FORMULA SHEET

Part 1 (Interest Theory)

Other Formulas and Principles

99% of the time, my mistake is a mistake of retranscription in one of the
formulas, a mistake in what to calculate or a mistake in not using the good force
of interest.

NB. -Don’t waste your time recalculating with the calculator.

Calculator: Format AOS and 8 decimals

Outlay = payment

60 through 72: [60; 72] 0. \)\4

One payment every other year = one paynk’r@g@gk
She borrows X that she 6 w % %&t t=5, X(1+)° not X

A'S{i"eWB —8+Bré%

P‘erte in M if there? @'(%ts or more to simplify the writings. Furthermore,

don’t take into account decimals if there are 4 digits or more at the left. If not,
take only 2 decimals.
Each payment will be 3% less than the preceding payment: 0.97"* not (1@%‘{

At the end of 20 years, the total in the two funds is 10,000:

2. funds = 10,000 not fund:= =10,000

Always put the force of interest in function of payment frequency to have this: t =

1

0,1, 2, ... For example, It = iBt.1 with payments are every 2 years with: t = O,m,

2 nott=02%4.
/2



Separate funds: | | -| > §;
(interest) 0 1 n
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Side funds: | -=mmmmmmmmmeeeen e 5 a\e*Q> 8k
(interest on interest) 0 &O‘e
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p=1 t=1 t=p+2

NB. -It doesn’t change anything that the funds are separated (for the individual
separate funds).

-With the force of interest of i, j and k for these 3 funds:

By = Bo + n(iBo) + (ijB) (IS)n-1]k-

-Interest reinvested in a different fund with R level payments (more simple case):

R R
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b) Lender’s point of view:

L1+ 7)™ = Lispg + L
=> Bond:

-Without reinvestment:

P (1+7r)" = coupon * sy + C,

coupon = Fr

-With reinvestment:

P(1+7)" = coupon * sy + C

NB. —r, the overall yield, has nothing to do with r, the coupon rate.
=> Short selling: O ‘UK

Haircut(1 + r)" = FV(S)s e@a\% i%"

orr —§t
-For raand rg from€€ﬁm SO “ 6A€
ei,i@bNond Witf@ ho&gA‘the ond to B at time t with reinvested
P ( coupons: P a
|

| > (to calculate P,,;,(0;t))

|

| | > ja = reinvestment rate

0 t n
Pprin(0;6)(1 + 14)" = Frsyg + Cu. (to isolate Cy)
where P, (0; t) = price of the callable bond = Frat]i + Cv'

C: = call price of the bond = sold price of the bondk



| -] >
0 n
Ce(L+715)""" = Frsy_mg + Cu (to find rg)
where C; = sold price of the bond:
Cn = maturity value
NB. —“P” is not necessary equal to P,,;,, (0; t)
-“r”, the coupon rate, has nothing to do with ra and rg, the overall yields.

-If there was no ja, it would be ia to isolate Ct.

-Because there are no reinvested coupons forﬁée GQan}%Mj

- Internal rate of return (IRR) wit b"e
=> If the {rﬁsﬁv@m:ﬁ % 0@“W6Af

P ( e\,w —prﬁbaégeol;}r’evenues),m j PV(expenses) , (to find IRR)

Yk=1 CFr (1)) k
where PV(revenues) gg ; = (1+k1RR)tn

n = number of cash inflows
tx = time of the k™ moment
J = reinvestment rate

=>» |If there is a loan as the investment:

NPV =L - Lilan@n)1rr — LVigg = PV (expenses)gr



t = t'"moment

m = number of times/year the interest applies

B, = By, (1 + i)tz 2] r41 CF (L + D27, t, <ty
NB. -Same thing as bonds at premium.

e Amortization method:

-the accumulated amount is paid at the end as a lump sum:

| -l >

0 n uK

YI=L(1+)"L

-level payments: NO"G

\N
p(@\"e pa0®

YI=nR-L,
where L = Ray;

-level principal payments:

X+ f(0;1)Bo X+ f(n-1;n)Bn1

-] o>

0 1 n
21=X fE - L)L - (- 1)X),

where Ri= X + [;



Chap. 7 (Bonds)

The annual coupon rate is 7% (with semi-annual coupons): r'? = 7%

$5000 par bond: F = 5000

A par coupon bond = $1 par bond

A 4% $100 bond with semi-annual coupons: r® = 4% and F = 100

A $10,000 5-year equity-linked CD: F = 10,000

To purchase a bond at a price of 1700 (for a callable bond): Pmin(0; t) = 1700
notP =1

NB. -They don’t say it’s a bond price for a callable bond. They just say it’s the

price of the bond. CO u\k
The bond is sold at a price equal to its V&ll{é@.&\i@a} = redeemable at par

anlllab‘le ; :a;; K%r (I?J‘a%ri%ar bor:€ :@eﬂpnd is called at par value:
= \r‘ sold at @ = CT.

P ‘\l@-These are ex@ssal ~”to call at”, “to redeem at” and “to mature at”.

F=Candr=i=>P=F=C,

where Ct is not necessary equal to the maturity value (C at time n).

By default, F = C if not mentioned (only seen in the spot rate numbers).
Pmin(0; t) = minimum redemption value = minimum call price = call price
NB. -1t is not necessary equal to P or Ch.

Accumulation bond = zero-coupon bond

Bond with annual coupons of 6.75% at par = to buy a bond at par

= bond A is priced at par = bond sells at par

= to buy the bond with no premium or discount:



e ModD =vMacD = —%

NB. -ModD was developed by drawing a tangent line to the price curve:
PII
e Convexity, = Pi is not necessary equal, smaller or bigger than:
L

P”
n R
Dj=1Wj Convexltij— r,

e Change in the interest rate (in A or L):
Pi after = Pi before + AP
where AP = -Pj pefore* Ai*ModD (approximation with 1 term)

o V¥

Al = later - Ibefore

e |Ifthereisa CF(AorL)att=0: \e C
{?fszzzﬂ,t*;;sl‘fg%z;g\m"f°“ @“ﬁ“h‘“g s

P (Characterlstlcs P age

=> Either MacD or ModD can be used to develop an immunization strategy
=>» The yield curve structure is not relevant
=> Matching the PVs is not sufficient when the interest rates change

e To immunize = to exactly match = to exactly (absolutely) match = to match = to

produce exact matching = method if not mentioned how to immunize



=> The yield curve shifts in parallel when the interest rate changes

-if “i” is the same for A and L:

1) MacD = 2 _y WjMacD,,

Z)PL= ;'l:lPA.

]

where PAj = w;P,

NB. -Or we can just use the second equation for 2).
-otherwise (conditions for Redington immunization):
NPy =P

)P, =P}

3)P) > P/ tesa\e |

NB. -P. e M 6% =ModD. and P}’ > P/’
vewf“@“‘%@ e

comes from COEEXItyA b > — = Convexity,.

A Py

= To validate the RI conditions, we must find Py and P, and then

validate with 3).
3- Full immunization:
-Characteristic:
=> It protects against any change in the interest rate

-if “9” is the same for A and L:

1) MacD = }7_; wjMacD A

Z)PL :Z;lzlij OI‘PA]. :W]PL



We buy a forward to lock in the purchase price (we want St = 1,025). He wants to
sell anassetatt=T.

e ForF(S):

Payoff

St

Slope=10r- K
NB. -Slope = 1 or -1. O‘u
| et
. Forvt/arcj. N tesazf
th\ré:gl; ﬁ‘i@gﬂ 2@ Of °

P ( th a long forward

payoff = F St, with a short forward

F = forward price = observed forward price = current forward price

cemium = {PV(F)— PV(K) = Cx - P, withalong forward
P ~PV(K) - PV(F) = P - Cy, with a short forward
_{ 0, usually
~ |# 0, withan of f — market forward
— PV(dividends), with discrete dividends
PV(F) = F? =4 §,edp(T-1), with continuous dividends
St, with no dividends

= prepaid forward

NB. —There is one contract.



-> This strategy locks in the selling price (for example, wheat) between Ki and
Ko.

NB. -Strategy = collar, but with a stock.

-> zero-cost collar:
a) the put can be at-the-money: K1 —So=0=> K1 =S

b) the call cannot be at-the-money: So— K> =0 => So= K>

NB. —We expect: K1 > So: we expect Profito = K1 — So > 0.

-But, K1 < Kz = Sg if the call is at-the-money. CO ‘u\(

We don'tmind ivs a zero-cost colar. _ ~ S\ € -
c) Ki<F<K; Notes A

fo 5ot o
\eWN e A9
P V\@},roof of K1 i@ ag

0=Py, - C,= Cp,— P, <F=Cy,_ P, = So — PV(K,) = PV(F) — PV(K;)
0 <PV(F) - PV(Ky)

0<F-Ki=>[Ki<H

6) Bear spread:

Payoff Premium = =P+ P, ki <kz

[ -

= _Ck1 + Ckz




