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TIME VALUE OF MONEY

Accumulation and Amount Functions: A(t) = Kal(t), A(0) = K, a(0) =1
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ANNUITIES
Annuity-Immediate: (PV one period before first payment, AV at time of last payment)
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Decreasing Annuity - Payments in Arithmetic Progression:

n—a n(l+4)" —s
(Da)m = fm (Ds)m = %
— 1+2)" —
(Dit)yy = ——21 (D3 = ML~ om
d d
Increasing Perpetuity - Payments in Arithmetic Progression:
1 1 1 1
)z =7+ 5 =73 8= =
m-thly Annuity: o™ 10 &™) = 1o
y y: 7 i(m) ™ dm
I (m) dﬁ! — " I(m) (m) a%n) — "
(Ia)s R (I a) o
C . . T am) nv" no, ¢ n, _§t
ontinuously Increasing (Ia)m = 5 = fo totdt = fo te~°tdt
Annuity: (I8)m = = [t + i)t = [ ted 0 dt

Annuity with Varying Payments and Varying Force of Interest:

PV = [ f(t)e~tdt If force of interest varies: PV = [ f(t)e™

AV = [ f(t)e(Dat (t)eli ordrat

If force of interest varies: FV=["'f

Geometric Annuity-Immediate: 15* Payment is 1. Subsequent payments increase by a factor of (1 + k).

1_<1+k)
PV — .1+z FV:(1+Z).7(1+k)
i—k i—k

Geometric Annuity-Due: 15¢ Payment is 1. Subsequent payments increase by a factor of (1 + k).

) <1+k>”
1+ A+ - (1R
PV = d— kv Fv = d—kv
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Sum of a Geometric Series:
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Amortization Method: Level payment P, Outstanding Balance B;, Principal Repayment Prin,

L = By = Pag P = Prin, + I, I, = iB, ,

Pring = P — I, = Pyn~t+! Pringy s = Pring(1+1)° I; = P — Prin; = P(1 — o~ t+1)
tﬁ:l I;=nP—-L tzjjl Prin, =L By = B;_1 — Pring

By = Paz—; (Prospective) By = L(1+1)" — Psg (Retrospective)

Price Formulas:

Callable Bonds:

Book Value at time t¢:

Interest Earned:

Number of coupon payments n, Coupon rate r, Face amount F', Maturity value C'
P = Fragm + Cv" P=C+ (Fr—Ci)ap

g Fr
P:K—f—f(C—K),whereK:Cv”andg:?

i
To calculate appropriate price:
If Bond is sold at a Premium, assume Earliest Redemption date

If Bond is sold at a Discount, assume Latest Redemption date

Exception: If a premium bond has a call premium, calculate price both ways

(using Earliest Redemption date and using Latest Redemption date).

Use the smaller of the 2 calculated values.

If g >4, then P > C, and Premium = P — C = (Fr — Ci)am = (Cg — Ci)ax
If g <4, then P < C, and Discount = C — P = (Ci — Fr)am = (Ci — Cg)an
By = Frag— + Coynt

Iy =iBi 1

If g > i, Premium Amortized at time t = Fr — I; = B;_; — B, = (Fr — Ci)v" !

If g < i, Discount Accumulated/Accrued at time t = I, — Fr = By — B;_1 = (Ci — Fr)y"~'*!

GENERAL CASH FLOW

Reinvestment Rates:

www.ACTEXLearning.com

Interest rate ¢, Reinvestment rate ¢’
A single deposit of $1, AV = 1 + ismy

Deposits of $1 at beginning of each year, AV = n + i(Is)qu

www.actuarialbookstore.com www.studymanuals.com


https://www.actuarialuniversity.com/hub?tags=E4B9BD76-FCD1-4B66-9C47-D468F0E61DD2&9FC72F9D-5373-4BB4-AAB3-CE4DEFF8EBC7&BB666A99-9C3C-436E-97E6-83D9E66ADFA4&E9520CC3-2B0B-4C5E-A65F-58250E90279E&DC19CB4B-229C-45B7-A300-47EAD4CE9BD1&9A9D5FA9-3969-41D9-A051-9EB0FF7DD065&896ED230-21DD-4CDF-8C38-9241E56ACC97&E1A14A77-F8DD-48A6-94F1-154FC7E923E8
https://www.actuarialuniversity.com/hub?tags=F42170F1-92E7-4B57-9362-55C43B8B9223&611F2981-1490-41EC-9122-71B5D7F48A62&CE5F6483-56C6-4E20-96B9-333F2F307F81&7ED753B4-2F48-4F06-8A0C-F5785F06AEEC ED3AF877-F2F2-442F-8372-8526052911D8
https://www.actuarialuniversity.com/hub?tags=5C7EE6B1-DF38-4C88-923B-49B67808EBA4&6FCEE7F4-1362-4DA0-A531-F651E3A8FC67
https://www.actuarialuniversity.com/hub?tags=4D95D2AA-B512-4940-8DF5-D71CA3E16064
https://www.actuarialuniversity.com/hub?tags=641A18D4-F1C3-4FDF-B312-2D91CBD2FB98
https://www.actuarialuniversity.com/hub?tags=7E9FB3DC-04DD-4E6F-8905-4905CA4A3D56
https://www.actuarialuniversity.com/hub?tags=1AF0CE15-75E5-476F-900B-A31E22CF1AD8
https://www.actuarialuniversity.com/hub?tags=5239DD8D-3B11-4182-A09C-139E42C69BDA
https://www.actuarialuniversity.com/hub?tags=B19B7CDE-E5CD-4341-AD21-1506AA83DDBA
https://www.actuarialuniversity.com/hub?tags=EFF86179-3A4A-460D-94CC-F91CE615084E

©ACTEX Learning a/s/m Exam FM Page 4

Spot Rates: Effective annual rate on investment for ¢ years: Tt
Price of a t-year zero-coupon Bond: Po=(0+r)""t
1 s P,
Forward Rates: Forward rate for the period (¢, + 1): Jite41) = % —1==1 _1
’ (1+4+m) Py

(Annual Effective)
Forward rate for the period (¢, ¢ + m): (A +7)" A+ fiperm)™ = L+ 7e4m) "

1
(I + 7)™\ ™
f[t,t+m] = <(1 —I—Tt)t -1

Inflation Rate: Real rate of interest 7/, Inflation rate r
1+i=014+)1+r) i=i+r+1ir
d d
—P t+1 —P
. . Z tAtUt dé . Z tAw di Dac
D " & t 1 Dm = = — Dm = = — = -
uration ac(t) PR P 0d (%) S A0 P i
1414 1 la)m
Perpetuity: Dyac = i = Mortgage or Level Annuity: Diac = (Ta)m
(3 am
Fr(I + nCov"™
Bond: Dypae = L1\ a)mp = Bond Sold at Par: Dyyae = i
2 2
, SN2 At P Sttt + 1A P Chae + Diac
C ty: m = = m. — — @ — -
onvexity Cmac S At P Cimod S A P TEE
Duration of a Portfolio: D, and P, are duration and price of t** components of Portfolio
: DiPy+ DyPy+---+ Dy P,
D(Portfolio) =
( ) P+P+--+ P,
First-Order Modified Price Approximation: P(i) = P(ig) — Dmoa(i0)P(ig) (i — ig)
1 + 7/0 Dmac(io)
First-Order Macaulay Price Approximation: P(i) = P(ip) ( T )
i
. . . . . ) ) AN ) (i —ig)?
Second-Order Modified Price Approximation: P(i) ~ P(zo)—Dmod(zo)P(zo)(z—zo)+Cmod(20)P(zo)T
IMMUNIZATION
Requirements for Redington Immunization: If same interest rate applies to all CF’s
(i)  PV(Assets) = PV(Liabilities) (i) Pa=Pp (i) S Aw'=> Lt
ii)  Dmodq(Assets) = Dpoq(Liabilities ii) P, =P, ii tAwwt =S tLvt
( ) od( od A L t t
111 mod (Assets) > Cyoq(Lilabilities 111 > 111 U7 > +U
(i) Crmoa(Assets) > Cinod(Liabilities) (iii) P> P (iif) Yo t2Ap' > 3Lt
Full Immunization: (i) and (ii) as above, (iii) There is a single liability CF that is matched (in PV and

Dinod) with 2 or more asset CFs, including at least one that occurs before and at least

one that occurs after the liability CF.

Exact Matching or Dedication: Match both the amount and the time of Asset Cash Flows and Liability Cash Flows.
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