q,,

Similarly,
,V =(1V +7)x1.05-10000¢

WV =(,V +7)x1.05-1000q,,
1000 =,V =(1.05°7 +1.05"- 7 +1.057 | ~1000x G7s x1.05” ~1000x1.05 ;5 ~ 1000 o, *
~ 1000+1000(1.05% 75 +1.050;6 + i)
(1.05)° +(1.05)* +1.05
1000 (1+1.05° x0.05169+1.05x 0.05647 +0.06168)
3.310125
—355.87

~ 1000x1.17796
3.310125

* This equation is algebraic manipulation of the three equations in three unknowns
(1V,,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 =,
and then substitute that into the ;V equation.

Question #62
Answer: D

_ 2 _
Az?a:ﬂ - _[0 e 1, dt

= %(1— e7?%) = 0,02622 since & = In(106) = 0.05827

. 71
g =1+ v(i] =19303

= ,
3V =500,000A,,,, ~ 66434,
= 287

7
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Question #63
Answer: D

Let A, and &, be calculated with x,(t) and & =0.06
Let A and &, be the corresponding values with z,(t)

increased by 0.03 and ¢ decreased by 0.03

g -1"A_ 04 667
5 006

a, =

X X

t
oo [\ (ux(5)+008)ds _
Proof: &, = _[0 ool (51+009)0 0031

t
o - s)ds _ _
:fo e .[ox“x( ) o~0.03t,-0.03t ¢
t
© _J Hx(s)ds
e’ e 006tqy

=IO
=§X]

A~ =1-003a, =1-0033,
= 1-(0.03)(6.667)

=08
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.
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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

Actuarial present value =

Question #65
Key: E

o 15 10
€25:25] :Io tp25dt+15p25J.0t Paodt

15 “[*04ds | 10
=] e"°4‘dt+(e k ij e 'dt
0 0

= é(l— e ®)+e® [é (1- e"50)}
=112797 + 43187
=15.60

Question #66
Key: C

5 P6o]+1 =

(1 - q[60]+l)(1 - q[60]+2 )(l - q63)(1 —Uss4 )(1 - qes)
= (0.89)(0.87)(0.85)(0.84)(0.83)

=0.4589
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Question # 67
Key: E

1250=a, =

=>u+6=008= u=96=004
U+0O

-3 4 _57083
0.0016

S.D.=+/52.083 =7.217

Question # 68
Key: D

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

5000 A, —5000vq,

a.'X
(5000)(0.5) - 5000(0.90)(0.05)
5

Benefit premium 7z =

=455

ax+10
lOVx =1-—"

dy

02 :1—%: d,qp =4

Ao =1-dd, 0 =1~ (010)(4) =06
10V =5000A, ;0 —7é, .10 = (5000)(0.6) — (455)(4) =1180
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Question #69
Key: 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, 0ysy = 0.95% 0.25+(0.95) x 0.75x 0.2
= 0.3729
E(Z%) = v2q, +V*P, G,y =(0.95)° x 0.25+(0.95)" x 0.75x 0.2
= 0.3478

Var(Z) = E(2%) - (E(2))’ = 0.3478 - (0.3729) = 0.21

Question #70
Key: D

Actuarial present value (APV) of future benefits =
=(0.005x 2000 +0.04x1000)/1.06 +(1-0.005—0.04)(0.008x 2000+0.06><1000)/1.062

=47.17+64.60
=111.77

APV of future premiums =|1+(1-0.005-0.04)/1.06 |50
= (1.9009)(50)

—95.05
E[,L[K(55)>1]=111.77-95.05=16.72

Question #71
Key: A

This is a nonhomogeneous Poisson process with intensity function

A) = 3+3t, 0<t<2, where tis time after noon
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Average A == = j12(3+3t)dt
2
2
= {Bt +3L}
2
1
=75
-75 2
f(2)=4—">" _0.0156
2!

Question #72
Key: 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(2) =10[ e%e

—10_H_ g (6+up5
o+ U
=2426
E(Zz) — 102 H e—(25+,u)5
20+ U
= 102(%)(&8) =11233
0.16

var(z) = E(2%)~ (E(2))’

=11233-2426°
=5348

E(S)=100E(Z) = 2426
Var(S) =100 Var(Z) = 5348
F—2426

——=1645—>F =281
\/534.8
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Question #73

Key: D

Prob{only 1 survives} = 1-Prob{both survive}-Prob{neither survives}
= 1=3P50 %3Pys0) ~ (1-3Pso )(1_3p[5o])

— 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
Key: C

The tyrannosaur dies at the end of the first day if it eats no scientists that day. It dies at
the end of the second day if it eats exactly one the first day and none the second day. If
it does not die by the end of the second day, it will have at least 10,000 calories then,
and will survive beyond 2.5.

Prob (dies) = f(0)+ f(1)f(0)
— 0368 +(0.368)(0.368)
=0.503

-140
¢l _ 368
0!

since f(0)=

f(1)==, =0368

Question #75
Key: B

Let X = expected scientists eaten.

For each period, E[X] = E[ X|dead] x Prob(already dead) + E[ X [alive] x Prob(alive)
= 0 x Prob(dead) + E[ X [alive] x Prob(alive)

Day 1, E[X;]=1

-1l
€0 _ o368
0!

Day 2, E[X,]=0x0368+1x(1—0368)= 0632

Prob (dead at end of day 2) = 0.503
[per problem 10]

Prob(dead at end of day1)= f(0) =

Day 2.5, E[X,5]=0x0503+05x (1-0503) = 0.249
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where E[X,[alive] =05 since only % day in period.

E[ X]=E[X,]+ E[X,]+ E[ X,5] =1+ 0632+ 0.249 = 1881
E[10,000X ] =18,810

Question # 76
Key: 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.

APV (Prems) = P = APV (Benefits) = 100,V +10 PGV + Ppsg Pryv°
»_ (10)(003318) _(10)(1-003318)(0.03626) _P(1—003318)(1-0.03626)
B 108 1082 1082

=0.3072 + 0.3006 + 0.7988P

06078
02012

P =302

(APV above means Actuarial Present Value).

Question #77
Key: E

Level benefit 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,
P=PL+PLlV
n

X: x:n| N7 X
And plug in to get
0.090 = leﬂ +(0.00864)(0.563)

1 _
Py = 00851
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Another approach is to think in terms of retrospective reserves
solution:

=(R =) aE
5
xan|
_( x xlﬂ) pxﬁax:m
(PX - le:n)
()

0563= (0090~ P} )/ 0.00864

leﬂ = 0.090 —(0.00864)(0.563)
=0.0851

Question #78
Key: A

5 = In(105) = 0.04879

— w—X

Ac=]

0 t pxﬂx(t)eiadt

:jwiXLe“’Tdt for DeMoivre
0 w—X

. Here is one such

From here, many formulas for ,,V (A,;) could be used. One approach is:

Since
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Q)|

59 1871 - _(1-Ay
=—=""=03742s0 &, =| ——> |=1283
P =50 = 50 > 5

50)

5
3y 1940 1- A,
= =""-2-0323350 3, = 0 |=1387
o =50 =60 %0 ( 5

) 0.3233
1387

10V (An) = [Aso = P(Ay)as | = [03742 - (002331)(1283)] = 00751

so P =0.02331

>

0

Question #79
Key: D

A = E[v"*)] = E[vT*|Ns | x Prob(NS) + E[v" |5 ] x Prob(s)

_ (ﬂ) <070 + (L) % 030
0,03+ 008 0.06 + 0.08

= 03195

Similarly, 2A, = [&j x 070+ (ﬂj x 030 = 01923,
003+ 016 006+ 016

28 Rp2 . 2
Var (a): A 2Ax _ 01923 023195 11
T() S 0.08

Question #80
Key: B

2 %082 = 2980 + 2/Usa ~ 2Ys0s4

=0.5%0.4x(1-0.6)+0.2x0.15x(1-0.1)
=0.10136

Using new pg, value of 0.3

0.5x0.4x(1-0.3)+0.2x0.15x(1-0.1)
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=0.16118
Change = 0.16118 — 0.10136 = 0.06

Alternatively,
2 pso = O.5X 0.4 == 0.20

3Pgo = 2 Pgox0.6=0.12

» Pag =0.20x0.15=0.03

+Pas = 5 Pga x0.10 = 0,003

2 Psgas = 2 Pso + 2 Paa — 2 Pao 2 Pes SiNCeE independent
~0.20+0.03—(0.20)(0.03) = 0.224

3Pg082 = 3Ps0 + 3Ps4 —3Pg0 3P4
=0.12+0.003—(0.12)(0.003) = 0.12264

295082~ 2 Pgosa — 3 Paoma
=0.224-0.12264 =0.10136

Revised
3 pso = 0.20)( 0.30 = 0.06

=0.06+0.003—(0.06)(0.003)
=0.06282
295083 0.224-0.06282 = 0.16118

change =0.16118-0.10136 =0.06

3P 80:84

Question #81
Key: D

Poisson processes are separable. The aggregate claims process is therefore
equivalent to two independent processes, one for Type | claims with expected
frequency (%)(3000) =1000and

one for Type Il claims.

Let S, =aggregate Type | claims.

N, =number of Type | claims.
X, =severity of a Type | claim (here = 10).
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Since X, =10, a constant, E(X, )=10; Var(X,)=0.
Var(s;) = E(N, ) Var(X, )+ Var (N E(X, )]

= (1000)(0) +(1000)(10)°
—~100,000

Var(S) = Var(S, ) + Var(S,, ) since independent
2,100,000 = 100,000 + Var(S,, )
Var(S, ) = 2,000,000

Question #82
Key: A

5 P =spi s pit”
_ (100 - 55) e_(0,05)(5)
100-50

- (09)(0.7788) = 0.7009

Similarly

ole) = (100 - Go]ew.os) (10
10707 {100-50

= (0.8)(0.6065) = 0.4852

55 0l =spls) —1oplg) =0.7009 - 0.4852
=0.2157

Question #83
Key: C

Only decrement 1 operates before t = 0.7
000 = (0.7) g, = (0.7)(010) = 0.07 since UDD

Probability of reaching t = 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

012 = (093)(0125) = 011625
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Question #84
Key: C

3
T‘(1+2 Pson) =1000Ag; + nvgso AN ;’80%2

n(1+ 0.839210) 665754 o 008030 083910 0.29561
06 2(106) 2(106)

n(1.74680) = 665.75+ 1(0.07156)
n(167524) = 665.75
n=39741

Or , Pgo = (1—0.08030)(1— 0.08764) = 083910

Question #85
Key: E

At issue, actuarial present value (APV) of benefits
= [, B! pes e (1)t
- j;iooo(e‘)-o‘“)(e‘o-"‘“)t Pes es(t)dlt
=1000 j: \Pes es(t)dt =1000 _ ggs =1000

1

0.04 +0.02
Benefit premium 7 =1000/16.667 = 60

N = J-: By V" Pe7 Hgs(2+ U)du— 73

APV of premiums = 7 ag = n( j =16.6677

= | "1000e°*)e 0% b, 1o (2+ u)du— (60)(16.667)

~1000e°%® j:’ + Porles (2 + U) du—1000
=1083.29 , g5, —1000 =108329 —1000 = 8329
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Question #86
Key: B
(1) ax:ﬁ‘ = axﬁ‘ _1+20EX

1-Az

x20 — d
3 A=A T A
@) A=AggtaE A

(2) a4

0.28 = A 5 +(0.25)(0.40)
Az =018

Now plug into (3): A 5 = 018 +0.25=043

X:

1-043

= =1197
x20 ™ (0.05/105)

Now plug into (2): a

Now plug into (1): &35 = 1197-1+0.25=1122

Question #87
Key: A

e gt (1/2)67(%)

dA
1 ar(y)

p.=[ p(YA)f(A)da=]
% jowze‘sjdz

[Integrate by parts; not shown]
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Question #88
Key: B

€ = Pyt P& = Px = o = @ =0.95048
1+e,; 929

A, =1+Vp, +V2,p, +....

.. _ 2
a - =1+V+Vi,p, +...

8 5 — 8, = Vg, =5.6450-5.60 = 0.0459

v(1-0.95048) = 0.0459

v=0.9269

= 1—1: 0.0789
v

Question #89
Key: E

M = Initial state matrix =[1 0 0 0]

020 080 O 0
050 0 050 O
075 O 0 0.25
1.00 O 0 0

T =One year transition matrix =

MxT =[020 080 0 0]
(MxT)xT =[044 016 040 0]
(MxT)xT)xT =[0468 0352 008 010]

Probability of being in state F after three years = 0.468.

Actuarial present value = (0.468v°)(500) =171

Note:
Only the first entry of the last matrix need be calculated (verifying that the four sum
to 1 is useful “quality control.”)
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Question #90
Key: B

Let Y, be the number of claims in the ith envelope.

Let X(13) be the aggregate number of claims received in 13 weeks.

E[Y;]=(1x02)+(2x0.25)+ (3% 04)+(4x015) =25
E[Y?]=(1x02)+(4x025)+(9x 04) + (16 x 015) = 7.2
E[X(13)] =50 x13x 25=1625

Var[ X (13)] =50 x 13x 7.2 = 4680

Prob{X(13) < Z} = 090 = (1282)

X (13)-1625
V4680

X (13)<1712.7

= Prob { < 1282}

Note: The formula for Var[x(13)] took advantage of the frequency’s being

Poisson.
The more general formula for the variance of a compound distribution,

Var(S) = E(N) Var(X)+Var(N)E(X)?, would give the same result.

Question #91

Key: E
M 1 1 1
60: = = —
m(80) = =75 60 " 15
uF(eo)z;zixﬁzi:oy:ss
©'-60 15 5 25
t
M
=1-—
t Pes 10
E t
:1——
t Pso 25

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

0t t
by -, (1—EJ(1—£)-dt

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

3 \10
oL U C10- T x1004 2990
100 750 Jo 100 750
:10—7+£=1—3
3 3
o o o o 25 13 30+75_26
&y = &+ ey~ €y :5+7_?:T:13ﬂ

Question #92
Key: B

Question #93
Key: A
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Let 7z be the benefit premium
Let V denote the benefit reserve a the end of year k.

For any n!(nv +7[)(1+ I) = (q25+n X n+1V + p25+n X n+1V)
=V

n+1

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

NV =(V+r)(1+i)=(z(1+i)+7)(1+i) =78y
N =(V +7)(L+i) = (78 + 7 )(1+i) = 285

By induction (proof omitted)
nV = ﬂSm

For n=35, |V =&, (actuarial present value of future benefits; there are no future
premiums)

dgy = 77 S35

Alternatively, as above
(WV+7)(1+i) =,V

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

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

Multiply equation k by (1+i)34_k and sum the results:

(oV +7r)(1+i)35 +(,V +7r)(1+i)34 +(,V +7z)(1+i)33+---+(34v +)(1+i)=
WV (1+ i)34 +,V (1+ i)33 +5V (1+ i)32 +o gV (14+1) +45V
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For k=1, 2,---, 34, the \V (1+i)35_k terms in both sides cancel, leaving
oV (L+0)° +7z[(l+ D)+ (L+i) o (1 I)} =35V
Since ,V =0

= dgg
(see above for remainder of solution)

Question #94
Key: B

_(t)= {0y ¢ P (X+1)+ Gy Py (Y +1)

Y O X ¢ Py + ¢ Py X Gy + ¢ Py X Py
For (x) = (y) = (50)

(1059%0) (10 Pso ) 9o -2 _ (0.09152)(0.91478)(0.01376)(2)

Hz5e5 (10.5) = 5 > =0.0023
(105950 ) (105 Pso )2+ (105 Pso )’ (0.09152)(0.90848)(2)+(0.90848)
where
105 Peg = %(Ieo + |61) _ %(8,188,074+8, 075, 403) _ 090848
ls 8,950,901
105050 =1~ 105 Psp = 0.09152
8,188,074

=525 _0.91478
10 Pso 8,950,901

105 Pso #(50+10.5) = (19 P5o)0go  SiNCe UDD
Alternatively, o,y Pso = 10 Pso t Peo

(10+1) Ps0s0 = (10 Pso )2 (¢ Pso )2
(10+) P 555~ 2 10 Pso « Peo (10 Pso )2 (¢ Pso )2
=2 10 Pso (1 tdgp ) — (10 Pso )2 (1-tdg )2 since UDD

. . 2
Derivative =-2 15 pgy 0g + 2(10 pso) (1—tQGo)%o
Derivative at 10+t =10.5 is

-2(0.91478)(0.01376) +(0.91478)° (1-(0.5)(0.01376))(0.01376) = ~0.0023
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105 P 5550= ¢ 10.5 Pso _(10.5 pso)

= 2(0.90848) —(0.90848)*

=0.99162
_dp
4 (for any sort of lifetime) = —dt = ~(-00023) _ 5003
p 0099162

Question #95
Key: D

()= 10 (1) + 1P (1) =0.01+2.29=2.30
P= Pj 2 (1) dt+50,000j02vtt p{ ) (1) dt+50,000[ v, p{ (1) d
P=P jo e01e=23t » 2 294t 4 50, ooojo2 e%1e~23 % 0.01dt + 50,000 j :’ e 01e=23 % 2 3t

_2(24) 224 -2(2.4)
1= | 50000 0.01x 178 4 2.3xE
24 24

P|:1— 2.29x

P=11,194

Question #96
Key: B

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

Annuity =v? 3p,1000+v* 4p, x 1000 x (1.04) +...

="1000(104)**v¥  p,
k=3

= 1OOOV3Z « Py
k=3

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

Let = = benefit premium.
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n(1+ 099v + O.98v2) — 8072

28580n =8072
n =2824

Question #97
Key B

7815 = 1000 A + P(IA)3 5 + (1071 Ao
~ 1000A,,
aaom _( IA)%O:@ N 1010\ As
~ 1000(0102)
7.747-0078-10(0.088)

102

 6.789
—15.024

Test Question: 98 Key: E

For de Moivre’s law,

o w-30 t
830 = jo (1— w_sojdt

t2 »-30
B [t B 2((0—30)}0

~®-30
2
Prior to medical breakthrough ®=100= 83 = 100-30 =35
After medical breakthrough €'30 = €30+4 =39
so  6,-39-2"30_ ,_108
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Test Question: 99 Key: A

oL =100,000v*° - 4000d;  @5%
= 77,079

Question #100
Key: D

Iu(accid) —0.001
'u(total) —0.01
2(°"") = 0,01-0.001=0.009

Actuarial present value = I: 500,000 e %% e~ (0.009) dt

+10[750,000 6204 ¢ 0% &% (0,001)dt

=500,000 [m + %} =100,000
0.06 0.02
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Test Question: 101 Key: E

E[N]=Var[N]=(60)(05)=3
E[X]=(06)(1)+(0:2)(5)+ (02)(10) 36

E[X?]=(06)(1) +(02)(25) +(02)(100) = 256
Var [X]= 256-36° =1264

For any compound distribution

Var [$]= E[NVar[ X]+Var[N](E[ X])’
= (30) (12.64) + (30) (367)
=768

For specifically Compound Poisson
Var[s] = At E[Xz] = (60) (0.5) (25.6) = 768

Alternatively, consider this as 3 Compound Poisson processes (coins worth 1; worth 5;
worth 10), where for each Var(X)=0, thus for each Var(S)=Var(N)E[X]’.
Processes are independent, so total Var is
Var =(60)(05)(0.6)1* +(60)(0.5)(0.2)5* +(60)(05)(0.2)(10)
=768

2

Test Question: 102 Key: D

1000 ( ig\/x 20 Px )(1'06) ~ Ox119 (1000)

1000 20V, =1000A ,,, =

px+19
_ (342.03+1372)(106) - 0.01254(1000)

0.98746
g 10036918
(0.06/106)

=36918

S0 1000, =1000-3c20 _ 30918 _ 55,
4., 111445
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Test Question: 103 Key: B

p(r) _ e—f;ﬂ(xr)(t)dt _ e—f:Zﬂ(xl)(t)dt
k Mx  — -

= (,p,)* where ,p, is from lllustrative Life Table, since »* followsI.L.T.
6,616,155

10Pe0 =3 188,074
6,396,609

11Ps0 = 8188074
(7)

10| qgsg) =10 p((s(T)) —11Pe0

2 2
:(10 p60) _(11 p60) fl’0m I.L.T.
=0.80802% —0.78121 = 0.0426

=0.80802

=0.78121

Test Question: 104 Key: C

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

" 1
4 =
P, +d
A =8 =~ —625
0.1+ 0.06
d_ = _r . 8.333
¥ 0.06+0.06

d +dy =d, +d,

dy =6.25+625-8333=4167

Py = i—0.06 =018

Y4167
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Test Question: 105 Key: A

d{) =1000[ e 0% (41 0.04)ct

- 1000(1— e‘(”+°-°4)) — 48

e (#+004) _ 095
11+0.04 = —In(0.952)

= 0,049
1= 0009

d{?) =100 &% (0.009)dt

_ 1000%(6—@-049)(3) —e 09) _76
0.049

Question #106
Key: B

This is a graph of I, z(x).
4(x) would be increasing in the interval (80,100).
The graphs of |, p,, I, and IX2 would be decreasing everywhere.

Question #107
Key: B

Variance =v*° . p, 150, Expected value =v* . p,
v 15 Px 1505 = 0.065 vie 15 Px
v 150, =0.065 = ,q, = 0.3157

Since u is constant
150 = (1-(p)")

(py)" =0.6843
p, =0.975
g, =0.025
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Question #108
Key: E

(1) VA :(1OVA+0)(1L')—MX1000
px+10 px+10

(2) an:(lovBmB)(l—“)—Mxlooo
px+10 px+10

1+i)
(1)-(2) WAV E :(10VA_10VB_7TB)(
Px+10

(1.06)
1-0.004

—(101.35-8.36)

=98.97

Test Question: 109 Key: A

2
APV (x's benefits) = zvk+1bk+l kPx Ox+k
k=0

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

MLC-09-08 -72 -



Test Question: 110 Key: E

7 denotes benefit premium
10V = APV future benefits - APV future premiums

0.6=i—7r:> 7 =0326
108

(10V +7)(108) (g5 )(10)

Pes
_ (5.0+0326)(108) - (010)(10)
- 1-010

11V =

=5.28

Question #111
Key: A

Actuarial present value Benefits = (0'8)(0'1)(10’000) + (0'8)(0'9)(0'097)(9’000)

1.06° 1.06°
=1,239.75
1,239.75=P| 1+ (08) + (0'8)(2'9)
1.06 1.06
= P(2.3955)
P=517.53 =518

Test Question: 112 Key: A

1180 = (70)(12) +(50)(10) — 20a5.4,

83040 =8

Test Question: 113 Key: B
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0

1

=—|—(t+1)e" + (L + —zje‘l'o‘r’t
005| 105 105 .

2
L (i) = 185941
105

20,000 x 185941 = 37,188

Question #114

Key: C
Event rob 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
Key: B

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

K+1 e
« 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
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,L =1000v—~1000P &
1000

=——-279.21
1.1
=629.88 ~ 630
The premium came from
_Ag

3 5

©odg
Ag=1-ddz

-d4
Py =279.21="— 3 - 1 g
43 4g

Test Question: 116 Key: D

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

PrT<1  =E{PfT<im]}
= j:Pr[T SZI]M = ,u] f(1)du

=] ot
- J;(l_ey)%du = %(2+e2 _1) - %(1_,_632)

= 056767

Question #117
Key: E

Note that above 40, decrement 1 is DeMoivre with omega = 100; decrement 2 is

DeMoivre with omega = 80.
That means 44 (20)=1/40=0.025; zg)(20)=1/20=0.05

487 (20) = 0.025+0.05 = 0.075

Or from basic definition of .,
(r) 60—t 40—t 2400-100t +t°
tPag” = X =
60 40 2400
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d (t pgg))/dt = (~100+2t)/ 2400
at t =20 gives —60/2400 =0.025
20 Pi) =(2/3)*(1/2)=1/3

145 (20) = [—d (, pgg))/dt}/ 20 DY) =0.025/(1/3) = 0.075

Test Question: 118 Key: D

Let 7z = benefit premium

Actuarial 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
=20,32013

Actuarial present value of benefit premiums

[L+087v + (097)(094)%] 7

=2.7266r7
722082018 2 0o g
2.7266
_ (745255)(106) - (200,000)(0.03)
v 1-0.03
—1958.46

Initial reserve, year 2 = |V + 7
= 1958.56 + 7452.55
=9411.01

Test Question: 119 Key: A

Let z denote the premium.

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

:1—7z§.ﬂ
E[L]=1—7z§x =0 :>7z=}%x
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) oa —(1-vT)

—>L=1-za, =1-—
iy oa,
v —(1-573) V' -A
~ sa,  1-A
Test Question: 120 Key: D
(0,1) (1,0.9)
&/ (1.5, 0.8775)
B  — (2,0885)
tP1
1 2

P, =(1-01)=09
, P, =(09)(1-0.05) = 0855

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

=08775

@115 = Areabetweent=0andt=15

_ (1+ 0.9 )(1) +(0.9 + 2.8775)(05)

2
=0.95+0444
=139

Alternatively,
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. 15
€115 = Io . pdt
1 05
= Io tpldt*'lplfo x PodX

1 0.5
= |, (1-01t)dt+09] ™ (1- 0.05x)dx

-]

=095+0444 =1394

' 0052 |°°
.UoX
+0gx— 015+ ]
0 0

Test Question: 121 Key: A

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

Ax+l = AK(1+ I) - qx
Px
_ (0.4672)(105) - 0.01788
‘e 1-0.01788
= 04813
~ (0.4813)(105) - 0.01952

1-0.01952
= 0.4955

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

(1+i)’ = —2222 i = ‘/—gggg ~1=0.02984

Pes
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Test Question: 122 Key: B

Original Calculation (assuming independence):

s, =006

1, =006

f1, = 0,06+ 0.06 = 012

A=t o 900 _gess
i, +5 006+005

A=ty 900 _goges
4, +0  0.06+005

Ay = 012 _ 70588

fy+5 0124005
Ay = A+ A — A = 054545+ 054545~ 0.70588 = 0.38502

Revised Calculation (common shock model):

4, =006, 11 ) =004
T*
p2, =008, 1, =004

fyg = 0y ) 1)) 4 4% 0,04+ 004+ 0.02 = 010
L, 0.06

A - - ~ 054545
f,+5  006+005

A=t o 000 g5psgs
4,., 006+005

Ay = 010 _ 066667

fy+5  010+005
Ay = A+ A — A = 054545+ 054545066667 = 042423

Difference =0.42423—-0.38502 = 0.03921
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Question #123

Key: B

5 Y3525 =5 a5 5 0as —5Ussias
=5P35040 +5P45U50 ~5P35:45U40:50
=5P35040 T5Pa5Us0 ~5P35 %5 Pus (1 - p4o:so)
=5P35040 T5Pa5U50 ~5P35 %5 Pus (1_ Pao pso)

= (0.9)(.03) +(0.8)(0.05) - (0.9)(0.8)[1- (0.97)(0.95)]
=0.01048

Alternatively,

6 Pas = 5 P35 X Py = (0.90)(1-0.03) = 0.873
6 Pas = 5 P45 X Pso = (0.80)(1-0.05) =0.76

503525 = 5 Pasa5 ~ 6 Pasas
=(5 P35+ 5Ps5 — 5 p35:45)_(6 P35+ 6 Pas — 6 p35:45)

:(5 p35+5p45+5p35><5p45)_(6 p35+6p45_6p35><6p45)

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

=0.01048

Test Question: 124 Key: C

3 . . .
J. A(t)dt =6 so N(3) is Poisson with 1 =6.
0

P is Poisson with mean 3 (with mean 3 since Prob(y; <500)= 05)

P and Q are independent, so the mean of P is 3, no matter what the value of Q is.
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Test Question: 125 Key: A

At age x:
Actuarial Present value (APV) of future benefits = (% ijlooo

APV of future premiums = (gax)ﬂ

1000 Ay = %7[3:25 by equivalence principle

5
1000 A _ 1 8165 ..o

— T=> ==X =
4 4 162242

10V =APV (Future benefits) — APV (Future benefit premiums)

1000 4

:TAss_g”a:sS

_ %(128.72) - %(1258)(15.3926)

=10.25

Test Question: 126 Key: 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
Var[Y] = 10° (‘“;—240)
=100(0.04863 - 0161322 )(L06 / 0.06)"
=70555
E[S]=100E[Y]=14,8166
Var[$]=100Var[Y]= 70,555
Standard deviation [S]=/70,555 = 265.62

By normal approximation, need
E [S] + 1.645 Standard deviations = 14,816.6 + (1.645) (265.62)
= 15,254
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Test Question: 127 Key: B

54 =4 Ay
aao:ﬁ - 4330@

5(0.10248) — 4(0.02933)
5(14.835) — 4(11.959)

~ 05124-011732  0.39508

Initial Benefit Prem =

= =0.015
74175—-47.836 26.339
Where
Aalo:m = (A3Oﬂ - Aaoﬁ) =0.32307 —0.29374 = 0.02933
and
) 1-Ayz  1-032307
=g = oo~ 1199
(106)

Comment: the numerator could equally well have been calculated as Ay, +4 ,,E5y As
=0.10248 + (4) (0.29374) (0.24905)
=0.39510

Test Question: 128 Key: B

075 b, =1-(0.75)(0.05)
=0.9625
075 Py, =1-(0.75)(10)
=0925
0750y =1—075Pxy
=1— (o5 px)(ol75 py) since independent
=1-(0.9625)(0.925)
= 01097

Question #129
Key: D

Let G be the expense-loaded premium.

Actuarial present value (APV) of benefits = 100,000 A,
APV of premiums = G

APV of expenses = [ 0.1G +25+(2.50)(100) | &

Equivalence principle:
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Géizs =100,000 Ags +(0.1G +25+250) &g

G =100,000§+0.1G +275
d3s
0.9G =100,000P, + 275

(100)(8.36)+275
0.9

=1234

Test Question: 130 Key: A
The person receives K per year guaranteed for 10 years= Kéim =8.4353K

The person receives K per years alive starting 10 years from now :10‘340K

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

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

1
Ao~ Py 030-009

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

Plug in values:
10,000 = (8.4353+ (O.60)(16.90))K

=185753K
K =538.35

Test Question: 131 Key: D

. 1 t t2 11
STANDARD: 251 = |, 1-—cfdt=t-———| =101933
x 137

—I;O.lds B

MODIFIED:  py =¢ e~ = 090484

10

o 1 t
62531 = J‘O t p25dt + p25J.0 [1— ﬂjdt
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01 2\ 10
_lmem eorfy ot ‘
2x74 1,

= 095163+ 0.90484(9.32432) = 9.3886

Difference =0.8047
Test Question: 132 Key: B
Comparing B & D: Prospectively at time 2, they have the same future benefits. At issue,

B has the lower benefit premium. Thus, by formula 7.2.2, B has the higher reserve.

Comparing A to B: use formula 7.3.5. Atissue, B has the higher benefit 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 0.

Test Question: 133 Key: C

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

o) x pif?) = (1-0.01)(1- 0.05) = 0.9405

Probability of remaining through the year is

ol x pof?) x p¥) = (1- 0.01)(1- 0.05)(1— 010) = 084645

Probability of exiting at the end of the year is
qég) = 0.9405 - 0.84645 = 0.09405
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Question #134
Key: D

Poisoned wine glasses are drunk at a Poisson rate of 2x0.01 = 0.02 per day.
Number of glasses in 30 days is Poisson with 4 =0.02x30=0.60

f(0)=e"% =055
Test Question: 135 Key: D

APV of regular death benefit = [ (100000)(e"")(0.008)(e™")dt

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

APV of accidental death benefit = [*(100000)(&*)(0.001)(e"")dt

_ Jjo (100000)(e-0.06t )(O.OOl)(e'O'OOBt )dt

- 100[1— e'2'°4] /0.068 =1.279.37
Total APV =11765+1279 = 13044

Test Question: 136 Key: B

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

heop-15 = (5)(79,954) + (5)(78,839)
= 79,3965

802224 -79,396.5
=0.0103

P, = & = 9.0909%
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Question #137
Key: E

View the compound Poisson process as two compound Poisson processes, one for
smokers and one for non-smokers. These processes are independent, so the total
variance is the sum of their variances.

For smokers, 4 =(0.2)(1000) = 200
Var(losses) :ﬂ[Var(X)+(E(X))1
~ 200 5000+ (~100)’ |
= 3,000,000
For non-smokers, 4 =(0.8)(1000) =800
Var(losses) :A[Var(x)+(E(X))2J

~800| 8000+ (~100)’ |

=14,400,000
Total variance =3,000,000 + 14,400,000
=17,400,000
Test Question: 138 Key: A

al = g + g’ =034
=1-pig pif”

034 =1-0.75p},?
Pi'? =088
Qp'?) = 012=y

9?2 =2y =024
qiy) =1-(08)(1-0.24) = 0392
1{5) = 2000(1— 0.34)(1— 0.392) = 803
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Test Question: 139 Key: C

PrL(7')>0]<05

F>r[1o,000vK+1 iy > o] <05

From lllustrative Life Table, ,;p;, =050816 and ,4p;, =47681

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(7')at K =47]=10,000v*"™ - 7'
=609.98 -16.589~"

L(7') <0 = (609.98—-165897') <0

2> 20998 _ 5677

16.589

Test Question: 140 Key: B

Pr(K =0)=1-p, =01
Pr(K =1) =,p,—,p, = 09— 0.81=0.09
Pr(K >1)=,p, =081

E(Y) = 1x1+.09 x 187+81x 272 = 24715
E(YZ) = 1x12+.09x187%+81x 2.72% = 6407

VAR(Y) = 6.407 — 247152 = 0.299

Question #141

Key: E
E[Z]=bA
since constant force A, = u/u+35
E@2)= bu _ b(0.02) _b/3
u+5  (0.06)
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Var[Z]= Var[bvq - bZVar[vT] = bz(zAx -~ Af)

Test Question: 142 Key: B

In general Var(L)=(1+%2)"(*A~ A?)
= 1 1
Here P(A)=—-6=—--08=12
ere P(A) - -

So Var(L)= (1+ %)Z(ZR — A?)=5625

and Var(L*)= (1+%] (ZKX B Rz)

@)
So Var( L*) = 8 5 (0.5625) =744
1+2)

E[L*]= A -15a, =1-& (5+15)=1-523) =15

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

—~
[EN

Test Question: 143 Key: C

Serious claims are reported according to a Poisson process at an average rate of 2 per
month. The chance of seeing at least 3 claims is (1 — the chance of seeing 0, 1, or 2
claims).

P(3+)> 09 is the same as P(0,1,2) <01 is the same as [P(0)+ P(1)+ P(2)] <01
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01>e™+ et +(#/2)e
The expected value is 2 per month, so we would expect it to be at least 2 months
(A=4).

Plug in and try
e +4e™ + (47 /2)e™* =238, 100 high, so try 3 months (4 =6)

e®+6e® +(62 / 2)e‘6 =062, okay. The answer is 3 months.

[While 2 is a reasonable first guess, it was not critical to the solution. Wherever you
start, you should conclude 2 is too few, and 3 is enough].

Test Question: 144 Key: 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 = 0.40
I =101 ¢{") = qf") =02

(W) _ ql?)

) =g —q") = (1L0-06)-01=03

16" = 041" - of")

ol =04(1-of") - 03)

(f) :%:02
% 14

p)=1-q{") — ¢ =1-02-03=05

300" =" + p{ o™ + pb7 p{7gf"
- 02+(0.4)(03) + (0.4)(05)(03)

=038
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Test Question: 145 Key:

€55 = Pas(1+€s)
ek = el sincesame u

N e—jé[yz'\g(t)+o.1(1—t)]dt

P2s

1 M 1
. [ (t)dt— [ 01(1-t)dt

LM 1
_ e—joyzs (t)dte—joo.l(l—t)dt

1
. —[0.1[t—%ﬂ
= Pys€ 0

~0.05 . M
=€ P25

eé\ls = p£\15(1+926)

=g 0%pld (1+e5)

= 0951 e} =(0951)(10.0)=95
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Test Question: 146 Key: D

E[Y 6 ] = 100E[Y] = 100(10,000)a

X

=100(10,000) (( ] 10,000,000

= JVarv] = \/(10,000)25—12(2R - A%)

_ (20,000)

(0.25)—(016) = 50,000

& ase = /1000, =10(50,000) = 500,000

0.90 = Pr[% > o}

0O nce
F—E[Yec ]
O nce
F =12820 ¢ + E[YAGG]
F= 1282(500,000) +10,000,000 =10,641,000

=1282 =

Question #147
Key: A

Asyz =1000V0 +500v% g +250v° G

2 3
—1000( 2|33, 500( L | (0.99847)[ 1L |1 250( | (0.99847)(0.99830) 17O
1.06 ){ 1000 1.06 1000 1.06 1000

=1.4434+0.71535+0.35572 = 2.51447

2=t ) @) =2+ 0971091
l 1

+(097129)(0.999235)

0. 00153j

=0.985273
2.51447

0.985273
=2.552

Annualized premium =

. , 2.552
Each semiannual premium ==

=1.28
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Test Question: 148 Key: E

(DA)slo:m = 20vQg, + Vpso((DA)sll:@)

) 20(2) 8
Ggo =2 18=—05 * ﬁ( )i

. 13(106) - 4
(DA =g — =12225

Ogo =1 DA = 20v(1) +v(9)(12.225)

_ 2+.9(12.225)

=12.267
106

Test Question: 149 Key: B

Let T denote the random variable of time until the college graduate finds a job
Let {N(t),t >0} denote the job offer process

Each offer can be classified as either
Type | - - accept with probability p = {N,(t)}
Type I1- - reject with probability (1- p) = {N,(t)}

{Ny(t)} is Poisson process with 4, =1-p
p = Pr(w > 28,000) = Pr(Inw > In 28,000)

= Pr(Inw >10.24) = Pr Inw-1012 1024-1012)_, D(1)
012 012
= 01587
A, =01587 x 2 =0.3174
T has an exponential distribution with 8= 1 =315

Pr(T >3) =1- F(3)
-3
— 315 = 0,386
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Test Question: 150 Key: A

tpx:exp[—'ﬁloo%} exp[ln (100—x — S)H %—XXt

€50:60 = €50+ €60— €50:60

5050 t 2 T°

eso —j 50t—5} — 25
L 0
wa0-t . 1. 2 ]°

eeo = [ ——dt=—|40t——| =20
0 40 40| 2|,

° 0(50-t)(40-t), (o 1 )
€50:60 —j ( = )(To)dt— ) m(2000—90t+t )dt

1

3
2000t — 45t% + — \ —1467
~ 2000 3

o560 = 25+ 20 —14.67 = 3033

Question #151
Key: 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

Question #152
Key: A

For death occurring in year 2

apy = 2:3¥1000 _ oo o9
1.05

For death occurring in year 3, two cases:
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(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

0.17x1000

APV = === =154.20
1.05

Total. APV =285.71 + 154.20 = 439.91

Test Question: 153 Key: E

Var(,L) = Var(A,)+v?Var(A,) since Var(A,)=0
2
Var(A,) = [V(bl_lv )] Pso0so
(10,000 3,209)*(0.00832)(0.99168)
- 103°
= 358664.09
2
Var(A,) = [V(bz_zv )] P500s1 P51
_ (10,000 6,539)*(0.99168)(0.00911)(0.99089)
- 103°
=101075.09
Val‘(0 L) = 358664.09 + % =453937.06

Alternative solution:

7 =10,000V—,V, ; = 970874~ 6539 = 3169.74
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10,000V — ﬁéﬂ =6539 for K=0

oL =110,000v* - 7d, =3178.80 for K=1

3= -8352 for K>1

10,000v° - 7

Pr(K =0)
Pr(K =1)
Pr(K >1)

Var(,L)

G, = 0.00832
Dso Gsy = (0.99168)(0.00911) = 0.0090342

1- Pr(K = 0) - Pr(K =1) = 0.98265

E[O Lz] —E[,L] = E[O LZ] since 7 is benefit premium

= 0.00832 x 6539° + 0.00903 x 3178.80% + 0.98265 x (-83.52)°
= 453,895 [difference from the other solution is due to rounding]

Test Question: 154 Key: C

Let 7~ denote the single benefit premium.

7= ofdigs + 7 A315:m

30|535 (%5@ a Aés;m)aes _

TTita T 1-AL
5:30] 5:30]
(.21-.07)9.9
T (1=07)
1386

93
=1.49

Test Question: 155 Key: E

04Pg=9= e_jglzl(ﬁezx)dx

2
—.4F—[%}
=e

0.8_.
_.4|:_[e > lj

5= e—.4 F-.6128

~

o
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= In(5) = —4F-6128

= —-6931=-4F-6128
= F=0.20

Question #156
Key: C

(v +P)(1.03) =0y, 0b+(1—Cyq) 10V

= Oy49 (b — 1V ) + 10V
(343)(1.03) = 0.02904(872) + v

=,V =327.97
b=(b- )+ v =872+327.97 =1199.97

Pb| L _g :1200( L —0'03j
B 14.65976 1.03

=46.92
oV =initial reserve — P = 343 — 46.92 = 296.08

Question #157
Key: B

d=0.06 = V=094

Step 1 Determine p,

668+ 258vp, =1000vq, +1000v° P, (Pysy + Uyss)
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

Step 2 Determine 1000P

668+ 258(0.94)(0.91) =1000P ;[ 1+(0.94)(0.91) ]

[220.69 + 668]

1000P - =
x2| 1.8554

=479
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Question #158
Key: D

100,000(I1A), - =100,000 p,q [( IA), 5~ 10V py qso} + AL (100,000) [see comment]

8,950,901

9,287,264

0997221 0.16736 - ( s
1.06

100,000 j x(0.00592)

+(0.02766x100,000)
=15,513

Where Aiom = Ay —10E40 Aso
—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)iOm provides a death benefit 1 greater than (IA)Z@.

1 . . . 1
Hence the A, — term. But (IA), ; provides a death benefit at 50 of 10, while (1A),
provides 0. Hence a term involving o/0a1 = 9 Pa1 Uso - The various v's and p’s just get alll
actuarial present values at age 40.

Question #159
Key: A

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

q - 88-40 _
960
(G - expenses)(1+i)-1000q,
LAS = .
~ (100-(0.4)(100))(1.1)-(1000)(0.05)
- 1-0.05
_60(L1)-50 _
0.95

MCL-09-08 -97 -



Question #160
Key: C
Atany age, p,® =e°%=0.9802

q;(l) =1-0.9802 =0.0198, which is also qil), since decrement 2 occurs only at the end of
the year.

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

p\”) =0.9802*0.96 = 0.9410
()y = 0.941 v = 0.941*0.95 = 0.8940

X

E.=p

APV of death benefit for 3 years 188.1+ E,, *188.1+ E,, * E,; *188.1=506.60

Question #161
Key: B

40
€020 = J. t Paodlt

a)30t
_'[a)30

Or, with De Moivre’s law, it may be simpler to draw a picture:

oPxp=1 40 P3o
30 70
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o _ (1+ 40 pso)
€020 = area =27.692 =40——=

40 P3o = 0.3846
w—"10
w—30

=95

o 85t
t M30 65

=0.3846

Var =E(T)*-(E(T))’

One way to evaluate this expression is based on Equation 3.5.4 in Actuarial
Mathematics

Var(T):j;Ztt p,dt — €7

65 t 65 t
- 2jt[(1——jdt _ j(l——jdtz
! 65 AU

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

Another way, easy to calculate for De Moivre’s law is

0 0 2
Var (T) = [ %, poss (ot —( [ s (1)
2
:jﬁstzxidt—(.’.%txidtj
0 65 0 65
t3

65 tZ2 65 ?
~ el _£2x65‘0]

=1408.33—(32.5)" =352.08

With De Moivre’s law and a maximum future lifetime of 65 years, you probably didn’t

need to integrate to get E (T (30))=¢,, =32.5

Likewise, if you realize (after getting » =95) that T(30) is uniformly on (0, 65), its
variance is just the variance of a continuous uniform random variable:
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_ (65-0)°

Var = =352.08

Question #162

Key: E
Vo 218.15(1.06) ~10,000(0.02) . oo
1-0.02
(31.88+218.15)(1.06) - (9,000)(0.021)
N = —~77.66
1-0.021
Question #163
Key: D
e,=e,=> P, =095+095 +..
k=1
_ 095 _
1-0.95
€y = Pyy + 2 Py v
=1.02(0.95)(0.95)+1.02(0.95)" (0.95)° +...
2
=1.02[0.95°+0.95 +.. | :M = 9.44152
95

€y =6 +& —€, =28.56

Question #164
Key: A

Local comes first. | board
So | get there first if he waits more than 28 — 16 = 12 minutes after the local arrived.

His wait time is exponential with mean 12
The wait before the local arrived is irrelevant; the exponential distribution is memoryless

Prob(exp with mean 12>12) =¢e 72 = ¢ = 368%
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Question #165
Key: E

Deer hit at time s are found by time t (here, t = 10) with probability F(t — s), where F is
the exponential distribution with mean 7 days.

We can split the Poisson process “deer being hit” into “deer hit, not found by day 10”
and “deer hit, found by day 10”. By proposition 5.3, these processes are independent
Poisson processes.

Deer hit, found by day 10, at time s has Poisson rate 20xF(t — s). The expected
number hit and found by day 10 is its integral from 0 to 10.

t

E(N(t))= ZOJ' F(t—s)ds
E(N(10))= zoljo1—e_(1(7)_5)ds

0
S0 49

220(10—76 ! }
0

- 20(10—7+7e‘1%) —94

Question #166
Key: E

j: e 008Gt —125

j“‘”e—‘“’st 0.03)d _§=0.375

_ 3
2 e %13(0.03)dt =—= =0.23077
A= e (003)dt =

o(a)=Var[a] = %[ZKX —(/KX)Z} - \/400[0.23077 ~(0.375)° | ~6.0048
Pr| & >3, -o(a)|=Pr[&; >12.5-6.0048]

_ T
_pr| 12V S 64952 :Pr[0.67524>e‘°'°5T]
0.05

0.05
~0.03<7.85374 _ (y 79

- P{T , ZIn 0.67524 0'67524} —Pr[T >7.85374]

=€

Question #167
Key: A
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s pit) = (0% — 025 _ 0 7788
gl = j; pb (1) xe (0% 0%t = —(0.02/0.05)e |

- 0.4(1—e‘°'25)
= 0.0885

5

0

Probability of retiring before 60 = 4 pég) X 5q§?
= 0.7788*0.0885
=0.0689

Question #168
Key: C

Complete the table:
lg, = |[80] - d[so] =910
lg = ljg) —djey =830 (not really needed)

x =&, N [i since UDD]
2 2
%=yt 7%

e[ox] _ gy +1gy + g3 +... +£

é’[so] - lgo) = lg1 + I + .. Call this equation (A)

§[81] - |[81] =g, +... Formula like (A), one age later. Call this (B)

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

o 1 o 1
lg; = 0]~ ligo) ey ™5 )

910= [8.5 - 0.5]1000 - {é[m] - 0.5} 920
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8000+460-910

6[81] = 920 = 821

Alternatively, and more straightforward,

910
Pleo] = 1000

830

830
=——=0.912
Pa1 910

0.91

o 1 o
€ls0] = Eq[go] + Prgo] (1+ emj

where g contributes % since UDD

8.5 =%(1—0.91)+(0.91)(1+é81j

€y =8.291

o 1 o
€1 = 5%1 + Pg1 (1"‘ eBZ]

8.291= %(1— 0.912)+ 0.912(1+ éng

e082 = 8.043
o 1 o
€e1) =% Ye1] * Plag 1+eg

—(1-0.902) +(0.802)(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 €y =gy +0.5
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Question #169

Key: A
T Pyt t Px Vt Vtt Py
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 & ;=) V', p, =2.1111
t=0

8,0 1
1000,V - =1000| 1- =21l | —1000] 1 —526
273l 8z 2.1111

Alternatively,

P =———d=04261
d
x:ﬂ
1000,V, 5 =1000(v—P, )
=1000(0.95238 - 0.4261)
=526

You could also calculate Ax;i and use it to calculate Px;ﬂ'
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Question #170
Key: E

Let G be the expense-loaded premium.
Actuarial present value (APV) of benefits = 1000Ay, .

APV of expenses, except claim expense = 15+1xé&g,

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

Equivalence principle: Gés, =1000Ag, +15+1x &, +50A,

_ 1050A;, +15+dy,

dsg
o _ _ a5y
For De Moivre’s with @ =100, x =50 A, =50 0.36512

G

iy = :ﬁ ~13.33248

Solving for G, G =30.88

Question #171

Key: A

Dy =€ 0% = 08187
10 Peo =€ 2% — 0 6065
s Pgo =€ P0®) = 0.7261

18 Psp = (10 pso)(a peo) =0.6065x%0.7261
=0.4404

414950 = 4 Pso ~18 Pso = 0.8187—-0.4404 =0.3783
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Question #172
Key: D

a4o;a =& — 5By dys
:14.8166—(0.73529)(14.1121)
=4.4401

78,5 =100,000 A5 v° ¢ pyo + 7 (1A),

405

7 =100,000A % sEso /(8,5 = (1);03]
~100,000(0.20120)(0.73529)/(4.4401-0.04042)
— 3363

Question #173
Key: B

Calculate the probability that both are alive or both are dead.
P(both alive) = | p,, = Py« Py
P(both dead) = kO = kdxkdy
P(exactly one alive) = 1-, p,, — Iy
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

APV Annuity=30,000( L 08l 0'6724)+20,000( 0 01638 0.2952

+ + + + =80,431
1.05°  1.058  1.05° 1.05°  1.05 1.052)

Alternatively,

14 O.8281+ 0.67224 23086
1.05

ey 1.05
=4, :1+—0'91+ 0'822 =2.6104
1.05 1.05

APV = 20,0004, +20,0004, —10,0004,,
(it pays 20,000 if x alive and 20,000 if y alive, but 10,000 less than that if both are

4

alive)
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— (20,000)(2.6104)+(20,000)(2.6104) —(10,000)2.3986
— 80,430

Other alternatives also work.

Question #174
Key: C

Let P denote the contract premium.

_ J‘e—dte ytdt J‘e—o 05tdt =20

E[L]= ax'“’”’ -P
a)!MP _ Teo 03t 70 oztdt n efo 03(10)e -0. oz(lo)J‘efo O3t -0. 01tdt
0 0
-05 -0.5
e 7,8 " o3
0.05 0.04
E[L]=23-20-3
—[L] = i =15%
20

Question #175
Key: C

Asyz) =1000v0 +500v% 459

1

2
:1000(—j(0.00153)+500(ij (0.99847)(0.00161)
1.06 1.06

=2.15875
Initial fund =2.15875%x1000 participants = 2158.75

Let F, denote the size of Fund 1 at the end of year n.

F, = 2158.75(1.07)—1000 =1309.86
F, =1309.86(1.065) - 500 = 895.00

Expected size of Fund 2 at end of year 2 = 0 (since the amount paid was the single
benefit premium). Difference is 895.
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Question #176
Key: C

Var[z]=E|2*|-E[Z]

(v ) Ptz (t)dt = [ e 00800002t (0 02 it
0 ( ) 0 ( )
j:(o.oz)e—o-f’“dt ~ % =2

E[22]=["(wh,) tpxyx()olt_j (0%} &9% (0.02)

= [70.02e ", (t)dt = 2, = I

Var| z]_——( ) :————008503

E[Z]

Question #177

Key: C
From A =1-dédx we have A = l—— /1
Ao =1-$5(0)- %,
A=AxS
Ao, 0L =0.2861
11 In(1.1)
5 01
— =0.4769
Poto =17 In(L.2)
1wy = 'K‘mo - P('E‘x)xaxﬂo
=O.4769—(0'2861j6
=0.2623

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

Key: C
Regular death benefit = j(;”loo, 000 x e 20t x =000 g 001dt
=100, OOO(&j
0.06+0.001
=1639.34

Accidental death = [*°100,000 & *%e-0%¥ (0,0002) dt

—20 .[;O 0061t 44

061
—20/12¢ " |_14972
0.061

Actuarial Present Value =1639.34 +149.72 =1789.06

Question #179
Key: D

Once you are dead, you are dead. Thus, you never leave state 2 or 3, and rows 2 and
3 ofthe matrix mustbe (0 1 O)and (0 0O 1).

Probability of dying from cause 1 within the year, given alive at age 61, is 160/800 =
0.20.

Probability of dying from cause 2 within the year, given alive at age 61, is 80/800 = 0.10

Probability of surviving to 62, given alive at 61, is 560/800 = 0.70
(alternatively, 1 — 0.20 — 0.10), so correct answer is D.
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Question #180
Key: C

This first solution uses the method on the top of page 9 of the study note.

Note that if the species is it is not extinct after Q, it will never be extinct.
This solution parallels the example at the top of page 9 of the Daniel study note. We
want the second entry of the product (leQ2 xQ;)e; which is equal to

Q x(Q, x(Q;x3)).
ol o
Q;|0|=0.1
1| L

0

Q,[0.1=/0.27

0.01| |0.049
Q,]0.27{=10.489
1 1

The second entry is 0.489; that's our answer.

Alternatively, start with the row matrix (0 1 0) and project it forward 3 years.

O 1 0O ) Q = (0.00 0.70 0.30)
' 0.70 0.30) Q, = (0.07 0.49 0.44)
(0.07 0.49 0.44) Q, = (0.16 0.35 0.49)

Thus, the probability that it is in state 3 after three transitions is 0.49.

Yet another approach would be to multiply Q, xQ, xQ;, and take the entry in row 2,
column 3. That would work but it requires more effort.
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Question #181
Key: B

Probabilities of being in each state at time t:

t Active Disabled Dead Deaths
0 1.0 0.0 0.0

1 0.8 0.1 0.1 0.1

2 0.65 0.15 0.2 0.1

3 not needed not needed 0.295 0.095

We built the Active Disabled Dead columns of that table by multiplying each row times
the transition matrix. E.g., to move fromt=1tot=2,(0.8 0.1 0.1) Q=(0.65 0.15
0.2)

The deaths column is just the increase in Dead. E.g., fort=2,0.2-0.1=0.1.

v=0.9

APV of death benefits = 100,000*(0.1v+0.1v* +0.095v° | = 24,025.5

APV of $1 of premium = 1+0.8v +0.65v? = 2.2465

24,025.5

Benefit premium = c =10,695

Question #182
Key: A

Split into three independent processes:
Deposits, with 2”=(0.2)(100)(8) =160 per day
Withdrawals, with 1" = (0.3)(100)(8) = 240 per day
Complaints. Ignore, no cash impact.
For aggregate deposits,
E(D)=(160)(8000) =1,280,000
Var (D)= (160)(1000)” +(160)(8000)*
=1.04x10"
For aggregate withdrawals
E (W) =(240)(5000) =1, 200,000
Var (W ) = (240)(2000)° +(240)(5000)"
=0.696x10"
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E (W - D) =1,200,000-1,280,000 = ~80,000
Var (W — D) =0.696x10" +1.04x10" =1.736 x10"
SD(W - D)=131,757

>
131,757 131,757
=1-®(0.607)
=0.27

Pr(W > D)=Pr(W -D >0)= Pr(w —D+80,000 _ 80,000 j

Question #183
Key: D

Exponential inter-event times and independent implies Poisson process (imagine
additional batteries being activated as necessary; we don’t care what happens after two
have failed).

Poisson rate of 1 per year implies failures in 3 years is Poisson with 1 =3.

X f(x) F(x)
0 0.050 0.050
1 0.149 0.199

Probe works provided that there have been fewer than two failures, so we want F(1) =
0.199.

Alternatively, the sum of two independent exponential & =1 random variables is Gamma
with =2, 6=1
F(3)=T(2;3) =ij3te“dt

r(z)®

=(-t-1)e™ ‘Z

=1-4e¢>
=0.80 is probability 2 have occurred
1-0.80=0.20
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Question #184
Key: B

1000Pyg8l, =1 + 77 &, 1 % 15 E 45 =1000 Ay

1000%(345 ~15E4s 560)-" ”(560 —15E¢o 61'75)(15 E45) =1000A,5
45
201.20
14.1121
+7 (11.1454—(0.68756)(0.39994)(7.2170))>< (0.72988)(0.51081) = 201.20
where - E, was evaluated as - E, x ,4E

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

X+5

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

m =17.346

Question #185
Key: A

N =(oV +7)(1+i)-(1000+ V - V)aq,

N =(V +7)(1+i)=(2000+ V — NV )qy,; = 2000
(( (2+i)-1000q, )+7)(1+i) - 2000g,,, = 2000
(((2.08)~1000x0.1) + 7)(1.08) - 2000 0.1= 2000

n =1027.42
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Question #186
Key: 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(1_d—AX) —5572.68

o, = /Var[Y] = \/(500)2d—12(2AX - A}) =1791.96

S=Y+Y, + 4 Yo

E(S)=250E[Y]=1,393,170

o5 =250 x o, =15.8113880, = 28,333

$-1,393170 _F-1 393,170}

28,333 28,333

F 1,393,170
28,333 }

0.90=Pr(N(0,1)<1.28)

F =1,393,170+1.28(28,333)

=1.43 million

0.90=Pr(S<F)= Pr[

zPu{N(o,l)s

Question #187
Key: A

e
0~ it -1 ()

L™ = 1,0 —d oM —d ¥ =1000—60—55 =885
dy =1, ~d,,P -1,,(") =885-70-750 = 65

() _ 750 0" _ 65

P ggs q,") 135

(1) 750 Pias
" =1—| — =0.0766
Qa1 (885]
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Question #188
Key: D

Question #189
Key: C

Constant force implies exponential lifetime

Var[T]= E[TZ}—(E[T])2 =%—6] =%=1oo
u=01

E[min(T,10)]= [ (0.0 "dt + [ "10(0.1e“at

=—te"" —10e™" ‘ zo ~10e ™" ‘ N

10

—_10e-10e " +10+10e™
:10(1— e‘l) -6.3

Question #190
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Key: A

% premium amount for 15 years

G ;5 =100,000A, +(0.08G +0.02Gé 1)+ ((+-5)+58,)

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

) =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.
Question #191
Key: D

For the density where T (x)=T(y),
Pr(T(x)<T(y))= J.:EO j Xy=00.0005dxdy + j 5240 '[ 4jOO.OOOdedy

40 y 50 40
_ fy:00-0005 x|0dy +f y:400.0005x‘ Jdy

40 50
= jo 0.0005ydy + jy:mo.oz dy

_ _0-00253’2 ‘;‘0 +0.02 \50

=0.40 + 0.20 = 0.60

For the overall density,
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Pr(T(x)<T(y))=0.4x0+0.6x0.6=0.36
where the first 0.4 is the probability that T (x)=T(y) and the first 0.6 is the probability
that T(x)=T(y).

Question #192

Key: B
The conditional expected value of the annuity, given u, is :
0.01+
The unconditional expected value is
2, =100["" 1 4u=1001n (Mj 405
0.01 0.01+ u 0.01+0.01

100 is the constant density of 4 on the internal [0.01,0.02]. If the density were not
constant, it would have to go inside the integral.

Question #193
Key: E

) C()—
Recall e, =

X

€ =6+ -6,

0 w—X t t
bex = | (1— a)—xj(l_ — det

Performing the integration we obtain
_w—X

XX 3
_2(0=x)

XX 3

e

2(w-2a) 3 2(w—-3a)
3 3

y 2 ~ XZ(a)—Ba)
(ii) g(a)—a)_k —a

=2w="7a

(i)

3.5a—a=k(3.5a-3a)
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k=5

The solution assumes that all lifetimes are independent.

Question #194
Key: B

Upon the first death, the survivor receives 10,000 i :10,000(&j =7143
H+0 0.10+0.04

The actuarial present value of the insurance of 7143 is

71439 (7,143)(£j ~ 5357
1, +0 0.12+0.04

If the force of mortality were not constant during each insurance period, integrals would
be required to express the actuarial present value.

Question #195
Key: E

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

, P, =(0.8)* =0.64 .po=(08)" =0.41
,Poo = (5 Pp)” =0.642 =0.41 4 Poo = (0-41)° =0.168
2P = 2P0+ 2 Po— 2 P = 0.87 4 Pgp =0.41+0.41-0.168 = 0.652

Prob(second child loses in round 3 or 4) = , py5— 4 P

=0.87-0.652
=0.218
Prob(second loses in round 3 or 4| second loses after round 2) = 2-00_ 4700 Pao ; 4 Poo
2 Foo
_ 0218 _ 0.25
0.87

Question #196
Key: E
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If (40) dies before 70, he receives one payment of 10, and Y = 10. Under DeMoivre, 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. (Under DeMoivre, all intervals of the same length,
here 30 years, have the same probability).

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)=19.01819 =13.93104

E(Y?)=(3/7)x10° +(3/7)x16.16637 +(1/7)x19.01819° = 206.53515
var(Y)=E(Y2)-[E(Y)] =1246

Since everyone receives the first payment of 10, you could have ignored it in the
calculation.

Question #197
Key: C
S (ke
E(Z): Z(V * bk+1) k px qx+k

[;(300)x0.02+v2(350)(0.98)(0.04)+v3400(0.98)(0.96)(0.06)]
=36.8

E (Z 2) = é(vkﬂbkﬂ )2 k Px Oxik

—v2(300) x0.02+Vv* (350)”(0.98)(0.04)+v® 4002 (0.98)(0.96)0.06
=11,773
Var[z]=E(2%)-E(2)’
=11,773-36.8°
=10,419
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Question #198
Key: A

Benefits + Expenses

— Premiums

oLe = 1000v® +  (0.20G +8)+(0.06G +2)v+(0.06G +2)v> — Gdy

at G =41.20 and i=0.05,
oLe (for K =2)=770.59

Question #199
Key: D

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

Subtract [A] from [B]

20(1+i)-3.385=17

~20.385

1+i =1.01925

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

_ 255+11.175
1.01925

235+P

P=261.15-235=26.15

(272 +26.15)(1.01925) - (0.025)(1000)
1-0.025

=286
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Question #200
Key: A

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
G =1— s(90) 01632 _ 0.6667
T 5(35) T 048 48
s(35)-s(90) 0.48-0.16 32
= = ==2-04571
2055 hs s(15) 070 70
2055 %hs _ 04571 _ 0.6856
ss0gs  0.6667
Alternatively,
20555 _ 50 P1s X 55035 _ s(35)

55035
048
- 0.70
=0.6856

55035
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Question #201

Key: A

s(80)= %*(e“(—0.16*50)+e"(—0.08*50))=0.00932555
5(81) = 1 *(e”(-0.16*51) +e " (~0.08*51)) = 0.008596664

Pgo = 5(81)/5(80) = 0.008596664/0.00932555 = 0.9218
Ug =1-0.9218 =0.078

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

s P, =0.018316

For smokers, p, =e 1° =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) + 0.000335 x (1 0.852144)
0.018316 +0.000335

=0.078

Question #202

Key: B
T 1 2
X |)(( ) d)(() d)(( )
40 2000 20 60
41 1920 30 50
42 1840 40

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

Let premium =P

APV premiums = 2000 1920 | 1840 \21p 5 749p
2000 2000 2000
APV benefits = 1000 20 v+ 30 V2t 40 Ve |=40.41
2000 2000 2000
o 40.41 147
2.749
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Question #203
Key: A

10 0
= -0.08t ,-0.05 -0.08t ,-0.08t
a3o=J‘0 e e dt+10EXIOe e dt

10 o)
_ J‘O e—0.13tdt+e—1.3J‘0 e_o'ledt

-0.13t 1o ~0.16t

o1 () o5
0.13 o 0.16 'o
_el3 1 o138
= + +
0.13 0.13 0.16
=7.2992

— 10 _ 13(%
A, :J'O o 008ty 0.05t(0_05)dt+e 1.3J’0 o 0.16t(0_08)dt

-13 -13
—0.05) -1 & " |4 (0.08)%
013 0.13 0.16
~0.41606
s\ Ay 0.41606
3, 1.29923
_ 1 1

%0~ 0,08+008 016
Ay =1-063y
=1-(0.08/0.16) = 0.5
10\7('3‘40) = 'Kuo - 5('3‘40)540
(0.057)

=0.057

=0.5- =0.14375

Question #204
Key: C

Let T be the future lifetime of Pat, and [T] denote the greatest integer in T. ([T] is the
same as K, the curtate future lifetime).

L =100,000v" —1600 é{ﬂ 0<T <10
=100,000v" —16004 10<t<20
~16004;, 20<t
Minimum is —16005ilﬂ when evaluated at i = 0.05
=-12,973
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Question #205
Key: B

Method 1: as three independent processes, based on the amount deposited

each
process, since the amount deposited is always the same, Var(X ) =0.

Rate of depositing 10 =0.05*22 =1.1
Rate of depositing 5 =0.15*22 = 3.3
Rate of depositing 1 =0.80* 22 =17.6

Variance of depositing 10 = 1.1 *10 * 10 = 110
Variance of depositing5=3.3*5*5=82.5
Variance of depositing 1 =17.6 *1*1 = 17.6

Total Variance =110+ 82.5+ 17.6 = 210.1

Method 2: as a single compound Poisson process
E(X)=0.8x1+0.15x5+0.05x10 = 2.05

E(x2)=0.8><12 +0.15%5% 4+ 0.05x10% =9.55

Var(S)=E(N)Var (X )+Var(N)(E(X))’
= (22)(5.3475) +(22)(2.05%)

=210.1

Question #206
Key: A

P& 5 = APV (stunt deaths)

2500+ 2486 /1.08 + 2466/(1.08) 4/1.08+5/(1.08)° +6/(1.08)°

p| =28 +2466/(L08)" | _ g0 +5/(L08) +6/(1.08)
2500 2500

P(2.77) = 2550.68

- p=921
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Question #207
Key: D

80 x>
i I:;s(x)dx B .[30 [1_10,000de
30501 — 5(30) - . ( 30 jZ

100

x> 80
X~ |
( 3o,oooJ e
0.91
_33.833

0.91
=37.18

Question #208
Key: B

Aso =V x( Peo X Ag1 + g0
— (1/1.06)x(0.980.440+0.02)
=0.42566
dgo = (1_ Ao )/ d
— (1-0.42566)/(0.06/1.06)
=10.147
1000,Vs, =1000 Ay, —1000R;, x &,
=425.66-10.147x 25
=172
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Question #209
Key: E

Let Portfolio be the present value random variable for the aggregate payments.

Let Y, = present value random variable for an annuity due of one on one life age 65.
Thus E(Ygs) = &gs
Let Y,. = present value random variable for an annuity due of one on one life age 75.
Thus E(Ys5) =48z

Let X represent the 95" percentile.
E (Portfolio) =50(2)&ss +30(1)d;s
=100(9.8969)+30(7.217) =1206.20
Var (Portfolio) =50x 2°Var [Yg ]+ 30(1)2Var [Y;5]=200(13.2996)+30(11.5339) = 3005.94

1 1
where Var[Yes]= (s A ) = o

m[os%al—(o.sgmgﬂ ~11.5339

pr| [ X ZE(Portiolio) | c1el_ 0,95 x = E (Portfolio) +1.645,Var [Portfolio]
\/Var(PortfoIio)

|0.23603-(0.4398)” | ~13.2996

and Var Y] :d—12(2A75 - A725) -

=1206.20+1.645(54.826)
=1296.39

Question #210

Key: C
ﬁzj.we_dtxe_”tdtz !
0 O+ u
APV =50,000x—= [* 1, =100,000% In(6+1)~In(5+0.5)]
053055+
—100,000x In (wj
0.045+0.5

=65,099
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Question #211
Key: E

The process described, where a key feature is the exponential time between events, is
a

Poisson process with 1 =% per minute.

The number of claims in any interval of length n minutes has a Poisson distribution with
mean
An=n/5.

Here n=10. So parameter = 10/5 =2

Pr(N 22)=1—Pr(N =0)—Pr(N =1)
=1-e?%—-¢722
=1-0.135-0.271=0.594

Question #212
Key: D

The payouts in any time period of length t have a Poisson distribution with parameter
5t.

The payouts can be grouped by size. For each i, the number of payouts of size i is a

Poisson random variable with mean 5t/2', and these random variables are
independent.
Since they are independent Poisson random variables, the sum of the payouts of size 1,

2 or 3 is a Poisson random variable with mean (ﬂ+%+%j :%

For t =1/3 hour, the mean is %x%=1.4583

f(0)=e 48 =0.23
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Question #213
Key: D

How long was the expected wait during first 45 minutes? In that interval, wait is
exponential with
6 =30, so

E[min(X,45)]= I045x3—1()e_3x(’dx+ L:453—10e_;°dx

45
= 30(1— e ¥ j =2331

e (1.5

Expected trains :%:1.5,50 f (0 trains) = =0.223

If 0, wait an additional 15 minutes (expected) so

Total expected wait = 23.31+(0.223)(15) = 26.65

Note that this problem is equivalent to calculate ey

1/30, 0<t<45
where ,ux(t):{ )

1/15, t>45
and solution is €, =€,zz/+ 45 P, €x.45

Question #214
Key: A

Let z be the benefit premium at issue.

A 0.20120 - 0.25634(0.43980) + 0.25634
 =10,000 25201 =1o,ooo[ ( ) |
8,00 14.1121-0.25634(9.8969)
=297.88

The expected prospective loss at age 60 is
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10,000,V ;.55 =10,000A, o —297.884

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

where A - =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 = 10,000Aé0:a + (Reduced Amount) ,%Oé

Since the expected prospective loss is the same
6250 = (10,000)(0.06674)+ (Reduced Amount )(0.68756)
Reduced Amount = 8119

Question #215
Key: D

’K‘x = 'K)l(@ +5Ey %;ﬂ + 1By ’K‘x+12
where
E, = o 5(004+0.02) _ 5 2400
q__ 004

x5l 0.04+0.02
E, .= o 7(005+002) _ 3 6196

x(1-0.7408) = 0.1728

_ 0.05
AL = —— |(1-0.6126)=0.2767
x+5:7] (0.05+o.02j( )

E, = sE, x-E, . =0.7408x0.6126 = 0.4538
_ 0.05
- 2  _0625
Atz 0.05+0.03
A, =0.1728+(0.7408)(0.2767) +(0.4538)(0.625)

=0.6614

Question #216
Key: A
APV of Accidental death benefit and related settlement expense =

(2000x1.05)x 0.004 —89.36
0.004+0.04+0.05

0.04

APV of other DB and related settlement expense = (1000x1.05)x o~ 446.81
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APV of Initial expense =50
APV of Maintenance expense :i =31.91
0.094

APV of future premiums =ﬂ =1063.83
0.094

APV of L, =89.36+446.81+50+31.91-1063.83
=—445.75

Question #217
Key: C

Compute the probabilities of moving from healthy to NH. There are three paths.
H to H to NH: (0.8)(0.05) = 0.04

H to HHC to NH: (0.15)(0.05) = 0.0075

H to NH to NH: (0.05)(1) = 0.05

Summing, we get 0.0975 as the probability for each member.

Variance for m members = mpq, here = 50*(0.0975)(0.9025) = 4.40

Question #218

Key: C
06 03 01 0.36 0.18 0.46
Q=0 0 1 QxQ = 0 0 1
0O 0 1 0 0 1
0 0.108 0.892
Qo xQxQ, =0 0 1
0 O 1

APV (Premiums) =1+0.9v +0.54v* +0.108v° = 2.35
APV (Benefits) = 4(0.3v+0.18v* +0.108v° ) = 2.01

Difference =2.35-2.01=0.34

In the formula for APV (Premiums), states 0 and 1 are combined. For example, the
0.54v? term represents a 0.36 probability of being in state 0 plus a 0.18 probability of
being in

state 1.
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Alternatively, the same effort here but often shorter when everyone is in the same initial
state:

(100 0.00 0.00)xQ,=(06 0.3 1)
(0.60 0.30 0.10)xQ,=(0.36 0.18 0.46)
(0.36 0.18 0.46)xQ,=(0 0.108 0.892)

This method just calculates the top row of the cumulative transition matrix. It gives the
same elements you use if you calculate the complete cumulative transition matrix, so
you finish the problem the same way as before.

Question #219
Key: E

0.251.58x = 0.25 Px = 1.75 Px

Let u be the force of mortality in year 1, so 3 x4 is the force of mortality in year 2.
Probability of surviving 2 years is 10%
0.10= p, P, =€ “e™# =g
In(0.1
U= % =0.5756

05 P, = € 7405™%) = 0.8660

—u —%(3;1) —%(0.5756)
175 Px = Px X075 Py =€ 7€ =e =0.1540

025‘15 qX — 0.25 pX —1.75 pX — 0.866_ 0.154
0.25 Px 0.25 Px 0.866

=0.82

150x4025 =

Question #220
Key: C
The form of |, for non-smokers matches DeMoivre’s law, so

1
NS:
= 110-x

=Y = = 2
27 X 110-x

= 1% =13 (120 x)* [see note below]
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2

15, (90—t
Thus tpzo—igtz(goz)

s S, (85-1)
I 85

€005 = Io t Pap2sdt

85(90—t)° (85-t)

= NS it
.[o t pzo ¢ Pps d _[0 (90)2 o
1
~ 688, 500I (90-1)° (90—t-5)dt
1 i 3 85 2
B 688,500 _'[o (90_t) dt_5'[0 (90—t) dt

r 4 3PS
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].

Note: the solution above assumes the candidate will recognize that the smoker mortality
is modified DeMoivre and can proceed directly to the I, or s(x) form. The s(x) form is

. ) ,
derived as s(x)=¢ j‘) (110 t]dt _ 20—t} :(11101;(]

The |, form is equivalent.

Question #221
Key: B

351 = g0 T 10 Egp x 0101
15.0364 =8.7201+ ,, E;, x8.6602

10E30 =(15.0364—8.7201)/8.6602 = 0.72935
Actuarial present value (APV) of benefits =
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1 1
=1000x A, 151 +2000% 1o Eqg x AL 1

=16.66+2x0.72935x 32.61=64.23
APV of premiums = zx &, - +27x0.72935x 8,

=7 x8.7201+2x 7x0.72935%x8.6602
=21.3527r

7 =64.23/21.3527 =3.01
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Question #222

Key: A
1
18V25 = Pos S, 13 —E (this is the retrospective reserve calculation)
15 =25

Ppeis) = Pyeig — Phsig = 0.05332-0.05107

=0.00225

1
— A&S:ﬁ
8)515]
E25 1

0.05107 = Ps_ﬂ 5
2515] 25:1@

AZS:W AZSﬂ /aZSﬂ 0.00225 =0.04406
15Ezs  15Es/8, g 0.05107

o ¢ 001128
225181 = 0,05107
25,000,4V,5 = 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 ;5V,s.

B: the retrospective reserve formula for V. 515 Which =0
Subtract B from A to get

(P25 stﬂ ) 2515] = 15Y55

Question #223
Key: C

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

» Pyo = 6,164,663/6,616,155 = 0.93176

e, 5 =0.96682+0.93176 =1.89858
CF: 0.93176=,p,,=e¢ % = u=0.03534

Hence e, = P+, Py =€ # +e 7 =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 |, -1, =l,, -1, = 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
, P70 =(0.96682)(1-0.03626) = 0.93176

Note also, since e, 5 = Pz +, P7, @nd , Py, is the same for all three, you could just
order p,,.

Question #224

Key: D

1) =1000

1§ =1000(0.99)(0.97)(0.90) = 864.27

d{r) =1000-864.27 =135.73

~In(0.9) ~ 0.1054
~In[(0.99)(0.97)(0.9)] 0.1459

15 = 864.27(0.987)(0.95)(0.80) = 648.31

d{?) =864.27 - 648.31= 215.96

~In(0.80) 02231
~In[(0.987)(0.95)(0.80) | 0.2875

d{d) =135.73x =98.05

df) = 215.96 % =167.58

So d$) +d{Y =98.05+167.58 = 265.63

Question #225
Key: B
. p40 — e—0.05t

tip =1/(60-1)
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10

J'lo 10 e70.05t 1 e70.05t

o t Pa0s0 Hso.t dt 0 60 dtz—a (0.05) 0

20

= E(1—e—°-5) =0.13115

Question #226

Key: A
Actual payment (in millions) —i+i— 6.860
1.1 112
0.30
=1-—=05
% 0.60
0.30-0.10
B="og ¥
0.5 0.333
Expected payment =10| — + =7.298
P Pay (1.1 1.1 j
Ratio 6.860 =94%
98
Question #227
Key: E
At duration 1
K(x) 1L Prob
V—P)i]':2 qx+1
>1 0-PL 1-0u

So Var (,L)=v?q,,;(1-0,,,)=0.1296

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)=gq,,;.

Alternatively, that same formula for Var arises from Hattendorf, since
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V =0and Var(,L)=0

Alternatively, evaluate P’ =0.1303

1L =0.9-0.1303=0.7697 if K(x)=1
,L=0-0.1303=-0.1303 if K(X)>1
E(,L)=(0.2)(0.7697)+(0.8)(—0.1303) = 0.0497
E(;L%)=(0.2)(0.7697)" +(0.8)(-0.1303)" = 0.1320

Var (;L)=0.1320-(0.0497)° = 0.1295

Question #228
Key: C

P(A)=

o
-

Question #229
Key: E

Seek g such that Pr{a‘Lrw > g} =0.25

a is a strictly increasing function of T.
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Pr{T (40)> 60} =0.25 since ¢, Py = % =0.25

- Pr{ ) > B = 0.25

g =35 =19.00

Question 230
Key: B

. 0.05
A5 =1-da g :1—(Ej(7.1) =0.6619

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

(1V +P)(1.05) = 1V + 04, (2000 V)

(1V +100)(1.05) = 613.80+(0.011)(2000 - 613.80)
WV =499.09

where g5, =(0.001)(10)+(0.001)=0.011

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

from A, -, and used the prospective reserve formula for ,V .

Question #231
Key: C

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

~ 720.59-689.52

- ~0.10
%o 310.48
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q[80] = O'5q80 = 005

1000 Argy) =1000VGj + VPyg) 1000 Ay,
0.05 0.95

=1000x +689.52x —— =665.14
1.06 1.06
Question #232
Key: D
42 776 8 16
43 752 8 16

1)) and 1$Y) came from 1{7) =117 —d® —¢(?

2000(8v+8v2)+1OOO(16V+16V2)
776

APV Benefits = =76.40

776+ 752v

APV Premiums =34
776

j: (34)(1.92) = 65.28

,V=76.40-65.28=11.12

Question #233
Key: B

pxx :l_ qxx = 096
p, =+0.96 =0.9798
Pystxs1 = 1= Oyipyag = 0.99

D,., =+/0.99 = 0.995

0.9798 (0.9798)(0.995)

a, =1+vp, +V°x =1+
x Px 2 Px 1.05 1.052

=2.8174
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0.96 _ (0.96)(0.99)

1.05 1.052
APV = 20004, + 20004, +60004,,

= (4000)(2.8174) +(6000)(2.7763)
= 27,927

4, =1+Vp,, +V2x,p,, =1+ =2.7763

Notes: The solution assumes that the future lifetimes are identically distributed. The
precise description of the benefit would be a special 3-year temporary life annuity-due.

Question #234
Key: B

P (1) =g =0.20
) =1-1q® =1-0.08t
¥ =1-1q/®) =1-0.125t

1 T 1 ! 14 r
qgl) = .[Ot pg( )/U>(<1) (t)dt = Iot px(Z)t px(s)t px(l)ﬂx(l) (t)dt
= [ (1-0.08t)(1-0.125t)(0.20)dt

=02 ;(1—0.205t+0.01t2)dt

2 3
_09|t- 0.205t N 0.01t
2 3

1

0

= (0.2){1— 0.1025 +%} =0.1802

Question #235

Key: B

Vg =1-da g 186864 hoerg
4, = 14.8166
1000)(1

CV, = %(0.00879) =2.93
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1

(G -0.1G —(1.50)(1))(1.06) ~1000qy’ —,CV,g x

AS =
1-qi§) - gy
~ (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
nS (1AS +G ~0.1G —(1.50)(1))(1.06) ~1000qS}’ — ,CV, x gy’
279 = (d) _ o

1-0y ' - Q4\1V)

~ (1.197G -6.22+G - 0.1G -1.50)(1.06) - (1000)(0.00298) — ,CV,4 x 0
B 1-0.00298-0

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

=2.229G -11.20

2.229G-11.20=24
G =158

Question #236
Key: A

AS_(4As+(3(1—c4)—e4)(1+i)—1000qx(1)4—5cv><qx(321
575 = U g
qx+4 qx+4

(396.63+281.77(1-0.05) - 7)(1+i)—90-572.12x0.26
1-0.09-0.26

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

=694.50

MCL-09-08 - 141 -



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

147=29018 4 o

 657.31
i =0.05

Question #237
Key: C

Excluding per policy expenses, policy fee, and expenses associated with policy fee.
APV (actuarial present value) of benefits = 25,000 Kxﬂ =(25,000)(0.4058) =10,145

Let G denote the expense-loaded premium, excluding policy fee.

APV of expenses =(0.25-0.05)G +0.05G &, 5 +| (2.00-0.50)+0.504 ,; |(25,000/1000)

=[0.20+(0.05)(12.522) |G +[1.50+(0.50)(12.522) | 25
=0.8261G +194.025

APV of premiums = G 5 =12.522G

Equivalence principle:

APV premium = APV benefits + APV expenses
12.522G =10,145+0.8261G +194.025

o__ 10339.025 ..o
(12.522-0.8261)

This G is the premium excluding policy fee.

Now consider only year 1 per policy expenses, the year one policy fee (call it F), and
expenses associated with F,.

APV benefits = 0
APV premium = F

Equivalence principle

F,=15+0.25F,
F =2 _20
0.75
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Total year one premium = G+F

= 884+20
=904

Question #238
Key: B

Get G as in problem 3; G = 884

Now consider renewal per policy expenses, renewal policy fees (here called F;) and expenses
associated with Fy.

APV benefits =0

APV expenses = (3+0.05F;)a_

= (3+0.05F;)(12.522-1)
= 34.566+ 0.5761F;

APV premiums = a ;o Fg
(12.522-i) Ry
= 11.522F,

Equivalence principle:

11.522 Fy, = 34.566+0.5761F,
34566
R 11.522-0.5761

3.158

Total renewal premium = G + F

= 884+3.16

=887
Since all the renewal expenses are level, you could reason that at the start of every renewal year,
you collect F; and pay expenses of 3+0.05F;, thus F; = 1 g i 3.16

Such reasoning is valid, but only in the case the policy fee and all expenses in the policy fee
calculation are level.
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Question #239
Key: B

Let P denote the expense-loaded premium

From problem 3, APV of benefits = 10,145
From calculation exactly like problem 3,
APV of premiums = 12.522 P

APV of expenses = (0.25-0.05)P+0.05P & +| (2.00-0.50)+0.504 , |(25000/1000)
+(15-3)+34
=0.20P +(0.05P)(12.522) +(1.50+(0.50)(12.522) ) (25) +12+(3)(12.522)
=0.8261P +243.59

Equivalence principle:

12.522P =10,145+0.8261P + 244
10,389

T 12522-0.8261
—888

Question #240
Key: D

Let G denote the expense-loaded premium.
Actuarial present value (APV) of benefits = 1000A,

APV of premiums = Gd,

APV of expenses =(0.04+0.25)G+10+(0.04+0.05)G a5 +5a,,;
=0.29G +10+0.09G a, 5 + 53,19
=0.2G+10+0.09G a0+ 5a40ﬂ

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

Equivalence principle:
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G, =1000A, - +0.2G +10+0.09G &, 1 + 58,5
G (ei40ﬂ ~0.2-0.09 3'40;@) =1000A, 55 +10+5a,

_ lOOOAmﬂ +1O+5a40ﬂ
O.91a40m -0.2

Question #241
Key: C

Let G denote the expense-loaded premium excluding policy fee.

Actuarial Present Value (APV) of benefits =1000A,
=100,000(1-d &,)

=100,000 1—(%](10.8)
1.04
=58,462
APV of premiums =G &, =10.8G

Excluding per policy expenses and expenses on the policy fee,
APV(expenses) =0.5G +(2.0)(100)+(0.04G +(0.5)(100))a,

—0.5G +200+(0.04G +50)(9.8)
—~0.892G +690

Equivalence principle:
10.8G =58,462+0.892G + 690

G= 59,1582 =5970.13

Let F denote the policy fee.
APV of benefits = 0
APV of premiums = F &, =10.8F

APV of expenses = 150+ 25a, +0.5F +0.04F a,
= 150+25(9.8)+0.5F +0.04F (9.8)
= 395+0.892F

Equivalence principle:
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10.8F =395+0.892F
395

Fo_ 5%
10.8-0.892
=39.87

Total premium =G+ F
=5970.13+39.87

=6010

Note: Because both the total expense-loaded premium and the policy fee are level, it was not
necessary to calculate the policy fee separately. Let P be the combined expense-loaded
premium.

APV benefits = 58,462
APV premiums = 10.8P

APV expenses = 0.892P +690+150+(25)(9.8)
= 0.892P +1085

where 0.892P + 690 is comparable to the expenses in G above, now including all
percent of premium expense.

Equivalence principle:
10.8P =58,462+ 0.892P +1085

59547

~10.8-0.892
6010

This (not calculating the policy fee separately, even though there is one) only works with
level premiums and level policy fees.

Question #242
Key: C

10AS+G -, G _910)(1+ i)—lO, Ooqu(fl)o -1uCV qgvl)o
1_q (d) _q (W)

x+10 x+10

phs =

(1600 + 200~ (0.04)(200) - 70)(L.05) —(10,000)(0.02) - (1700)(0.18)
1-0.02-0.18
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_1302.1

0.8

=1627.63

Question #243
Key: E

Let G denote the expense-loaded premium.

G = benefit premium plus level premium (e) for expenses.

Expense reserve = Actuarial Present Value (APV) of future expenses — APV of future
expense premiums.

At duration 9, there is only one future year’s expenses and due future premium, both
payable at the start of year 10.

Expense reserve = APV of expenses — APV of expense premiums
=0.10G+5-¢
= 0.10(1000P,;; +€)+5-e
= (0.10)(76.87)+5—0.9e
=12.687 — 0.9e

12.687 — 0.9e = - 1.67
e =15.95

G =1000P, ; +e

=76.87+15.95
=92.82
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Question #244
Key: C

(3AS +G —c,G —e, )(1+i)-1000q.%} - ,cvq.")
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)
1-0.013-0.05

4

35351

0.937
=37.73

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 "Vied _ 37 73_36.06
= 1.67

MCL-09-08 - 148 -



Question #245
Key: E

Let G denote the expense-loaded premium.
APV (actuarial present value) of benefits :100010‘ 20As0-

APV of premiums =G4, .

APV of expenses =(0.05+0.25)G + 20 first year
+[(0.05+0.10)G+10 |a, , Years 2-5

2521 Years 6-10 (there is no premium)

=0.30G +0.15G a5 +20+10a, 5 +10 44

=0.15G +0.15G4&, 5 +20+10a, 5

+10 5‘ a

3051

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

Equivalence principle:

Gé, g =1000

. (1000150 Ap +20+10a 5
(1-015)4,,4 —0.15

(2000, Ap +20+10 a3))

0.858,, —0.15

oAy +0.15G +0.15G &

-k 20+10a

102 309
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Question #246
Key: E

Let G denote the expense-loaded premium
APV (actuarial present value) of benefits

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

= + >+ 5 =1286.98
1.04 1.04° 1.04

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

=0.05G +@
1.04

=0.05G +16.15

Equivalence principle: G =1286.98+0.05G +16.15

_1303.13 _1371.72
1-0.05

Question #247
Key: C

APV (actuarial present value) of benefits = 3499 (given)

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

=G +% =1.8571G
1.05

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

70402G 4 0.9(25+0.1G) N 0.765(225)
1.05 1.05

=108.78+0.2857G

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

So APV of settlement expenses = [103

0 APV of benefits
00
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—(0.003)(3499)
~10.50

Equivalence principle:

1.8571G =3499+108.78 +0.2857G +10.50

_ 3618.28 230259
1.8571-0.2857

Question #248
Key: D

ﬁ5oﬂ =850 — 50 Esp 870
=13.2668 — (0.23047)(8.5693)

=11.2918
. 0.06
Aso:ﬂ =1-d aSO:W :1—(—)(11.2918)
1.06
=0.36084

Actuarial present value (APV) of benefits =10,000A, -
=3608.40

APV of premiums =495&,
=5589.44

APV of expenses = (0.35)(495)+20+(15)(10)+[ (0.05)(495)+5+(1.50)(10) |a 15

= 343.25+(44.75)(11.2918 -1)
=803.81

APV of amounts available for profit and contingencies
= APV premium — APV benefits — APV expenses
=5589.44 — 3608.40 — 803.81
=1177.23
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SOLUTIONS

Question #249.
Key: B

!

J_S&J,Jifﬁ_gw de  dut o iudepeadit
N Laprte,

%fff‘-ef

oaf

L
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Question #2350

This is the probability 2@51’1), which is just the (1,1}-entry of

Q.0Q, = 0.75 0257} [073333 026667
1Q2 = 03 07 ] 033333 066667’

namely 0.75(0.73333) + 0.25(0.33333) = 0.63333

Question #251
This can be computed as gle’l)le’m 2 §1=” is just the (1,1)-entry of

QlQQZ{o.s 0.7 | | 033333 0.66667 |

namely 0 75(0 73333) + 0 25(0 33333) = 063333, So the answer is (0.63333)(0.275) =
017417 ‘

075 0.25} [’0 73333 026667

Question #252

o e 2
This probability is just s A% = QPP > _ (o 7y (0.66667)(0.65) = 0 30333

Question #253

The triple-product summation for this actuarial present value is Qég’l)(lo)(llls) +

2,2 2, . .65){0. .
QP QPVI0(1.1)] (1) = (239000 4 (065)039100.1] _ 4 9598
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Question #254

The triple-product summation for this actuarial present value is

(0.275)(0.36)(11)

1
= = () 82344
1 152) 1152

(@2 QP 11001 D)

Question #2335

You can compute AP V;a3, the actuarial present value of these cash flows as seen from
State #2 at time 3, by splitting off the first time period from the remaining periods:

APVaas = Q5"a0% Dy + QFVvAPVias + Q540 + QFPvAPVias,

which equals (0.4)(4)(0.8) + (0 4)(0.8)(5) + (0.6)(5)(0 8) + (0.6){0.8)(7) = 8.64.

Question #256

The triple-product summation for this actuarial present value is

(0.65)(5)

115 =7 8261

WEW + P (B =5+

MCL-09-08 154 -



Question #257

The benefit reserve is the actuarial present value of future benefits minus that of future
beneﬁt‘ premiums, as computed for a driver in State #2 at time 4 Since there is only one
year of possible benefits and one certain premium, the benefit reserve is

(2,1) 1 (0.36)(11)
10(1. )1 (e — 3. . Sl Sl A —
Qi [10(L.1)]( 1.‘15) 3.1879 T 31879 = 0.25558.

Question #2358
The benefit 1eserve is the actuarial present value of future benefits minus that of future
benefit premiums, as computed for a resident in State #1 at time 2. Since there is only

one vear of possible benefits and one certain and one possible premium, the benefit reserve
is

QL (100)0 — [17 97 + Q5 (17 97)e] = ~6.28

Question #2359

The benefit-premium can be computed as the actuarial present value of the benefits
divided by the actuarial present value of premiums of 1 The triple-product summation for
the actuarial present value of the benefits is Qgg’l)(lﬂ)(l—li—g) +Q§2’2)Q§’1) 101 D)(3g) =

(9'?152210) + (0'65)(0iaf5)£10(1'1)] — 4 9898, That for the actuarial present value of premiums of
1 is
0.65)(1
WO +@fP =1+ Q080 _ 4 565

115

i G 4.9808
Thus the benefit premium is $5555 = 3 1879.
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Question #260

The benefit-premium can be computed as the actuarial present value of the benefits
divided by the actuarial present value of premiums of 1. The triple-product summation
for the actuarial present value of the benefits is

9 (1000 + QD Q0D (1007 + 20 IQ (100)7,

which equals (0.2)(100)(0 8)+(0.7)(0.3)(100)(0.64)+(0.35)(0.2)(100)(0.512) = 33 024; here
2@01’1) was computed as the (1, 1)-entry of Q,Q;, namely 0.35. The actuarial present valie
of premiums of 1 is

1 +Q8111)'U +2Q(()1’1)'U2 + 3Q81)1),U3}
which is 1+ (0 7)(0.8) +(0.35)(0 64) +(0.105)(0.512) = 1.83776; here 3@\ was computed

:a{; ngMS (1, 1)-entry of QyQ,Q,, namely 0105. Finally, the benefit premium is 133‘:_?7?746 =
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Question #261
Key: A

e 1nSwrance 15 Pa.njab!c, o e dedtn .f:f ),
[ETECY) predeceases  (y).

E2) = A =0 W G tPy Uy At

j - Ot:t | ‘&—4.014-J( - m{) (cq) di

- 09 S A5t
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Question #262

Key: C
N 95-w-t N -pt
tPx® Teov Mt © st by €
n " - put Vol
¢ . e’ gts -
o ¢Pry Huie > S-o -
- X -
M(35=¥)
Question #263
Key: A
0"7.';’
, /
015 3303 »MS'/ | e fso s o 54 f‘jﬂo‘s’%
g
:f | O ¢ & o ¥ L
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Question #264

Key: B
U Ao /17/6/ bolie (Bil Aoce, >>

,._._j———-»-"" - 0z / __.-_f_.....) , 0§ / L 3
/é.éd‘j j[él:]+l
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Question #265
Key: D

Qg = Lol bt th

et R YU L
f gols &._ Sl {,-:L/Q“

b =

f"ssd@__ e’:”“‘-ig ]{f ‘e._‘s»;_{z

tfis e P T e ER
@?i \7 = j; e A e = 51 At
/ _3?
= Sb o ‘St O{/f_
2
. 5 5t
T jc ote At
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Question #266
Key: B

z —
G:jrﬁ , 30—t _l At = L2 /b-‘l‘
°o 25 30  Jo-¢ 2-25.30 /p " @O
-30-35 - 85 - - Jo- iy 44
H . 1o -3 /e &S ;5:- _ /o -80-/0 __{/_0___{{_-__.{
23
= == ,%7¢ .
26 z-— 2’% —-{-'—;-—- = .—-2-- ":-‘-?- - ‘/-
| 2 = - /3"
I S ) |
G'}'H" 60 + o "~ 7p ° - 2 §
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Question #267
Key: D A

e
-

s(r035) "
e
_ 0.5 975 = 3 37772
0. 31495 o2 7935
o A
éf': 3(/0‘..) ): fé“"'g-;7,/b — 0. Z;é 05

F-G= 017¢35-0 eens ?jjf’/
D

MCL-09-08 -163-



Question #268
Key: A

, a 4 .
ELz2] - goo‘(b VT_E,?;D "ff’;’ ‘./43'%“ 4t o+ !mm-jo "rrfr-; M3 . rg;, 4T

. .
:S‘D“O_L (_S::E_). (4'3) . ..L__«:LT.‘{- loco ¢ -+ & { ™
< 4 (-7 'L 4 47 < 4

4 :
= o (494t 4 es [Teude
0 20

= v (6%) ¢ <05 = Goo (B)
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Question #269
Key: A

i on:ro
o Psorso = 1oFs0 tjoFp 10

- o(:o.‘j
C.../OC*D:) + e "/0(-0() - e 2

- L 8Ys”
-.-./-—3"/.!" :./5’5’
1o JsersT
Question #270
Key: C
> i ~G —,t-éc&
6?‘ = So t?xﬁ#: 5 @
B e-‘lt- v
T “:"rﬁ .
- ‘o

Question #271
Key: B

A —
AL .

l ak -%‘t s = 05 D

3ois0 T S:: € e P et 2 =

- 165 -
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Question #27;
Key: B

Question #273
Key: D

Cous (& —&ug)(8, - 2,)
"@o /O)(ZO /D)

MCL-09-08 - 166 -



Question #274
Key: E

(2 v + -ﬁ) (ﬁ:) " Gera ( Beret, - V) s
('94/1" /3)(-/,07> j)/fl (Qg/a.pfé>: 74

Gura 207, /4~ 7¢) Ve
Question #275

= 0. 07/ G‘j
V= /5, V%ﬁ) (l/r:) ---'(}xrg )(Bc’ne-g%_)

/7@% lé/) (/, odl) - (a; /0/) (350)
/=0 /97
(1272 = 36.36) Jo 875

= Jo/ 05 @

Question #276
Key: C

(/qa/{/ gcg //Jcc , /éy/’fxéa /r‘c.

"

Vi

0)2)(-}-2)’ = Gﬁf)j,wj’ ,(a ()(a !oaj

Question #277 = g, 0S50S (C.)

Key: E

S’:>’V: v e /OXH f) Vor V/I_C;jxm’.s")(’?‘“"ﬂf)
(7’5;=—>(/~ﬂ o5 9(”‘”‘”) = )”’“’”’WW)
= /0. 83 0
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Question #278
Key: D

I-JDng:M = f"lof.?c'wf'fo o -
- (-5 w)e 7T

|
i

]
N|\P
©)

Question #279
Key: A

o
7% 3:3.‘*’ fo (’"ff&o)efs‘aﬂzcr-c dt
Z o [4 é»
’fa T oo dt

LT &
Y ‘}f; 5 /a £ 02 = 0.0&

Question #280
Key: A

.r;.im i m" = Jo/fb 33‘, ¢ “j-,g ?," - ;o/,; ?30"‘0
o rerf'u 2w tofre T e friye” !qc.'s'O -
S (F2)EY C-2XE)- (-3 )-8 L - (-3¢ )]
< L v L _LrIote 2 _ L
TRt LT T3 7T Tl TwR T @

=0.07]
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Question #281
Key: C

HLce f € JQ ,ﬂ;u—c ;—fw de ¥ [fuc00 f fv-o Hyore tf’:a dt
o ff"’o % [ (-5 )ae * Ko, & L= £)de |
/wu[Jé’é' )j‘f—g({- 1‘1‘0)/
o L2lse- B e 3o ) ] sy (O

Question #282
Key: B _
Zo

PVEP = P g

-'P(zo . qe9 _ Aoo | EO0C
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