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Question #1
Key: E

Solution;

R _ 15 10
€255 _.[o  Post +15p25_[0tp40dt

15
15 - | 044 10
=], e '04tdt+(e k SJ_[O e ®dt

:.0%(1_ e"6°)+e"6°[é(l- e-.so)}

=112797 + 43187
=1560

Question #2
Key: C

Solution:

5P[e0]+1 ~

(1' q[60]+1)(1' q[60]+2)(l' 9e3)L- 964)(L- Ge5)
= (089)(087)(085)(0:84)(083)

=0.4589



Question # 3
Key: E

Solution;

1250 =a, :ib m+d =0.08Pp m=d =004
m+d

S.D.=+/52083 = 7.217



Question # 4
Key: D

Solution;

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

Benefit premium p = >0004, S000vg,
a

_ (5000)(05) - 5000(090)(005) _ -
5

a
W =1- = -

ax

02=1- ‘%Op i o =4

Aysao =1- diiyy9 =1- (020)(4) =06

10/ =50004, 410 - P10 =(5000)(06) - (455)(4) =1180



Question #5
Key: D

Solution;

v isthe lowest premium to ensure a zero % chance of lossin year 1 (The present value of the payment
upon death is v, so you must collect at least v to avoid aloss should death occur).
Thusv = 0.95.

E(Z) = vq, +v?p,q, =0.95" 0.25+(0.95°" 0.75" 0.2
= 0.3729
E(z%) =%, +v*p, 4.,y = (0.95)° " 0.25+(0.95)"' " 0.75" 0.2
=0.3478

Var(z)=E(Z?)- (E(z))’ = 0.3478- (0.3729) =0.21

Question # 6
Key: D
Solution:
Severity Severity
after increase after increase and
deductible
60 0

120 20

180 80

300 200

Expected payment per loss =025" 0+0.25" 20+0.25" 80+0.25" 200
=75

Expected payments = Expected number of losses © Expected payment per loss
= 75" 300
= 22,500



Question # 7
Key: A

Solution:

E (S =E(N) E(X)=50" 200 = 10,000
Var(S) = E(N)Var(X) +E(X)* Var(N)
= (50)(400) + (2007)(100)

= 4,020,000

Pr(S <8,000) = Pr[Z <—8’OOO_ 10’000]

/4,020,000

= Pr(Z <-0.998) @6%
Question #8
Key: A
Solution:

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

E(Z) = 10'[5¥ e¥e™mdt

=10 m e @+ms

d+m
= 2426
2\ —q2| M | -(2d+m)s
E(Z ) 10 (zmm}e
= 102(%j(e' O-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
/5348



Question #9
Key: D

Solution:
Prob{only 1 survives} = 1-Prob{ both survive}-Prob{ neither survives}

=1- 35" 3P[s0] - (1' 31750)(1' 317[50])
=1- (0.9713)(0.9698)(0.9682)(0.9849)(0.9819)(0.9682)- (1- 0.912012)(1- 0.93632)

=0.912012 0.936320

=0.140461

Question # 10
Key: C

Solution:

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 (ruin) = £(0)+ /(1) £(0)
=0.368+(0.368)(0.368)
=0503
e 10

0!

et

since 1/(0) = = 0368

f()====0368




Question #11
Key: B

Solution;

Let X = expected scientists eaten.
For each period, £[X] = E[ X|dead]” Prob(already dead) + E[ X|alive] " Prob(alive)
=0" Prob(dead)+ E[ X|dive] " Prob(alive)
Day 1, E[x;]=1
e ot
Prob(dead at end of day 1) = £(0) = 5
Day 2, E[X,]=0" 0.368+1" (1- 0368) = 0.632
Prob (dead at end of day 2) = 0.503
[ per problem 10]

=0.368

Day 2.5, E[X,;|=0" 0503+05" (1- 0503) = 0.249
where E[ X, g[alive] = 05 since only % day in period.

HX]=E[X,]+EX,]+E[X,5] =1+0.632+0249 = 1881
E[10,000X] =18,810

Question # 12
Key: C

Solution:

This solution applies the equivalence principle to each life. Applying the equivaence 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) =10g,v +10p,og,,v> + Ppyopyv?
P (10)(0.03318) .\ (10)(1- 0.03318)(0.03626) .\ P(1- 0.03318)(1- 003626)
108 108? 1082
= 03072+ 03006+ 0.7988P
P 0.6078
0.2012

=302

(4PV above means Actuaria Present Vaue).



Question #13
Key: C

Solution;

For abinomial random variable with » =100 and p = g4, =0.03318, Ssmulate number of deaths:

100

i=0:(1- p)'® =003424= 1(0) = F(0)

Since 018> F(0), continue

i=1f(1) =(0)n)p)/ (- P)
= (003424)(100)(0.03318) / (0.96682)
=011751

F(1)= F(0) + (1) = 003424 + 011751 = 015175
Since 018> F/(1), continue

i=2£(2)=f@(n- 1)/2)p)/(1- p)
=(011751)(99/ 2)(0.03318/ 0.96682)
=019962

F(2)=F(1)+ f(2) = 015175+ 019962 = 035137
Since 018< F(2), number of claims =2, so claim amount = 20.



Question #14
Key: C

Solution;

For the Pareto parameters given, the mean is il =1000, so the annual premium is 2(1000)(11) = 2200.

Simulating the times of claims, we use the formula ¢ =- 051n(1- x) to get the times between

claims to be 0.886, 0.388, 0.327, ... so claims occur at times 0.886, 1.274, and 1.601, so we
only have to worry about the first claim.

2
For the Pareto, F(x)=1- ( 101%%0) , Soinverting gives x =%- 1000
by 1- Flu
Using this on the first value provided gives a severity of _1000_ 1000 =2015.
J1- 089

Clearly thiswill not cause ruin, since more than 15 of premium has been collected by time
0.886, so final surplus = initia surplus + premium — losses = 2000 + 2200 — 2015 = 2185.



Question #15
Key: E

Solution:

One approach is to recognize an interpretation of formula 7.4.11 or exercise 7.17a
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.

If you think along those lines, you can derive formula 7.4.11:

P=P-+P1V
X x:ﬂ X;Zlnx

And plug in to get
0090 = P

.
A
P’ =00851

+(0.00864)(0563)

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

Ve = (B B
=(, - fﬁﬁ[) a;
;
_ ) x|
= (Px xl:n ) a:nlldx:m
(£ PY)

0563=(0.090- P'.)/ 000864

)

P = 0090- (0.00864)(0563)

_l
=00851



Question #16
Key: A

Solution;

d =In(105) = 004879

Zx = J‘W_x tpxn‘!((t)e' &t

0

:.[W_x ! e %dr for DeMoivre
0 w-x

From here, many formulas for 1, 7(4,,) could be used. One approachis:

Since
q = E = @- = "= 1- ZSO =
Agg = =0 = 0374250 Gy =| = = =1283
- _
— L—o|=19.40= _ 1- Ay
g =g ==, =032 a0 =| =0 | =1387
© P(i) = 5o = 002331
oV (o) =[ Ao - P(Ayo)a | =[03742 - (002331)(1283)] = 00751



Question #17
Key: D

Solution;

4, = ]y = {" NS Prob(Ng)+ £[v")s] Prob(s)

= (—0'03 j ~ 070+ (—0'6 j ~ 030
0.03+0.08 0.06 +0.08

= 03195
Similarly, %4, = (ﬂ) " 070+ (ﬂ] " 030=01923
003+016 006+016

2= 2 2
Ve (5_): 1 ZAX _ 01923 0;°’195 11
) d 008

Question #18

Key: B

Solution:

Let S denote aggregate |osses before deductible.

E[S]=2" 2=4, since mean severity is 2.

-250
f S(O) =£ 02 = 01353, since must have O number to get aggregate losses = 0.

-2
fs(1)= [eTIZJG’j =0.0902, since must have 1 loss whose size is 1 to get aggregate losses = 1.

E(SU2)=0" f5(0)+1" fy+2" (1- £(0)- £5(D)
=0’ 01353+1° 00902+2" (1- 01353- 0.0902)
=16392

E[(s- 2),]= E[s]- E[sU2]
=4- 16392
=2.3608



Question #19
Key: D

Solution;

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 Typell clams.

Let S, =aggregate Typel claims.

N; =number of Typel clams.
X, =severity of aTypel claim (here = 10).

Since X; =10, aconstant, £(X;)=10; Var(X,;)=0.

Var(s;) = E(N,) Var(x,)+ Var (N, JE(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 #20
Key: A

Solution;

st =sp$ s pg

— (100 = 55) e - (0'05) (5)
100- 50

=(09)(0.7788) = 0.7009

Similarly

) = (Mje-(m (10
. 100- 50

=(0.8)(0.6065) = 04852

i =P - 1oply) = 07009 04852
= 02157

Question #21
Key: C

Solution:

Only decrement 1 operates before t = 0.7

028 =(0.7) ¢4’ =(07)(010) = 007 since UDD
Probability of reaching ¢ = 0.7 is 1-0.07 = 0.93

Decrement 2 operatesonly at ¢ = 0.7, eliminating 0.125 of those who reached 0.7

¢\? = (093)(0125) = 011625



Question #22
Key: B

Solution;

Let p; =long run probability of being in R at the start of atrip
Let p, = probability of beingin S

P1 P2

City R City S
Py City R 0.2 0.8
P2 City S 0.3 0.7

3
02p,+03p,=p, P 08p,;=03p, p, zgpz

3 11 8 3
p1+p2:1|3 §p2+p2:1 Epzzl pzzﬁ plzﬁ

E(R) = expected profit per tripif incity R=02" 1+2" 0.8=1.8
E(S) = expected profit per tripif incity S=0.3" 2+1.2° 0.7=1.44

P Inthe long run, the profit per trip =1.8" 1—31+1.44’ 1—81:1.54



Question #23
Key: D

Solution:
Let states 0, 1, 2, 3 correspond to surplus of O, 1, 2, 3.

One year transition matrix

100 000 000 000
e 020 040 025 015
1020 000 040 040

000 020 000 080

(100 000 000 000
033 019 020 028
028 008 016 048
004 024 005 067

1000 0000 0000 0000
0408 0132 01275 03325
0328 0128 0084 0460
10098 0230 0080 0592

[0 0 0 1" 7°=[0098 0230 0080 0592]

Prob of starting in 3 and ending in 0 = 0.098
1-0.098 = 0.902
or 0.230 + 0.080 + 0.592 = 0.902.

If you anticipate how 72 will be used, you see it is sufficient to calculate only the fourth row of it, or
even only column 1 of row 4.

Alternatively, it is certainly correct, and probably shorter, to calculate
[(M" T)" T]" Trather than M~ 73, where M =[0 0 0 1]

See problem 29 for an example of that method.



Question #24
Key: C

Solution;

3
p(1+ ,pgov?) = 10004gy + pv;f’SO P 212’80‘182

083910 _ 0.08030 , 0.83910" 0.09561
p|1+——— |=66575+p + -
106 2(106) 2(106)

p(174680) = 66575+ p(0.07156)
p(167524) = 665.75
p=397.41

3284542 _ 0.

Where == _
2P80 = 3914 365

83910

Or , pgy =(1- 008030)(1- 0.08764) = 083910



Question #25
Key: E

Solution:
At issue, actuarial present value (APV) of benefits
= J': bV pesm (¢)dt
= J-;iOOO(eO'O‘“)(e' 004 )t Pes Mys(1)dt
=1000] g5 M (1)dt =1000 g5 =1000
1

004 +0.02
Benefit premium p =1000/16.667 = 60

— ¥ . _
V= Jo by V" Per Mes(2+ u)du- p ag

¥ +u) -0.04u
= [71000e™ 2 0%y my(2+u)du - (60)(16667)

APV of premiums =p ag = p( ) =16.667p

=10006% ||, pey Mg (2+ ) - 1000
= 108329 g, - 1000=108329- 1000 =8329



Question #26
Key: B

Solution;

(1) a5 = G 55 - Tk,

. _ = o
() a,20 ~ d 2

_ A 1
3 Ax:ﬂ - Ax:ﬂ + Ax:ﬂ
@ A= AgmtaE, Ao

028 = 4, 5 +(0.25)(040)
Az =018

Now plug into (3): Ax:m =018+025=043

1- 043

Now plug into (2): o9 = M

=1197

Now plug into (1): o5 = 1197- 1+025=1122



Question #27
Key: A

Solution:
E[N]=E[E[NL]|=EL[L]=2
Va[N]=E [Va[N|L ]|+ Var [E[N|L]]
=E [L]+Var [L]=2+4=6
Distribution is negative binomial.

rb=2and rb(1+b)=6
1+b=3

b=2
rb=2 r=1

Per supplied tables:

S S € 7 S
11+b)™ (13

D

Alternatively, if you don’t recognize that N will have a negative binomial distribution, derive gamma
density from moments (hoping a is an integer).

Mean=qa =2

Var:E[LZ]— E[LT :qz(a2 +a)- q2a’?

=q’a=4
2
:ﬁ_ﬂ:z
ga 2
a=%=1



dl

e 1t (1712072
g 1 | Q1)
_1

a
¥ PR
_2L|e2m

[Integrate by parts; not shown]

3 3
_1 E| e'El - fe'El
2| 3 9

= Jj (p1|| )f(l )d




Question #28
Key: C

Solution;

Limited expected value =
1000 1000

J (1- F(x))a’x = J. (083 0.02x 4 )9 0.001x )dx - (_ 40e"%92% = 200e" 0.001x)
0 0

1000
=40+1264
0

= 166.4

Question #29
Key: E

Solution:

M =Initia statematrix =[1 0 0 0]

020 080 0 O
050 0 050 0
075 0 0 025
100 0 0 O

T = One year transition matrix =

M” T=[020 080 O (]
(M~ T)" T=[044 016 040 0]
(M” 1) 1) T=[0468 0352 008 010|

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

Actuarial present value = (0468v*)(500) =171

Notes:

1. Only the first entry of the last matrix need be calculated (verifying that the four sum
to 1 isuseful “quality control.”)

2. Compare thiswith solution 23. It would be valid to caculate 72 here, but advancing
M one year a atime seems easier.



Question #30
Key: B

Solution;

Let Y, be the number of claimsin the ith envelope.

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

E[¥]=(1" 02)+(2" 025)+(3" 04)+(4" 015) =25
E[¥?]=(1" 02)+(4" 025)+(9" 04)+(16" 015)=72
E[X(13)]=50" 13" 25=1625

Va[X(13]=50" 13" 7.2=4680

Prob{ X(13) £ Z} = 090= F(1282)

X(13)- 1625

/4680

X(13)£1712.7

P Prob { £ 1282}

Note: The formulafor Var[X (13)] took advantage of the frequency’ s being Poisson.
The more general formulafor the variance of a compound distribution,
Var(S) = E(N) Var(X) + Var(N)E(X)?, would give the same result.

Question #31
Key: C

Solution:

(12)(2)
g =05
q>0 so(C)



Question #32
Key: D

Solution:
No real issueswith #1. It matches the real survival process.

#2 isnever valid. Evenif x =y, sothat Prob (x diesfirst) = 0.50, the conditional future lifetime of x
would not follow De Moivre.

Question #33

Key: E

Solution:

" (60) = 1 1 1

w- 60 75-60 15

n (60) = L 131 we=ss
we- 60 15 5 25

M t
=1- —
t P65 10

F t
=1- —
+ P60 o5

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

o

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

10 t t
= 1- =] 1- = |t
ty =), [ 10)( 25)

10 2
=_[ 1- Lo
0 50 250

3 \(10
= t_iﬂ.,.t_ :10_L'100+M
100 750 ) o 100 750
=10- 7+£:1_3
3 3

Gmo 4o .o =54 22 13_30475-26_,q
Xy x y xy 2 3



Question #34
Key: B

Solution;

Question #35
Key: B

Solution:

(X)- E(XU100)

1- F(100)
_331-91
~ 08

E
Mean excess |oss =

=300

E(X)= E(X U1000) since F(1000) =10



Question #36
Key: E

Solution;

Expected insurance benefits per factory = E[(X - 1), |
=02 1+01" 2=04.

Insurance premium = (1.1) (2 factories) (0.4 per factory) = 0.88.

Let R = retained mgjor repair costs, then

fx(0) =04>=016
f:()=2" 04" 06=048
fz(2) =06° =036

Dividend =3- 088- R- (015)(3), if positive
=167- R, if positive

E (Dividend) = (016)(167 - 0) +(0.48)(167- 1) +(0.36)(0) = 05888

[The (0.36)(0) term in the last line represents that with probability 0.36, (167- R) is
negative so the dividend is 0.]

Question #37
Key: A
Solution:
E[)(]:ﬂ:i:gp 4a =8a - 8
a-1 a-1
a=2
a 2
o (3] (5
6 6
= 0555



Question #38
Key: B

Solution;

2‘1&) =‘I((5}1) +P€(‘>El) qﬁ(ié)

P =(1- 0025)(1- 0.035)(1- 0200) = 0.75270

(t) =1- (t)

de4 =1~ DPes
=0.24730

pg = (1- 0025)=0975

A |npg£4 _ In(0975)
Tinply a5 In(0.75270)

(0.2473) = 002204

L4\ = 002204 +(0.75270)(0.02716) = 004248



Question #39
Key: B

Solution;

e, = p,top,tap, +..=1105

Annity =v* gp 1000+v* ,p.~ 1000" (104)+...
¥
= & 1000(104)* *v* ,p.
k=3

¥
=1000:°Q , p,
k=3

3
=1000/3(e, - 099- 098) = 1000(&} * 908=8072

Let p = benefit premium.

p(1+ 099v + 0.98v2) =8072

28580p = 8072
p =2824

Question #40
Key B

Solution:

P iz g = 10004 + P(14) 55+ (10p (1940
1000 4y,
(Z4)3157 - 10,0 430

301

P=-
Y3010
_ 1000(0102)
~ 7.747- 0078- 10(0.088)
_ 102

 6.789
=15024




