ACT348F - TERM TEST 1 - OCTOBER 18, 2003

Print your name and student number clearly on each page

Do all work on this question paper, with work for question 1 on this page (use both sides if
necessary), work for question 2 on the next page, etc. All calculations should be done to at least 6

digit accuracy. Answers are expected to have at least 4 digit accuracy.
THIS IS A CLOSED BOOK TEST - NO BOOKS OR NOTES ARE ALLOWED.
A calculator may be used

1. A 4-year fully discrete term insurance with face amount 1000 is issued at age x
(premiums are scheduled for the lifetime of the policy). The effective annual interest rate

is i = 25%, and the mortality probabilities are

o =20, gut1 =25, @uy2 =40, gz43 = .50.

The equivalence principle annual premium is 1000P:%-Z| = 219.45.

(a) Formulate the 2nd year terminal prospective loss random variable (conditional
distribution).

(b) Find the 2nd year terminal benefit reserve as the expected value of the loss random

variable in part (a).

(c) Write the prospective form of the 2nd year terminal benefit reserve 1000 QV}C_Z‘ :

and calculate it by calculating each of the factors in the expression (the premium is given

above).

(d) Write the retrospective form of the 2nd year terminal reserve , and calculate it by

calculating each of the factors in the expression.

Solution: (a)
1000v — P = 580.55 Prob. ¢, .0 = .4
oL = { 10000 — P(1 +v) = 245.00 Prob. 1)g,42 = (.6)(.5) = .3
— P(14v) = —395.00 Prob. sp,.9 = (.60(.5) = .3

(b) 2V = E[,L] = (580.55)(.4) + (245.00)(.3) + ( — 395.00)(.3) = 187.22.

(¢) 10005V}, = 10004 ;

| 2|
= Vs + V0 Q2 = 795 (iagf = D12, Gy yng = 1+ Upsya = 1.48.
— 1000(.512) — (219.45)(1.48) = 187.21 .

— 1000Py  + i, 13-

1 -
x+2:2|

10005V3

Aj
}‘:2\

v2apy

(d) 10002V3

2 . _ (8)(75) _ o _ o Ge3 _ 14wp, _ b7 _
V7 oPe = “HagE = 384, 5,9 = wp = war = = = 4.2708 ,
Ay

_ _ .2 (8)(.25) _
Ly = Ve T 0010 = 755 + (T = 288,
1000,V; o = (219.45)(4.2708) — 1000 - 55 = 187.23 .

= 1000P; ; - §,5 — 1000

‘ .384
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2. The following derivation of the algebraic equivalence between the ¢-th year terminal
prospective and restrospective reserves for a fully discrete whole life insurance of 1 was
given in class:

Stepl: A, =P, d,

Step 2: A%:ﬂ + 0" ypy Aprt = Py Uy + V' Py i)

Step 3: V' ypy [Awys — Pritige] = Pr g — A%zﬂ

Ay
Stepd: Ayt — Priigye = Pr 8,5 — :I;‘ (prospective = retrospective)

vty

Apply the same sequence of steps to derive the equivalence of the prospective and
restrospective reserve for a fully discrete n-year deferred annuity-due of 1 per year whole
life insurance of 1, (:V (,d.) ) . This requires two separate derivations, one for ¢ <n

and one for ¢ > n . An alternative valid derivation is acceptable.

Solution: Case l: t <n

Step 1: |Gz = P(n|a,) * Uy

Step 2: v' Py py| oyt = P - | g + vty ]

Stepa3: vt tPx [n7t| Gyt — P - dx+t:ﬁ|] =P dx:ﬂ

Step4: g dyit — P - liyyym=y = P+ §,4 (prospective = retrospective)

Case2: t>n

Step 1 n|'cix = P(n|ax) . d$:ﬁ|

Step 2: v" ,p. d:r—&-n:m\ + ot Py prt = P(n|a7) . 'Cixzm
Step 3 Ut tDx d(L‘+t = P(n\ar) : axﬁ\ —" nPx dm+n:m|
Step 4: s = P(yda) - e — S iy gy

vt ipr vt ipr

The left-hand side is the prospective reserve at ¢ > n , and
the right hand-side can be written as

P . da::ﬁ\ _ " nPx ]
P(n| ag) pn oyt nPx " t—nPr+n yrytn nPz " t—nPrin aI—‘rﬂ,:t—TL‘ !
which then becomes  P(,i.) - ﬁ — S,4ni=n| » the retrospective form.
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3. Mortality follows DeMoivre's Law with w = 100 .

Effective annual interest is at a rate of 10% .

Find the specified terminal benefit reserves for each of the following policies, all issued
at age 50 with face amount 1000.

(i) 20-th year reserve for fully discrete whole life insurance of $1000 .

(if) 20-th year reserve for fully continuous whole life insurance of $1000.

(Hint: Recall that under DeMoivre's Law A, = —— - az—, and Ay = — - ay

w—x ’ | w—x

and you may use other relationships that are valid under DeMoivre's Law).

Solution: (i) 1000 9 V5o = 1000 - —Af(’_ﬁfo '

A50 = % . CLE‘ = %(1_;}5()) —.1983 y A70 = % . a%| = 3—10(1_;"30) —.3142 .

1000 99 V59 = 144.57.

(i) Under DeMoivre's Law A, = wiﬂ - U= , SO that

) — —0 - _ 30
Aso = 55 - G = 55 (1) — 2081, Agg = 55 - U = 35(+5—) — 3297 .

Then 10005V (As0) = 1000 - A=A = 153,55 .




