
Corso di Alta Formazione in Finanza Matematica - Bologna, 10 febbraio 2005

PRICING & HEDGING
INTEREST RATE 
DERIVATIVES

Marco Bianchetti 
Financial Engineering – Derivatives Modelling
marco.bianchetti@caboto.it



Corso di Alta Formazione in Finanza Matematica - Bologna, 10 febbraio 2005 p. 2

Summary

Definition of the business problem
Example: “Schermo Totale”

One model
Basic assumptions
Solution in closed form
Calibration

Results
Forward curve & pricing
Greek letters & bookeeping

From theory to trading
The process & the characters
Organisation
Computing
Platforms, technologies, architectures

References

Some Some math will math will be be necessarynecessary......



Corso di Alta Formazione in Finanza Matematica - Bologna, 10 febbraio 2005 p. 3

Definition of the business problem
A) Example: “Schermo Totale” - termsheet

DealDeal characteristicscharacteristics:
start: 30 Jan. 2003
maturity: 30 Jan. 2006 (3Y)
nominal: 2 x 108 €
underlying CPI: HICP unrevised (Bloomberg: CPALEMU)
reference CPI fixing : Oct. 2003

CounterpartyCounterparty A A pays pays to to counterpartycounterparty BB:
upfront: XXX % (unknown to be determined)
I coupon: 3.5% (% annual, act/act, unadj.)
II+III coupon: 0.80% + MAX[0%; 100% x (HICPf / HICPi-1)] (idem)

CounterpartyCounterparty B B pays pays to to counterpartycounterparty AA:
Euribor 3M + 24 bps (% quarterly, act/360, adj.)

Payoff =Payoff = Plain vanillaPlain vanilla swap + inflationswap + inflation--linkedlinked swap + opzioneswap + opzione

“Structuration”:
creare strumenti complessi

a partire da “mattoni” semplici

Here is Here is 
the income...the income...

……and here and here 
is the risk!is the risk!



Corso di Alta Formazione in Finanza Matematica - Bologna, 10 febbraio 2005 p. 4

Definition of the business problem
B) “Schermo Totale” - inflation-linked cashflows

InflationInflation--linked cashflowslinked cashflows

maturity cashflows:

30 Jan. 2005:

30 Jan. 2006:

04
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1 0oct.

oct.
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/ / Xd E  E optionX

( ) [ ]30 01 06 30 01 0605

04
30 01 06 1⎧ ⎫⎡ ⎤× − +⎨ ⎬⎢ ⎥⎣ ⎦⎩ ⎭
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/ / Xd E  E optionX

Expected value Expected value

Expected cashflows at settlement date (NPV):

30 Jan. 2005:

30 Jan. 2006:

Now Now 
we need we need 
aa modelmodel!!
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One model
A) Basic assumptions

Assumptions on the underlying CPI Xt: HICP INFLATION INDEX

104,0

105,0

106,0

107,0

108,0

109,0

110,0

111,0

112,0

ge
n-

00

m
ar

-0
0

m
ag

-0
0

lu
g-

00

se
t-0

0

no
v-

00

ge
n-

01

m
ar

-0
1

m
ag

-0
1

lu
g-

01

se
t-0

1

no
v-

01

ge
n-

02

m
ar

-0
2

m
ag

-0
2

lu
g-

02

se
t-0

2( ) ( )t
t t t

t

dY t dt t dW ,   Y X
Y δµ σ −= + =

( )
( ) ( )

1t
t

d T
E

B t B T
⎡ ⎤

= ⎢ ⎥
⎢ ⎥⎣ ⎦

( )t t tdr t r dt dWκ ϑ ξ⎡ ⎤= − +⎣ ⎦

unknown

drift volatility

Assumptions on the interest rate rt:

∃ a bankbank accountaccount B(t), a 
spot MartingaleMartingale measuremeasure and a 
short rateshort rate rt s.t. ∀ T>t , ∀ δc>δ:

brownian motion

brownian motion
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short rate

forward contract

HullHull--WhiteWhite diffusion dynamic:

BSBS--typetype diffusion dynamic:

nonnon--tradabletradable
monthlymonthly fixing with laglag δ
stochastic continuous stochastic continuous process

volatilitymean reversion

Exp. value at t
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One model
B) Solution in closed form

from spot to 
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Convexity adjustment, 
dipends on volatility only

N stochastic factors

Last published fixing, knownZero coupon Zero coupon price:

Forward YoY coupon Forward YoY coupon price: 

Call/put Call/put option price:
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One model
C) Calibration [1]

1st step: short rate calibration: 
nominal nominal mkt ratesmkt rates [rmkt → θ]
nominalnominal mkt cap/floor mkt cap/floor volsvols [σcap/floor → κ, ξ] OutputOutput: 

short rate 
mean reversion 

& 
volatility 

(H.W.)
+

CPI drift 
& 

volatility 
(B.S.)

2nd step: CPI volatility calibration: 
mkt YoY inflation ratesmkt YoY inflation rates [RYoY → σ(t)]

3rd step: CPI drift calibration: 
mkt ZC inflation ratesmkt ZC inflation rates [RZC → µ(t)]

Bootstrapping!Bootstrapping!
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One model
D) Calibration [2]

Fig. 1: CPI Seasonality
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Maturity
Strike

Inflation Cap/Floor Volatility 2.30%-2.50%

2.10%-2.30%

1.90%-2.10%

1.70%-1.90%

1.50%-1.70%

1.30%-1.50%

1.10%-1.30%

0.90%-1.10%

0.70%-0.90%

0.50%-0.70%

Forecast CPI (Econ. Dept.):
short term curve short term curve (1M(1M--12M)12M)

Seasonality Seasonality effects 

Mkt inflation cap/floor calibration:
“two regimes” market -> 
two two factor modelfactor model
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Results
A) Forward curve & pricing

Inflation forward
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Expected values at 
settlement date

Once theOnce the modelmodel
is defined is defined 

and calibrated, and calibrated, 
we are able we are able 
toto calculatecalculate

expected valuesexpected values

NoNo
seasonalityseasonality!!

YesYes
seasonalityseasonality!!
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Results
B) Greek letters & bookeeping

Inflation delta (double):
ZC ZC ZC
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Node Maturity ZC swap 
curve

YoY swap 
curve

1M 12/01/04 0 0
2M 11/02/04 0 0
3M 11/03/04 97 0
4M 13/04/04 1,486 -1,407
5M 11/05/04 3,456 -3,168
6M 11/06/04 10,056 -5,337
7M 12/07/04 8,541 -7,635
8M 11/08/04 16,278 -9,996
9M 13/09/04 12,305 -12,613

10M 11/10/04 15,390 -14,870
11M 11/11/04 16,833 -17,401
12M 13/12/04 -- -19,985
1Y 13/12/04 19,321 --
2Y 12/12/05 -12,793 -43
3Y 11/12/06 1,706 -376
4Y 11/12/07 -4,945 -764
5Y 11/12/08 776 -1,161
6Y 11/12/09 1,197 -1,553
7Y 13/12/10 -7,407 -1,934
8Y 12/12/11 9,148 -2,299

Nominal delta:

Nominal cap/floor vega: ...

Theta (time value): ...

Expected Vs realizedExpected Vs realized P&LP&L
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Results
C) Expected Vs realised portfolio P&L

RealisedRealised profit & loss:  
ExpectedExpected profit & loss:

Exp. inflation P&L:

Total Total expected expected P&LP&L
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ZC YoY

1 1
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∂∑

+ Exp. Vega P&L + exp. theta P&L + ...

       real real
f i f iNPV NPV NPV t t∆ = − >
expexp         i f ifNPV NPV NPV t t∆ = − >
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From theory to trading
A) The process &………………………...the characters

Map business into equations
Scan literature
Build a model
Software implementation
Prototypes release & test
Documentation

Financial Engineering, Front Office, Economic Dept., Risk Management,
Financial Control, Back Office, IT, Organisation, Management (CNP)

Software engineering on target platform
Documentation
User training & help desk
Market Market evolutionevolution......

Keyword:Keyword:
time to markettime to market

Keyword:Keyword:
industrial standardsindustrial standards
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From theory to trading
B) Organisation

Export del file di 
testo contenente
NPV

Import sulla tabella
ExternalMarketVal
ue di Kondor+.

F.O.

FinCon

Il FinCon. salva la curva di 
rivalutazione e copia i dati 
sull’inflazione inseriti da FO sul 
suo  sistema Applix, spuntandoli 
con quelli del broker.

Entro la mattina successiva 
lancia la procedura di 
rivalutazione aprendo i book 
sul proprio sistema
Applix/CTS++

Fig. 1: Inflation To Be

Il Fin.Con. copia sul proprio 
sistema Applix/CTS++ 
l’operazione comunicata dal 
F.O. 

A fine giornata il F.O. inserisce 
su Kondor+ le operazioni.

Import del file su
CORINTO

Alimentazione 
linee di credito 
su Kreditnet

Il broker comunica via 
mail i dati di mercato 
sugli strumenti quotati
sulll’inflazione

Il F.O invia una e-mail con un 
file che riporta l’operazione 
inserita su Applix

Attivazione della procedura di 
produzione ed export dei file 
contenente i MtM delle op.

Il F.O prezza sul proprio Applix
le nuove operazioni.

Il B.O. riceve la fiche 
cartacea che descrive 
l’operazione e la 
imputa in SMD B.O.

Applicazioni
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From theory to trading
C) Computing

Problem: performancesperformances
Solutions: 

improve the model
optimise the sw
empower the hw
ImproveImprove computing computing technologytechnology

GridGrid computing =computing = distributeddistributed computing +computing + parallelparallel computingcomputing

Server
task manager

Client 1
Job 1

Client N
Job N

Engine 1
Task 1

Engine M
Task M

Client 2
Job 2

Engine 2
Task 2

GRIDGRID
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From theory to trading
D) Platforms, technologies & ...

Spreadsheet/CSpreadsheet/C++++ developmentdevelopment:
flexible as prototype
poor performance and stability scaling
high operational risk
not supported

Integration Integration with standard with standard platformsplatforms (STP)(STP):
STP (weak, strong…)
supported (consultants)
rigid & expensive

In In house development of proprietary platformshouse development of proprietary platforms:
in house development
flessibile for product innovation
expensive

Technological issues Technological issues 
mustmust not be not be 

underestimatedunderestimated......
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From theory to trading
E) … architectures

Client Client -- server server architecturesarchitectures:

Data 
contributor

Business Logic
Pricing Server

HTTP server

Application server

EJB Engine

Client (GUI)
Data entry Production

DB server

Real Time
Market Data
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