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A Field Guide to Some formulas

Crucial formulas:

tEx = tpxν
t

A
1
x:n| =

n−1∑
t=0

tpxqx+tν
t+1

A
1 (m)
x:n| =

mn−1∑
t=0

t/mpx 1/mqx+t/mν
t/m+1

A(m)
x = A

1 (m)
x:∞|

Ax:n| = A
1
x:n| + nEx

äx:n| =
n−1∑
t=0

tpxν
t

ä
(m)
x:n| =

1

m

nm−1∑
t=0

t/mpxν
t/m

äx = äx:∞|

ax:n| =
n∑
t=1

tpxν
t

= äx:n| − 1 + nEx

ex:n| =
n∑
t=1

tpx

= ax:n| with ν = 1 (i = 0)

P (Ax) =
Ax
äx

P (m)(Ax) =
Ax

ä
(m)
x

Note: This needs to be divided by m to give the mthly payment.

tL(x) = BνT (x)−t − π1− aT (x)−t

δ
, T (x) ≥ t

E(tL(x) | L(x) ≥ t) = BAx+t − πax+t
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Continuous:

A
1

x:n| =

∫ n

0
tpxµ(x+ t)νt dt

= −
∫ n

0

l′(x+ t)

l(x)
νt dt

Ax = A
1

x:∞|

Ax:n| = A
1

x:n| + nEx

ax:n| =

∫ n

0
tpxν

t dt

ax = ax:∞|
◦
ex:n| = ax:n| with ν = 1 (i = 0)

De Moivre, also called “uniform”:

lx = ω − x

A
1

x:n| =
1− e−nδ

δ(ω − x)

Ax = A
1

x:ω−x|

A
1
x:n| =

δ

i
A

1

x:n|

Exponential, also called “constant force of mortality”

s(x) = e−µx

xpt = e−µt

A
1

x:n| =
µ

µ+ δ

(
1− e−(µ+δ)n

)
Ax =

µ

µ+ δ

ax:n| = µ−1A
1

x:n|

=
1

µ+ δ

(
1− e−(µ+δ)n

)
(1)
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Table 1: ILT Formulas

Formula Valid
ax:n| = ax − nExax+n C,D,(m)

äx:n| = äx − nExäx+n C,D,(m)

A1
x:n| = Ax − nExAx+n T, C, D,(m)

Ax + δax = 1 WL, E, C, D,(m)

Ax = i
δ
Ax UDD, De Moivre, WL, T,(m), not äx

V ar(“Ax”) = 2Ax − (Ax)
2 C, D,WL, T, E, (m)

V ar(“ax”) = 1
δ2

(
2Ax − (Ax)

2
)

C, D,WL, T,(m)

V ar(“BAx − πax”) =
(
B + π

δ

)2 (2Ax − (Ax)
2
)

C, D,WL

= B2
2Ax−(Ax)2

(1−Ax)2
benefit premium, C, D,WL

E(tL(x) | L(x) ≥ t) = tV

tV = BAx+t − πäx+t WL

= B
(

1− äx+t

äx

)
benefit premium, C, D,WL,E

= BAx+t−Ax

1−Ax
benefit premium, C, D,WL,E

tV = (bt+1qx+tv − πt) + px+tv(t+1V ) Discrete, T, WL

V ar(tL(x) | L(x) ≥ t) =
(
B + π

δ

)2 (2Ax+t − (Ax+t)
2
)

C, D,WL

= B2
2Ax+t−(Ax+t)2

(1−Ax)2
benefit premium, C, D,WL

V ar(kL) = px+kqx+k[v(bk+1 − k+1V )]2

+ v2px+kV ar(k+1L) General

ä
(m)
x = α(m)äx − β(m) UDD, not temp., not A

(m)
x

A
(m)
x = i

i(m) Ax UDD, WL, T, De Moivre, not ä
(m)
x

T (xy) + T (xy) = T (x) + T (y) general

tpxy = tpx + tpy − tpxy independent lives

Axy + Axy = Ax + Ay independent lives, WL, T, D,C

äxy + äxy = äx + äy independent lives, WL, T, D,C


