SACTEX &d/S/M

EXAM FM

FORMULA CARD

Accumulation and Amount Function: A(t) = Ka(t) A(0) =K a(0)=1

Effective Interest Rate: i, = “(tizta_(lt)_ D A(t;:_(; D)

i

Simple Interest: a(t) = 1+ it b = e

Compound Interest: a(t) = (1+ i)t i =i

Effective Discount Rate: d, = a(t);?g_i) = A(t);?g_l)

Discount Rate: d = # =1l-v=iv

1
i

dm =m [1 -(1- d)%]

v=(1+)1 Z-21=1
Nominal Rates: (1 + 17) =1+i

im =m [(1 + i)% - 1]

Annuity-Immediate:

(PV one period before first payment, AV at time of last payment)
1-v"

PV =ag=v+v*+-+v"=

A+n-1

AV =sgy=1+Q+D++Q+D)" = | =agm(1+)"
Annuity-Due:

(PV at time of first payment, AV one period after last payment)

. N el i .
PV =dgp=1+v+- 40" = — =(E>am=(1+l)am=1+ar-u
1+ -1 i
AV=‘s',T,=(1+i)+(1+i)2+<--+(1+i)"=7( (3 =(E)sn~|=(1+i)sm=snfu—1

Continuous Annuity:

1-v" i n m
— T — — — — -6
PV = ] —T—(E)a |—J; Utdt—fo e tdt
1+)"—1 i n n
av =5y =01 (5)sm = f (A+intdt = f e3=0 gt
8 ) o o
Deferred Annuity:
ml@ = mallny = v A5 = Gmy — A
Perpetuity:
o 1 . 1 _ 1
aw|—i aw|—d a|—6
Relationships:
A7 Qg7 aszy
Az = a7 + V" ag; 2 g g = 22 2 oyt 4 20
n| An] |

Increasing Annuity - Payments in Arithmetic Progression:

g — no™ Sgp—n Spm—(n+1
(Ia)q =~ (Us)y =—— = =1 L.( )
. {imy — nv" . Sq—n SpEr— (n+1)
(Id)g = — US)m = i 7
Amortization Method:

Level payment R, Outstanding balance B,, Principal repayment P,

L = Rag; R=P +1, I, =R—P, =R(1—v" )
P,=R-1I,=Rv™ ' P . =PA+i)° I =iB,_,
than—L ZPt:L By =Biy — P

B, = Raz=g; (Prospective) B, = L(1+i)" —Rsz (Retrospective)

1-P,

Constant Notional Value: n-year swap rate R = 7.

Pe—Ptim

t-year deferred m-year swap rate: R = ————>—
Pey1te+Pram

TIME VALUE OF MONEY

Force of Interest: 6, =

ANNUITIES

INTEREST RATE SWAPS

- = eladrar = J 8rar
a®) A a(t) = eh " A(t) = A(0)elo°r

Constant Force of Interest: e’ =1+i & =1In(1+1)

PV of $1 due in t years:

1 FCON dmN\™
PV=—=0+DFf=vi=e¥=(1-d)f =(1+— =(1-—
a(t) m m

AV of $1 overt years:
l(m) mt d(m) mt
AV=a(t)=(1+i)t=e6t=(1—d)“=(1+7) =<1——>

t:
a(tz) _ eftf Sedt
a(ty)

Aty +Asty++Apty
A+ Ay ++Ay

AV at time t, of $1 invested at time t,: AV =

Method of Equated Time: t =

Decreasing Annuity - Payments in Arithmetic Progression:

n— ay n(1+ )" — sy

(Da)y; = i 1 (Ds)z; = %"'
. n—ag . n(1+ D" — sz
(Da)z = 7] D3z = —Q

Increasing/Decreasing Perpetuity - Payments in Arithmetic Progression:

R SN i L
(0)m=7+5=5 (D= 7
m-thly Annuity:
. .. (m) n
1—v" Az — nv™ A" —nv
m _ m _nl 7 mgm
] G)) Ua) 1 (a)y o)

Continuously Increasing Annuity:
_ g —nvt n "
(Im)z = e f tvtdt = f te 0t dt
) 0 0

_ Sg—n Lo L
U5 = "'6 =J. t(1+i)”’tdt=f te5(=0 g¢
0 0

Annuity with Varying Annual Rate of Payment:
PV = f f(e ot dt = f F(t)e Jodrar g

0 0

n n n
AV = J' f(t)ed™dt = f (el &ar g

0 0

Geometric Annuity-Immediate:
1 Payment is 1, Subsequent Payments Increasing by k%

n
1- (11 s k) = RatiONumber of Terms
pv=—LEU Geometric Sum = (1st Term) -
i—k 1 — Ratio

Sinking Fund Method:
Loan L, SF Deposit D, Interest on Loan i, Interest on SF j
L 1 1
Annual Outlay =1+D =il L = Dsgj; D=— —=i+—
Snlj ji nji

Sinking Fund Balance at time t = SF, = Dsy;
Net Amount of Interest paid in year t = I, = iL — j(SF,_,)
Principal Repaid in year t = P, = SF, — SF,_; = D + j(SF;_)

Variable Notional Values: R = W
tt
_ 1+t P
Pe=1+1)" fioig = (1+Tt—I)t_1 -1= ;ftl -1



BONDS

Price Formulas: Number of coupon payments n, Coupon rate r If g > i, then P> C and Premium = P — C = (Fr — Ci)ag; = (Cg — Ci)ay
P = Frag + Cv" P=C+ (Fr—Chay Amortization of Premium Amount: P, = Fr — I, = B,_, — B, = (Fr — Ci)v™t*!
P=K +%(C -K), K=Cv", g= % Book Value: B, = B;_y — P, = Frag=g + Cv""

Interest Earned: I, = iB;_,

Price between Coupon Dates: B,,, = B,(1+i)*, 0<k<1

Quoted Price: Q, = By, — kFr = B,(1 + ) — kFr If g <i, then P <C and Discount= C — P = (Ci — Fr)ag = (Ci — Cg)ag

Accumulation of Discount Amount: P, = I, — Fr = B, — B;_; = (Ci — Fr)p™~t+1
Callable Bonds - To calculate appropriate price: Book Value: B, = B;_, + Py = Frag— + Cwe=?

If Bond is sold at a Premium, assume Early Redemption date Interest Earned: I, = iB,_,
If Bond is sold at a Discount, assume Late Redemption date

GENERAL CASH FLOW

Reinvestment Rates: Interest rate i, Reinvestment rate i’ Inflation Rate: Real rate of interest i’, Inflation rate r
A single deposit of $1, AV = 1 + isy;r 1+i=0+iN1+7), i=i'+r+ir
Deposits of $1 at beginning of each year, AV =n + i(Is)7r

Duration:
d d
Dollar-Weighted Rate of Return: LtAvt  gsP LtAv™tt P

e D )="—7= D, )=—o——=—""—=Dpac?
= 842G nitial balance A, Ending balance B, Contribution C; mac(0) YAt P moa (! XAt P mae
A+Y, C(1-t) ()7

@l

ip
1+i

Perpetuity: D,,qc = o

Mortgage or Level Annuity: Dy =
Time-Weighted Method:

Fr(Ia);ﬁnCv"

1+ip=2.F . B Bajance B, before any contribution ¢, ~ 5ONd: Dmac = P Bond Sold at Par: Dingc = da
By By1+Cy Bp_1+Cn—1
Price of a Stock - Dividend Discount Model: Convexity: &2 2
P= ? , Level dividends o Yt2A,vt _ a52F A Y e(t + 1)Avtt2 _ 2P _ Crmac + Dmac
P= % , Dividends increasing at rate k% with first D at time 1, k < i mae Ty At P mod XAt P (1+0)?

Spot Rates: Effective annual yield rate on investment for t years, r,

Price of a t-year zero-coupon Bond: P, = (1 + 1)t Duration of a Portfolio: D, and P, are duration and price of components of Portfolio
- - e = t

DyPy + DyPy + -+ Dy P,
piporgo - ALl
n

Forward Rates: (Effective Annual)
m-year forward rate, deferred t years:

1+ Tt)t(l + f[t,t+m])m =1+ regn)t™

One-year forward rate, deferred t years:

First-Order Modified Price Approximation: P(i) =~ P(iy) — P(iy)(i — ig)Dmoa(io)

A M . . 1+i Dinac(io)
First-Order Macaulay Price Approximation: P(i) ~ P(i,) ( ")

(A1)t P, 141
f[t,r+1]=2—1rj_7n)t_ =?i1_1 '
IMMUNIZATION
Redington Immunization: (i) PV(Assets) = PV(Liabilities) (iyP, =P, () XAVt =Y Lt
(i) Duration(Assets) = Duration(Liabilities) ()P, =P, (il) X tAwt = Y tLvt
(i) Convexity(Assets) > Convexity(Liabilities) (iiiy P"y > P", (iii) X t2A vt > Y t2L.vt

Full Immunization: (i) and (ii) as above, (iii) One Asset cash inflow before each Liability cash outflow and one after it.

Exact Matching or Dedication: Match both the amount and the time of Assets and Liabilities

DETERMINANTS OF INTEREST RATES

U.S. Treasury Bills: Components of Interest Rate R:
360N\ (C—P i ; ; q an .
Price P = C (1 _ %d) T (T)( - ) r rate without default risk, s rate for risk compensation, i inflation rate
With Default Risk but No Inflation:
Government of Canada Treasury Bills: R=(1+r)(1+s)—1 (effective) R =r+s (continuous)
] C 365\ /C—P

Price P = (1+2%0) quoted Rate = () (*5-) With Default Risk and Known Inflation:

365 R=(1+7)(1+s)(1+i)—1 (effective) R =r+s+i (continuous)

Default Risk: x amount received with no default With Default Risk and Uncertain Inflation:
(1-q)y = x, y amount received with a default rate g

a Y +aCuy) T e RS R=r+s+i,+1i, i,and i, continuous expected and unexpected inflation rates
—q)y+tquy) =x, u



