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Interest Rate Swaps

I FI 3 2 3 2 ¥ (Interest Rate Swaps)
1

= An interest rate swap (IRS) is a contract
which commits two counterparties to
exchange periodically two streams of
interest payments, each calculated using a
different interest rate index, but applied to a
common notional principal.

An Example of a “Plain Vanilla” IRS

= Consider a hypothetical 3-year swap initiated on
March 5, 2007, between Microsoft and Intel.

= Microsoft agrees to pay to Intel a fixed rate of 5%
per annum on a notional principal of $100 million
every 6 months for 3 years.

= Intel agrees to pay Microsoft the 6-month LIBOR
on the same principal every 6 months for 3 years.




IRS between Intel and Microsoft

Attimet, t=1,2,...,6,

0.5 % 5% x $100m

Intel | — .| Microsoft

0.5 % L(t-1) x $100m

Where L(t) denotes the 6-month LIBOR rate observed at
time t.

From Microsoft's Perspective

At time t 2 x [L(0) = 5%]
At time t, 3 x [L(1) — 5%]
At time f4 2 x [L(2) - 5%]
At time fg 5 % [L(5) — 5%]

*

>

$100m
$100m
$100m

$100m

Hypothetical Cash Flows to Microsoft

-------- Millions of Dollars --------

LIBOR Floating Fixed Net
Date Rate Cash Flow Cash Flow Cash Flow

Mar.5, 2007 4.2%

Sept.5, 2007 4.8% +2.10 -2.50 -0.40
Mar.5, 2008 5.3% +2.40 -2.50 -0.10
Sept.5, 2008 5.5% +2.65 -2.50 +0.15
Mar.5, 2009 5.6% +2.75 -2.50 +0.25
Sept.5,2009 5.9% +2.80 -2.50 +0.30

Mar.5, 2010 6.4% +2.95 -2.50 +0.45

= Payer Interest Rate Swap:
- HEEAL S EFEs L

= Receiver Interest Rate Swap:
AL e IL




% B &~ & (Notional Principal)
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Cash Flows with a final exchange of principal
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-------- Millions of Dollars--------
LIBOR Floating Fixed Net

Date Rate Cash Flow Cash Flow Cash Flow
Mar.5, 2007 4.2%
Sept.5, 2007 4.8% +2.10 -2.50 -0.40
Mar.5, 2008 5.3% +2.40 -2.50 -0.10
Sept.5, 2008 5.5% +2.65 -2.50 +0.15
Mar.5, 2009 5.6% +2.75 -2.50 +0.25
Sept.5, 2009 5.9% +2.80 -2.50 +0.30

Mar.5, 2010 6.4%  +102.95 -102.50 +0.45

Using the Swap to Transform a Liability

|

» Microsoft = 12 LIBOR + 0.1% # ¢} i 3 $100m -
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Using the Swap to Transform an Asset
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[ (Role of Financial Intermediary) @ iﬂ” ( Market Maker )
| |
m - AR Swap P ig A f B RdRE 0 M HiSiE 4 n LET G AT AR RS AR A
S P AdEfee - A g o B AR ES & fARGROAHETNL TR AR A
B~ %) 3~4 basis points {1 R SR T A S L
5206 4.985% 5.015% £ 0.1% L] fﬁﬁﬁ&fﬁ-i 7%" T;'K%%\,ﬁi%ﬁ'f l‘j EEEP %‘J"i ’ -'J’E&?: A
47 <— HIBOR + 0.1% B4 5 0 L5 A %7+ (Warehousing Swaps)
LIBOR LIBOR w A FBHEMT I Swap 3N AR H S 0 IR el

oo SEE S B I flEE

4.985% 5.015% "
_ - . i H 1 | & B GE¥E °
LIBOR-0.29% | g Intermediary | * Microsoft | 4% HiEEH e {5 5w

LIBOR LIBOR

@ iﬂ” (Market Maker) @ iﬂ” (Market Maker)

s T A GHHaEEY 0 Y (BidRate) &7 £ RS L A I H 2 5 N S R . o
F2S Nta 3 JE :,% (Oifer Rate) % 7 fﬁgf 'fﬁﬁﬂzﬂ RS ] ‘L:Ih% = &3 2% AK]J Nl i%‘frﬁ I%‘,, ()F"‘]L‘TIJ
Bl Al % (Swap Rate) ) & 2 % A & #ict) ehig 5 {1

< B R T asgE s 2482 (Swap Rate) © _1;& (L|BOR) ° -‘lﬁ-%—' j\;“;!_,g',\;\_l Ead Ko T

EIIE BT %) Bt (%) | & B (%) [ A
2 F 6.03 6.06 6.045 - Swap Rate VF,‘rj T A Kl v fyj * e
3= 6.21 6.24 6.225 = o
4= 6.35 6.39 6.370 m LIS {;_;};ﬁ,ﬂ}r ,% X pr g 4 2 ,% £
Si 6.47 6.51 6.490 e o F|P 5 A Hpie
e E HHEESRE = AL




‘ :%:)'L =l ‘3\ (Day Count Issues )
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‘ (The Comparative-Advantage Argument )
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(The Nature of Swap Rates)
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= Large banks and other financial institutions quote

LIBOR for maturities up to 12 months in all
major currencies.

= We can observe them directly from market
quotes.

LIBOR Zero Curve; 1~2 % #p

= From the market quotes of Eurodollar futures, the
futures rates can be obtained.

= Using the convexity adjustment (eq.(6.3) on P.137),
we can obtain the corresponding forward rates.

Forward Rate = Futures Rate - ialeT2

LIBOR Zero Curve; 1~2 % #p

®  Now, we compute zero rates from forward rates:

= F(i) is a forward LIBOR rate for the period [T(i), T(i+1)]
= R(i) is a zero rate for a maturity T(i).

exp(R(i+1)T(i+1)) exp(- R()T(i)) = exp(F()T(D))
S F(i) = [R+1)T(i+1) - RETE) 1/ [ T(+1) - T(0) ]
2 R(i+1) = { [F() x (T(i+1) =T(i) )] + RAT() }/ T(i+1)




Example

|
» 400-day LIBOR zero rate is 4.8%.

» The forward LIBOR rate for the period 400~491 days is
5.3%, calculated from a Eurodollar futures quote.

= The 491-day LIBOR zero rate is 4.893%.

(0.053 x 91 + 0.048 x 400)/491 = 0.04893

LIBOR Zero Curve: > 2# #p

|
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Example

|

= Suppose 6m, 12m, 18m LIBOR zero rates have been determined
as 4%, 4.5%, and 4.8% with continuously compounding and that
the 2y swap rate is 5%. This swap rate means that a bond with a
principal of $100 and a semiannual coupon of 5% per annum sells
for par. If R is the 2y zero rate, then

2.5e—0.04><0.5 + 2.5e—0.045xl + 2l56—0.048><1.5 +102.5e—R><2 :100

= R=4.953%

Valuation of Interest Rate Swaps

|
= There are two valuation approaches for interest

rate swaps.

= The first regards the swap as the difference between
two bonds.

= The second regards the swap as a portfolio of forward
rate agreements.




Valuation in Terms of Bond Prices

TGS STES EXT-EETER EEUPIS

= Payer IRS = Bond(floating) - Bond(fix)

= Receiver IRS = Bond(fix) - Bond(floating)
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Example

= Consider a swap which pays 6m-LIBOR and receives 8% per
annum (semiannual compounding). The swap has a remaining life
1.25y. The LIBOR zero rates with continuous compounding for

3m, 9m and 15m maturities are 10%, 10.5% and 11%, respectively.

The 6m LIBOR at the last payment date was 10.2% (with
semiannual compounding).

Example 7.4

|

= The value of the swap is the difference of the two bond prices:
= Payer Swap : 102.505 — 98.238 = 4.267
= Receiver Swap : 98.238 — 102.505 = - 4.267

Time B_fix B_fl Discount

Time B_fix B_fl Discount Present value Present value
Factor B_fix B_fl

0.25 4 105.1  0.9753 = exp(-0.1x0.25) 3.901 102.505

0.75 4 0.9243 = exp(-0.105x0.75) 3.679

1.25 104 0.8715 = exp(-0.11x1.25) 90.64

Total 98.238 102.505

Present value Present value
Factor B_fix B_fl
0.25 4 105.1  0.9753 = exp(-0.1x0.25) 3.901 102.505
0.75 4 0.9243 = exp(-0.105x0.75) 3.679
1.25 104 -0.8715 = exp(-0.11x1.25) 90.64
Total 98.238 102.505
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Value in Terms of FRAS

|
s B F T (FRA) 922 G 0 &4
.-F%F’e,lﬁ_;t_ ﬁi:‘nﬂ\$ ﬁ‘g—/-’j’—ff”"f ,‘\3_):\{
AL o

F IEZ GO LT QI TRN > FRE- B
BF(LXE) » 298>y - P AL L
=3 FEIRNC-ACE & TR

nd YT EFTE AFHEEZHTMRL FRA 5
WFEs -

IRS = Portfolio of FRAS

At time t 2 x [L(0) =5%] x $100m
At time t, + > [L(1) = 5%] x $100m
At time t3 2 x [L(2) =5%] x $100m
At time t4 5 % [L(5) =5%] x $100m

Example 7.5 (Cont. EX.7.4)

= From Equation (4.5), we obtain the forward rates with conti. compounding.
= 0.25y~0.75y forward LIBOR rate: (0.105x0.75 - 0.1x0.25)/0.5 = 0.1075
= 0.75y~1.25y forward LIBOR rate: (0.11x1.25 - 0.105x0.75)/0.5 = 0.1175
= From Equation (4.4), we obtain the rates with semiannual compounding.
» 2 x (exp(0.1075/2) -1) =0.1104
= 2x (exp(0.1175/2) -1) =0.1210

n IRS SIFRAZF 2 s&? » 3B FRASDHZJIF Y 5

Time  Fixed Floating Net Discount Present value
Cash Flow Cash Flow  Cash Flow Factor of net cash flow

0.25 4 -5.1 -1.1 0.9753 -1.073

0.75 4 -5.52 -1.52 0.9243 -1.407

1.25 4 -6.05 -2.05 0.8715 -1.787

Total -4.267

| FRA#F ¢

|
. ﬁ_gq‘g FRA p= > “i‘J‘FRA PES ORE o A
# 0 7 — 2T o B L g LR 0 H

g:za‘&éﬂﬁmfﬂﬂﬂf | 5 o

'_'1

B
Swap Rate » #714 i‘ﬁ% B FRA ki @& 1
.lfL 1) é m °
= For Payer IRS:

= Forward Rate > Swap Rate : The value of FRA >0

= Forward Rate = Swap Rate : The value of FRA =0

= Forward Rate < Swap Rate : The value of FRA <0

11
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« Uses of IRS

= Lower Funding Cost

= Risk Management

Lower Funding Cost

Suppose that two companies, ABC and XYZ, both wish to borrow|
$10m for five years and have been offered the rates shown in

the following table.

« Company ABC actually wants floating rate funds.

« Company XYZ actually wants fixed rate funds.

Without IRS

= Company ABC raises funds at 6-month LIBOR.

» Company XYZ raises funds at 10%.

Fixed Floating
ABC 7% 6m - LIBOR Rate
XYZ 10% 6m - LIBOR Rate + 1%
With IRS

|
= Company ABC raises funds at LIBOR-1%. (LIBOR without IRS

= Company XYZ raises funds at 9%. (10% without IRS)

LIBOR
ABC XYZ

8%

7% LIBOR + 1%

12



Risk Management (1)

Ex.: Company ABC has issued a fixed-income bond. If the
company anticipates that interest rate will fall in the
future, ABC can use IRS to hedge the risk.

floating interest

ABC

Swap

Risk Management (2)

Ex.: Company ABC has issued a floating-rate note. If the company
anticipates that interest rate will rise in the future, ABC can

use IRS to hedge the risk.
fixed interest

fixed
interest

Counterparty

fixed
interest

ABC

-

Swap
Counterparty

Bond

floating interest
floating
interest

FRN

Risk Management (3)

Ex.: Company ABC has held a floating-rate note. If the company

anticipates that interest rate will fall in the future, ABC can
use IRS to hedge the risk.

Risk Management (4)

Ex.: Company ABC has held a fixed-income bond. If the company
anticipates that interest rate will rise in the future, ABC can use

IRS to hedge the risk.
fixed interest

IRS
floating interest
- Swap
ABC Counterparty
fixed interest
floating
interest
FRN

ABC

fixed
interest

Bond

-

-—

floating interest

Swap

Counterparty

13



Risk Management (5)

|

The bank is exposed to the risk that floating rates of interest may
rise, increasing the cost of its funding, without the offsetting
benefit of any increase in the return on its assets.

Asset Fixed Interest Floating Interest Liabilities
(Bonds) Bank (FRNs)

Fixed Interest ‘ ‘ Floating Interest

Counterparty

Risk Management (6)

The bank is exposed to a basis risk between three-month and six-
month LIBOR. The bank can hedge this risk with a basis swap
between the two indexes.

Fixed Interest Fixed Interest

[ Customer 1]« TBoR [ Bank | “S-month LIBOR  L_Customer 2

6-month LIBOR 3-month LIBOR

Basis Swap
Swap

Counterparty

%7-2: PR T Y

Currency Swaps

Currency Swaps (CS)

|

= A currency swap is a contract which commits
two counterparties to exchange periodically two
streams of interest payments in different
currencies and to exchange the corresponding
principal at inception and at maturity at an
agreed exchange rate.

14



Example (1)

|
= At inception, Bank T pays Bank A the principal

NT$300m and receives the principal $10m from Bank
A. (Ass.: $1=NT$30 at inception.)
= Bank A pays Bank T, over a period of two years, a stream of
NT$ dollar interest on principal NT$300m.
= Bank T pays Bank A, over a period of two years, a stream of
US$ interest on principal US$10m.
= At maturity, Bank A pays the principal NT$300m back
to Bank T, Bank T pays the principal US$10m back to
Bank A at the same time.

Example (2)

|
= At Inception:

Exchange
Principal

NT$ Principal
Bank T Bank A

USS$ Principal

Example (3)

|
= For each term:

Pay

Interest

US$ interest

Bank T Bank A

NT$ interest

Example (4)

|
= At Maturity:

Exchange
Principal

US$ Principal
Bank T Bank A

NT$ Principal

15



Cash Flow of CS

s From the Bank T’s Perspective:

Attimety : Py(0) - Fy(0)

Attimet; 05 x [ Ly(0) Py(0) = Ly(0) Pr(0) ]
Attimety : 05 x [ Lg(1) By(0) = Ly(1) P(0) ]
Attimety @ 05 x [Ly(2) Pa0) = Ly(2) Py(0) |
Attimets : 05 x [ Lg(3) Fa(0) = Ly(3) Pr(0) ] + Fa(0) = Fy(0)

RO EES

I

s RIS IRSAPR > R RS L Gk o
|

RS#p A& ke ¥ ARG F 2kAp By ~App ip Echah & > 22

BEZORE > 2R &g -
w CS*ing Q42 FAu s gk Ehi & (R4 mF) o &

BPRHET o F LY RAREIT LR T AL A FHE

HAFEREGE TR AL E o
u %”" :}’.%J. o
WA ROE> T EF - LApR RN L AR DR -
e o % AL H S T AL .
ko b f GRS A -

[ w463 )% A4 e L 1 CS
|

m A GHIFAEDT R CST UL G

= Fixed-for-Fixed Currency Swaps

= Fixed-for-Floating Currency Swaps

= Floating-for-Fixed Currency Swaps

= Floating-for-Floating Currency Swaps

Example: Fixed-for-Fixed CS

|

= {3k IBM ¥ British Petroleum (BP) ** 2007/2/1 & 37— A 5 #
i’FmCS » & F J.:fo’é‘}l § - = o Bk IBM L{mté’;:r]a IS
5% A E AR ETJNL 6% A ek gL 5 18m
£10m -

W B O (FF) 24
» IBM = BP: $18m
=« BP=2 IBM: £10m
w FELH- AL
= IBM =2 BP:5%on £10m= £ 0.5m
= BP = IBM: 6% on $18m =$ 1.08m
WA ESHT (RF) A4
= IBM = BP: £10m
= BP 2 IBM: $18m

16



Example: Fixed-for-Fixed CS

Table 7.5 Cash flows to IBM in currency swap

Date Dollar cash flow Sterling cash flow
(millions ) (millions )
February 1, 2007 —18.00 +10.0
February 1, 2008 +1.08 —0.5
February 1, 2009 +1.08 —0.5
February 1, 2010 +1.08 —0.5
February 1, 2011 +1.08 —0.5
February 1, 2012 +19.08 -10.5

Uses of Currency Swaps

= Lower Funding Cost

= Convert a liability in one currency to a liability in
another currency.

= Convert an asset in one currency to an asset in another
currency.

Lower the Funding Cost (1)

|
» Suppose General Electric (GE) wants to borrow AUD
and Qantas Airways (QA) wants to borrow USD.

= Without CS,
= GE borrows AUD at 7.6%.
= QA borrows USD at 7%.

usb AUD
GE 5.0% 7.6%
QA 7.0% 8.0%

Lower the Funding Cost (2)

USD 5% USD 6.3%

General Financial Qantas
Motors — | Institution Airways
AUD 6.9% AUD 8%

UsD 5% AUD 8%
Without CS With CS
GM borrows AUD at 7.6% 6.9% Save 0.7%
QA borrows USD at 7.0% 6.3% Save 0.7%

17



‘ Lower the Funding Cost (4)

CS s is «‘E‘sz} (Eurobond ) m:};’ 7]32»«5 13
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Example

|

n BHRERE P A LIBORZeroRate » 7 3 & &4 > % L 451 9% &
4% o

» RAREEEr CSEH > 5% P ML > A 8% E AL
A & 4w 5 0 $10m ¥ ¥1200m -

 THAF $1=F 110 (2T ¥ = % Million)

s CS=1230.55/110 — 9.6439 =$ 1.5430m

Other Types of Swaps

Time Cash Flow ($)  Present Value (§) Cash Flow (¥)  Present Value (¥)

Variations on the standard IRS
= Amortizing Swap

= Step-up Swap

= Constant Maturity Swap

= Deferred Swap

Other CS

= Diff Swap or Quanto Swap
Equity Swap

Commodity Swap

Volatility Swap

1 08  0.7311= 0.8xexp(-9%x1) 60 57.65 = 60xexp(-4%x1)
2 08 0.6682 60 55.39
3 08 0.6107 60 55.22
3 10 0.76338 1200 1064.3

Total 9.6439 1230.55

|
» 1,2,3,5,9,12,20,21
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