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Abstract
Contents of the lecture.
1= The LIBOR market model: theory.
i Context mapping
i Caps and floors.
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The LIBOR market model

An interest rate derivative is a contract whose
value depends on an underlying interest rate. The
valuation of such a derivative may be dependent on
the value of the underlying rate at several different
future dates. Whilst models such as the Black
model assume log-normality for a single forward
rate or swap rate when pricing such derivatives as,
caplets and swaptions respectively, many interest
rate derivatives have future payoffs dependent on
several underlying rates.

The LIBOR Market model also referred to, as
the “BGM/J model” is a multi-factor term structure
model that allows for future volatility patterns to
be considered. The LIBOR Market framework
uses LIBOR rates for modeling, which are market
observable and has therefore become very popular
among traders. Existing interest rate models are
limited by the fact that, first, they model non-market
observable quantities and, secondly, often use one
factor.
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Black model

The standard model for valuing interest rate
options, caps/floors and European swaptions, is the
Black model. The Black model is used by traders in
the market to price these derivatives and as will be
seen later on, the analytical Black formulas will play
a key role when calibrating the LIBOR Market model.

Before attempting to calculate values (prices) for
these interest rate derivatives it is necessary to make
certain assumptions about the underlying rates.

The basic assumptions under the Black model
are:

iz the underlying forward rate or swap rate is a log
normally distributed random variable;

iz the volatility of the underlying is constant;
i= prices are arbitrage free;

1= there is continuous trading in all instruments.
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Forward rates

Before defining the underlying variables, the
rates, it is important to introduce the concept of
discount bonds. Discount bonds are traded in the
market but more commonly are so called coupon-
bearing bonds. These have several guaranteed
future cash flows instead of just one. The coupon-
bearing bonds can be reduced to a set of ordinary
discount bonds. In fact, to get the price of a discount
bond one often imputes this price from (suitable)
coupon-bearing bonds.

A contract, which gives the holder an amount 1
at some future date T, is referred to as discount
bond. 1 is called the notional or face value and T
is referred to as the maturity date. The price at time
t of a discount bond with maturity T and face value 1
Is denoted by P(¢, T).

To deal with this assumption of a continuum
of prices (also known as the discount function),
in practice one selects a set of discount bond
prices (the benchmark instruments) and then simply
interpolates between them. For theoretical purposes
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it is (almost) always assumed that there is a discount
bond available for every maturity date T'.

The simply compounded forward rate at time
t spanning the future period [T4,T,], F(t,T;,T>) is
defined by

P(t,Ty) 1
P(t,Ty) 1+ F(@T,Ty)(T,-Ty)

The following diagram illustrates a set of forward
rates spanning the set of dates {7}}:

| |
| |
7 i

#—1
P

Discount Bond as Mumeraire

These simply compounded forward rates also
define the LIBOR rates (London Inter Bank Offer
Rates). There are equivalents to LIBOR in other
countries for example the Swedish version referred
to as STIBOR (Stockholm Inter Bank Offer Rate).

Because the LIBOR rates are expressed in
terms of discount bonds it is easy to see that
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these could be an alternative to the discount
bonds when building the discount function in certain
circumstances. More explicitly, where one was
receiving money at a discrete set of known future
dates Ty, ..., T,, and wanted to calculate todays
value of these future cash flows, then it would be
sufficient to know the value of the discount function
at these dates given by a discrete set of LIBOR rates.
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Caps and floors

A caplet connected with the forward rate
F(T;, T;, T; + ;) and with strike k, is a contract, which
at time T; + 1; gives the holder the cash flow:

T; maX{F(Tl-, Ti, Ti + ‘U,‘) — k, O}

A cap is a set of caplets. The price of a caplet using
the Black model is given by:

Vi(0) = P(O, Tis1)NTi(Fi(0)D(ay;) — kD(ay))),

where

k  the strike of an interest rate cap
V;  value of ith caplet
T; time to maturity of the ith caplet
T; reset dates of forward rate
P  discount factor

N; notional principal of each caplet
F  forward rate

T; tenoror T;.1 — T;.
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ai; and ay; are given by

In(F(0)/k) + 62T;/2
ay; = ,
: O; \/Tl
azi = ay; — o;\ T,

and o; denotes the volatility for the ith caplet.

A floorlet connected with the forward rate
F(T;, T;, T; +t;) and with strike k, is a contract, which
at time T; + 1; gives the holder the cash flow:

T; max{k — F(Tl', Tl', Tl' + 'l?i), O}

A floor is a set of floorlets. The price of a floorlet
using the Black model is given by:

Vi(0) = PO, T; 1 )Niti(k®@(—ay;) — Fi(0)D(—ay;)),
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LIBOR Market Model

Let the tenor structure be 0 =Ty < T; <--- < T,
and i an integer ranging over the resets of the rates,
eg. 1 <i<n.

We define n(¢) to be the unique index such that
T\ is the next tenor date after .

The (one factor) model is given by the
following stochastic differential equation (SDE) for
the underlying rates (swap or forward):

i (), ) dt + 0i(8) d2(0),

l

where

fi forward/swap rate at time i
W drift term

of volatility of rate i

z(t) Wiener process.

The solution to this SDE is:

T T
Ji@®) = fi(0)exp ( fo (Mi(S) - %O?(S)) ds + fo 0i(s) dZ(S))-
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The drift terms u; depend on the choice of numeraire
and can be determined by applying the assumption
of no arbitrage. Suppose we have forward rates as
the underlying rates and choose P(Ty,T;+1) as the
numeraire. Then the drift terms become

T fi(0)ok()
wi(r) = 0;(¢) .
k;(t) 1+ Tl'fi(f)

A one-factor model means that all the rates are
perfectly instantaneously correlated. In this case,
a single Wiener process is sufficient to evolve the
rates. This is not often a reasonable assumption,
and eliminates one of the advantages of employing
the LIBOR Market model. A m-factor model is one
where m independent Wiener processes are used to
evolve the rates. In this case the equation becomes

df; N
dfi = wi(fi(?), ) dt + Z 0;x(1) dz(1).
k=1

l

where 0,(¢) is the component of the volatility of f;(z)
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attributable to the kth factor. They must satisfy

PICACETAG

k=1

The solution of the SDE is
d 1
Ji(®) = fi(0) exp (ﬁ (Mi(S) - 50,-2(S)) ds

m T
+ fo oi,k<s>de<s>).
k=1
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Cap volatility calibration

Assume that each underlying rate f;(r) has a
lognormal distribution with variance equal to o1,
where o7 is the implied Black volatility, which can
be read from the market. Then the instantaneous
volatility at reset for each rate is related to the above
expression in the following way:

T;
f o2(t) dt = o3T;. (1)
0

There are (infinitely) many solutions to these
equations, and our goal is to pick one that fits our
needs. Let

o(t) = (a+bte " +d

and
oi(t) = kio(T; — 1).

The calibration proceeds as follows.

@ Find values on the constants a, b, ¢, and d such
that equation (1) fit as close as possible.
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@ Set values of the k; as

O'ZBTZ
T; )
\ f o2 (t) dt
0

The second step ensures equality for the
equations in (1), that is, the instantaneous volatility
and the implied Black volatility is equal at each reset.
This completes the volatility calibration for caps.

kl‘:
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Context mapping

In order to use the LIBOR Market Model when
valuing instruments the following context mappings
must be performed:

@ Map the instrument to the Core Valuation
Function > LIBOR Market Model. This mapping
tells FRONT ARENA to value the instrument with
the LIBOR Market Model.

@ Map the instrument to an appropriate correlation
matrix. The LIBOR Market Model requires a
correlation matrix as input, and this mapping
makes sure it gets one.

@ Map the instrument to an appropriate volatility
Landscape. If the instrument is a Cap/Floor
it suffices to map a volatility Landscape to the
rate index. If the instrument is a Swaption, we
must, in addition, map a volatility Landscape to
the instrument itself. The LIBOR Market Model
then uses these volatilities (or this volatility if the
instrument is a Cap/Floor) in its calibration step.
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These mappings are specific for the LIBOR
Market Model. @ There are also some general
valuation mappings that must be done.

To illustrate this mapping process lets consider
the following Swaption:

#% Option - EUR/01/IRS/3m/2Y /Payer e |I:I|£|
File “iew Tools Special Help
Ne |0 aE=EF|
= Inztrment
ID: EUR/DMARS /3md 2 /P ayer Suggest |
— Detailz
Currency:  |EUR j Quote Type: | Pet of Mominal j
Erpiry: 2005-02-18 |3m Pay Type:  |Spot |
Type: European j IF'a_l,ner j Caontr Size: |1 000 000
Strike: i Abzolute j Froperties
[v OTC | Generic
Setle Daps: |2 Cash j
Calculate: IThenr Price j Und Price IMarket j
Price | UncFuwed Wl Strike| -1.000 0.000 1.0001 Deltay'| Yega| Imptal
00000 2814 2593 7000 00000 00000 0,0000 0o 00 0,00
ol i B
[ ] | R | | | | I | 4
It has the following underlying swap:
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=Y
File Miew Tools Special Help
Nw | |2[EEE|Q|
ID: [EURARS/2Y Suggest |V Generic
Start: IEDD4-1 1-18 IEI-:I Tield Curve: Im Tirade o
End; IEEIEIE-'H-EEI IE_'.J Fay/Receive: m Status; IFEI Canfirmed j
— Receive — Pay
Fised/Float:  |Fixed | | Fised/Float:  [Float ]
Cumency: IEUH j Clmeney IEUH j
Morminal: |1 000 qaa Mominal: |1 000 Do
Fized Hate: IE,E'I 5 Fized Fate: IEI
FloatRef. | | | FleatRet:  [EURIBOR-EM ]
Spread: Il:l Spread: IEI
Ll avcaunt: IEDHEED j Dates... | Ll avcaunt: I.-'-‘-.I::t.-"EEEI j Dates... |
Foling: [T |2005-04-24 Folling; | |2005-04-24
Compotiridiog: Il:ld INDne j Compounding: Il:ld j
Pay Offset:  |Od |Mod Following =] || PapOffset:  |0d |Mod. Following 7|
i ID i ID
Eounterparty: IEnmmerzhank Franlj _I Fortfalio; Im Simulate | Save Hew |

[] |

ladd info |

| y

In the Special > Information window of the
Swaption we can see the mappings that apply. They
are as follows:
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£
=

Instrument : EUR-01-IRS-3n-2¥-FPayer is using paranster(s)

Happed ¥ield Curve: EUR-SWAFP for forward rate estimation (mapped to instrument EURIBOR-6M (EUR))

— Mapped in Context: Global

— Used ¥ield Curve: EUR-SWAFP

Happed ¥ield Curve: EUR-SUAFP for discounting (mapped to currency EUR for EUR-IRS-2Y)

— Mapped in Context: Global

— Uszed ¥ield Curwve: EUR-SWAP

Mapped Yield Curwve: EUR-SWAP for discounting (mapped to currency EUR for EUR-01-IRS-3m-2Y-Payer)

— Happed in Context: Global

— Uszed ¥ield Curwe: EUR-SWAFP

Happed Volatility: EUR-Swaption-Smile (mapped to ValGroup of underlying of EUR-01-IRS-3n~2Y<Payer (EUR))

— Mapped in Context: Global

— Framework: Black & Scholes

Uzed market price: 0.0000

Uzed volatility: 28.9350

Tzed discount rate: 2.1022

Underlying: EUR-IRS-2Y

Underlying forward {(Curve): 2.8141

Used Core Valuation Function: Black-Scholes

TTzed Ri=k Factor Groups:

— Volatility: EUE_Wola (EUE-Swaption-Smile)

= FX: EUE_FX (EUR}

— Interest Rate: EURE_Swap (EURE-SWAFP)
-

K| ’

FErint LCloze

Sl

In order to value the Swaption with the LIBOR
Market Model, it must first be mapped to the Core
Valuation Function LIBOR Market Model in the
Context application.

First, open an appropriate context in File >
Open. In this example it is 'Global’. To add a context
link select Edit > Add ContextLink as follows:
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A

— Lontext Link Add
tdap Type: | Core Valuation Funchion j

LIBOR Market Model

Earrier Analytic -
Bazket 4z Single Underling Cloze
Binomial
Bjerkzund-Stensland
Black-Scholes
Black-5chales Yield
Compound

Firute Difference

Fornward Start Black-5choles
Gentle-\ orst

Hazard R ate Model

LIEOR Market Model

Update

Eemave

Moment Matching
Monte Carlo Bazket Lnderlying

Map bo: [nztrument

Iz Type: | Option
Instrurnent: |ELIR A0 ARS A 3md 2 AP aver

Ll Lo

Time Stamps...

Once the ContextLink has been added it will
appear in the Context application window as
displayed in the following figure:
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B Context - Global ;Lglzj
File Edit %Wew Tools 3Zpecial Help
SH &
Contest: IGIobaI
— Context Links
|Instrument Group [Cure [atrd Jatte2  [afr3 [Mapping Type Parameter bt « |
CPI-U (MSA) USA, Instrument cpiuzd_interp
ZARICHI Instrument cpi.zar_interpe
CreditProp “al Group Hazard Rate b
Litd “al Group LIBOR Market
LMih-CapFloor “al Group LIBOR Market
& EURAH ARSS3mi2y Payer Instrument LIBOR Market
ALD Instrument ALD-Syyap
Government CAD “al Group CAD-GOY
CAD Instrument CAD-SYYAP
CCS CHF “al Group CHF -Basiz-Sv
Government CHF “al Group CHF-GOY - l
1| | 3|

In the above illustration it can be seen that the
“EUR/01/IRS/3m/2Y/Payer” instrument is associated
with the “LIBOR Market Model” Core Valuation
Function. Therefore, this Core Valuation Function
will be used in the valuation.

An integral part of the LIBOR Market valuation
process is setting the correlations between the rates,
which are user defined. Correlations matrices are
set up using the Correlation application, which
is accessed by selecting Data > Correlation
from the PRIME. The correlation matrix used by
“EUR/01/IRS/3m/2Y/Payer” is illustrated in the figure
below:
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=Ty
File Wiew 3Special Help
N H & |
M ame:; IEuriI:ujr-Em
—&dd Element
Type: IH::une j Element: I j Add
Sul:uT_l,lpe:INDne j Bucket: Iﬂd Bemove
— MHurber Type ] Bucket

o [ | | | |
Eulumn:l_ I I I

— Coarrelation b atrix

Yol Tipe; I j

EURIB12m |EURIB 18m |[EURIE 24m |EURIE 30m  |EURIE 36m
ELRIE &m : '

ELURIE 12m i 00000
ELIRIE 15m 0650000
ELIRIE 24m 0,600000
ELIRIE 30m 0,550000
ELIRIB 36m 1,000000_
ELIRIB 42m

ELIRIB 45m

ELIRIB 54m

1] | i

To add this context link select Edit > Add
ContextLink as the following figure shows:
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kS
— Context Link Add
tdap Type: | Correlation b atris j Fpdate
Euriboar-Griy
Eemave
B azket
CD5SEazket Cloze

DrifferentialSwap

EQIB azket Correlation
ELR-LIBOR-EM

E urbor-3m

E unbor-Bm

[ndexCorr

1T ram.
GHuantoCarrelations

R ainbowcarr
I15-Bazket

Map bo: [nztrument

Iz Type: | Option
Instrurnent: |ELIR A0 ARS A 3md 2 AP aver

Led e flel

Time Stamps...

Once the ContextLink has been added it will
appear in the Context application window as
displayed in the following figure:
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B Context - Global I ] 3
File Edit Yew Tools Special Help
=H|a |
Contexst: IG\obaI
r~ Contest Link:
[instrumert Graup [cur fatr1 Jatr2  [atr3  [mapping Type Parameter Mame Parameter Type |
BoncoptAm AR “al Graup ZAR-BondOptionAm v olatility
CapFloar AR al Graup TAR-CAPFLOOR “olatility
AR Instrument TAR-OTC “olatility
Sweap AR il Group ZAR-Swaption-Smile “olatility
QuantoSwwap “Wal Grougp Differential=wap Correlation Matrix
ELR-LIBOR-EM Instrumert ELIR-LIBCOR-ER Correlation hatriz
ELRIBOR-3M Instrument Euribior-3m Correlation Matrix
L al Group Euribor-Em Correlation Matrix
LIM-Cap/Floor al Group Eurikior-Bm Correlation Matrix
EURIBOR-EM Instrument Euribor-Em Correlation Matrix |
A EURID RS Zm/2Y Payer Inztrument Euribor-Erm Correlation Matrix Ti
4| | 3

To enable the calibration process to take place
it is necessary to map a volatility Landscape to the
underlying rate index used by “EUR/01/IRS/3m/2Y/Payer”,
in our case “Euribor-6m”. The mapping procedure
is performed in the same way as for the correlation
matrix mapping and the result is pictured in the
following figure:

1ol x|
File Edit Wew Tools Special Help
SH|E |
Context: IGlobaI
— Contest Link:
ilnstrument Group ECurr !Aﬂr 1 IAttr 2l !Aﬂr 3 IMapping Type Parameter Mame Parameter Type ;I
Lhihd-CapiFloor EUR “al Group EUR-CARFLOOR “olstility
EURIBOR-3M ELR Instrument ELR-CAPFLOOR “olatility
EUR-LIBOR-GM EUR Instrument EUR-CAPFLOOR “Folatility
BondF uture EUR “al Group EUR-Futuredption “olatility
GuantoSwap EUR “al Grougp EUR-Hullyhite: “olstility
U EURIBOR-EM EUR Instrumerit ELIR-Swaption “Wolatility
Sweap EUR “al Group EUR-Swaption-Smile “alatility
L kb EUR “al Group EUR-Swaption-Smile “olstility
STOKHSD ELR Instrument EuroSTOXKED “olatility il
EUR usDr Instrument FRELRUSD “olatility
DiCx EUR Instrument Flat %ol “olstility vI
« ] 7

Once more, to enable the calibration to take
place itis also necessary to map “EUR/01/IRS/3m/2Y/Payer”
to an appropriate volatility Landscape. In this
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example the volatility Landscape 'EUR-Swaption’ is

chosen as illustrated in the following figure:

=10l x|
File Edit Wew Tools Special Help
BH|S |
Context: IGlobaI
— Contest Link:
|Imstrument Group [cur fatr1 fatrz  [Attr3  |Mapping Type Parameter Name Parameter Type « |
Lhihd-CapiFloor EUR “al Group EUR-CARFLOOR “olstility
EURIBOR-3h EUR Instrument EUR-CAPFLOOR “Folatility
EUR-LIBOR-EM EUR Instrument EUR-CAPFLOOR “olatility
BondF uture EUR “al Group EUR-FutureOption “olstility
Quantosywwap EUR “al Group EUR-Hullhite: “alatility
U EURIBOR-Gi EUR Instrument ELIR-Swaption “alatility
A EUROTARSSmI2Y Payer EUR Instrument EUR-Swaption “olstility:
Sweap EUR “al Group EUR-Swaption-Smile “olatility
L kb EUR “al Group EUR-Swaption-Smile “olstility ||
STOXHE0 ELR Instrument EuroSTOXXE0 “olatility
ELUR UsDr Instrument FrELRUSD “Folatility - |
1 | H

There is one difference between how you map

a Swaption and a Cap/Floor.

For a Cap/Floor

it is sufficient (and necessary) to map a volatility

Landscape to the rate index.

A Swaption needs in addition, one volatility
Landscape mapped to the instrument itself.
other mappings are necessary for both Swaptions

and Caps/Floors.
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Valuation parameters

Before running the LIBOR Market Model in
FRONT ARENA, it is necessary to specify the
number of Monte Carlo simulations and the number
of factors to be used by the model. This is done in
Admin > Administration Console application.

In the illustration below the number of simulations
used is 16,382 and the number of factors is 3:

=
=]
-1 Accounting Parameters Genelall Profit & LDSSI Default Price Findingl Greeks & Buckets Model Settings I 1573 Hedgel Mizc. I
D Ehoilce !_islt — Option Pricing —LIBOR Market Model
g E;egd;tl[;:;?;rtﬁ::;ameters I~ Repo az Rizk Free Rate Simulations; IW

ED Y aluation Parameters Trinamial Steps: |25 Factars: I3

- ge EﬂI::I'EFIAULT (Mapped) Binomial Steps: |5|J Randam Generatar: Inone
I

-7 Users, Groups & Organisations Binarial Process: IForwald j Jumnp Type: Inone
-0 User Profile Binormial Tres Model: IDefauIt :_I Price Shrategy: Inone

(1 Parameter Overrid
g Fli:?:czr G\:E{:::iig I™ | Binomial B&S Smoothing [ Use &ntithetic: Sampling

{27 Control Parameters ™| Birorial Bichardsan Extrapelation —Basket COS Madel

& [ Portioios Bromial Dividend Adjust: |Nane ‘I Simulations: IU

~— Finite Difference Parameter Random Generatar: Inone

Time Stepz: IED — Corvesity Adjustment————————————————
State Steps: ISD W Intrear

[# Firiite DNFf Far Multiple Options v ChS

[~ Sokve for Y alatilibg in Multiple Options I~ IRF
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Caps and floors

It is assumed that all the necessary settings, as
discussed before, have been taken care of. The
different Caps/Floors that can be valued in FRONT
ARENA using the LIBOR Market Model are plain
vanilla, “Ratchet”, “Sticky”, “Momentum”, “Flexi”, and
“Chooser”.

All are described there, with the exception of a
plain vanilla. Assuming that the correct settings have
been done, entering a plain vanilla Cap/Floor and
value it with the LIBOR Market Model is no different
had it been valued with Black’s Model.

From hereon we only discuss Caps. Definitions
of the Floors can easily be derived from the
corresponding Cap definitions.

— Typeset by FoIlTEX — 24



MT1460 2005, period 3

Notation

T,<T;<---<T, theresetdates of the cap
K; the strike at the ith reset
L; the LIBOR with reset at 7.

The following table maps the different fields in the
Cap definition in FRONT ARENA to a variable name
that is more appropriate to use in the mathematical
formulas.

Field Variable
Spread | X

Limit m

Strike K
Barrier | b
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Ratchet cap

A Ratchet Cap is like a plain vanilla Cap except
that the strike is given by:

l’ —

K - min{ K, m}, =1
min{K,_1 + X,m}, i> 1.

Ratchet Caps incorporate rules for determining
how the cap rate for each caplet is set. The cap rate
equals the LIBOR rate at the previous reset date plus
a spread. A limit is then set on the strike level, above
which a strike cannot be set.

Strike (cap rde) = LIBOR rate at previous rezet date + Spread

LIBOR rate :
ot reset date™ -

] 12 13 T s (3]

Entering a Ratchet Cap involves setting three
additional fields in the Cap definition compared to
entering a plain vanilla Cap. To start with, we have
to set Exotic Type > Ratchet. This makes the
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fields Spread and Limit appear in the Cap definition.
Finally, we need to set Spread and Limit.

% Cap - EUR,/RatchetCAP/031113-181113/4-0.25-10 -10] x|
File Miew Tools Special Help
M=o 2EEE |
= Inztrurment
10 IIELIFL-’FI atchetCAP/031113-18111344-0.25-10 Suggest I
— Detailz
Currency: IEUFH j Strike: |4 I.-'-‘«I:usnlute j
Start: |2003-11-13 |53 End: ENERIEER [ET
Wal Group: ILMM-Eap.f'FIn:u:r j Frice Find: | j
Categary: I ;l Huote Type: |F'n:t af Haminal j
Float Fief:  |EURIBOR-EM | Day Count: [4ct/360 -l
Pay Cal 1: ITarget j ~ Properties
[T Generic [T Exclude 1st
Fay Cal 2 I j
[T Long Stub [T Callable
Raling:  |Em 20181113 - .
Diigital Putable
Pay Difsst:  |0d |Mod. Following | -
[~ Fiz Period Resets...
E=atic type: IHatn:het j
Exercizes. | Break. .
Spread: ID,EE
Lirit: |10
[ | ] [ | exatic | | | | 4

Note that the Strike field in the Cap definition has
a different meaning in a Ratchet Cap than in a plain
vanilla Cap. In a Ratchet Cap it decides the initial
value on the strike.
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Sticky cap

A Sticky Cap is like a plain vanilla Cap except that
the strike is given by:

K - min{K, m}, =1
" \min{min{K;_,L;,_{} + X,m}, i>1.

In a Sticky Cap, the cap rate equals the previous
capped rate plus a spread. A limit is then set on the
strike level, above which a strike cannot be set.

Entering a Sticky Cap involves setting three
additional fields in the Cap definition compared to
entering a plain vanilla Cap. To start with, it is
necessary to set Exotic Type > Sticky. This makes
the fields Spread and Limit appear in the Cap
definition. Finally, we need to set Spread and Limit.

Note that the Strike field in the Cap definition has
a different meaning in a 'Sticky’ Cap than in a plain
vanilla Cap. In a 'Sticky’ Cap it decides the initial
value on the strike.
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% Cap - EUR/StickyCAP/030813-090813/3-0.5-7 - 10| x|
Eile Wew Tools Special Help
wHAEIENEEE]
— Instrument
10 |ELIFI£5 ticky CAPAOZ081 3-09081 343-0.5-7 Suggest I
— Detailz
Currency: IEUFI j Strike: |3 I.&I:uscllute j
Start; |2003-0813 | 327 End; |2009-0813 |6y
Float Ref.  [ELIRIBOR-EM | Dy Count:[4ct/360 =]
Pay Cal 1: ITarget j Froperties
_ [T Gererc [ Exclude 1st
Roling:  |Gm |2009-08-13
E=atic type: IStin::ky j
Spread: ||15
Lirit: |7

Calculate; I Thear Price j

Price Wl Strike|  -1.000 0.000 1.0001 Deftay| “ega| ImpWaol| ImpSte i
ooooo 16,58 3000 36709 37495 38209 158 7Fa0%8 0,00 0,000
1| | H
[ ] I I | I exatic | I I I 4
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Momentum cap

A Momentum Cap is like a plain vanilla Cap
except that the strike is given by:

min{K, m}, =1
K, =+ IIliIl{Ki_l + X, m}, [ > I,Li —b> L;_q
min{K;_y, m}, i>1,L,—b< L.

Entering a Momentum Cap involves setting four
additional fields in the Cap definition compared to
entering a plain vanilla Cap. To start with, we have
to set Exotic Type > Momentum. This makes the
fields Barrier, Spread and Limit appear in the Cap
definition. Finally, we need to set Barrier, Spread
and Limit.

Note that the Strike field in the Cap definition has
a different meaning in a Momentum Cap than in a
plain vanilla Cap. In a Momentum Cap it decides the
initial value on the strike.
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% Cap - EUR/MomentumCAP;031205-131205,4-6-0.25- ' - 10| x|

Eile Wew Tools Special Help

h e e ([ERE|

— Instrument

ID: I-ELIFH.-’M omenturnmCAP /031 205-131 205/4-6-0.25- Suggest I
— Detailz

Currency: IEUH j Strike: |4 I.&I:uscllute j

Stark: |2003-12.05 |50 End: |2013-12.08 | 10y

Float Ref.  [ELIRIBOR-EM | Dy Count:[4ct/360 =]

Pay Cal 1: ITarget j Froperties

_ [T Gererc [ Exclude 1st

Roling:  |Gm |201312.08

E=atic type: IMnmentum j

Barrier: IE

Spread: IELEE

Lirnit; |7

Calculate: IThenr Frice j
Price| ol Strike|  -1.000 0.000 1.0001 Deftay| Yega| Impyvol| Impstr LCC

00000 000 4000 00000 00000 0,0000 a0 00 000 0,000 0
4| | B
[ ] | =) | jexotic | | | | 4
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Flexi cap

Let a be a positive integer less than or equal to
the number of resets, i.e. 0 < a < n. A Flexi Cap
is like an ordinary Cap except that only the a first
in-the-money Caplets are exercised.

% Cap - EUR/FlexiCAP13;031205-131205/4 - 10| x|

File “iew Tools Special Help

s TELEED

— |ngtrument

IC: I-ELIFI.-’FIEHID'E-.P"I 03205131 205/4 Sugoest I
— Detailz

Currency: IEUFI j Strike: |4 I.-'-‘«I:uscllute j

Start: |2003-12.05 |50 End: |2013-12.08 | 10y

Float Ref.  [ELIRIBOR-EM | Day Count: [Act/360 4

Pay Cal 1: ITarget j Froperties

[T Gererc [T Exclude 1st

Falling: |Em 20131205

E=atic type: IFIEHI j

Exercizes: |13

Calzulate: IThenr Price j
Price| ‘ol Strike|  -1.000 0.000 1000 Deftay| “Yega| ImpWol] ImpStr FCC

00000 000 4,000 00000 00000 00000 00 op 000 0,000 0
1] | 2
[ I [ i | I exotic | I | I A4

Entering a Flexi Cap involves setting two
additional fields in the Cap definition compared to
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entering a plain vanilla Cap. To start with, we
have to set Exotic Type > Flexi. This makes the
field Exercises appear in the Cap definition, which
corresponds to the integer a seen above. Finally, we
need to set this field.
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Chooser cap

Let a be a positive integer less than or equal to
the number of resets, i.e. 0 < a < n. A chooser
Cap is like a Flexi Cap except that the contract holder
can choose which a Caplets to exercise. Once the
reset of a Caplet has taken place, it can no longer
be chosen.

This is how the LIBOR Market Model in FRONT
ARENA values a chooser Cap. Of course, it includes
all the chosen Caplets. Suppose that ¢ Caplets have
been chosen, and that ¢ < a < n. This means that
there are still a — ¢ Caplets that can be chosen. In
this case it picks a — ¢, or as many as possible but
no more than a — ¢, of the remaining Caplets with
highest present value. In other words, it employs an
optimal strategy for the remaining of the Cap.

Initially, entering a chooser Cap involves setting
two additional fields in the Cap definition compared
to entering a plain vanilla Cap. To start with, we have
to set Exotic Type > Chooser. This makes the
field Exercises appear in the Cap definition, which
corresponds to the integer a seen above. Finally, we
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need to set this field.

During the life of the chooser Cap we must
choose which of the a Caplets to exercise. We
choose a Caplet by entering a non-zero value in the
record fixed_time of the database table CashFlow.

% Cap - EUR/ChooserCAP13,/031205-131205/4 ' o [=] S

File Miew Tools Special Help

N o a(EEE]

— Ingtrument

ID: [FUR/ChonseiCAP13/031205-131205/4 Suggest |
— Dietails

Currency: IEUFH j Strike: |4 I.-'-‘«I:usnlute ;I

Start: |2003-12-05 |5l End: |2013-12.05 | [0y

Float Ref.  |ELIRIBOR-6M | Day Count: |Act/360 =l

PayCall: ITarget j Froperties

[T Gereric [ Exclude 1st

Raling:  |Em |201312.08

E=atiz type: IEhnnser j

Exercizes: |13

Calculate: IThenr Frice j
Price| ol Strike|  -1.000 0.000 1.0001 Deftay| Yega| Impyvol| Impstr LCC

00000 000 4000 00000 00000 0,0000 a0 00 000 0,000 0
4| | B
[ | ] i | jexatic | | | | 4

Now we have defined the chooser Cap. Let us
take a look at the Tools > Cash Flow Table when
we have not chosen any Caplet to exercise.
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B Cashflow Table - EUR/ChooserCAP13,/031205-131205/4 -10] =]
File Edit VYiew Tools Special Help
| g
=u[E=E
Mame : IEUH.-"EhDDSBrDﬁ.F"I 3031205131 208/4
— Cashflows
iT\,n'pe | Motminal !Star‘t Day End Dary l Days EF‘a\; Dy Strike! Fnrwl Exclude! \-"Dll ProjE P af

Caplet 1 000 000,00 |2003-12-05 2004-06-07 185 2004-06-07 4 000000 22310 Mo 1381 000 000
Caplet 1 000 000,00 | 2004-06-07 20041 2-06 182 2004-12-06 4000000 21670 Mol 1361 000 000
Caplet 1 000 000,00 | 2004-12-06 2005-06-06 182 2005-06-06 4000000 21090 Mol 1361 000 000
Caplet 1 000 000,00 | 2005-06-06 2005-12-05 182 2005-12-05 4000000 2223 Mol 1361 000 000
Caplet 1 000 000,00 | 2005-12-05 2006-06-05 1582  2006-06-05 4 000000 25369 Mol 1415 000 000
Caplet 1 000 000,00 | 2006-06-05 2006-12-05 183 2006-12-05 4000000 33076 Mo| 1509 000 000
Caplet 1 000 000,00 | 2006-12-05 2007-06-05 1582 2007-06-05 4000000 | 35303 Mo| 1508 000 000
Caplet 1 000 000,00 | 2007-06-05 20071205 183 2007-12-05 4000000 358679 Mol 1511 000 000
Caplet 1 000 000,00 | 2007-12-05 20053-06-05 183 20053-06-05 4000000 41342 Mol 1555 0,00 000
Caplet 1 000 000,00 | 2008-06-05 200531205 183 2005-12-05 4000000 4 3365 Mol 1593 000 000
Caplet 4 000 000,00 | 2008-12-05 2009-06-05 182 2009-06-05 4 000000 44593 Mo| 1642 000 000
Caplet 1 000 000,00 | 2009-06-05 2009-12-07 185 2009-12-07 4000000 4 6465 Mo| 1651 000 000
Caplet 1 000 000,00 | 2009-12-07 20M0-08-07 1582 201 0-06-07 4000000 45135 Mol| 1657 000 000
Caplet 1 000 000,00 |2010-06-07 2M0-12-08 182 20101 2-068 4 000000 49717 Mo 1694 000 0,00
Caplet 1 000 000,00 | 201 0-12-06 2011 -06-06 182 2011-06-06 4000000 50372 Mol 17,00 000 000
Caplet 1 000 000,00 | 2011-06-06 20011205 182 20011205 4000000 51629 Mol 1704 000 000
Caplet 1 000 000,00 |2011-12-05 201 2-06-05 183 201 2-06-05 4000000 52493 Mol 1652 000 000
Caplet 1 000 000,00 201 2-06-05 201 2-12-05 183 201 2-12-05 4000000 53127 Mo| 1680 000 000
Caplet 1 000 000,00 2012-12-05 201 3-06-05 1582 201 3-06-05 4000000 53310 Mo| 1637 0,00 U,UU_
Caplet 1 000 000,00 201 3-06-05 201 3-12-05 183 201 3-12-05 4000000 | 5 3365 Mo| 1615 000 000 vI

~Reseatz

What is interesting is the PV column. We see
that the second Caplet is worth 0 although it has a
Pay Day in the future. This is because we have not
chosen to exercise this Caplet. We will return to this
example in the lecture about ARENA SQL.
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Example: Bermudan call swaption

Bermudan Swaptions are defined in the Option
application by selecting the Type > Bermudan. The
exercise dates are entered in the Exercise Events
dialog accessed by clicking the Exercises. .. button.
This is illustrated in the following figure:

% Option - EUR /BermudanSwaption/Receiver = |I:I|E|

File “ew Tools Special Help

Ne|e|m[EEE)

— Instument
IC: EUR /Bermudans waption/R eceiver Suggest |
Und Ing: EUR/ARSAN20827-070827/5.5 j |5wap j
— Details
Currency:  |EUR _ﬂ Huote Type: |Pct of Mominal i
Expin: 2007-02-23  [1003d Pay Type:  |Spot ~|
Type: Bermudan j IFIEn:Eiver j Caontr Size: |1 000 000
Strike: a4 Abzolute j - Properties
Settle Daps: |2 Cazh j o | eeeis
i Ewercizes..” i
Calculate: IThenr Price j Urnd Price : | Market j

Price | UncFuwed Wil Strike|  -1.000 0.000 1.0001 Deltay| “ega| Imps
0, 0000 1878 2256 3,000 16737 1590/ 3474 o0

< | B
[ | || lexerdse | | | | | | 4
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Before proceeding, the underlying instrument
must be selected. In this example the instrument
EUR/IRS/020827-070827/5.5 has been chosen.
The next step is to enter the relevant exercise dates
and strike rates. Click the Exercises... button to
display the Exercise Events window:

ExerciseEvents i

— Exercize Events
Type |Start Day Exp Dy Settle Day Motice Day Strike Text Add...

"~ cal PO0B-02-23  |2006-02-27 | ' I e |
Call 2006-08-24 | 2006-08-25 3,000000
Call 2007-02-23 | 2007-02-27 3,000000 Remove |
Call 2003-08-22 | 2003-08-26 3,000000 EE |

Call 2003-02-25 2003-02-27 3,000000
Call 2004-02-25 2004-02-27 3,000000 ﬂl
Call 2004-05-23 2004-05-27 3,000000
Call 2005-02-24 2005-02-28 3,000000
Call 200:3-05-23 2003-05-29 3,000000

LClogze

The underlying swap has the following details:
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% Swap - EUR/IRS/020827-070827/5.5 =10O] x|
File AMiew Tools Special Help
Nw | |2[EEE|Q|
1D IEUH#IHS#DEDBE?-D?DBE?#E.E Sugagest ||_ Generc
Start: IEEIEIE-EIEI-E? I-EEEI:I rield Curye: Im Trade Mo I
End: IEEIEI?-EIEI-E? |5_'.J Fay/Receive: m Status: IFEI Canfirmed j
— Receive — Pay
Fised/Float:  |Fixed | | Fised/Float:  [Float ]
Cumency: IEUH j Clmeney IEUH j
Morminal: |1 000 qaa Mominal: |1 000 Do
Fixed Fate: |5,5 Fized Fate: IEI
FloatRef. | 7| | FleatRet:  [EURIBOR-EM ]
Spread: Il:l Spread: IEI
Ll avcaunt: IEDHEED j Dates... | Ll avcaunt: I.-'-‘-.I::t.-"EEEI j Dates... |
Foling: [12m |2007-08-27 Folling; | |2007-08-27
Eampoumding Il:ld INune j Caompounding: Il:ld ISingIE j
Pay Offset:  |Od |Mod Following =] || PapOffset:  |0d |Mod. Following 7|
P ID P ID

Counterparty: IEnmmerzhank Franlj | Fortfalio:

[IRa00 =] Simte | Save New |

[] | |

ladd info |
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Exercises

@ Calculate the theoretical price of the ratchet floor
with the following parameters

% Floor - EUR/RatchetFloor/031205-061205/4-0.5-3 - 10| x|

Ele Mew Tools Special Help

@ |H2E=EE |

= Instrument
D [ELI R /R atchetFloor/031 205-061 205,/4-0.5-3 Suggest |
— Details
Currency: IEUH j Shike: |4 Ir-‘-.bsnlute j
Start: |2003-12.05 | |50 End |2006-1205 |3
Flaat Ref.  [EURIBOR-EM | Day Count: |Act/360 |
Pay Cal 1: INEW“r’n:urk j Froperties
_ [T Gererc W Exclude 1st
Raling:  [6m |2006-12:05
E =otic type: IHatn:het j
Spread: ||15
Lirit: E
[ ] I I | I exotic | Y

using the LIBOR market model.

@ Calculate the theoretical price of the sticky cap
with the following parameters
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% Cap - EUR/StickyCAP/031113-061113/4-0.25-6 = |0] x|
File Miew Tools Special Help
Ne |6 |2EES |
= Ingtument
|0 I-ELlFI.-"Stick_I,IE.-'-‘-.F'.f'DE'I 113-0671113/4-0 25-F Suggest |
— Dietailz
Currency: IEUH j Shiike: |4 I;‘-‘-.I:usnlute j
Start, [2003-11-13 | |-261d End: [2006-1113 [y
Float Ref:  [EURIEOR-EM | Day Count: | Act/360 -l
Pay Cal 1: ITarget j Properties
[T Generc [ Exclude 1st
Raling:  [Bm |2006-11-13
Exotic type: IStin:k_l,l j
Spread: ||125
Lirvit E
[ ] | [ I | | exotic Y.

using the LIBOR market model.

@ Calculate the theoretical price of the flexi cap with
the following parameters
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% Cap - EUR,/FlexiCAP4,/030513-070514,/3.00 = 10| x|
Ele Mew Tools Special Help
= | 2E=EE |
— lngtrurment
|0 [ELI R/FlexiCAP4/030513-070514./3.00 Suggest |
— Details
Currency: IEUH jStrike: |3 Ir-‘-.l:usnlute j
Start: |2003-0513 | | -384d End: |2007-0514 |4,
Flaat Ref.  [EURIBOR-EM | Day Count: |Act/360 =l
PauCal1:  |Frankfurt w | [~ Properties
a_'.'- : I — J’VI_ Gerenc v Exclude 1st
Roling: ~ |Em |2007-05-13
E =otic type: |F|E.':-:i j
Exercises: |4
[ ] | ) | exotic 4
using the LIBOR market model.
@ The underlying swap has the following details:
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% Swap - EUR/IRS/020827-070827/5.5 10| x|
Eile Miew Tools Special Help
e H2[EEE|Q|
[D: IEUH#IHS#DEDBE?-D?DEE?#E.E Sugagest ||- Generc
Start: IEEIEIE-EIB-E? I-EEEd Tield Curve: Im Trade Mo: I
End: IEEIEI?-EIB-E? |5_'.J Fay/Receive: m Status: IFEI Canfirmed j
— Receive — Pay
Fised/Float:  |Fixed | || Fixed/Float:  [Float =
Cumency: IEUH j Clmency: IEUH j
Mominal: |1 000 aaag Mominal: |1 000 oo
Fixed Rate: |5,5 Fized Fate: IEI
FloatRef. | 1 | FloatRet.  |EURIBOR-EM =]
Spread: Il:l Spread: IEI
Dravcalnt: IEDHEED j Dates... | Ll avcaunt: I.-'-‘-.I::ta’EED j Dates... |
Roling: [12m |2007-08-27 Folling: | |2007-08-27
Campoumding Il:ld INune j Caompounding: Il:ld ISingIe j
Pay Offset:  |Od [Mod Following =] || PapOffset;  |0d |Mod. Following =
FAd: ID P ID
Counterparty: IEnmmerzbank Franlj _I Fartfalio: Im Sirmulate | Sawve Mew |

[ |

e | I addinfo | | I

The corresponding Bermudan swaption has the
following parameters
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#% Option - EUR/BermudanSwaption/Payer -0l x|
File Wiew Tools Special Help
e |H2[=5E S |
— lhztrurnent
IC: EUR /Bermudanswaption,Payer Suggest |
Und Ins: EURARS /020827-070827/5.5 j ISwap j
— Detaills
Currency:  |ELR j Quote Type: | Pet of Maminal j
E iy 20070823 10094 Pap Type: | Spot ~|
Type: Bermudan j IF'a_I,Ier j Contr Size: |1 000000
Strike: ] Abzalute ~ | [~ Properties
v OTC Gener
Settle Days: |2 Cazh j o LS
i Ewerciges.,.t
0 = I 2

and the following exercise dates:
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=
— Show
v E %[ Break Events

— Exercize Events
IT'fpe |9tart Dy IExp Day Settle Day Motice Day | Strike IText | Add.
Put 2005-02-24 | 2005-02-25 5,000000 W |
Put 2005-08-25 | 2005-05-29 3,000000
Put 2006-02-23 | 2008-02-27 3,000000 Remaye |
Put 2006-03-24 | 2006-05-25 3,000000 Ry |
Put 2003-03-25 | 2003-05-27 3,000000
Put 2004-02-25 | 2004-02-27 3,000000 ﬂl
Put 2003-02-25 | 2003-02-27 3,000000
Put 2007-02-23 | 2007-02-27 5,000000
Put 2004-08-25 | 2004-05-27 5,000000

Cloze

Calculate the theoretical price of the swaption,
using the LIBOR market model.
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