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Subject CM1
Formula Sheet

Introduction

This document summarises some of the important formulae required in the Subject CM1 exam.
This document is not an exhaustive list. Students ought to be able to evaluate assurances and
annuities through integration methods where appropriate. The formulae associated with these
integration methods are not provided here.

Space has been left in the margins allowing students to add their own notes as studies progress.

Where appropriate, formulae are provided referencing the three tables in the Formulae and
Tables for Actuarial Examinations:

° ELT15, page 67
° AM92, page 73
. PMA92 and PFA92, page 109

Note that the mortality tables listed above do not include the same information. Generally
speaking ELT15 and AM92 are used for single life annuities / assurances, where PMA92 and PFA92
are used for joint life annuities/assurances. As students progress through their studies, other
smaller nuances with regards to the tables ought to become clear.
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Financial mathematics basics

Rates of interest / discount / force of interest

CM1 Formula Sheet

Symbol Meaning Calculation Method
] Effective rate of interest (i may also be used n/a
! for simple interest)
Rate of interest convertible pthly. This is not
i(p) (p) _ AP _
! an effective rate ! pl(L+i) 1]
1
v Effective discount factor (1—+ijor (1-d)
. . i .
d Effective rate of discount (1_+/j or (1-v) or (iv)
Rate of discount convertible pthly. This is not
(p) (B) — i1 (1o YP
d an effective rate d pl1—(1+i) ]
) Force of interest Ln(1+i)

Level annuity certain

continuously each year for n years

Symbol Meaning Calculation Method

PV of annuity certain payable in arrears n

al Present value of payments of 1 made at the ! _'V
end of each year for n years !
PV of annuity certain payable in advance n

am Present value of payments of 1 made at the 1-v =(1+ i)am
start of each year for n years
PV of annuity certain payable continuously n

C_m Present value of payments of 1 made 1-v
continuously each year for n years o
AV of annuity certain payable in arrears "

ol Accumulated value of payments of 1 made at w =(1+i)" a
the end of each year for n years !
AV of annuity certain payable in advance o

gm Accumulated value of payments of 1 made at @+ -1
the start of each year for n years d
AV of annuity certain payable continuously "

Eﬁ Accumulated value of payments of 1 made %

Note: when there is no possibility of confusion with a life annuity, the term ‘annuity’ can be used
as an alternative to annuity certain.
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Increasing annuity certain
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Symbol

Meaning

Calculation Method

(fa)

PV of an increasing annuity certain payable in
arrears

Present value of increasing payments made at
the end of each year for n years

.. n
Clm nv

i

(fa)-

PV of an increasing annuity certain payable in
advance

Present value of increasing payments made at
the start of each year for n years

e —nv"
d

(@),

PV of an increasing annuity certain payable
continuously throughout the year

Present value of increasing payments, where
the payment is made continuously throughout
the year, for n years

Rate of pmt
A

31 —

2--

,1

[

1I 2 3|7Time

.e n
am —hv

(fa),

PV of a continuously increasing annuity certain
continuously throughout the year

Present value of a continuously increasing
payment, where the payment is made
continuously throughout the year, for n years

Rate of pmt
A

v

t Time

= n
Gm —hv
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Pthly payable annuity certain

CM1 Formula Sheet

payable pthly in advance

Symbol Meaning Calculation Method
PV of annuity certain payable pthly in Where:
b |arrears 1-v" o) Y
n Present value of payments of 1 pa, payable it 1 +’_ =(1+1/)
pthly in arrears p
AV of annuity certain payable pthly in
Jp)  [arrears 1+i)" -1 i) :p[(lJr /e _q
nl Accumulated value of payments of 1 pa, it
payable pthly in arrears
PV of annuity certain payable pthly in Where:
n
5P advance 1-v 4P p
| Present value of payments of 1 pa, payable 4P 1-— | =(1-d)
pthly in advance p
AV of annuity certain payable pthly in
«lp) |advance 1+i)" -1 g ZP[l—(l—d)l/pJ
nl Accumulated value of payments of 1 pa, 2

=p| 1-(a+) V|

© IFE: October 2024

The Actuarial Education Company




1

CM1 Formula Sheet

Life probabilities

Page 5

Symbol Meaning Calculation Method
Probability that a life aged x dies in the next t - 1_lx_+t :m
tax tqx | |
years X x
a, Probability that a life aged x dies in the next 1 q, =d, /I,
year
Probability that a life aged x survives :lx_+t
tpx t Px |
the next t years X
™ . . 1_qx
P, Probability that a life aged x survives the next
1 year oruse p, =l,,1/ly
nPx X tAx+n
Probability that a life aged x survives the next = 0Py — n+tPx OF  nitlx — nlx
nt9x  |n years, but then dies in the subsequent t
years _Ixen ~lxenst
IX
an ><qX-‘H")
q Probability that a life aged x survives the next [ ] d
n|Yx o _'x+n "Ix+n+1 _ Ox+n
n years, but then dies in the subsequent 1 year = / T
X X

The Actuarial Education Company
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Assurances

CM1 Formula Sheet

Level Life Assurances (payments at end of the year)

Symbol Meaning Calculation method
A \LNhOIG of L'fe_d ¢ end death Using AM92, tabulated at 4% and 6%
x  |Lump sum paid at end of year of dea Using PMA92/PFA92 then A, =1—da,
of a life aged x exact
1 _ a1
Al = Al Al
=A . —v" p
Term Assurance xil e
Al Lump sum at end of year of death of a Using AM92, if x+n=60 or 65, then Axﬂ is
xnt |life aged x exact, only if life dies within n tabulated at 4% and 6%. If not, then:
years n
Ax -V nprx+n
Using PMA92/PFA92 then use formulas as
above, calculating A, =1—-da,
Using AM92, and PMA92/PFA92:
Pure Endowment N
A % Lump sum at end of term if a life aged x _ nPx
x:n . Using AM92 at 4%:
exact survives term of n years
Dx+n/Dx
1 1
Al T Al
Endowment Assurance =A, —V" P A, VT Dy
A Lump sum at end of year of death of life |, . A\ if x4n=60 or 65, then A — is
xnl aged x exact, if life dies within n years. If x:nl
life survives, then payment at time n tabulated at 4% and 6%
Using PMA92/PFA92 then use formulas as
above, calculating A, = l—dEjX:m
Deferred whole of Life
Lump sum paid at end of year of death
nlAx ) . ) V' p A
of life aged x exact, provided life nEXTx+n
survives first n years.
Deferred Term Assurance
Lump sum at end of year of death of life
1 r s . s m 1
m|AX:m aged x exact, only if life dies within n v meAx+m:m
years, starting after m years, provided
life survives first m years
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Level Life Assurances (payable immediately)

after m years, provided life survives first
m years

Symbol Meaning Calculation method
7 +0.5
Whole of Life Ao =(1+i)"" Ay
ZX Lump sum paid immediately on death of Using A, formula on previous page
X A, =1-4a,
Term Assurance Al =1+ Al
Zl . . x:n x:nl
e Lump sum paid immediately on death of ' 1 ‘
x, only if life within n years Using Ax:ﬂ formula on previous page
71 1 105 1 n
A —-+A Z=(1+i)"A —-+v
Endowment Assurance xinl " xenl A+ xinl nPx
a Lump sum paid immediately on death of
x:n| x, If life dies within n years. If life Using Al_T formula on previous page
survives, then payment at time n xn _ _
A ol = 1-6a -
X:n Xn
Deferred whole of Life
nAx  |Lump sum paid immediately on death of v, pX(1+i)o'5AX n
x, provided life survives first n years.
Deferred Term Assurance
Lump sum paid immediately on death of
71 frep g s . m 71
m|Ax:H x, only if life dies within n years, starting v meAXer:m

Simple Increasing Life Assurances (payable at end of the year of death)

year of death of x, provided life survives
first n years.

Symbol Meaning Calculation method

Whole of Life
(IA),  |Increasing lump sum paid at the end of | Using AM92, this is tabulated at 4% and 6%

year of death of x
Term Assurance

(A Increasing lump sum paid at the end of Using AM92 at 4% and 6%

xnl |year of death of x, only if life within n (IA), —v" Py [(IA)X+n +nAX+,,]
years
Using AM92 at 4% and 6%:
Endowment Assurance
(A - +nA L

Increasing lump sum paid at the end of x:nl el

(IA) .~ |vear of death of x, if life dies within n

' . . =(IA) =V 10y [(A) g 1n + 1A, ]
years. If life survives, then payment of n X nkx x+n X+n
at time n n
+nv" , py

Deferred Whole of Life
Increasing lump sum paid at the end o

A1A), g lump sum p d V" PP

The Actuarial Education Company
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CM1 Formula Sheet

Simple Increasing Life Assurances (payable immediately on death)

Symbol

Meaning

Calculation method

(1A),

Whole of Life
Increasing lump sum paid immediately
on death of x

Using AM92 at 4% and 6%
=(1+i)2>(14),

Using AM92 at 4% and 6%

Term Assurance - (1+i)0'5(IA)1
(1) ~ |Increasing lump sum paid immediately x|
o death of x, only if life within n years
on dea , 0.
=(1+i)%? [(IA)X V" ooy () ip +PAp )J
Using AM92 at 4% and 6%:
Endowment Assurance 0.5, 1 n
=1+ (A" - +
Increasing lump sum paid immediately L+ )x:ﬂ V" nPx
(1A) on death of x, if life dies within n years.
xnl ’ _ ; 0.5|: _.on :|
If life survives, then payment of n at (077 VAN =" (Al +1Asn )
time n n
+nv" ,p,
Deferred Whole of Life
Increasing lump sum paid immediatel _
nl(14)x g4mp Sum b ’ V" 0P

on death of x, provided life survives first
nyears.
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Annuities
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Level Life Annuities (annual payments at start / end of year)

Symbol Meaning Calculation method
.. Whole life |mmed|a.1te annuity-due Using AM92, tabulated at 4% and 6%
ay Regular payments in advance as long as .
Nl Using PMA92/PFA92, tabulated at 4%
life is alive
a Whole life immediate annuity .
X Regular payments in arrears as long as ay -1
live is alive
Using AM92, if x+n=60 or 65, then a,. is
G Temporary immediate annuity-due tabulated at 4% and 6%
xnl Regular payments in advance during If not, then using AM92 or PMA92/PFA92,
term as long as life is alive, up to n years can be calculated:
ax —v" npxdx+n
Using AM92, if x+n=60 or 65, then a,.-]can
be calculated as:
a Temporary immediate annuity 'a'X:m —(1-v" py)
x| Regular payments in in arrears during If not, then using AM92 or PMA92/PFA92,
term as long as life is alive, up to n years can be calculated:
ay —v" nPx9x+n
:(ax ~1)-v" npx(ax+n -1)
4i— |Guaranteed annuity-due
xnl | Whole of life immediate annuity-due a1+ v Py by in
with n years guaranteed
— Guaranteed annuity
xnl \Whole of life immediate annuity in a+ vl Dy Gy
arrears with n years guaranteed
Deferred whole life annuity-due
G Regular payments in advance as long as N
| life is alive, provided life survives first n V" nPx Oxn
years.
Deferred whole life annuity
Regular payments in arrears as long as n
n|x life is alive, provided lj ives fi V' nPx Gxen
, provided life survives first n
years.

The Actuarial Education Company
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Level Life Annuities (continuous annual payments)

Symbol Meaning Calculation method
Whole life continuous immediate
_ annuity 1
ax . r : - aX _E
Continuous payments as long as life is
alive
Using AM92, if x+n=60 or 65, then Ex,m can
. . . be calculated as:
Temporary continuous immediate
. e 1 n
7 K annuity _ax:ﬂ_i(l_v nPyx)
M |Continuous payments made as long as | |f not, then using AM92 or PMA92/PFA92,
life is alive, up to n years can be calculated:
=0y —V" pPylixin _%(1_‘/” nPx)
Guaranteed continuous immediate
— annuity GV p G
xnl | continuous payments as long as life is nl 7Y nPx Sxin
alive, with n years guaranteed
Deferred whole life continuous annuity
n|9x Continuous payments as long as life is v nPx Oxin

alive, provided life survives first n years.
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Simple Increasing Life Annuities (annual payments at start / end of year)

Symbol

Meaning

Calculation method

(fa)y

Increasing life immediate annuity-due
Increasing regular payments in advance
as long as life is alive

Using AM92, this is tabulated at 4% and 6%

(la),

Increasing life immediate annuity
Increasing regular payments in arrears
as long as live is alive

(la), —a,

(), o

Increasing temporary immediate
annuity-due

Increasing regular payments in advance
during term as long as life is alive, up to
n years

(&) =v" Py [UG) 1 + Ny ]

(la) 7

Increasing temporary immediate
annuity

Increasing regular payments in arrears
during term as long as life is alive, up to
n years

(la), —v" nPx[(1a)yin +nay,p]

o),

Deferred increasing life annuity-due
Increasing regular payments in advance
as long as life is alive, provided life
survives first n years

Vnan (I'd)X+n

nl(la)x

Deferred increasing life annuity
Increasing regular payments in arrears
as long as life is alive, provided life
survives first n years

Vnan (/a)x+n

Simple Increasing Life Annuities (continuous annual payments)

Symbol

Meaning

Calculation method

(fa)y

Increasing life immediate continuous
annuity

Increasing regular payments payable
continuously as long as life is alive

= (1d), — 5y

(3)

Increasing temporary immediate
continuous annuity

Increasing regular payments payable
continuously as long as live is alive, up
to n years

(la)y —v" nPx [(/a)x+n + nax+n]

o 8)

Deferred increasing life continuous
annuity

Increasing regular payments payable
continuously as long as life is alive,

provided life survives first n years

Vnan (/a)X-HT

The Actuarial Education Company
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Annuities payable non-annually
Note that some of the below formulae can be seen on page 36 of Formulae and Tables for
Actuarial Examinations.

CM1 Formula Sheet

Symbol Meaning Calculation method
Whole life immediate annuity-due
) payable pthly ' =g, _(p-1)
x Regular payments payable pthly in 2p
advance as long as life is alive
Whole life immediate annuity payable
P pthly ~a, L) s (pl)
x Regular payments payable pthly in 2p X 2p
arrears as long as life is alive
Using AM92, if x+n=60 or 65, then a,. is
Temporary immediate annuity-due tabulated at 4% and 6%
4(P) payable pthly -G - _pz_—l(l_vn npx)
xnl  |Reqular payments payable pthly in xinl <P
advance during term as long as life is If not, then using AM92 or PMA92/PFA92,
alive, up to n years can be calculated:
Gk =g "
Using AM92, if x+n=60 or 65, then a,. is
Temporary immediate annuity payable tabulated at 4% and 6%
pthly = _p_+1( _on )
a(f’ ) Regular payments payable pthly in “xnl " 20 LY P
xn arrears during term as long as life is If not, then using AM92 or PMA92/PFA92,
alive, up to n years can be calculated:
af(pr),j = ag(p) -v" nPx ag(ﬁ)n
Guaranteed annuity-due payable pthly
5% Whole of life immediate annuity-due 5{%’ Vv p ),
payable pthly with n years guaranteed
Guaranteed annuity payable pthly
alP) Whole of life immediate annuity in olP) L0 p gl
xnl |arrears payable pthly with n years nl X ExAEn
guaranteed
Whole life deferred annuity-due
payable pthly
| b')((p ) Regular payments payable pthly in v nPx ij)(ﬁ)n
advance as long as life is alive, provided
life survives first n years
Whole life deferred annuity payable
pthly
| aﬁ(p ) Regular payments payable pthly in v nPx af(ﬁ)n

arrears as long as life is alive, provided
life survives first n years

© IFE: October 2024
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Symbol Meaning Calculation Method
Probability that the joint life status fails
tdxy |within tyears, ie the probability that at 1=¢py tpy
least one of x and y dies in next t years
Probability that the joint life status is
still active in t years’ time, ie the
tPyy probability that both x and y survive for tPx tPy
at least t years
Probability that the last survivor status
tdy, [fails within t years, ie the probability tdx tqy
that both x and y die in next t years
Probability that the last survivor status
P is still active in t years’ time, ie the 1-¢aytay
Y |probability that at least one of x and y = Py + Py — tPx Py
survive for at least t years
. ) o Assuming same age and mortality:
+G1 Probability that life x dies first in the 1
XY |next tyears td1 =~ tdxx
XX 2
. ) ) . Assuming same age and mortality:
+q> Probability that life x dies second in the 1 1 ,
Xy |nexttyears tq§X=th;=E(th)

The Actuarial Education Company
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5 Joint Life Assurances

Symbol Meaning Calculation Method
Joint whole of life assurance
Axy  |Assurance payments made at the end of year of 1_dax:y
first death, whenever that occurs

Joint whole of life assurance payable immediately 1-6a
AX;y Assurance payments made immediately on the first 05
1+i) 7 (1-diy, )
death, whenever that occurs ( xy
Last survivor whole of life assurance Ay +A, —Ay., or
A;y Assurance payments made at the end of year of
second death, whenever that occurs xy

Last survivor whole of life assurance payable L
A immediately Ax +Ay _AX:V or
Assurance payment made immediately on second 1-6a—

death, whenever that occurs

Joint life n-year term assurance
A, Assurance payment made at the end of year of the Ay —v" Py nPyAxtny+n

xcy:nl first death, provided that occurs within the next n
years

Joint life n-year immediately payable term
assurance - —
A . f . AX'y —v" nPx npyAx+n'y+n
xy:nl |Assurance payment made immediately on the first : :
death, provided that occurs within the next n years
Joint life n-year pure endowment

szyj Assurance payment payable at time n, provided v b, nPy

both lives are still alive.

Joint life n-year endowment assurance

Assurance payment made at the end of year of the A1 +A ﬁ or
Ayl |first death, provided that occur within the next n xynl - xyn

years, or at time n, provided both lives are still l—daxzy:m

alive.

Joint life n-year endowment assurance A, +A . or
A g Assurance payment made immediately on the first sxynl  xyenl

XYl \death, provided that occur within the next n years 1-5G
- ax:y:m

or at time n, provided both lives are still alive.
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Joint Life Annuities

Symbol

Meaning

Calculation Method

Joint life immediate annuity-due
Annuity payable in advance until the death of the first
life, x or y, whenever that occurs

Using P

MA92/PFA92, tabulated at 4%

Joint life n-year temporary immediate annuity-due
Annuity payable in advance until the death of the first
life, whenever that occurs, for a maximum of n years

ax

n .
y —V Py npyax+n:y+n

Joint life immediate annuity
Annuity payable in arrears until the death of the first life,
whenever that occurs

-1

Ox:y

Joint life n-year temporary immediate annuity
Annuity payable in arrears until the death of the first life,
whenever that occurs, for a maximum of n years

ax

n
y —V Py npyax+n:y+n

Joint life continuously payable immediate annuity
Annuity payable continuously until the death of the first
life, whenever that occurs

fiy.y —0.5

x:y:m

Joint life n-year temporary immediate annuity
continuously payable

Annuity payable continuously until the death of the first
life, whenever that occurs, for a maximum of n years

ax

n —
y —V Py npyax+n:y+n

x:y

Last survivor immediate annuity-due
Annuity payable in advance until the death of the second
life, whenever that occurs

+0y, —dy.,

ax +ay

X

ax:y:m

Last survivor n-year temporary immediate annuity-due
Annuity payable in advance until the death of the second
life, whenever that occurs, for a maximum of n years

ax:m + ay:m N ax:y:m

x:y

Last survivor immediate annuity
Annuity payable in arrears until the death of the second
life, whenever that occurs

a,+a,—a

y xy

Oyl

Last survivor n-year temporary immediate annuity
Annuity payable in arrears until the death of the second
life, whenever that occurs, for a maximum of n years

Oynl T ay:m N ax:y:m

x:y

Last survivor continuously payable immediate annuity
Annuity payable continuously until the death of the
second life, whenever that occurs

ay +0a, —0y.,

Oyl

Last survivor n-year temporary continuously payable
immediate annuity

Annuity payable continuously until the death of the
second life, whenever that occurs, for a maximum of n
years

Oynl T ay:m N CIx:y:m

Oxly

Oxly

Reversionary annuity
Annuity beginning on the death of life x, for the
remaining lifetime of life y
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