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INTRODUCTORY NOTE

This study guide is designed to help in the preparation for Exam MLC of the Society of
Actuaries (the life contingencies and probability exam).

The material for Exam MLC is divided into one large topic and two smaller topics. The large
topic islife contingencies, and the smaller topics are Poisson processes and multi-state transition
(Markov Chain) models. | think that the proper order in which to study the topicsisthe order in
which they are listed in the previous sentence.

The study guide is divided into two volumes. Volume 1 consists of review notes, examples and
problem sets for life contingencies. Volume 2 covers the other topics with review notes,
examples and problem sets. Volume 2 also contains 12 practice exams of 30 questions each
along with the May 2007 ML C exam and solutions. There are over 160 examples, over 300
problems in the problem sets and 360 questions in the 12 practice exams and May 2007 SOA
exam. All of these (about 850) questions have detailed solutions. The notes are broken up into
sections (32 sections for life contingencies, and one section each for Poisson Processes and
Markov Chains). Each section has a suggested time frame.

Most of the examplesin the notes and almost half of the problemsin the problem sets are from
older SOA or CAS exams (pre-2007) on the relevant topics. The 12 practice examsin Volume 2
include many questions from SOA exams released from 2000 to 2006. The practice exams have
30 guestions each and are designed to be similar to actual 3-hour exams. The SOA and CAS
guestions are copyrighted by the SOA and CAS, and | gratefully acknowledge that | have been
permitted to include them in this study guide.

Because of the time constraint on the exam, a crucial aspect of exam taking is the ability to work
quickly. | believe that working through many problems and examplesis a good way to build up
the speed at which you work. It can also be worthwhile to work through problems that have
been done before, as this helps to reinforce familiarity, understanding and confidence. Working
many problems will also help in being able to more quickly identify topic and question types. |
have attempted, wherever possible, to emphasize shortcuts and efficient and systematic ways of
setting up solutions. There are also occasional comments on interpretation of the language used
in some exam guestions. While the focus of the study guide is on exam preparation, from time to
time there will be comments on underlying theory in placesthat | feel those comments may
provide useful insight into atopic.

It has been my intention to make this study guide self-contained and comprehensive for all Exam
MLC topics, but there are occasional references to the books listed in the SOA exam catal og.
While the ability to derive formulas used on the exam is usually not the focus of an exam
guestion, it is useful in enhancing the understanding of the material and may be helpful in
memorizing formulas. There may be an occasional reference in the review notes to a derivation,
but you are encouraged to review the official reference material for more detail on formula
derivations.
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In order for the review notesin this study guide to be most effective, you should have some
background at the junior or senior college level in probability and statistics. It will be assumed
that you are reasonably familiar with differential and integral calculus.

Of the various calculators that are allowed for use on the exam, | think that the

BA Il PLUS s probably the best choice. It has several memories and has good financial
functions. | think that the TI-30X 11S would be the second best choice.

Thereis aset of tables that has been provided with the exam in past sittings. These tables consist
of a standard normal distribution probability table and alife table. The tables should be
available for download from the Society of Actuaries website. It isrecommended that you have
them available while studying.

Based on the weight applied to topics on recent actual exams, | have created the practice exams
to include about 24 guestions on life contingencies and 3 each on Poisson processes and multi-
state transition models.

If you have any questions, comments, criticisms or compliments regarding this study guide, you
may contact me at the address below. | apologize in advance for any errors, typographical or
otherwise, that you might find, and it would be greatly appreciated if you would bring them to
my attention. | will be maintaining awebsite for errata that can be accessed from
www.sambroverman.com . It is my sincere hope that you find this study guide helpful and useful
in your preparation for the exam. | wish you the best of luck on the exam.

Samuel A. Broverman November, 2008
Department of Statistics

University of Toronto

100 St. George Street

Toronto, Ontario CANADA M5S 3G3

E-mail: sam@utstat.toronto.edu or 2brove@rogers.com

Internet: www.sambroverman.com
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LIFE CONTINGENCIES SECTION 26
THE LAST SURVIVOR STATUSAND THE COMMON SHOCK MODEL

The suggested time frame for covering this section is 2 hours.

Thelast-survivor status (Bowers 9.4)

T(zy) = max[T(x), T (y)] isthetime until the second death of the pair of lives aged (x) and
(y); the last-survivor status fails at the time of the second death (7'(zy) isthe largest order
statistic of the pair of random variables T'(x) and T'(y)). One basic probability for the last
survivor status is gz , the probability that the status fails by timet. The last survivor status fails
by time t if the second death has occurred by time ¢, which is the same as saying that both deaths
have occurred by time¢. Therefore, ;¢ = P[(T(z) <t)N(T(y) <t)]. Notethat

+Pey = 1 — 1qzy isthe probability that not both have died by timet, or in other wordsit is the
probability that at least one (or both) have survived to time¢.

Thereisagenera "theme" that arises for the formulations of functions involving the last
survivor status: g(zy) = g(x) + g(y) — g(zy) , where the function g can be a probability,
expectation, density, annuity or insurance. Thisthemeisillustrated in the following
formulations. Many of these relationships are variations on the rule

P[AUB]| = P[A] + P[B] — P[An B] , which can be written

P[AUB|+ P[An B] = P[A] + P[B] .

If Aistheeventthat (z) diesby timet, and B isthe event that (y) dies by timet, then
P[A] = P[T(z) <t] =g, and P[B] = P[T(y) <t] =qy .

Wethenhave P[AUB| = P[(T(z) <t)U(T(y) <t)] = P[T(zy) < t] = tqay
(thisisthe probability that at least one of (x) and (y) dies by time¢).

Wealsohave P[ANB] = P[(T(z) <t)N(T(y) <t)] = P[T(Ty) < t] = 1qzy
(thisisthe probability that both die by time ¢).

Wethenget P[AU B] + P[AN B] = 1quy + 1975 = 4= + gy = P[A] + P[B].
Thisis more likely to be writtenintheform ¢z = 1q. + 1@y — 1wy -

This reasoning applies to many functions for the last survivor status. We aso have

T(xy) +T(zy) =T(x) +T(y) , T(xy) -T(xy)=T(z) T(y)
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Last survivor statusrelationships

t9zy + t9zy = tqz + tQy = Fr T (1 )(t) + FT(@) (t) = FT(:I:) (t) + FT(y) (t) )
fromwhichwe get :qzy = ¢qz + tQy — tQay

tPoy + tDzy = tDz + 1Dy , fromwhichweget ;pz; = 1Pz + ¢Py — tPzy

)+ Friy(t) — Fry () = Frayrg (t,t)
t

; () (¢
= P[T(x) <tnN T(y) < t] (thisisthe probability that both die before time t)

tludry = t+uldzy — t9zy — tPzy — t+uPzy = t|judx + tludy — tjudzy
(thisisthe probability that the second death is after time ¢ and beforetime ¢ + u)

= tpx,u(x + t) + tpy:UJ(y + t) - tpacy:UJa:y(t)

(1) = Pt ZAD) + Py (Y +) 1Dy thry (1)
Hazy Pzt tPy—tPry

(note that 1177 (t) doesn't satisfy the g(Zy) = g(z) + g(y) — g(xy) relationship)

@) 4 T@) = T 4 TW) for any constant ¢

€ay = Jo tpzgdt = [ (4o + Dy — 1Day) dt = €s+ €y — Eay -
(co inthisintegral isthe larger of the timesuntil w for (x) and (y))

K (7y) isthe completed number of years until the second death, so that
PK(zy) = k] = fr@y)(k) = Plk <T(zy) <k +1]
= k|9zy = k+19zy — k9zy — kPzy — k+1Pzy — k|9z + k|Qy — k|9zy

= kDxqu+k T EPyQy+k — kPxyQetky+k

o0 o0
ezg = D kPag = D_ (kPzr + kPy — kPzy) =€z + €y — €gy
k=1 k=1

Notethat ;pw # nDzy * t—nPiFrges - 1 hefactorization does not work in the last-survivor case.
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Note also that 7'(xy) and T'(7y) are never independent, since T'(zy) < T'(7y) always.
The derivation of the following identity is given in the textbook:

Cou[T(wy), T(@)] = CovlT(x), T(y)] + (& — :,)(E, - &s)

IMPORTANT NOTE: if T'(x) and T'(y) areindependent, then :qzy = +9+ - +qy -
Thisistrue since

gz = Pl(T(z) <t)N(T(y) <t)] = P[T(x) <t - P[T(y) <t = 1qe - 19y -

Thisrelationship is used to simplify other probability relationships when independenceis
assumed. Also, under the assumption of independence we have

K7y = kGx kPy Qy+k + £y kP2 Qovk + £ Dy Qotk Qy+k » AN

Cov[T (zy), T(TY)] = (éx — €4y)(€y — €4y) (SiNCE Cov[T'(x), T(y)] = 0 because of
independence) .

When finding complete or curtate expectations for the last survivor status, it is usually more
convenient to usethe form e, + é, — €., instead of é;. The following exampleillustrates this.

Example LC-118: Smith and Jones are independent lives aged 90 and 95, respectively, and
both have mortality that follows DeMoivre's Law with w = 100 . Find &gz -

Solution: ég505 = [ 1Pgpg5 dt and pgggs isthe probability that at least one has survived to
timet. Since (90) has 10 years until the end of his survival distribution, but (95) only has5
years, ;pg;9; becomesOfor ¢ > 10, but isnon-zero for ¢ < 10 . Therefore, an appropriate
upper limit for the integral is 10 in this case, ég5q: = folo tPgoos At . There are a couple of ways
we can proceed:

(1) tPogos = 1 — tGg05 = 1 — (+qo0)(¢qes) (thelast equality follows from independence of (90)
and (95) . Then ég5q: = fom[l — (+q90)(¢qo5)] dt . This becomes alittle awkward, since
+qos = 1 for ¢ > 5; wewould split the integral into two parts.
Eg095 = fo5[1 — (¢990) (¢qos)] dt + fg,lo[l — (¢990) (+qos)] dt
= [ = (L)L) dt + [ - (L)(1)] dt = 4.167 + 1.25 = 5.417 .
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Example LC-118 continued
(i1)  +Pgog5 = P90 + P95 — £P90:95 = P90 + P95 — (¢D90) (+P95) -

Then ém = fooo [tD90 + P95 — (+Po0) (1Pos)] dt = €00 + €95 — €90:05 -

100—-90

E 100-95 _ 5 5

:5and§95: 5

Under DeMoivre's Law with w = 100, égy =
Also, ég0.05 = i tDo00s dt = f05(tp90)<tpg5)dt (for joint-life status expectation, upper limit of
integral is earliest time until death for the two individuals) . Then

Eo0:05 = [ (F951)(3h) dt = 2.083 ,and  &g555 = 5 + 2.5 — 2.083 = 5.417 .

In general, approach (ii) isalittle more straightforward and avoids separating the integral into
two parts. The last survivor expectation can always be written in theform -; = &, + &, — é,, ,
where é, and ¢, arefound in theusual way, and ¢,, isfound asabove or asin Example LC-
116 earlier in these notes. O

Example LC-119 (SOA): You are given:

(i) sps0 =0.9 (i) 5peo =0.8  (iii) g55 =0.03  (iv) gg5 = 0.05

(v) T'(50) and T'(60) are independent.

Calculate 5 q5557 -

Solution: Under the assumption of independence, the main simplifying relationships for two life
statuses are ;p,, = p, - +p, for thejoint life status, and ;qz; = +q, - +q, for thelast-survivor
status. Inthiscase, it is probably most efficient to write

5/950:60 — 64950:60 — 5950:60 — 6450 " 6960 — 5950 * 5460 -
From the given information, ¢pso = 5ps0 - pss = (.9)(.97) = .873 , and ¢pgo = (.8)(.95) = .76,
so that 5/950:60 — (.127)(.24) — (.1)(.2) = .01048 . O
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Example LC-120 (SOA): You are given:

(i) T(z) and T'(y) areindependent.

(i) E[T(z)] = E[T(y)] =4.0 (iii) Cov[T(zy), T(Zy)] = 0.09
Calculate E[T(zy)].

Solution: The genera form for Cou[T (zy), T (Ty)] is
Cov[T(zy), T(zy)] = Cov[T(x), T(y)] + (éx — €x)(éy — €xy) , andif T(z) andT(y) are

o

independent, then Cov[T'(z),T(y)] =0 sothat Cov[T(zy), T(TY)] = (€, — €xy)(éy — €uy) -
Therefore, .09 = (4 — €,,)(4 — €4) = (4 — €4y)* & 4 — €4y = £ .3 &, =3.7 ord.3.
Since T'(xzy) = min{T(z),T(y)} , it followsthat é,, < &, , and therefore, we choose the

smaller root, é,,, = 3.7 (notethat éz; = 4.3). O

The Common Shock Dependent Lifetime Model (Bowers9.6.1)

In the formulation of the joint distribution of the continuous random variables 7'(x) and T'(y),
the probability that 7'(x) and T'(y) die at the sameinstant is0. The reason for thisissimilar to
the reason that for any continuous random variable W we have P[WW = a] = 0. For a
continuous random variable W, we can only have probabilities over an interval;

Pla <W < b] = [ fw(w)dw . 1f wetry tofind P[W = a] weget [*fi(w)dw=0.

In asimilar way, for apair of random variables W and U, we can only get non-zero probabilities
on atwo dimensional region, Pl[(a < W <b)N(c < U < d)] = f;’fcde’U(w,u) dudw .

For ajoint pair of continuous random variables W and U, if wetry to find a probability on a
one-dimension region such as P[W = U] (represented by a straight line in two-dimensional
space), weget P[W =U]=0.

To allow for the possibility of simultaneous deaths of two (or more) lives, acommon shock
random variableisintroduced (representing some catastrophe such as auto accident that could
claim both lives simultaneously). 7*(x) and 7™ (y) denote independent lifetimesfor (z) and (y)
in the absence of acommon shock. An alternative explanation isthis; if there was no common
shock, 7™ () would just be T'(z), and the same for (y). The common shock is the hazard that
(z) and (y) share, and 7™ () would be the time until (z)'s death if the common hazard was
eliminated (samefor y).
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Z denotes the time until the occurrence of a common shock, also assumed to be independent of
T*(z) and T*(y). Z isassumed to have an exponential distribution with sz (2) = e™**, where
z>0 and A\ > 0. If weconsider (x)'ssurvival aone, then (x) will die either due to the
common shock, or to a cause other than common shock. Therefore, the time until (x)'s death is
the earlier of the occurrence of either the common shock or a death event other than common
shock, sothat T'(x) = min[T*(x), Z] . Thesameistruefor (y), T(y) = min[T*(y), Z].

In order for () to survive s yearsit must be true that the common shock has not occurred and
(x) has not died as aresult any other cause either. Therefore, the survival function for the
marginal distribution of 7'(x) is sp, = P[T(z) > s] = P[(T*(x) > s)N(Z > s)] .
Since T*(x) and Z are independent, we have

P((T*(z) > s)N(Z > s)] = P[T*(x) > s]- P[Z > s] = sp-)(s) - e = ;ph - e,
Wecanwrite ;p, 8 sp; = P[T'(x) > 8] = s7+(3)(8) - e N = _pl-e .

Inasimilar way, ¢py = sp(y)(t) = sp)(t) -e M =,p}-e ** = P[T(y) > 1] .

In this notation, ,p; = s7-(,)(s) denotes the probability that, ignoring common shock, x does not
die by time s due to any other causes.

For (x) and (y), the joint-life status survivesto time ¢ if both surviveto time¢. This means that
the common shock has not occurred by time ¢, and neither of (x) nor (y) has died due to any
other cause. Therefore, wehave ;p,, = P[(T*(x) > s)N(T*(y) > t)N(Z > s)].

Since T*(x) , T*(y) and Z are mutually independent, if follows that

Pay = PIT"(2) > s - PIT"(y) > 1] - P[Z > §

t At

= 87+(2) (1) - 87(y) (%) - e M = p’- tDy "€
Notethat ;p,, = P[(T(x) > s) N (T(y) > t)| isawaystrue, but inthiscase T'(x) and T'(y) are
not independent, since they both are related to the common shock random variable Z. The
exam questions that have contained a reference to the common shock model will likely use

constant force assumptionsfor 7™ (x) and T (y) , say u; and ;. In that case, we have
t +2) —t(uy+A)

* * _t * _t *
Mo ’ tpy = e I’l’y , and tpm = e (/‘Lz
—Hpz+pgtA)

* _
tpx=e

and pgy =e

,tpy=e

The density function for simultaneous death of (x) and (y) at timet is

Jryra) 1) = Xe ™ spay (b)) - spe(t)
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The probability that («) and (y) die asaresult of common shock within n yearsis
fon)\e_’\t . ST*(:I;) (t) : ST*(y)(t> dt .

With n = oo, inthe constant force case, thisis equal to A

Wty tA

The probability that («) survivesto time s and (y) survivesto time ¢ (and neither has died due to
the common shock, or for any other reason) is sp(.r(,) (s, ) = s7+(2)(8) s () e Azl

The density function of the joint distribution of 7'(z) and T'(y) is
—A[maz(s,t)] )

92 92
fr@re) (8,1) = 355757 Tw) (5:1) = Fegr5T:(0)(8) 87+ (1) €
The last-survivor status survival function is

D75 = 1o + 1Dy — tPay = [57+(2) (1) + 57+() (£) — 5740 (£) - S+ ()] €™M

= S7(p) (t) .
Notethat if A = 0, then this common shock model reduces to the usual joint distribution of
independent 7'(z) and T'(y) .

Example LC-121: (40) and (60) are lives subject to acommon shock with A = .02. Inthe
absence of the common shock, (40) and (60) have independent lifetimes both following
DeMoivre'sLaw with w = 100. Find (a) 10P40 (b) 10P40:60 (C) 540 (d) 540:60
Solution: (8) 1pao = s7+(a0(t) - € = (7”{85%355 e 0 = (B5t) e 0

= 10P40 = (%)67'2 = .682.
(b) 10Ps0:60 = S7+(40)(10) - 57+ (60)(10) - €710 = (%)(%) -e”? =512,

g 60 60,60—t\ 60; t
(©) €w = [y tpwdt = [;"(Zeg") - e P dt = ["le " — g5 - e ] dt

The antiderivative of te= % is — ge*“t - %e*“t , S0 the integral becomes
—e 2 1t o2, 11 Y
2 teo o2 ¢ Teo wooa €|, =209
0 60 40,60—ty 40—ty
(d) a0 = Jy tProcodt = [ (Fgg-) - (Fqg) e dt
_ 1 40 _ 2\ . ,—.02¢
= 3305 * Jo (2400 — 100t + £2) - e~ dt
o : 2 : .
The antiderivative of t?e~% is — %e*“t - %e*“t - %e*‘” , Sotheintegral is
1 _9400e—02 100te—02t 100e—02t 1202 ot o—02t o—-02t t=60
= 2100 [T 02 .02 0004 .02 .0004  .000008 |,_
=12.35. O
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LIFE CONTINGENCIESSECTION 26 - EXERCISES

1. (50) and (60) are independent lives with mortality based on the Illustrative Life Table.
Find the probability that the second death occurs between 10 and 20 years from now.

2. Smith and Jones are independent lives aged 90 and 95, respectively, and both have mortality
that follows DeMoivre's Law with w = 100 . Find éggg57 -

3. A common shock model has A = .02, and 7™ (x) and T"(y) are both subject to a constant
force of mortality of .01. Find

(8@ the probability that (x) and (y) will die within 10 years, and

(b) the probability that (=) and (y) will die within 10 years as a result of the common shock.

LIFE CONTINGENCIESSECTION 26 - SOLUTIONS TO EXERCISES

1. 10110950:60 — 20950:60 — 104950:60 — (QOQ50)(QOQ60) - (IOQSO)(IOQGO>

= (1 — 20p50) (1 — 20p60) — (1 — 10P50) (1 — 10P60) = .120.

2. Egpmsm) = €on7) + €057 — €o0:05:7) -

égozﬂ = f07 tPoo dt = f07(1 — %) dt = 4.55 ,

Cos7| = Sy b dt = [ iposdt = [(1— Lydt =2.5

€90.95:7 = fo7tp90:95 dt = f05 tP90:95 At = fo (1- 1% %) dt = 2.083,

s = 455 + 2.5 — 2.083 = 4.97.
3.(8) 10qm =1—10pzg = 1 — 1002 — 10Dy + 10Dy =

1 — (e—lo(.OI))(eflo(.OQ)) _ (6—10(.01))(6—10(.02)) + (6—10(.01)>(e—10(.01))( —10(.0 )) — .189 .

(b) fon)\ef/\t ST (x) (t) © ST (y) (t) dt = 010(.02) ce 02 o= Ol om0l gy — 165 .
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S.BROVERMAN MLC STUDY GUIDE
PRACTICE EXAM 1

1. For afully discrete 3-year endowment insurance of 1000 on (x), you are given:
(i) L isthe prospective loss random variable at time k.
(i) i =0.10 (iii) 4,5 = 2.70182
(iv) Premiums are determined by the equivalence principle.

Calculate L, given that (z) diesin the second year from issue.

A) 540 B) 630 C) 655 D) 720 E) 910

2. For adouble-decrement model:
M)y =1-&, 0<t<60
(i) ) =1- L, 0<t<40

Calculate 117 (20) .

A)0.025 B)0.038 C)0050 D)0.063 E)0.075

3. For independent lives (35) and (45):

() 5p35 = 0.90 (i) 5ps5 = 0.80 (i) g4 = 0.03 (iv) gs0 = 0.05
Calculate the probability that the last death of (35) and (45) occursin the 6th year.
A) 0.0095 B) 0.0105 C) 0.0115 D) 0.0125 E) 0.0135

4. For afully discrete whole life insurance of 100,000 on (35) you are given:

(i) Percent of premium expenses are 10% per year.

(ii) Per policy expenses are 25 per year.

(iii) Per thousand expenses are 2.50 per year.

(iv) All expenses are paid at the beginning of the year.

(v) 1000Ps; = 8.36 .

Calculate the level annual expense-loaded premium using the equivalence principle.
A)930 B)1041 C)1142 D)1234 E)1352
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5. Kings of Fredonia drink glasses of wine at a Poisson rate of 2 glasses per day. Assassins
attempt to poison the king's wine glasses. Thereis a0.01 probability that any given glassis
poisoned. Drinking poisoned wine is always fatal instantly and is the only cause of death. The
occurrences of poison in the glasses and number of glasses drunk are independent events.
Calculate the probability that the current king survives at least 30 days.

A) 0.40 B) 0.45 C) 0.50 D) 0.55 E) 0.60

6. Z isthe present-value random variable for awhole life insurance of b payable at the moment
of death of (x). You are given:
(i) 6 =0.04 (ii) pa(t) =0.02,t>0
(iii) Thesingle benefit premium for thisinsurance isequal to Var(Z).
Calculate b.
A) 2.75 B) 3.00 C)3.25 D) 3.50 E) 3.75

7. For aspecial 3-year term insurance on (30), you are given:
(i) Premiums are payable semiannually.

(it) Premiums are payable only in the first year.

(iii) Benefits, payable at the end of the year of death, are:

k bit1
0 1000
1 500
2 250

(iv) Mortality followsthe Illustrative Life Table.

(v) Deaths are uniformly distributed within each year of age.

(vi) 2 =0.06

Calculate the amount of each semiannual benefit premium for this insurance.
A)13 B) 14 C) 15 D) 1.6 E) 1.7
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8. For aMarkov model with three states, Healthy (0), Disabled (1), and Dead (2):
(i) Theannua transition matrix is given by
0 1 2

0 0.70 0.20 0.10

1 0.10 0.65 0.25

2 0 0 1
(it) Thereare 100 lives at the start, all Healthy. Their future states are independent.
Calculate the variance of the number of the original 100 lives who die within the first two years.
A) 11 B) 14 C) 17 D) 20 E) 23

9. An insurance company issues a special 3-year insurance to a high-risk individual. You are
given the following homogeneous Markov chain model:
(1) State 1: active
State 2: disabled
State 3: withdrawn
State 4: dead
Transition probability matrix:
1 2 3 4
0.4 0.2 0.3 0.1
0.2 0.5 0 0.3
0 0 1 0
0 0 0 1
(i) Changesin state occur at the end of the year.
(iii) The death benefit is 1000, payable at the end of the year of death.
(iv) i = 0.05
(v) Theinsuredisdisabled at the end of year 1.
Calculate the actuarial present value of the prospective death benefits at the beginning of year 2.
A) 440 B) 528 C) 634 D) 712 E) 803

=W N -
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10. For afully discrete whole life insurance of b on (x), you are given:
(i) guio = 0.02904 (i) i =0.03

(iii) Theinitial benefit reserve for policy year 10 is 343.

(iv) The net amount at risk for policy year 10 is 872.

(V) i, = 14.65976

Calculate the terminal benefit reserve for policy year 9.

A) 280 B) 288 C) 296 D) 304 E) 312

11. For aspecial fully discrete 2-year endowment insurance of 1000 on (), you are given:
(i) Thefirst year benefit premium is 668.

(if) The second year benefit premium is 258.

(iii) d = 0.06

Calculate the level annual premium using the equivalence principle.

A) 469 B) 479 C) 489 D) 499 E) 509

12. For an increasing 10-year term insurance, you are given:

(i) br+1 = 100,000(1+ k), £=0,1,...,9

(ii) Benefits are payable at the end of the year of death.

(iii) Mortality followsthe lllustrative Life Table.

(iv) i = 0.06

(v) Thesingle benefit premium for thisinsurance on (41) is 16,736.
Calculate the single benefit premium for this insurance on (40).

A) 12,700 B) 13,600 C) 14,500 D) 15,500 E) 16,300
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13. For afully discrete whole life insurance of 1000 on (x):

(i) Deathisthe only decrement.

(if) The annua benefit premium is 80.

(iii) The annua contract premium is 100.

(iv) Expensesinyear 1, payable at the start of the year, are 40% of contract premiums.
(v) i =0.10 (vi) 1000,V, = 40

Calculate the asset share at the end of the first year.

A)17 B)18 C19 D)20 E21

14. A fully discrete 3-year term insurance of 10,000 on (40) is based on a double-decrement
model, death and withdrawal:

(i) Decrement 1 is death. (i) plt)(t) =0.02,¢>0
(iii) Decrement 2 iswithdrawal, which occurs at the end of the year.
(iv) ¢, =004, k=0,1,2 (v) v=0.95

Calculate the actuarial present value of the death benefits for this insurance.
A) 487 B) 497 C) 507 D) 517 E) 527

15. You are given:

(i) 330:@ = 27.692 (i) s(z)=1- % ,0<z<w
(iii) T'(x) isthefuture lifetime random variable for (x).
Cdculate Var(7(30)) .

A)332 B)352 C)372 D)392 FE)412

16. For afully discrete 5-payment 10-year decreasing term insurance on (60), you are given:
(i) bgr1 =1000(10— k), k=0,1,2,...,9

(ii) Level benefit premiums are payable for five years and equal 218.15 each.

(i) geo+x = 0.02+0.001%k, k=0,1,2,...,9

(iv) i =0.06

Calculate ,V, the benefit reserve at the end of year 2.

A) 70 B) 72 C) 74 D) 76 E) 78
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17. You are given:

(i) T'(z) and T'(y) are not independent.

(i) quik = gk =0.05, £=0,1,2, ...

(i) xpwy = 1.024pp kpy, k=1,2,3, ...

Into which of the following ranges does ez , the curtate expectation of life of the last survivor
status, fall?

A)ezy < 25.7 B)25.7 < ey <26.7 C) 26.7 < ez < 27.7

D) 27.7 < ezy < 28.7 E) B) 28.7 < ezy

18. Subway trains arrive at your station at a Poisson rate of 20 per hour. 25% of the trains are
express and 75% are local. The types and number of trains arriving are independent. An express
gets you to work in 16 minutes and alocal gets you there in 28 minutes. Y ou always take the
first train to arrive. Y our co-worker always takes the first express. Y ou are both waiting at the
same station. Calculate the conditional probability that you arrive at work before your co-
worker, given that alocal arrivesfirst.

A) 37% B) 40% C) 43% D) 46% E) 49%

19. Beginning with the first full moon in October deer are hit by cars at a Poisson rate of 20 per
day. The time between when adeer is hit and when it is discovered by highway maintenance has
an exponential distribution with a mean of 7 days. The number hit and the times until they are
discovered are independent. Calculate the expected number of deer that will be discovered in the
first 10 daysfollowing the first full moon in October.

A) 78 B) 82 C) 86 D) 90 E) 94

20. You are given:

(i) p(t) =0.03,t>0 (i) 6 =0.05

(iii) T'(x)isthefuture lifetime random variable.

(iv) g isthe standard deviation of W7 -

Calculate PT(EW >a, — g) .

A) 0.53 B) 0.56 C) 0.63 D) 0.68 E) 0.79
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21. (50) is an employee of XY Z Corporation. Future employment with XY Z follows a double
decrement model:

(i) Decrement 1 isretirement

oy, (000 0<t<5
(”) Hsg (t) - {002 5 S t

(iii) Decrement 2 isleaving employment with XY Z for all other causes

: @, _ 005 0<t<5H
(IV) Hsg (t) - {003 5 S t

(v) If (50) leaves employment with XY Z, he will never rgjoin XY Z.

Calculate the probability that (50) will retire from XY Z before age 60.
A) 0.069 B) 0.074 C) 0.079 D) 0.084 E) 0.089

22. For alife table with a one-year select period, you are given:

0 = e dpy losn €
80 1000 90 — 8.5
81 920 90 — —

(i) Deathsare uniformly distributed over each year of age.
Calculate égy) -
A) 8.0 B) 8.1 C) 8.2 D) 8.3 E) 8.4

23. For afully discrete 3-year endowment insurance of 1000 on (x):
(i) i =10.05 (1) pr = pey1 =0.7

Calculate the second year termina benefit reserve.

A) 526 B) 632 C) 739 D) 845 E) 952

24. Youaregiven:  u(z) = {O 05 50 <z <60

1004 60<x<70
Calculate 414950 -
A) 0.38 B) 0.39 C) 041 D) 0.43 E) 0.44
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25. For afully discrete whole life insurance of 1000 on (50), you are given:

(i) Theannua per policy expenseis 1.

(if) Thereisan additional first year expense of 15.

(iif) The claim settlement expense of 50 is payable when the claim is paid.

(iv) All expenses, except the claim settlement expense, are paid at the beginning of the year.
(v) Mortality follows DeMoivre's law with w = 100.

(vi) i =0.05

Calculate the level expense-loaded premium using the equivalence principle.

A) 27 B) 28 C) 29 D) 30 E) 31

26. For a specia fully discrete 5-year deferred whole life insurance of 100,000 on (40), you are
given:

(i) The death benefit during the 5-year deferral period is return of benefit premiums paid without
interest.

(it) Annual benefit premiums are payable only during the deferral period.

(iii) Mortality followsthe lllustrative Life Table.

(iv) i = 0.06 (V) (IA)410:5‘ = 0.04042

Calculate the annual benefit premium.
A) 3300 B) 3320 C) 3340 D) 3360 E) 3380

27.You are pricing aspecial 3-year annuity-due on two independent lives, both age 80. The
annuity pays 30,000 if both persons are alive and 20,000 if only one personisalive.
You are given:

(i) k kPso
1 0.91
2 0.82
3 0.72
(i) i =0.05

Calculate the actuarial present value of this annuity.
A) 78,300 B) 80,400 C) 82,500 D) 84,700 E) 86,800
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28. Company ABC sets the contract premium for a continuous life annuity of 1 per year on ()
egual to the single benefit premium calculated using:

(i) 6 =0.03 (i) p.(t) =0.02,¢t>0

However, arevised mortality assumption reflects future mortality improvement and is given by

() = 0.02 for ¢t <10
1001 for ¢ > 10

Calculate the expected loss at issue for ABC (using the revised mortality assumption) as a
percentage of the contract premium.
A) 2% B) 8% C) 15% D) 20% E) 23%

29. A group of 1000 lives each age 30 sets up a fund to pay 1000 at the end of the first year for
each member who diesin the first year, and 500 at the end of the second year for each member
who dies in the second year. Each member pays into the fund an amount equal to the single
benefit premium for a special 2-year term insurance, with:

(i) Benefits: k bri1
0 1000
1 500
(ii) Mortality followsthe lllustrative Life Table.
(iii) ¢ =10.06
The actual experience of the fund is as follows:
k Interest Rate Earned Number of Deaths
0 0.070 1
1 0.069 1

Calculate the difference, at the end of the second year, between the expected size of the fund as
projected at time 0 and the actual fund.
A) 840 B) 870 C) 900 D) 930 E) 960
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30. For independent lives () and (y), State Listhat (z) and (y) are alive, and State 2 that (z) is
alive but (y) hasdied, State 3 isthe (y) isalive but (z) has died, and State 4 that both (=) and
(y) have died.
You are given:
« so(z) = (1— 355)"%, 0 < <100
* sy(y) =1— 355, 0 <y <100
« Q" is the probability that (x) and (y) arein State j at timen + 1 given that they are in State
1
at timen.
* AttimeO, (x) isage54 and (y) isage 75.
Calculate Q" .
A) Lessthan 0.026 B) At least 0.026, but less than 0.039
C) At least 0.039, but less than 0.052 D) At least 0.052, but less than 0.065
E) At least 0.065
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S.BROVERMAN MLC STUDY GUIDE
PRACTICE EXAM 1 SOLUTIONS

1. The equivalence principle premiumis

1000P, 5 = 1000(%5‘ — d) = 100037155 — 1) = 279.21 .

We are given that (x) diesin the second year. Using the end of the first year as a reference point,
there will be the death benefit of 1000 paid one year later (end of the second year) and there will

be one premium received just at the start of the second year. | L isthe present value, value at the

end of thefirst year, of the insurance payment minus the present value of the future premiums.

Thiswill be {L = 1000v — 279.21 = 629.88 . Answer: B

2 4D p) — —4 p) " ) @) ¢ ty ¢ i
'MU(t)_W' g = Pao * P’ = (1= 35)(1 = 55) =1 = 97 + 3450
v _ ﬁ_%‘; - u1'(20) = 7%_% = .075. Answer: E

3. The probability that the last death occursin the 6-th year is 5¢s555 -

Thiscan beformulated as  5/q55:55 = 64355 — 505505 = 6435 * 6045 — 5435 * 5045

(for independent lives, ¢z = +q. - +qy)-

From the given information 5q3; = .1, 5qu5 = .2 .

AlSO, ¢p35 = 5p35 - pao = (19)(1 —.03) = .873 and ¢pas = 5pa5 - Pso = (.8)(1 —.05) = .760.
Then ¢35 = (1 —.873)(1 —.76) — (.1)(.2) = .01048.. Answer: B

4. We use the equivalence principle relationship
APV expense-loaded premium = APV benefit plus expenses.
Gisgs = 100,000A35 + .1Gdgs + 25d35 + 25035 -

Solving for G resultsin G = 100’000A35,3G22255+2500a35 = 100_;)000 P35 + % = 1234.44 .

Answer: D
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5. N(t) denotes the Poisson process of the number of glasses of wine drunk in ¢ days, N (t) has
parameter A = 2 per day. Each glass of wine drunk has a .01 chance of being poisoned.

N (t) denotes the number of glasses of wine that are poisoned in t days; N, (¢) isaPoisson
process with parameter A\; = 2(.01) = .02 per day. The number of glasses of wine that are
poisoned in 30 days has a Poisson distribution with amean of 30(.02) = .6 . The current king
will survive at least 30 daysif no glasses of wine are poisoned in the next 30 days. The
probability of thisis P[N;(30) = 0] = e® = .5488 . Answer: D

6. The variance of the continuous whole life insurance with face amount b is
Var|Z]) = b*[2A, — (A,)?] . Sincetheforce of mortality is constant at .02 and § = .04,

T | o S A |
Ar = 55, = iz — 3 A “Ar = 55 = G3hge = 5o Sothal

Var|Z] = bQ[% — (3 = % . The single benefit premiumis bA, = b - % . We are told that

3
b- % = i—b; , fromwhichweget b = 3.75 . Answer: E

7. We assume that we are to find premiums based on the equivalence principle.

We will denote each of the two premiums as () (assume to be paid the start of each half-year
during thefirst year). The APV of the premiumsis Q[1 + v - 5ps3o] -

The APV of the benefitis 1000vgs + 50007 130 4 2500° )g30 -

From the Illustrative Table, we have g3y = .00153, g3; = .00161 and g3, = .00170 .
Using UDD, the APV of premiumsis Q[1 +v°(1 —.5(.00153))] = 1.970543Q .

The APV of the benefit is

1000v(.00153) + 5000%(.99847)(.00161) + 2500°(.99847)(.99839)(.00170) = 2.514466 .

2.514466 :
Then Q = To7555 = 1276 Answer: A

8. Let g denote the probability of dying within the first two years. Then the number of deaths V
in the first two years has abinomial distribution based on m = 100 trials and success (dying)
probability g. The variance of the binomial is Var[N] = mq(1 — q) = 100¢(1 — q) .

q can beformulated as ¢ = P[diein the 1st year| + P[survive 1st year and diein 2nd year] .
P[dieinthe 1st year] = Q*? = .1,

P[survive 1st year and diein 2nd year]

= Q00 . Q02 L QO . Q12 = (7)(.1) 4 (.2)(.25) = .12

(thisisthe combination of staying healthy for the 1st year and dying in the 2nd year, or
becoming disabled in the 1st year and dying in the 2nd year).

Therefore, ¢ = .1+ .12 = .22 andthe Var[N] = 100(.22)(.78) = 17.16 . Answer: C
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9. At the beginning of year 2 theindividual is disabled, there are still 2 years left on the 3-year
insurance policy. If the individua diesin the 2nd year, there will be a benefit of 1000 paid at that
time. The probability of thisis Q>* = .3 (that is the probability of adisabled individual dying
during the year). The APV at time 2 of the death benefit for death in the 2nd year is

1000v(.3) = 285.71 .

The individual can survive the 2nd year and die in the 3rd year, but the benefit will only be
payableif theindividual is active or disabled at the start of the 3rd year. The probability of
remaining disabled to the start of the 3rd year and then dying in the 3rd year is

Q?? . QR4 = (.5)(.3) = .15 . The probability of returning to active as of the start of the 3rd
year and then dying in the 3rd year is Q> - QU4 = (.2)(.1) = .02. The combined probability
of surviving to the start of the 3rd year and not withdrawing, and then dying in the 3rd year, is
.15+ .02 = .17. The APV at the beginning of the 2nd year of the death benefit for death in the
3rdyearis 1000v%(.17) = 154.20 . Thetotal APV of the death benefit is

285.71 + 154.20 = 439.91 . Answer: A

10. Theinitial benefit reserve for policy year 10is ¢V + P = 343 (where P isthe benefit
premium). The net amount at risk for policy year 10is b — 1V = 872.

Using the net amount at risk form of the recursive relationship for benefit reserve, for year 10,
wehave (3V + P)(14+14) — (b — 10V)qur9 = 10V, Which becomes

(343)(1.03) — (872)(.02904) = 1oV = 10V = 328.

Then, b = 1,V + 872 =1200. Then P = 1200P, = 1200(% —d) = 46.91 , so that

oV =343 — P =296.1. Answer: C

11. Thelevel annua premium based on the equivalence principleis
1000P, 5 = 1000(ﬁ —d) , where G5 =1+ vp, .
' z:2 '
If we find p, we can find the premium.
A key point in solving the problemiis A, 5 = vq, +v*p, = v — (v —v*)p; .

Thisfollowsfrom A 5 = A,

Lo TV 2P = vgr + 0 110 + V%o

=g, + V*PuQui1 + VP PaPai1 = UGz + V*0p(qoi1 + DPot1) = V¢ + 07Dy .
Weare given 668 + 258vp, = 10004,.5 = 1000(v — (v — v?)p,) -
Using v=1—-d = .94 ,wesolvefor p, = .9099 .

.. 1 .
Then i,y =1+ vp, = 1.8553 ,and 1000P, 5 = 1000(ge=5 — .06) = 479 . Answer: B
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12. We are given 100,000(IA) = 16,736 . Wewishto find 100,000(/A) ;

1 .
41:10| 40:10]
We usetherelationship (1A); = A _ +vp, (IA) — nv™ ™, ¢, . This can be seen by

looking at the time line of possi bIe death benefit payments, thefirst row is the sum of the second
and third rows.

T z+1 x4+ 2 z+3 ... xz+n-1 r+n xz+n-—1
(IA)% A 1 2 3 n—1 n
A A C 1 1 1 1 1
vp, (1 )x}rlzﬁ\ — 1 2 n—2 n—1 n
— "t g -n
Then, (IA) _ —A1 |—|—vp40 (IA) 0‘—102)11 10/940

0:10]

A4(1)E| = A40 - ’U1 10p40A50 = (16132) - (53667)(24905) = .027662

(we use values from the lllustrative Table and notice that v'° 1gpsg = 10E40).
Also v 1gqu0 = v - v 1opy - q50 = 106 - (.53667)(.00592) = .002997 .

Then (14) 4 = 027662+ T - (1 —.00278)(.16736) — 10(.002997) = .1551 .

We then multiply by 100,000 to get 100, OOO(IA)4(1)~E| = 155,510 . Answer: D

13. Assuming a starting asset share of O, the accumulation of asset sharein the 1st year is
[0+ 100(.6)](1.1) — 1000q, = p, - 1 AS .

If we knew the value of ¢,., we could find | AS.

Using the recursive relationship for benefit reserve for the 1st year, we have

[0+ 80](1.1) — 1000¢, = p,(40) , and solving for g, resultsin ¢, = .05 .

Then 60(1.1) — 1000(.05) = (.95) - AS - | AS = 16.84 . Answer: A

14. The APV of the death benefit is 10,000[vg'h) + v? 1q\y) + v* i) -

Since decrement 2 occurs at the end of the year, for each year, ¢\ = ¢V , and

¢’ =1—-a") 4.

For decrement 1, we have ¢!V = ¢/ = 1 — e=02 = 01980 for = = 40, 41, 42, sincethe
force of decrement is constant. Also p”) = pi{V - pi? = e=02. (.96) = .94099 for z = 40, 41.
Then, 1 = Py - 4} = (.94099)(.01980) = .01863 and

20 = 2Pl - ay = Py - Py - iy = (:94099)2(.01980) = .01753 .

The APV of the death benefit is

10, 000[(.01980) + v2(.01863) + v3(.01753)] = 506.71 . Answer: C
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15. From the form of s(z) we see that survival from birth follows DeMoivre's Law with upper

am?2
G 130) . Under DeMoivresLaw, ;p, = 1 — —— .

agew. Oncew isfound, Var[T(30)] =

w—T
o 40 40 t 402
630:5‘ = fO tP30 dt = 0 [1 — m] dt = 40 — 2(w_30) = 27.692 .
_ 2
Solving for w resultsin w =95 . Then Var[T(30)] = (951230) =352.1. Answer: B

16. Weusetherecursivereserveformula, (V' 4+ P)(144) — bki1 - Quik = Dok - k+1V -
Also, oV = 0 for benefit reserves. For the first year, we have

(0 + 218.15)(1.06) — 10,000(.02) = .98 - 1V — ;V =31.88.

For the second year, we have

(31.88 4+ 218.15)(1.06) — 9,000(.021) = .979 - oV = 2V = T77.66 . Answer: E

17. ez = e, + e, — e, isavaid relationship for al survival distributions of 7'(z) and T'(y),
whether or not they areindependent Since g, = .05 for a k, it followsthat p,.,. = .95 for

o0

al k,andthen e, = 3" yp, = 3°(.95)" = 8- =19 Thisfollows from the fact that
t=1 t=1 ’
tPz :px'px+1"'pa:+t71:( )t and1+r+r2+r3+---=ﬁ-
Also, ey = 19, smce qy+r = -05 forall k.
oy =S ipay = 21 02(.95)% = 1.02 - % = 9.44.
t=1
Then ez; = 19 + 19 — 9.44 = 28.56 . Answer: D

18. Given that alocal train arrivesfirst, you will get to work 28 minutes after that local train
arrives, since you will take it. Y our co-worker will wait for first expresstrain. You will get to
work before your co-worker if the next express train (after the local) arrives more than 12
minutes after the local. We expect 5 express trains per hour, so the time between expresstrainsis
exponentially distributed with a mean of % of an hour, or 12 minutes. Because of the lack of
memory property of the exponential distribution, since we are given that the next trainislocal,
the time until the next express train after that is exponential with a mean of 12 minutes.
Therefore, the probability that after the local, the next express arrivesin more than 12 minutesis
P[T > 12] , where T" has an exponential distribution with a mean of 12. This probability is

e 1212 = ¢~ = 368 (37%). Answer: A
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19. We expect adeer to be hit by a car every 2—10 = .05 days. For the deer that is expected to be
hitat .05k days, the chance of being discovered within the first 10 daysis the probability of

being discovered within 10 — .05k days after being hit. Since time of discovery after being hit
has an exponentia distribution with mean 7 days, this probability is 1 — e~(10=95%)/7 (the prob.

P[T < 10 — .05k] , where T' is exponential with mean 7). The expected number of deer
199
discovered within 10 days following the first full moon in October is > [1 — e~(10=05%)/7] |
k=1
since each term in the sum is the expected number of deer discovered for the one deer hit at time
k. The sum goes to 199 since the 200-th deer is expected to be hit just at time 10, and cannot be

discovered before time 10.

199

S - 67(107.0%)/7] — 199 — ¢ 10/7, e'05/7[1 4+ e05/7 4 (6.05/7)2 4ot (6.05/7)198]
b=l e.05/7)199_1

=199 — e 99/7. (cMT = 93.2 (round up to the next integer value 94) .  Answer: E

20. With constant force of mortality 4 = .03 and force of interest 6 = .05, @, = L _ 125,

Fwy
The variance of 7y, is
A, — (A,)] = 5%[25iu - (7)) = (.015)2 (776 — (Gros)?] = 36.06.
The standard deviation is 1/36.06 = 6.00 .
Wewishtofind Plazqy > 12.5 - 6.00] = Plazg; > 6.5] .
We solve for n, from the equation @ = 6.5, sothat =™ = 6.5, so that e~ = 675
(whichisequivalentto n = — l"(.'g?) = 7.86 years).

If (x) diesexactly at that time n, then @) = 6.5, soit followsthat P[azy > 6.5] isequal to
P[T(z) > n| = ,p, = e " = 03" (the present value of the annuity is > 6.5 if (z) livesat
least n years). Since e " = 675, it followsthat e~ = (e=05)3/5 = (.675)0 = .790.
Therefore, P[az; > 6.5] = .790 . Answer: E

) (7) (1)

21. The probability is wqéé) , Which can be written as 5q§é + o) - sas -

Since the force of decrement for retirement is O to age 55, 5q§é) =0.

Also,for 0<t <5, ul)(t) = ull) (t) + i) (t) = .05, sothat 5pi) = e06) = 77880 .
For 0<t<5,u0(t)=pull )+ 2 ) = .05, sothat ;p{s) = e~ and

sall = 20y @y de = [P 01(.02) dt = (.02) - =& = 08848

Then, 100 = 5a) + spi - 5q\) = 0+ (.77880)(.08848) = .0689 .  Answer: A
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22. With aone-year select period, é[g;+1 = és2 , SO that

é[s1) = é[gl]ﬂ + pps1) - €s2 = fol 1Djs1) At + Py - €s2 = fol 1 — 4qs1)) dt + pjsy) - €s2

= fol (1- t'Q[Sl])dt+p[81] Es2 = fo (1- %t) dt + (920) es2 =

(using UDD and gjg1) = 1000 =.09).

From the table we have £y = 51 = 910 and (g1 = lso = 830, sothat ps; = 500
and qs1 = % .

Then, we use the relationship éjsg) = €o.7) + Pjso] - €s1.7 + 2Pjs0] - €2 1O Solvefor eso .
From UDD we have € 1 = Jiy (1 —.09t) dt = .955 and Es11| = IN¢! t) dt = .956 ,
pso] = 91, 2pjs0 = pjso) - ps1 = (:91)(52) = .83 . Then

8.5 = .955 + (.91)(.956) + (.83)és2 ,sothat égp = 8.04 .

Finally &1 = &7 + Plsy - €52 = 951 + (§53) - (8.04) =8.20 . Answer: C

23. The 2nd year terminal reserve for a 3-year endowment insurance can be formulated as
2V | 1 _ al+2ﬂ )

a3
2
WhereaHQ” 1 and i,z = 1+vp, +0%9p, =14+ 1—85 + % =2.11.
Then ,V, 3 3 = =1- % = .526 . For face amount 1000, the reserveis526. Answer: A

24. 4114950 = 4P50 — 18P50 -
AP50 = eff(fu(SOth) dt _ 7(05)( ) — 81873.

0
18P50 = 10D50 - 8D60 = € — Ji u(50+t) dt e — [ u(60+t)dt _ — o—05(10) | o—04(8) — 44043 .

We must split the probability because of the change in force of mortality at age 60.
414450 = 81873 — .44043 = .3783 . Answer: A

25. APV expense-loaded premium = APV benefit plus expense

Giso = 1000A50 4 15 + dsp + 50 A5 .
1

From DeMoivreslaw, A, = = aw z » SO that
1 1 1—
Asp = 100—50 ~ 4100-50] — 50 T = .36512.
Then iy = 1= = 1055/)?50152 ~13.332.
The premium eguation becomes 13.332G' = 1000(.36512) + 15 + 13.332 + 50(.36512) ,
sothat G = 30.88. Answer: E
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26. If the annual benefit premiumis @, then @ - d,y5 = Q(IA)4(1J.F‘ + 100, 000 - 5 A4 -
Tofind @5 , weusetherelationship s = dy5 + 5 Lo - das - Using values from the
lllustrative Table, we have 14.8166 = d5 + (.73529)(14.1121) , so that i,y5 = 4.4401 .
Also, 5‘1440 = 5Fy - A45 = (73529)(20120) =.14794 .

Then 4.4401Q = .04042Q + 100,000(.14794) , so that @) = 3363 . Answer: D

27. The APV of the annuity can be formulated as an annuity of 20,000 per year while at |east

oneisalive, combined with an additional 10,000 per year while both are alive (this makes for a

total payment of 30,000 per year while both are dive). The APV is

20, 000 55 + 10,0004, = 20, 0003 + G5 — {d,y.3) + 10,0006
= 20,000(d,.3 + d,.3) — 10,0004

Both = and y are 80. dgo3 = 1+ vpso + v% 9pgo = 2.61043 and

xy:3 xy:3)|

zy:3|

dgo:50:3 = 1+ vpsoso + v? 9pso:z0 - Since the two lives are independent, we have

Pso:so = Pso - Peo = (:91)%, and 2psoso = 2ps0 - 2Ps0 = (.82)* , sothat

liso.s03 = 2-39855 .

The APV of the annuity is 20, 000(2.61042 x 2) — 10, 000(2.39855) = 80,431. Answer: B

28. Theloss at issue isthe PVRV (present value random variable) of benefit to be paid minus the
PVRV of premium to be received. Since thisis asingle premium policy, the premium received is
asingle payment equal to the contract premium. Based on the original mortality assumption, the

contract premiumis @, = ﬁ = m = 20 (the is the continuous annuity value for a

constant force of mortality). Thelossat issueis L =Y — 20, whereY isthe PVRV of the
continuous life annuity. The expected loss at issue will be E[L] = E[Y] — 20, where E[Y] is
calculated based on the revised mortality assumption.

ElY]=a,=a, 1 + v 10ps - Tat10

_ 10 _—.03t,—.02t —.03(10) ,—.02(10) , __1
= e ( )6 dt +e e 03+.01
_ 1—e 0500 —.05(10) 1 _

=0 t°€ o301 — 2303

We have split the whole life annuity into age intervals over which the force of mortality is
constant. Then E[L] = 23.03 — 20 = 3.03 , which is 15% of the contract premium.
Answer: C
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29. The single benefit premium per personis 1000vgsy + 5000* 1)gs -

Using the lllustrative Table, we have g3 = .00153 and 1g30 = p3o - g31 = .0016075 .

The single benefit premiumis 2.15873 . Since thisis a single benefit premium, the expected size
of the fund at the end of the 2-year term is 0. The actual fund progresses in the following way.
1000(2.15873) = 2158.73 iscollected at the start of the first year.

At the end of thefirst year, with interest minus death benefit, the fund value is

2158.73(1.07) — 1000 = 1309.84 .

With interest minus death benefits to the end of the second year, the fund value is
1309.84(1.069) — 500 = 900.2 . Answer: C

30. Qﬁ)’” is the probability that for () and (y), alive at age 64 and 85, (x) will survivethe
year, but (y) will die within the year. This probability that (64) survivestheyear is pg4 for (z),

which is jggfg — 986013 . The probability that (85) dies during the year is gs; for (), which
is
1— z;g:g; = .06667 ((y)'s mortality follows DeMoivre's Law with w = 100).

Then, Q\i” = p, - ¢ = (.986013)(.06667) = .066.  Answer: E
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