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T[x]+r = complete future lifetime of a life currently aged

x + r and selected r years ago

K[x]+r = curtate future lifetime of a life currently aged

x + r and selected r years ago

= bT[x]+rc, the integer part of T[x]+r

D[x]+r = l[x]+rv
x+r

N[x]+r =
∞∑

k=0

D[x]+r+k

S[x]+r =
∞∑

k=0

N[x]+r+k =
∞∑

k=0

(k + 1)D[x]+r+k

C[x]+r = d[x]+rv
x+r+1

M[x]+r =
∞∑

k=0

C[x]+r+k

R[x]+r =
∞∑

k=0

M[x]+r+k =
∞∑

k=0

(k + 1)C[x]+r+k

N̄[x]+r =
∫ ∞

t=0
D[x]+r+t

S̄[x]+r =
∞∑

k=0

N̄[x]+r+k

C̄[x]+r =
∫ 1

0
tp[x]+rµ[x]+r+tv

x+r+tdt ≈ d[x]+rv
x+r+ 1

2

M̄[x]+r =
∞∑

k=0

C̄[x]+r+k

R̄[x]+r =
∞∑

k=0

M̄[x]+r+k =
∞∑

k=0

(k + 1)C̄[x]+r+k

Note that R̄[x]+r is NOT equal to
∫∞
0 tp[x]+rµ[x]+r+tt× vx+r+tdt.
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ä[x]+r:n =
n−1∑
k=0

kp[x]+rv
k =

N[x]+r −N[x]+r+n

D[x]+r

a[x]+r:n =
n∑

k=1

kp[x]+rv
k =

N[x]+r+1 −N[x]+r+n+1

D[x]+r

A[x]+r:n =
n−1∑
k=0

k|q[x]+rv
k+1 + np[x]+rv

n =
M[x]+r −M[x]+r+n + D[x]+r+n

D[x]+r

A 1
[x]+r:n =

n−1∑
k=0

k|q[x]+rv
k+1 =

M[x]+r −M[x]+r+n

D[x]+r

A 1
[x]+r:n = np[x]+rv

n =
D[x]+r+n

D[x]+r

Ā 1
[x]+r:n =

∫ n

0
tp[x]+rµ[x]+r+tv

tdt

≈ (1 + i)1/2A 1
[x]+r:n

Ā[x]+r:n =
∫ n

0
tp[x]+rµ[x]+r+tv

tdt + np[x]+rv
n

≈ (1 + i)1/2A 1
[x]+r:n +

D[x]+r+n

D[x]+r

(IA) 1
[x]+r:n = E

[
(K[x]+r + 1)v(K[x]+r+1I(K[x]+r < n)

]
where I(k < n) = 1 if k < n and 0 otherwise

=
n−1∑
k=0

k|q[x]+r(k + 1)vk+1

=
R[x]+r −R[x]+r+n − nM[x]+r+n

D[x]+r

(IA)[x]+r:n = E
[
min{K[x]+r + 1, n}vmin{K[x]+r+1,n}]

=
n−1∑
k=0

k|q[x]+r(k + 1)vk+1 + np[x]+rnvn

=
R[x]+r −R[x]+r+n − nM[x]+r+n + nD[x]+r+n

D[x]+r

(IĀ) 1
[x]+r:n = E

[
(K[x]+r + 1)vT[x]+rI(T[x]+r < n)

]

=
n−1∑
k=0

(k + 1)
∫ k+1

k
tp[x]+rµ[x]+r+tv

tdt

=
R̄[x]+r − R̄[x]+r+n − nM̄[x]+r+n

D[x]+r

≈ (1 + i)1/2(IA)) 1
[x]+r:n

(ĪĀ) 1
[x]+r:n = E

[
T[x]+rv

T[x]+rI(T[x]+r < n)
]
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=
∫ n

0
tp[x]+rµ[x]+r+tt vtdt

≈ (IĀ) 1
[x]+r:n − 1

2
Ā 1

[x]+r:n

≈ (1 + i)1/2
(
(IA) 1

[x]+r:n − 1

2
A 1

[x]+r:n

)

Note that (ĪĀ) 1
[x]+r:n is NOT equal to (R̄[x]+r − R̄[x]+r+n − nM̄[x]+r+n)/D[x]+r because of

the earlier definition of R̄[x]+r and the subsequent comment.

(Iä)[x]+r:n = E
[
(Iä)min(K[x]+r+1,n)

]

=
n−1∑
k=0

(k + 1) kp[x]+rv
k

=
S[x]+r − S[x]+r+n − nN[x]+r+n

D[x]+r

ä
(m)
[x]+r:n ≈ ä[x]+r:n − (m− 1)

2m

(
1− D[x]+r+n

D[x]+r

)

a
(m)
[x]+r:n ≈ a[x]+r:n +

(m− 1)

2m

(
1− D[x]+r+n

D[x]+r

)

ā[x]+r:n ≈ ä[x]+r:n − 1

2

(
1− D[x]+r+n

D[x]+r

)
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