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Some math will be necessary...
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A) Example: “Schermo Totale” - termsheet

B Deal characteristics:
[0 start: 30 Jan. 2003
OO0 maturity: 30 Jan. 2006 (3Y)
0 nominal: 2 x108€
0 underlying CPI: HICP unrevised (Bloomberg: CPALEMU)

0 reference CPI fixing : Oct. 2003 Here is T
B Counterparty A pays to counterparty B: the Income.. ~

O upfront: XXX % (unknown to be determined) 'i'éi?‘cé ??srlf!
0 | coupon: 3.5% (% annual, act/act, unadj.) —

\

O 1+l coupon: 0.80% + MAX[0%; 100% x (HICP;/ HICP;-1)] (idem)

2

D

B Counterparty B pays to counterparty A: “Structuration”:

O Euribor 3M + 24 bps (% quarterly, act/360, adj.) |  Puilding up tailor made
financial instruments

with “simple” bricks

Payoff = Plain vanilla swap + inflation-linked swap + opzione
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Definition of the business problem
B) “Schermo Totale” - inflation-linked cashflows

Inflation-linked cashflows

B maturity cashflows:
0 30 Jan. 2005: Max[xoct-% —1;0}
oct.03

O 30 Jan. 2006: Max[xoct-% —1;0}
oct.04

B Expected cashflows at settlement date (NPV):

O 30 Jan. 2005:

[S—

d

settl

~
~
~

Now
we need
a model!

<

v Erotros | X = D
.. (307011057 {Eﬁgfﬁm { O“'O‘/(Oa . 1} +Equ [Opt'Oﬂ]}

O 30 Jan. 2006:

(30/0%108)x By | Xowirfl 1] -2 option]|

nNN

Caboto

Problemi di matematica dagli istituti finanziari - Bologna, 22 febbraio 2006

p. 4




One model
A) Basic assumptions

N Assumptions on the Underlying CPI XtZ :0 HICP INFLATION INDEX
O non-tradable

monthly fixing with lag &
stochastic continuous process
BS-type diffusion dynamic:

ﬁ = Iu(t)dt+0'(t)dwta Yt = Xt—5

t | drift | | volatility | | brownian motion

OO0 0

Exp. value at t ﬂiat/eJ_

d(T) _=] 1 r
00 3 abank account B(t), a B(t) E, ﬁ_ exp L rudU

spot Martingale measure and a
g . P.(T.5.)=B(1)E, exp

r.du|X
shortrater, s.t. V T>t, V §.>0: T- 5c

00 Hull-White diffusion dynamic: dr =K[9(t)—r dt + £dW

B Assumptions on the interest rate r;:

t
= ml=
mean reversion volatility brownian motion
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One model
B) Solution in closed form

N stochastic factors

=
-
sl

®m from spot to dy, N
—_— = t dt+ t dW y thT:th & B(tT)dt
T-forward measure: 1Y, H ( ) G( ) ! reBT)
4 (1) = p(t)=Eo (1)B(LT).
; . End fixing, unknown Last published fixing, known
W Zero coupon price: L XVJ o
T _ # (u)du
P.(T.5,)=d(T) ~E [XT_5C]—1 :Dt(T){Xta ol _1]
t_ﬁcﬁ Start fixing, known =
B Forward YoY coupon price: Start & end fixing, unknown Convexity adjustment,
V dipends on volatility only
T T-5, Pt(T’5 )DM(STé )
P.(S,T.6,)=d, (T)E] c—1| =d,(T) c g C(STo0) _q
S-4, Pt(S’gc)Dt(T)
W Call/put option price: Pt(T,5C,K,;()=dt(T)Max_;((XT_5 ,K);O]:... (7 =1)
® Floored YoY coupon price: P.(S,T.,5,,K) =d, (T)Max im _lK:lz"'
S-4,
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One model
C) Calibration [1]

M 1st step: short rate calibration:
O nominal mkt rates [r,. — 6]
O nominal mkt cap/floor vols [6.,pf00r = K, &]
B 2nd step: CPI volatility calibration:
O mkt YoY inflation rates [Ry,, — o()]
B 3rd step: CPI drift calibration:
O mkt ZC inflation rates [R,. — pu(t)]

HICP EU all items

Mkt ZC Swap rates MKt YoY Swap Rates

Bagiz CPI

Node

L= rr——

PR S B =R B B
P o = — "
g R R RN TN AT VR

L M
=
[XR.Y)
= o

=

Market Rates Zero Rates
Instrument | E. Bid Ask Date Bid Ask Mid |

Depo 00205 2.10382% 2.15461%  2.12017%)

ME EURCND= 100205 12500 17500 110306 | 290376%  2.15446%  2.12010%)
ME EURSND= 110205 207500 2.12500 170205 | 20940%  215407%  2.12879%)
MEB EURSWD= 170205 207600 212500 10/305 | 210212%  21S2T4% 212743%)
ME EURIMD=  10/0305 207500 2.12500 BM30G | 2.10744%  2.15804%  2.13274%)
ME EURZMD= 110405 210500 2.15500 1560 | 2.3985%  2.18992%  2.16450%)
VB EURSMD= 10055 211500 216500 210005 | 2.18426% 203463% 220047
ME EURSMD=  10/02/05 218500 220500 o1/12005 | 223752% 20870M%  £.0E273%]
Fix 15/m3ME | 220603% 2E4E46%  232124%)

= ~ 0.00000 000000 210608 | 236189 2.41229%  2.30709%]
Future 200306 | 2.42375% 2474145 2445645

ME EURFUTI= 160305 2.12750 217740 20/12008| 248357 263436%  2.50906%]
MB EURFUTZ= 1508105 221750 226750 2UDINT| 25405% 25BHT%  2.56924%]
VB EURFUT3= 210805 234250 239250 1imzos | 271487 2.76332%  2.73805%)
MB EURFUT4= 2142005 243750 263760 10208 | 287057 281830% 253433%)
ME EURFUTS= 150308 2.60250 265250 1020 | 2.01027%  S05004%  3.03466%)
MB EURFUTE= 2106106 273250 278250 1001 | 3.93619%  3.18490% 316057
ME EURFUTT= 200308 284250 283250 1Mz | 325113%  2.20003% 3275500
MB EURFUTS= 2011208 206250 301260 /2013 | 335486% 340382%  5.37904%)
we EurFuTe- ewosnr ] 10/02A14 | B44T20%  D49ER5T  T4T17I%|
Swap 10/02/15 | 352753% 357667 355210%]

ME EURSYS= 110208 274400 279400 102116 | 350530% G.EA4E1%  5.62000%)
ME EUR4YS= 100200 290100 295100 10mENT | 3.65188% S.T0116%  S.6TERI%|
ME EURSYS= 100210 2.03800 308800 T2mzne | 369919 3.74402%  3.71906%)
ME EURSYS= 100211 316000 321000 1213 | 373067 3.78870%  3.78408%)
MB EUR7YS= 100212 237000 332000 10/M3/20 | 3.7B476% 383426% S.80957%)
MB EURSYS= 110213 236900 3.41800 10/mz21 | 3.81084% 86017 383541%)
B EURSYS=  10D2/14 345500 350500 1omeez | 3.e3805% a8e7ER%  3.86285%)
ME EURIDYS=  10/02/15 352000 367800 10/M22E | 3AEEGTHR 3A1602%  5.53120%)
ME EUR11YS= 100216 259100 3.£4100 13/M24 | 380575% IBMG4TE  3.OR061%|
MB EUR1ZYS= 100217 2.64300 369300 0/mzes | 3.90SeRY  3S7S09E  3.95019%)
ME EUR1SYS= 100220 376100 381100 10226 | 3807245 2.8ATOTR 3.98016%)
MB EUR20YS= 100225 288200 383200 0MET | 3.CMEB4%  3EUBEN%  S.O7T4TTH
ME EURZSYS= 110280 284000 3.99000 10/mzE | 3.96306% 4012%6%  3.99800%)
ME EURSDYS= 120235 396000 401000 12/M2/28 | 307545 4D2EATH  4.00151%)
ME EUR40YS= 100245 386100 403100 /0230 | 3.00000%  404000%  4.01501%)

Bootstrapping!

Qutput:

short rate

mean reversion

&
volatility
(H.W.)

-

CPI drift
&
volatility
(B.S.)
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One model
D) Calibration [2]

B Forecast CPI (Econ. Dept.): Fig. 1: CPI Seasonality |~ HICP extob

O short term curve (1M-12M) e Monthly Inflation

116.0 e S 060%
1155 @
115.0 / = 2 s I
: 114.5 + el <
B Seasonality effects 2 1iao | \ / :: /\/ { 0.20% £
= 1135 - A\ 1 0nnon E
o — e $ 1 000% =
Inflation Cap/Floor Volatility B230%-250%| | © 113.0 + =
W 2.10%-2.30% 1125 + +-0.20% <
01.90%-2.10% 112.0 + =

00.90%-1.10%
@ 0.70%-0.90%
0 0.50%-0.70%

B 1.70%-1.90% 111.5 | ‘ — = -0.40%
. @ 1.50%-1.70% «Q"ao’& «vigv \’Qb( \,Qb‘ Ng \\;Qb‘ N o& \,Qu \,Qu 4&
2.50% L7 B 1.30%-1.50% S Vg TR 6&% S N S X
: A 01.10%-1.30%
~

B Mkt inflation cap/floor calibration:
450 “two regimes” market ->
two factor model

3Y

0.00 .
) > Strike
Maturity — w

7Y
9Y
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Results

A) Forward curve

& pricing

forward (%, annual)

Inflation forward

2.5%
R o
2.3% — -
\\
2.1% N, No

oy [V

seasonality!

Yes
seasonality!

=

Expected values at
settlement date

N[
Lo \/ o ——
1.5% I I I I I
™ < 0 © N~ © o o
Q Q@ Q@ Q Q@ Q Q -
5] 3] 5] 3] 5] 5] 3] 5]
@) @) @) @) @) @) O @)
fixing date
30/01/05 | Xoet oa 30/01/05 [~ ~gi mpn ]
Esettl ¢ A - 1|+ Esettl _Opthn_
| Oct.03
30/01/06 | Xoet o5 30/01/06 [~ i mpn ]
Esettl ¢ A - 1]+ Esettl _Opthn_
Oct.04

Once the model
Is defined
and calibrated,
we are able
to calculate
expected values
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Results .

nr

B) Greek letters * Zo'n & bookeeping
N
B Inflation delta (double): NPV :Z NPV da, +8NPV OHa — YoY
dRf® 45| 0o, ORFC  Ou, ORSC
® Nominal delta; Node | Maturity | £ SaP /| YOY Swap
dNPV _ NPV | ONPV ok NPV ag}r 12/01/04 0
= 11/02/04 0
dr, or; ok o, o o, 11/03/04 0
_ - 13/04/04 -1,407
ONPV y oo, N oo, oK N oo, 8§J+ 11/05/04 3,168
11/06/04 -5,337
. s | O, or; ok or,  0& o 12/07/04 7,635
11/08/04 -9,996
a=1| ONPV y ou,, N ou, ok N ou, o0& ] 13/09/04 112,613
11/10/04 -14,870
| Oty or; ok o 95 o 11/11/04 17,401
13/12/04 -19,985
- _ 13/12/04 -
® Nominal cap/floor vega: ... Lo/19/05 43
11/12/06 -376
- : 11/12/07 -764
B Theta (time value): ... —— 1/19/08 1161
_ 11/12/09 -1,553
Expected Vs realized P&L 13/12/10 Pl
12/12/11 -2,299
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Results
C) Expected Vs realised portfolio P&L

B Realised profit & loss: ANPV ™ =NPV[® —NPV,  t; >t,
W Expected profit & loss: ANPV ®® =NPV ™ — NPV, ty >t

NR
Exp. inflation P&L: ANpY = S NPV AR; =Z aNFZ)X ARFC + NPV AR;®Y
o OR, 5| oR oR;*"
U, ANPV
+ Exp. nominal P&L: ANPV =) A, Af = A
k=1 k
+ EXp. Vega P&L + exp. theta P&L + ...
| |
Total expected P&L
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From theory to trading SRt Qi
A) The process &..........covevvviiiinnnnnn, the characters Pi#E€s % 4:G

Map business into equations

Scan literature

: Keyword:
Build a model time to market
Software implementation

Prototypes release & test
Documentation

Software engineering on target platform
Documentation
User training & help desk

Market evolution...
Keyword:
industrial standards

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

=
i
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From theory to trading
B) Organisation

Fig. 1: Inflation To Be

A\ 4

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

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

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

\ 4

!

| F.O invia una e-mail con un
file che riporta I operazione
inserita su Applix

F.O.

NN

y

I Fin.Con. copia sul proprio
sistema Applix/CTS++
L’%)erazmne comunicata dal

y

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.

11 B.O. riceve la fiche
cartacea_che descrive

A\ 4

I’operazione e la
imputa in SMD

B.O.

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

\ 4

Attivazione della procedura di
produzione ed export dei file

Export del file di
testo contenente
NP

contenente i MtM delle op.

Applicazioni

Alimentazione
linee di credito
su Kreditnet

Import sulla tabella
ExternalMarketVal
ue di Kondor+.

A\ 4

\4

Ing)ort del file su
CORINTO
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From theory to trading
C) Computing

B Problem: performances

B Solutions:
0 improve the model
[0 optimise the sw
0 empower the hw
O Improve computing technology

Grid computing = distributed computing + parallel computing

Client 1
Job 1

_ Server
Client2 § . task manager
Job 2

GF
Client N J J_ Engine M

Job N Task M

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

B Spreadsheet/C* development:
0 flexible as prototype
0 poor performance and stability scaling
0 high operational risk
[0 not supported

B Integration with standard platforms (STP):
O STP (weak, strong...)
[0 supported (consultants)
O rigid & expensive

B In house development of proprietary platforms: _|

] |n house development é Iggrreadxj'e ewceeded st emamLinmit,
0 flessibile for product innovation
[0 expensive

lfechnological issues

must not be
underestimated...
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From theory to trading
E) ... architectures

Client - server architectures:

Data Client (GUI)
contributor

Business Logic

DB server Pricing Server
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