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Probability for the Age-at-Death A.2.2 Actuarial Notation for Probabilities

tPx
+p — probability that () will attain age = + ¢.

tpr = Pr(T, >t) = S(t)
If t = 1, prefix omitted
p. = probability (z) will attain age = + 1

Useful relationship

t+uPx = tPx * ulPx+t
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tqx
+qz — probability that (x) dies within ¢ years.
tqz = Pr(T; <t) = Fy(t)
tde = 1 — tPo
If t = 1, prefix omitted

¢z = probability (x) dies within 1 year

aka mortality rate for age x
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tluldz 4

tjudz — probability that (z) will survive ¢ years and die within the
following u years.

T r+t r+t+u

tude = Pr(t <Tp <t +wu) = Sp(t) — Su(t + u)

= tPx — t+uDlx
= t+uldx — tqzx

= tPzx * ulqx+t
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tludx coONt.

If u =1, prefix omitted

5/440 : : |
40 45 46
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kDzx dz+k
ANANAANA~
K =k
x z+1 x4+2 r+k z+k+1

Pr(K; = k) = kPe - Quik = k|9

.. k|qx is PDF for curtate future lifetime for ()

o0 ly]
Z k|9x = 1 Fr,(y) = Z h|49x
k=0 h=0
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Summary of Actuarial Notation

L. s
» probability (x) survives at least ¢ years
» Sz(t), survival function for T

2. 1Qy
» probability (x) dies before age = + ¢
» F,(t), cumulative distribution function for 7,

3. tlulx
» probability (x) survives t years and dies in the following u
years
> 4|z 18 the probability density function for K
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Exercise 1 <

Describe the following in words:

1. 10p30
2. tdx
3. 5940
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Exercise 1

Describe the following in words:

1. 10p30
2. tdx
3. 5/440

Answers:
1. 10p30 - probability (30) survives to age 40
2. (g, - probability (x) dies before age x + ¢
3. 5/q40 - probability (40) dies between ages 45 and 46
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Exercise 2

You are given 1gz+1 = 0.095, 9/¢z+1 = 0.171 and ¢z43 = 0.200.
Calculate g1 + qrio.
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Exercise 2

You are given 1gz+1 = 0.095, 9/¢z+1 = 0.171 and ¢y+3 = 0.200.
Calculate ;11 + qzi2.

Problem solving technique — write out every relationship for the
given information that you can think of:

> 119241 = Pz+1 * Gu+2 3 - finally find ¢z .9
= Dyl — 2Pz+1 2 - plug into here to find g,

= 2qz+1 — qx+1

> 9|Gz+1 = 2Pz+1 * Gz +3 1 - start here b/c one unknown

= 2Px+1 — 3Px+1

= 3qx+1 — 24z+1
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You are given 1gz+1 = 0.095, 9/¢z+1 = 0.171 and ¢z43 = 0.200.
Calculate g1 + qrio.

Step 1 - Find 9p,11 Step 2 - Find ¢, 1 Step 3 - Find ¢,19
2/9z+1 = 2Pz+1 * qu+3 1/9z+1 = Pz+1 — 2Pz+1 2Pz+1 = 0.899
0.171 = opps1 - 0.2 0.095 = py+1 — 0.855 Pz+1 * Pz+2 = 0.855
2Pz+1 = 0.859 Pr+1 = 0.95 0.95 - prpy2 = 0.855

Gz+1 = 0.05 Peg2 = 0.9
qz+2 = 0.1

Gz+1 + qz+2 = 0.05+ 0.1 =[0.15
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Exercise 3

Prove that t1upy = tDe * uPz+t-

Probability for the Age-at-Death A.2.2 Actuarial Notation for Probabilities 12 / 12

60

Exercise 3 ~
Prove that t1upy = tPe * uPz+t-

truPr = Pr(T, >t + u)

=Pr(To >z +t+u|ly > z)

Pr(Ty >z +t+u) Pr(Tp>x+1)
Pr(Th > x) Pr(Tp > x + t)

 Pr(Ty>2+t) Pr(Tp>x+t+u)
- Pr(Ty > ) Pr(Th > x + t)

=Pr(Ty>x+t|Toy>x) -Pr(To >x+t+u|Ty >z +1t)

= tPzx * uPx+t v
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