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Quant

Exotic Interest Rate Derivatives Quant

Entreprise: - Orgtel Finance

Lieu: Royaume-Uni-Londres
Salaire: Negotiable

Type de poste: Durée indéterminée
Type de contrat: Plein temps

Remise a jour: 10 Apr 2007

eFC Ref: 269696

Postuler a I'otfre

A top tier US investment bank with an excellent
reputation for derivatives research are growing their
business in 2007 and are looking for an experienced
exotic interest rate derivatives quant.

This group work on all the exotic interest rate modelling and
pricing at this US bank. They have a reasonably sized team
globally in London, New York and | okyo and are keen to build
on a successful 2006. They have a very nice system to work
with so the infrastructure is taken care of. This means in terms
of the modelling, there are a wide range of mathematically
challenging projects to work on.

In terms of modelling
Markov Functional,
uork,

a=xotic rates you would be working on
BM models with exposure to hybrid




Quant

AVFI/VP Exotic Derivatives Quant for Tier 1 A top tier US inwestment bank with an excellent reputation for

Derivatives House derivatives research are growing their buginess in 2007 and are
looking for an Experienced Exotic Interest Rate Derivatives Quant

Company: Orgted Ltd to join their leading Fixed Income group.

Location: UK-London

RBamunsration: Megotiable They work on all exolic interest rate modelling covered by the bank as

Position Type: Employee well as having the remit to cover hybrids. They have a respected team

Ernployment type:  Full time globally in _andm, Mew York and Tokyo with the majc-rﬁy of thie new

TN o R 7 May 2007 maodels built in London. They have excellent eyetems, with a dedicated

) e Quant Development team. Thus the infrastructure is taken care of and
& C Ref no 282561 the focus for the successful candidate would be on developing new

s of modelling exctics, you would be working on Markow
Fm::imnal BGM, HIM, CIR etc and will be expozed to cross asset
i wrth FX, Credit and Commodities.

They are ideally looking for a mathematical PhD, DEA or equivalent
from a respected program who has worked as a guant, modelling
exotics at a leading financial institution. They need someone who is
aware of the relevant izsues within interest rates, but could consider
candidates from altermative asset classes. The client is flexible on the
level of experience, however you have to have an excellent
understanding of stochastic calculuz and probability mem'_-.r as this is
peﬂmpstl"re rr‘rns*ltec:hnu:ﬂl team in the marketz

Thiz iz an excellent opporunity to increase your exposure in exotic
interest rate denwatives within a friendhy ervironment and working with
zome of the most impressive and technically able gquants in the
market.









X = jOT & (s)dW.






P =P (X))

1, ]












Martingale Restriction

Hull&White




Martingale Restriction

Hull&White




—— Digital Option

=~”_, QOption

Martingale Restriction

Hull&White




—— Digital Option

=~”_, QOption

Martingale Restriction

Hull&White




0 I:)O,n (O)

“Cube”

State

/ — (,)<3 ‘)
3 n-1-<“n=t7
£ P (%,

)
)]

ny2 ? Prin (Xr?—l)
)

B I:)n—l,n (Xn—l

L -1
I:)n—l,n (Xnél

I I:)n—l,n (Xrl§1

1 I:)n—l,n (Xn—l)

Ela

- l -
i Pn—l,n (Xﬁ—l) T1

T1

T1

T1

T1

Tn




—— Digital Option

=~”_, QOption

Martingale Restriction

Hull&White




—— Digital Option

=~”_, QOption

Martingale Restriction

Hull&White




— Digital Option

__, Option

Martingale Restriction

Hull&White




- Libor Markov Functional Model

- Non Parametric



- Libor Markov Functional Model

- Non Parametric



B

- Libor Markov Functional Model

- Non Parametric









Pi,j :Pi,j(xi) —

Calibration

Greeks

How



P =P (X))

1, ]



r(t)

P =P (X))

—(T d
F)i’j E|:e JT. r(s) S‘SI:|

; -
1, ]



Pi,j:Pi,j(Xi)

Ri= E[eﬁjr(sms‘si}
r(t) - P
Affine
Pi,j =€

A(T; T;)-B(T;, T;)r(T;)



I:)i,j :Pi,j(xi)

P = E[efﬂ”‘s)dg\si} - inp, = £(T,T))
N or, "
rt) - P - f(t,T)
Affine —[11 £ (T;,5)ds
Pi,j _ eA(Ti T5)-B(T;, T;)r(T;) P|J —p i



Pi,j:Pi,j(Xi)

P = E[ef“”(s)ds\si} —a%m P = (T, T,)

I, ]
J

r(t) - P .- - f(,T)
Affine
P.=e

I, ]

-
AT T;)-B(T,,T))r(T,) Pu = e—ﬁril f (T;,s)ds

ot,T)=a®)B(T) Markovian



Pi,j — IDI] (Xi)
Markovian Term Structure Model

X, :Pi,j(xi)

Markov Functional Interest Rate Model

P (-
‘ SON




Pi,j — IDI] (Xi)
Markovian Term Structure Model

X, :Pi,j(xi)

Markov Functional Interest Rate Model
/”———\\\ P . (0)

; \ i,

.Y | "R




Pi,j — IDI] (Xi)
Markovian Term Structure Model

X, :Pi,j(xi)

Markov Functional Interest Rate Model

- m= / \
/, ~a [ 1
’ S \ 5 - 1
’ \\ \ ’
Al ! —7 >
] \ v »
~ -,
1 . 1 ~So _- -

! I J
’
I . ,

1
\
\
N [3
~ ’
\\ ,/



P":P"(Xi)

] ]
(
Markc Decoupling
X How
| _
Markov Fun







10

> Calibration!!




> Calibration!!

How??



-]

- Libor Markov Functional Model

- Non Parametric



I, ]

(i<j<n)



N

(i< j<n)



5

=3

(i< j<n)



(i< j<n)

i,n(Xi)




i: EQ LSI —E® 1S|
I:)i,n I:)j,n I:)j,n
Pi,J' _ EQn 1 X |
Pln(xl) _Pj,n(xi) |
1

_ Qn
P =Pa(Xi)xE

_Pj,n(xi)

(i< j<n)



—_ Qn
I:)i,j o I:)i,n(xi)x E

_Pj,n(xi)




—_ Qn
I:)i,j o I:)i,n(xi)x E

_Pj,n(xi)




—_ Qn
I:)i,j o I:)i,n(xi)x E

_Pj,n(xi)




—_ Qn
I:)i,j o I:)i,n(xi)x E

_Pj,n(xi)




—_ Qn
I:)i,j o I:)i,n(xi)x E

_Pj,n(xi)




'P = Pln(xl) X EQn

_Pj,n(xi)




-

- o

_Pj,n(xi)




—_ Qn
I:)i,j o I:)i,n(xi)x E

55--———”




_ Qn
I:)i,j _Pi,n(xi) E

S~ ="




Pi,j =B
|,n(xi)>< EQn
_Pj,n(xi)

Eonfl /1
P,mcﬁ

Jp (x)

X, }<::|
z l\bj n (
\\‘ I



- Libor Markov Functional Model

- Non Parametric






Libor Markov Functional Model
Swap Markov Functional Model



Libor Markov Functional Model

Swap Markov Functional Model



Libor Markov Functional Model

Swap Markov Functional Model

1
_ Qn
Pi,j_Pi,n(xi)XE X,

%fpj’”(xi) I_

Libor




Libor Markov Functional Model
1.

T P (X, (Xy) wveeemeeeemeeeen Pn,n(év/

W




Libor Markov Functional Model
1.

- ~

P (X )P, (X,) - P (X

Y




Libor Markov Functional Model
1.

T Pi,n(Xi)Pi+1,n(xi+l)'{:I\Dn,n%)/

N Y

Pln(xl) /V

\<
7 P (X,)




Libor Markov Functional Model
| Libor * &

Pln(xl)




Libor Markov Functional Model
| Libor * &

Pln(xl)

Libor




Libor Markov Functional Model
| Libor * &

Pln(xl)

Libor




Libor Markov Functional Model
| Libor * &

I//’ \\ \
|+1n(X|+1) """""" ‘I\Dnn(M

P _P|+1(X )

- -~

Pln(xl)

> ||+1(X )>K

P (X3)

I, |+1(X )
1

|,i+1(Xi)
Pln(xl)
1

- Y

(1+ i+1 ||,i+1(xi))EQn

[ Pi+1,i+1(X i+l)

Pi+1,n(xi+1)

3

»
»



Libor Markov Functional Model

| Libor “ S
F)iJrl,n(Xi+1) """""" ':Pn,n(m
Tn ~_ ~_——’//\\
I:)in(xi)
<:Iﬂ| B =R (Xi)x=
Pi'”(xi) Pi,i+1(xi)
1
= i,i+1(xi)>< Pi,i+l(Xi)
Pln(xl)
=
(1+5i+lLi,i,i+1(Xi))EQn[

X.
Pi+1,n(Xi+1)



Libor Markov Functional Model

P, =P.(X,)= . :

L+ 3L (X))E™ . X

_Pi+1,n(xi+1) |

/ - _/
~

Libor Xi X




Libor Markov Functional Model

Libor

Xi

- -~

~

X.




Libor Markov Functional Model

_ . _
P =P (X.)=P (X )xE® X.
‘/lj_ |,J( |)/|n( |) Pj,n(xj) i
n /
P =B, (X,) % S
N 1
e A4S L L (X))ES = X
. 1+1 |,|,|+1( |)) F’m,n(XM)
o \\\ 1_
I:)j,n — E\D\j\,n(xj)/,; B 1
T ) (1+5'+ L I, ]+ (X '))EQn
e J _Pj+1,n (Xj+1)

Libor Numeraire




Libor Markov Functional Model

// \\\\\
jln o ‘\-l - I'_ B
\ 4
T (46, -
(\/-

Libor Numeraire




- Libor Markov Functional Model

- Non Parametric



-3

—— Digital Cap
Hunt&Kennedy ( Digital Swaption
Balland&Hughston

Cap
Pelsser(2000) ( Swaption
Hull-White



-3

— Digital Cap
Hunt&Kennedy ( Digital Swaption
Balland&Hughston

Cap
Pelsser(2000) ( Swaption
Hull-White




Grid

Tn—2

Tn -1




X = jOT o (s)dW,




X = jOT o (s)dW,

Hull&White Tree-




X = jOT o (s)dW,

T POn(X(()))




i POn(X(()))

N T~

Tn—2 Tn—l




I:)O,n (X 00 )_

_|
o

_|

_|
—
I

v



T“*Tanl



A
T
A
L1 1 L °L 1 1
1T 1T 1T 1T 1T 1
- c
=
| I I I I I I | <
T 1 1717 11 T
\ﬂ:": -
it =
1 o
_ —
~—~~






Po,n(xoo)" =







Step 1 Step 2 Step 3
Numeraire YC



Step 1

i I:)O,n (X(()))

Tn—2




Step 2 Numeraire

T Pnn(Xr?)
1 nln(Xré—l) 4 2
T T nln(xnl (Xn)
- 4 1 1
-T : T T Fn ln(Xn 1) Pnn(xn)
TR(%)  F T e T TP () T Pnn(xr?)
] 4 T I:)n—l,n (Xnél T n,n (Xr:l)
T 1 Pn—l n (Xr:—l 1 —2
1 Ty, (X, 1) (Xn )
n T Pnn(xr:3

Ty T, T, T, T . T



Numeraire

Step 2

- -
- -
- -
- - o

- P4 < 9% c c _\n\\\\
e DR SR
- I R
c c c
9 - g

Tn -1

Tn—2



________
/’ ‘\

- ~

Ve N

. n-1,n n 12 1
TS A+5, L (X DE®| ———— X
Step 2 Numeraire \1 b ' P (X)) ™

e \\
’ AN
4 \
/ \
\ -

| I nln(Xal)
n— 1n(xn -1 \

n -1,n (Xn 1)
n -1,n (Xn 1)
I I:)n—l,n (Xn—l T
i I:)n—l,n (erl -
L‘\ I:)n—l,n (erl)/l

I |
e

i I:)O,n (O)

===+

TEL L ks Inlakd S

I N I O |
1 I LI I I 1

| ] | ]

| | | |
I

|
—

~a -

T, T, T, T, T . T



""""""""" 1
‘\\ n— 1n(xn 1)

“——._—-—”

Step 2 Numeraire

L Ix
P (Xs)

(1+ 5n—1 Ln—l,n—l,n (X n—1)) EQn |:

T M 1n(X3—1)
T T nln(xnl

1 nln(an) _1
T nln(xnl) _l

i I:)O,n (O)

I I
T T 1
I
;U
[N
S
—~~
><
>
L oL e
~—
s
|
=

1
1 Fn- 1n(Xn 1)

Ty T, T, T, T . T



1

P X )=
o ( n_l) (1+ 5n—1 Ln—l,n—l,n (X n—1)) X 1

Step 2 Numeraire

1T 1n(Xri—1)
T T nln(xnl

1 nln(xn 1)
T nln(xn 1)
1 nln(X

1 n 1n(X
1 M- 1n(Xn 1)

i I:)O,n (O)

Ty T, T, T, T . T



Step 2

0 I:)O,n (O)

P

n-1,n

Numeraire

(Xn—l) =

1

(1 + 5n—1 Ln—l,n—l,n (X n—1)) X 1
—

Tn—2

AY
\

1T 1n(X
T Pn 1n',(X

1T 1n|(Xn 1)
T n -1, (Xn 1)

1 n 1n,(X
TP . (X _1

n1n|

!
/

-

Tn -1

1 Fn- 1,n(‘xnflll) 1
\




nln( nl)_

Numeraire

v

v

v

1

(1 + 5n—1 Ln—l,n—l,n (X n—1)) X 1

I—n—l,n (Xre;—l)
I—n—l,n (Xr?:—l)

Ln—l n (Xr?:—l)
(x° )

—,\nJ_/

-1
I—n—l,n (Xn—l

-2
I-n—l,n (Xn—l

-3
I—n—l,n (Xn—l

P(X-1)
P(X-1)

P(X:)
P(x )

P(x %,
P(x.%
P(x°



nln( nl)_

Numeraire

v

v

v

1

(1 + 5n—1 Ln—l,n—l,n (X n—1)) X 1

I—n—l,n (Xr?—l)
I—n—l,n (Xr?:—l)

Ln—l n (Xr?:—l)
(x° )

—,\nJ_/

-1
I—n—l,n (Xn—l

-2
I-n—l,n (Xn—l

-3
I—n—l,n (Xn—l

P(Xy-1)

” P(Xr?—l)

” P(Xr?—l)
> P(x )

n-17s

” P(Xril
” P(erl
> P(erl



nln( nl)_

Numeraire

v

v

v

1

(1 + 5n—1 Ln—l,n—l,n (X n—1)) X 1

I—n—l,n (Xr?—l)
I—n—l,n (Xr?:—l)

Ln—l n (Xr?:—l)
(x° )

—,\nJ_/

-1
I—n—l,n (Xn—l

-2
I-n—l,n (Xn—l

-3
I—n—l,n (Xn—l

P(Xy-1)

” P(Xr?—l)

” P(Xr?—l)

=P(x\

n-17s

” P(Xril

_ -2

g P(Xn—l
-3

> I:)(Xn—l




1

Pran(Xoa) =5 Sl n (X ) %1

Step 2 Numeraire

o Lan () ——F—— P(q)
Xa 1 Loy (Xos) - P(x)
R
X4 ()~ P(x))
X Ln_l,n(x;h —— P}
erl . (erl :‘\\ ,;": " P(erl
Xy L (X1 - P(X.%




Markov Functional Interest Rate Model Digital Option

BS Digital Option Quotation




I

Markov Functional Interest Rate Model Digital Option

BS Digital Option Quotation




I

Markov Functional Interest Rate Model Digital Option

| =

BS Digital Option Quotation




I

Markov Functional Interest Rate Model Digital Option
BS Digital Option Quotation

]




Why Digital Option ?

K Libor



Why Digital Option ?

K

K Libor



Why Digital Option ?
00

K

K Libor



Why Digital Option ?

K Libor



Markov Functioal Model

Digital Option

v



Markov Functional Model

Digital Option

X*
=
D

Option

v

Libor

v



v

Libor

v

v

Lik;or



v

Libor

v

v

Lik;or



X Libor

v

Lik;or

Markov Functional Model
Digital Caplet



X Libor

v

K Lik;or

Markov Functional Model
Digital Caplet



X Libor

Markov Functional Model
Digital Caplet K



X Libor

Markov Functional Mogel
Digital Caplet



Markov Functional Interest Rate Model Digital Caplet

DC," (%) =P, ,E™ |:1{Xi > X'} Pi,i+1(xi):|

Pln(xl)
XH

¢(Xi+1‘ X, )dxi+li|

1
I:)i+1,n (xi+1)

=P, E® {1{xi > xi*}E|:

e 1
0,n |: { 1 | }.[_w Pi—i—l,ﬂ (Xi+1)

* I:)i+1,n (Xi+l)

(K =% )" 1 (X =%, )
oXP — T B %)= exp| - —+—"
{ 2| " o (u)du \/27z_[:i02(u)du 2f, 'o* (Wydu

=Py, jjx{j” > ¢<xi+1xi>dxi+1}¢<xixo)dxi

¢(Xi+1 =X Xi = Xi):
‘ |2l ot e




Markov Functional Interest Rate Model

DC," (%) =P, ,E™ |:1{Xi > X'} Pi,i+1(xi):|

- P, E® {1{xi >xH

=P, E® {1{xi > xi*}E|:

Pln(xl)

1
I:)i+1,n (Xi+1)

1

¢(Xi+1

d

I:)i+1,n (Xi+1)

) . 1
=R, _[(izx;* [.[oo P (Xi1)

_ (Xi+1 — X )2

¢(Xi+1 = Xi+1‘xi = Xi)_

= - exp o
JzﬂjT_'*laZ(u)du 2[ "6 (u)du

Digital Caplet

Xi )dxi+1:|

¢(Xi+1‘xi )dxi+1j¢(xi ‘XO)dXi

1
¢(Xi ‘Xo): - EXP| —
} \/ZﬁLiaz(u)du { 2

()_(i —Xo )2

jTT o2 (U)du

|



Density

v

—— P (X

I:)n—l,n (Xr11—1)

I:)n—l,n (Xr?—l)

P . (xh)

—a,ll -

)
Pn—l, n (Xn—l

-3
I:)n—l,n (Xn—l



Density

v

4

Cubic Spline

Tn -1




Piecewise Cubic Spline

S.(x)=a;+b,(x—x)+c,(x=x')* +d,(x=x/)’



Piecewise Cubic Spline

S.(x)=a;+b,(x—x)+c,(x=x')* +d,(x=x/)’

 E—

‘ ‘ Gaussian Density

[17s,00600dx=a, [ g0adx+b, [* (x=x))g()dx

+c, LX_;H (x—x1)2(x)dx +d, LX_;H (x— X1 ) $(x)dx



| (I,h, u,02) = j X ¢(x 14,02 )dX

o C(x=u)R
- n‘}'\ 1 2562 A

= 1 L e dX
2o /

-
S~ e

Cubic Spline
n=0,12,3



di<xm¢<x,u, 0%)) = X" (%, 11,6°) + X"~ (X, 1, 07)
X dx

=, 0") - E L g, )




di<xm¢<x,u, 0%)) = X" (%, 11,6°) + X"~ (X, 1, 07)
X dx

= (x,,0%) - E XG0, 1,07

| (I,h, 2,6°)=c’(n=DI__(I,h, 1,6°)
+1__(I,h, 1,0°%)

+2(1™(1, 1, 07) " 2g(h, 1, 0%))



Cubic Spline
1,(,h, 1,62 = cp(h‘—“)—cp("—“j
L, (I,h, u,0%) = ﬂ( D+G (601, 12,6%) = g0, 11,62))

LA, h, u,0°) = ( ( “j—cp("“jj(a + u)+ o2 (@+D)g(l, 11, 6%) — A+ h)p(h, 11, 6%))

o) O

1,1, h, 1, 0°) = (@(h%’j —m('%‘n(wz +ol+ )

+0(o? +1+1+19) (i1, 62) — %o +1+h+h2 Jp(h, 1, o)



BS

DCOI\/IKT (K)

Digital Option

— I:)O,i+1|\I

Quotation




BS Digital Option Quotation

DCOMKT (K)[= I:)o,i+1N

Smile Vol K /
DCOMKT(K): Pmu{q)(d) Lo,i,i+1¢(d+)\/f aOa'IiK)}
LO,i,i+l 1 LO,i,i+1 +E02
d :In( . j—za (KT, d :In( j (KT,




Vol Smile

* 1 *
K™ =Ly i €XPs _%GiZT ~i Oj \/fN 1[ o DCy" ( )W
0

a+1

'




Vol Smile

*

Vol Smile

K

K™ =Lgj.1 €XPy _%UiZT —i O] \/fN 1[ .

(

I:)O,i+1
_

Markov Functional Model

oc i () |

'




Ln—l ( X n—l)

0 I:)O,n (O)

Tn—2

T Ln—l (Xg—l)
T Ln—l(Xn—l)

T Lo (Xi—l)
T Ln—l(xr?—l)

T | (v 1)
=n-1\"n-1/

— -2
Ln—l (Xrlgl
1 Ln—l (Xn—l

Tn -1




Ln—l(Xn—l) n 1n(X )
P = I:)n -1, n( n—l) = 1
(l+ 5n I—n—l,n—l,n (X n—l))
Lo 3 T o Z
Tb Tl TE

/

1 n 1n(X5-1)
T " n= 1n(xn -1

T n—l,n (Xn—l)

T I:)n—l,n (Xr?—l) ]




Ln—l(Xn—l) n ln(X )
P = I:)n -1, n( n—l) = 1
(l+ 5n I—n—l,n—l,n (X n—l))
Lo 2 S ;\<
T T, T, T,

Pn ln(xn 1)
n 1n(xn 1)




n—

2,n

0 I:)O,n (O)

— n2n(x )

1

(1+ 2Ln 2,n-2,n 1(Xn 2))EQn|:

1 X
n-2
I:)n—-l,n (X n—1)
+1
3 4 ™n 1n(X —1) 1
1 gn:jné))ég:;;‘ n- 1n(Xr? 1 1
T Pn 2,n X% 2)_— n—l,n (Xn—l) T1
: 51 2,n §n12 i n—l,n (Xr(iil) T1
4 F) -2 XM2 I:)n—l,n(xn—l 1T 1
TR (0% iy () L
n— 1n(Xn 1)
T1
Tn—2 Tn—l Tn



n

1 -~ ~~.
-2,n — ' n- 2n(X ) i/ 1 “\
(1+6, Ly pn2na(X 2)0EQ“ X2
| e r; N I:)n—-l,n(xn—l) | /
N _ ’
+1
T X
— ! n—2,néxs—2; 3 1”%)('}—1) T1
:: 1+ P, X?—Z n 1n(xn 1) 1 1
+ P (0 gg 1 : En—z,n (ia—z)_ e +1
O,n( ) T e | gr2nyong2 n 1n(Xn 1)

1 1 Fyn_z’n Y122 P 1 (X, 1) T 1

1 1 En—z,n (Xrl 2)__ Pn_ 3 (XrlE
T n-2 1 Xn— n-1,n n—1 -+ 1
i = nln(xn 1)__1




— —
— ~~

P on — I:>n—2,n(>(n—2) —

n—

X
-1,n (X n—l)

’/
Z———’

i I:)n—l,n (X;—l) _
B I:)n—l,n (Xn—l

i I:)n—l,n (Xﬁ—l) i
i I:)n—l,n (Xr?—l) ]

| !

" FDC," () = By, E™ |:1{Xi > X}

:PO,nEQ{l{Xi >xi*(E s
| | S _ -7
T T, T, T, T




IDl,n (Xl) I:)Z,n (XZ)

oooooooooooooooooooooooooo

- ~

-,

L

v



IDl,n (Xl) I:)Z,n (XZ)

oooooooooooooooooooooooooo

- ~

-,

L

v









7

: 2, II

X2
P (X0 7
4,n

e
2



B I:)4,n (X4)

2












“Cube”
State V

v

B I 1 (l)<3 1‘)
P 3 n—I—f—17—
B n XQ—Z

T T'n 2,,n Xy 2;_ Pn—l,n (Xg_l _
= 1 T P (X )] Pn_l,n(xg_l)
i PO,n (O) S 4+ T :: B—Z,n XQIZ i Pn—l,n (Xn—l) i
| + T Pn_z’n §Q22 _Pn—l,n(xrﬂl ]
| n-2,n '152 AN P_ (X_E ]
Pn—2,n (Xn—z) n-1,n \"*n-1

1 Pn—l,n (erl)




20
10
0.0
-10
-20

20
10
0.0
-10
-20

10
0.0
-10
-20

20
10
0.0
-1.0
-20

20
10
0.0
-1.0
-20

Time Spacin
[ 0 1 2

3 4 5 6 7 8 9 10 ]
Standarized Space Spacing
20 2.0 2.0 2.0 2.0 2.0 20 2.0 20
10 10 1.0 1.0 10 1.0 1.0 1.0 1.0
0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0
-10 -1.0 -1.0 -1.0 -1.0 -10 -1.0 -10 -1.0
-2.0 -2.0 -2.0 -2.0 -2.0 -2.0 -2.0 -2.0 -2.0
State Spacing : Brownian Motion (X(t)) Grid Point .
X(0) X(1) X(2) X@3) X(4) X(5) X(6) X(@) {6 X(9) X(10)
2.000 2.828 3.464 4.000 4472 4.899 5.292 5.657 B i 6.325
1.000 1414 1.732 2.000 2.236 2449 2.646 2.828 3.162
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 [— 0.000 0.000
-1.000 -1414 -1.732 -2.000 -2.236 -2.449 -2.646 -2.828 -3.162
-2.000 -2.828 -3.464 -4.000 -4.472 -4.899 -5.202 -5.657 -6.325
Numeraire N(X(t)) e 5
N(O,X(0))  N(1,X(1)) N(2X(2)) N(3,X(3)) N(4,X(4)) N(5,X(5)) N(6,X(6)) N(7X(7)) (8,X(8)) N(9,X(9)) N(10,X(10))
=P(010) =P(110 =P(2.10) =P(3.10) =P(4.10) =P(5.10) =P(6.10) =P(7.10) =P(8.10) =P(9.10) =P(10.10)
0.5892 0.6033 0.6270 0.6578 0.6953 0.7396 0.7914 0.8512 0.9199 1.0000
06172 0.6416 0.6713 0.7053 0.7432 0.7852 0.8316 0.8828 0.9394 1.0000
0.6122  0.6450 0.6792 0.7145 0.7510 0.7886 0.8275 0.8680 0.9102 0.9544 1.0000
0.6709 0.7126 0.7512 0.7884 0.8246 0.8602 0.8955 0.9307 0.9658 1.0000
0.6942 0.7408 0.7808 0.8173 0.8515 0.8840 0.9152 0.9453 0.9744 1.0000
0.61391
Inverse of Numeraire 1/N(X(t)) T
1/NOX(ONL/N(IX(1) 1/N(@2X(2)) 1/N(3X(3)) 1/N(4X(4)) F/N(GX(5)) I/N(6X(6) 1/NTX(T) | 1/N@8X(8) 1/M(9X(9)) 3/N(10X(10)
1.6973 1.6574 1.5949 1.5202 14383 1.3520 1.2636 11748 [/ 10871 % 1.0000
1.6203 1.5587 1.4896 1.3455 1.2735 1.2025 1.1328 10645 : 1.0000
1.5504 14723 1.3995 1.2681 1.2084 1.1521 1.0987 1.0478 : 1.0000
1.4906 14034 1.3311 1.2128 1.1625 1.1167 1.074 1.0354 i  1.0000
1.4405 1.3499 .2808 1.1745 11313 1.0927 1.057. 1.0262 1.0000
Conditional Expectation E[1/P(i+1)[X(i) S TN
1.6001 1.5553 4911 1.3364 1.2528 1.1679 J 1.0832
15354 1.4740 1.4064 1.2672 1.1980 1.1300 1.0633 )
15557 1.4768 1.4027 1.3336 1.2089 1.1521 1.0985 | - 1.0477 1.0
14261 1.3451 1.2777 1.1666 11192 1.0760 1] 1.0361 1.0000
1.3825 1.2993 1.2353 . 1.1364 1.0960 1.0599 1.0272 1.0000
| Model
0.0000 . 0.0000 0.0000 0.0000 0.0000 0.0000 0.0140
0.1302 0.1256 0.1140 0.1079 0.1017 0.0955 0.0893 0.0974
0.4453 0.4262 0.3861 0.3664 0.3472 0.3284 03102 [, 0.3070
0.7499 0.7143 0.6468 0.6152 0.5850 0.5562 4; 0.5285 0.5165
0.8674 0.8250 0.7472 0.7115 0.6776 0.6454 0.6147 0.5999
09524  0.9070 / 0.7835 0.7462 0.7107 0.6767’/ 0.6446 0.6139 ~ + Discount Factor
Corresponding Libor
6.0766% 6.5685% 7.3114% 7.6267% 7.9196% 8.195 8.4581% 8.7097%
5.5340% 5.7481% 6.0532% 6.1809% 6.3012% 6.41 6.5327% 6.4523%
5.0000% 4.9864% 4.9619% AQ128% .| 4.9011% 4.8866% 4.87 4.8682% 4.7800%
4.5281% 4.3327% % 4.0639% 3.9589% 3.8661% 37 3.7085% 3.5411%
4.1931% 3.8944Y% % 3.5014% 3.3501%, 3.2161% 3. 2.9867% 2.6233%

Libor




Digital Option




N

0.60
0.50 Market  Calibrated “
0.40 0
0.30 1 5.000% 5000% ¢  0.000%
0.20 2 5.000% 4978% i -0.022%
0.10 3 5.000% 5029% ¢ 0.029%
0.00 4 5.000% 5062% | 0.062Y%
~0.10 5 5.000% 5.090% 0.090%
-0.20 6 5.000% 5.115% :  0.115%
0.30 7 5.000% 5137% ¢ 0.137%
-0.40 8 5.000% 5159% % 0.159%
-0.50 9 5.000% 5180% %\ 0.180% ;
-0.60 10 5.000% 5.201% | 0.201% /

S -7



N

4.20
3.50
2.80
2.10
1.40
0.70
0.00
-0.70
-1.40
-2.10
-2.80
-3.50

-4.20

BHoo~vwoorwNnro

Market

5.000%
5.000%
5.000%
5.000%
5.000%
5.000%
5.000%
5.000%
5.000%

Calibrated

5.000%
5.004%
5.007%
5.011%
5.013%
5.014%
5.014%
5.013%
5.012%
5.009%

\

0.000%
0.004%
0.007%
0.011%
0.013%
0.014%
0.014%
0.013%

0.012% |
. 0.009% /

-
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1

X G (X;—m;)?
=1+ae” +de 2

1
Pln(xl)

a.,b.,c.,d.,m



Pelsser(2000)

1 — c(x -m;)?
—1+ae' "+de ?
I:)I,I'l(>(l
a.,b.,c.,d.,m |
V(i })b? —c;(x —m;)°
EQTn|: 1 jl 1_|_a eb i (2“D n dj 62(1+C1V2(i,j))
P (X ) JL+c VA, )
__6'(Xi m;)?
=1+ae X d ez
v(|,J)bj2 C. B
q;=ae * ,C;= 7




Pelsser(2000)
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Pelsser(2000)
Digital Caplet
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| v(0,1) ) v(0,i)
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Pelsser(2000)

Caplet
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Digital Option




P

n-2,n — F)n—2,n(Xn—2) —

Digital Option

1

(1+ 5n—2 I—n—2,n—2,n—1(x n-2 )) E o

Digital Option

/'

Digital Option

|

1

F)n—l,n (X n—l)

Xn2:|



P

n-2,n — F)n—2,n(Xn—2) —

Digital Option

1

(1+ 5n—2 I—n—2,n—2,n—1(x n-2 )) E o

Digital Option

/'

Digital Option

|

1
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Digital Option
1

F)n—2,n — F)n—2,n(Xn—2) —

1
(1+ 5n—2 I—n—2,n—2,n—1(x n-2 )) E o |:

Pria (Xo1)
/

Xn2:|

Digital Option

Digital Option




Digital Option

1
F)n—2 n— 2n(Xn 2)_ 1
1+6 X, ,))E® X
( 2n/2r12'n 1( n—2)) |: Pn_lin (Xn_l) n2:|
Digital Option
Digital Option
1 1+ae™ +de ?

Pln(XI)

——c(X m)



t Digital

et

al Caplet

F30nd IN(L)/Out(C 0 |
Volatility 10.0% Bond Calib Weigh 1
5.0%
Time P(O.T) Yield Diff
0 1.00000 Yield 0 P(0t) Yield Calib - Mkt
1 0.95238 5.000% 1 0.95151 5.096% -0.0956%
2 0.90703 5.000% 2 0.90630 5.042% -0.0421%
3 0.86384 5.000% 3 0.86322 5.025% -0.0250%
4 0.82270 5.000% 4 0.82226 5.014% -0.0142%
5 0.78353 5.000% 5 0.78321 5.008% -0.0083%
6 0.74622 5.000% 6 0.74604 5.004% -0.0042%
7 0.71068 5.000% 7 0.71062 5.001% -0.0014%
8 0.67684 5.000% 8 0.67682 5.000% -0.0004%
9 0.64461 5.000% 9 0.64461 5.000% 0.0000%
10 0.61391 5.000% 10 0.61391 5.000% 0.0000%
Digital Caplet 0.000% 0.000% 0.0
Caplet 0.005% 0.010% r -—
Parameter _FactorLevel Inverse of Current Numeraire ' 1
a 0.54621 0.47033 0.39854 0.33122 0.26788 0.20825 0.15220 0.09854 0.04780 1 0.00000( 1
b 0.12033 0.11765 0.11485 0.11231 0.10971 0.10715 0.10438 0.10234 0.10000f §1 0.00000| !
c 0.26312 0.36672 0.60220 0.54090 0.45344 0.28575 0.10781 0.07036 0.04899f |1 0.00000| ===y
d -0.00032 -0.00085 -0.00069 -0.00056 -0.00053 -0.00056 -0.00080 -0.00038 0.00000 1 0.00000| !
m 0.85332 0.62857 0.32005 0.49992 4 0.54806 0.67259 0.65221 1.85403, -1.40625 8 §' 0.00000 :
Iteration 184 173 157 455 — 208 176 T |
0 1 2 3 4 6 7 8 -
0.952381 0.907029 0.863838 0.8227¢ 0.783526 0.746215 0.710681 0.67! 0.644609
0.952381 0.907029 0.863838 0.822702 0.746215 0.710681 0.676839 0.613913
Delta  Strike of Market Option calculated from the Delta [l
0.400 5.1540% 5.2345% 5.3032% 5.4254% 5.4821% 5.5371% 5.6431% 5.6948%|
0.450 5.0886% 5.1408% 5.1872% 5.2727% 5.3133% 5.3531% 5.4311% “ 4694%
0.500 5.0251% 5.0503% 5.0756% 5.1266% 5.1523% 5.1781% 5.2301% | | w Capld
0.550 4.9623% 4.9613% 4.9663% 4.9845% 4.9961% 5.0088% 5.0366% | ; = p
0.600 4.8994% 4.8725% 4.8577% 4.8442% 4.8423% 4.8424% 4.8474% |1 485
0.650 4.8351% 4.7824% 4.7479% 4.7034% 4.6882% 4.6762% 4.6592%, 4.6534) Cap
Market Digital Option Price - =~ /I/
0.3283 0.2993 0.2755 0.2363 0.2197 0.2046 . ¢+ 01780 ™
0.3725 0.3410 0.3147 0.2712 0.2526 0.2357 0.220 /02058
04174 0.3833 0.3548 0.3071 0.2866 0.2678 0.2501 ! 0.2346 ‘I
0.4628 0.4265 0.3958 0.3440 0.3216 0.3010 \ 02645 -
0.5088 0.4704 0.4376 0.3820 0.3577 0.3354 . v 02955 Di o]
0.5554 0.5151 0.4805 0.4210 0.3950 0.3709 03486 '\ \_ 03278 ¢
Corresponding Factor Level \ / N\, )
0.3911 0.6252 0.825 [ 11651 1.3102 1.4407 1.5571 1.6600
0.2631 0.4440 0.60; 0.8783 0.9961 11017 1.1952| 12770
0.1371 0.2657 0.3 0.5960 0.6870 0.7681 0.8391 0.9000
0.0112 0.0874 0. 0.3138 0.3779 0.4346 0.4830 0.5230
-0.1168 -0.0938 - 0.0269 0.0639 0.0957 0.1212 0.1400
-0.2491 -0.2812 7/ N\-0.2695/ -0.2607 -0.2546 §-0.2527] N\-0.2560 2
) . / et —
Key Conditional Expectation E[1/P(i+1)[X(i)]
1.4952 1.4305 11747 11144 1.0000
14878 14216 1.1690 11105 1.0000
1.4806 14131 1.1636 1.1068 1.0000
1.4735 1.4047 1.1584 1.1032 1.0000
1.4665 1.3964 11533 1.0997 1.0000
14593 1.3879 11482 1.0962 1.0000
Inverse of Current Numeraire / N\
15722 1.370. 1.3039 12391 11761 11152 { 10564 )
15635 1.3597 1.2945 12312 1.1700 1.1110) 1.0543
15550 1.3496 1.2855 1.2236 11641 11070 1.0523
15467 1.3398 1.2767 1.2163 1.1585 1.1032 1.0504
15383 1.3302 1.2682 1.2092 1.1529 1.0994 1.0485
15208 7/ [ 13205 N\ 12596 / 12020 11474 10 \_10466 J
j — N

Libor




Digital Option

P(0,t)

0.95161
0.90639
0.86338
0.82229
0.78326
0.74606
0.71062
0.67682
0.64461
0.61391

Boo~vouohrhwnro

Yield Diff
Yield Calib - Actual
5.085% -0.0850%
5.037% -0.0371%
5.019% -0.0187%
5.013% -0.0131%
5.007% -0.0072%
5.004% -0.0037%
5.001% -0.0012%
5.000% -0.0004%
5.000% 0.0000%
5.000% 0.0000%

10

Digital Caplet

0.000% 0.005%
0.000% 0.011%
0.0 107,296.2

Digital Caplet

P(0,t)

0.95199
0.90669
0.86354
0.82246
0.78338
0.74613
0.71066
0.67683
0.64461
0.61391

Boo~vwouohrwnro

Yield Diff
Yield Calib - Actual
5.043% -0.0427%
5.020% -0.0198%
5.012% -0.0123%
5.008% -0.0076%
5.004% -0.0038%
5.002% -0.0020%
5.000% -0.0004%
5.000% -0.0002%
5.000% 0.0000%
5.000% 0.0000%

10

Digital Caplet
0.000% 0.002%
0.000% 0.004%

40,866.5




Digital Option

P(0,t)

0.95161
0.90639
0.86338
0.82229
0.78326
0.74606
0.71062
0.67682
0.64461
0.61391

Boo~vouohrhwnro

Yield
5.085%
5.037%
5.019%
5.013%
5.007%
5.004%
5.001%
5.000%
5.000%
5.000%

Yield Diff
Calib - Actual
-0.0850%
-0.0371%
-0.0187%
-0.0131%
-0.0072%
-0.0037%

10

Digital

0.000%
0.000%
0.0

0.005%
0.011%
107,296.2

- Digital Caplet

ield Diff

0 POt  Yield Cdlib - Actual
1 095199  5.043% | -0.0427%
2 090669  5.020% | -0.0198%
3 086354  5.012% | -0.0123%
4 082246  5.008% | -0.0076%
5 078338  5.004% | -0.0038%
6 0.74613 ~0.0020%
7 0.71066 ~0.0004%
8 0.67683 ~0.0002%
9 0.64461 0.0000%
10 0.61391 0.0000%
Ca\p@/

0.000% 0.002%

0.000% 0.004%

40,866.5



Digital Option

C, - d




Digital Option

0.45,0.475,0.50,0.525,0.55,0.575)

Calibration - Calibration -
Yield Diff Yield Diff

0 POt Yield Calib - Actual 0 P(0,t) Yield Calib - Actual
1 0.95161  5.085% -0.0850% 1 0.95214  5.026% -0.0260%
2 0.90639 5.037% -0.0371% 2 0.90675 5.016% -0.0161%
3 0.86338  5.019% -0.0187% 3 0.86370  5.006% -0.0057%
4 0.82229  5.013% -0.0131% 4 0.82257  5.004% -0.0042%
5 0.78326 5.007% -0.0072% 5 0.78353 5.000% 0.0000%
6 0.74606  5.004% -0.0037% 6 0.74622  5.000% 0.0000%
7 0.71062  5.001% -0.0012% 7 0.71068  5.000% 0.0000%
8 0.67682 5.000% -0.0004% 8 0.67684  5.000% 0.0000%
9 0.64461  5.000% 0.0000% 9 0.64461  5.000% 0.0000%
10 0.61391  5.000% 0.0000% 10 0.61391  5.000% 0.0000%

Digital Caplet Digital Caplet
0.000% 0.005% 0.000% 0.009%
0.000% 0.011% 0.000% 0.041%
10 0.0 107,296.2 10 0.0 407,840.6

Calibration
ield Diff
0 POt Yield Calib - Actual
1 0.95238 5.000% 0.0000%
2 0.90703 5.000% 0.0000%
3 0.86384 5.000% 0.0000%
4 0.82270 5.000% 0.0000%
5 0.78353 5.000% 0.0000%
6 0.74622 5.000% 0.0000%
7 0.71068 5.000% 0.0000%
8 0.67684 5.000% 0.0000%
9 0.64461 % 0.000822
10 0.61391 5.000 0.0000%
Digital
0.000%
0.000%
10 0.0




Digital Option

0.10,0.25,0.50,0.75,0.80,0.90)
Calibration - Calibration - Calibratiory -
Yield Diff Yield Diff Yield Diff

0 POt Yield Calib - Actual 0 P(0,t) Yield Calib - Actual 0 POt Yield alib - Actual
1 0.95199 5.043% -0.0427% 1 0.95238 5.000% 0.0000% 1 0.95238 5.000% 0.0000%
2 0.90669 5.020% -0.0198% 2 0.90703 5.000% 0.0000% 2 0.90703 5.000% 0.0000%
3 0.86354 5.012% -0.0123% 3 0.86384 5.000% 0.0000% 3 0.86384 5.000% 0.0000%
4 0.82246 5.008% -0.0076% 4 0.82270  5.000% 0.0000% 4 0.82270 5.000% 0.0000%
5 0.78338 5.004% -0.0038% 5 0.78352 5.000% -0.0001% 5 0.78353 5.000% 0.0000%
6 0.74613 5.002% -0.0020% 6 0.74619 5.001% -0.0006% 6 0.74622 5.000% 0.0000%
7 0.71066 5.000% -0.0004% 7 0.71068 5.000% 0.0000% 7 0.71068 5.000% 0.0000%
8 0.67683 5.000% -0.0002% 8 0.67683 5.000% -0.0001% 8 0.67684 5.000% 0.0000%
9 0.64461 5.000% 0.0000% 9 0.64461 5.000% 0.0000% 9 0.64461 5.000% 0.0000%
10 0.61391 5.000% 0.0000% 10 0.61391 5.000% 0.0000% 10 0.61391 5.000% 0.0000%

Digital Caplet Digital Caplet Digital aplet
0.000% 0.002% 0.000% 0.000% 0.000% 0.002%
0.000% 0.004% 0.000% 0.006% 0.000% 0.004%
0.0 40,866.5 10 0.0 55,143.8 10 0.0 44,236.0
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-3

— Digital Cap
Hunt&Kennedy ( Digital Swaption
Balland&Hughston

Cap
Pelsser(2000) ( Swaption

Hull-White



Caplet
Xy -
BP(Ti;Tj’ Kg) = Po,ni (Kg —l)CD(— V(O,i)j + KBao,iCD[
o[ —Vv?(0,i)b, \_ - .e_Ci,jZmJ'
i, j v(0,i) "
“1”’ “I” “I+

Caplet
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Caplet Digital Caplet

Caplet
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Caplet
: 0.45, 0.475, 0.50, 0.525, 0.55, 0.575) :0.10, 0.25, 0.50, 0.75, 0.80, 0.90) :0.40, 0.45, 0.50, 055, 060, 0.65)
Calibration - Calibration - Calibration -
Calibrated Yield Diff Calibrated Yield Diff Calibrated Yield Diff}
Price Yield  Calib - Actual Price Yield Calib - Actual Price Yield Calib - Actual

1 0.95231 5.008% 0.0078% 1 0.95186 5.058% 0.0578% 1 0.95196  5.046% 0.0460%

2 0.90766 4.964% -0.0365% 2 0.90659 5.026% 0.0257% 2 0.90672  5.018% 0.0180%

3 0.86302 5.033% 0.0332% 3 0.86352 5.013% 0.0128% 3 0.86367  5.007% 0.0069%

4 0.82136 5.043% 0.0427% 4 0.82244 5.008% 0.0082% 4 0.82255  5.005% 0.0049%

5 0.78381 4,992% -0.0077% 5 0.78341 5.003% 0.0031% 5 0.78328  5.007% 0.0067%

6 0.74599 5.005% 0.0052% 6 0.74616 5.001% 0.0012% 6 0.74611  5.003% 0.0025%

7 0.71070 5.000% -0.0004% 7 0.71067 5.000% 0.0001% 7 0.71069  5.000% -0.0002%

8 0.67684 5.000% 0.0000% 8 0.67683 5.000% 0.0001% 8 0.67682  5.000% 0.0003%

9 0.64461 5.000% 0.0000% 9 0.64461 5.000% 0.0000% 9 0.64461  5.000% 0.0000%

10 0.61391 5.000% _0.0000% 10 0.61391 5.000% 10 0.61391  5.000% _0.000Q%
Caplet 0.0001% Caplet 0.0006% Caplet 0.0001%
Caplet 0.0002% Caplet 0.0012% Caplet 0.0001%

10 2,288.7 10 12,4444 10 1,372.6



Caplet

: 0.45, 0.475, 0.50, 0.525, 0.55, 0.575)

:0.10, 0.25, 0.50, 0.75, 0.80, 0.90)

Calibration -
Calibrated Yield Diff

Price Yield  Calib - Actual

1 0.95231 5.008% 0.0078%

2 0.90766 4.964% -0.0365%

3 0.86302 5.033% 0.0332%

4 0.82136 5.043% 0.0427%

5 0.78381 4,992% -0.0077%

6 0.74599 5.005% 0.0052%

7 0.71070 5.000% -0.0004%

8 0.67684 5.000% 0.0000%

9 0.64461 5.000% 0.0000%

10 0.61391 5.000% _0.0000%
Caplet 0.0001%
Caplet 0.0002%

10

2,288.7

Calibration -
Calibrated Yield Diff
Price Yield Calib - Actual
1 0.95186 5.058% 0.0578%
2 0.90659 5.026%
3 0.86352 5.013%
4 0.82244 5.008%
5 0.78341 5.003%
6 0.74616 5.001%
7 0.71067 5.000%
8 0.67683 5.000% .
9 0.64461 5.000% 0.0000%
10 0.61391 5.000%

0.0006%
0.0012%
12,4444

:0.40, 0.45, 0.50, 055, 060, 0.65)

Calibration -
Calibrated Yield Diff}
Price Yield Calib - Actual

1 0.95196  5.046% 0.0460%

2 0.90672  5.018% 0.0180%

3 0.86367  5.007% _A.0069%

4 0.82255  5.00%% 0.0049%

5 0.78328 A07% 0.0067%

6 5.003% 0.0025%

7 5.000% -0.0002%

8 , 5.000% 0.0003%

9 0.64461  5.000% 0.0000%

1 0.61391  5.000% _0.000Q%
Caplet 0.0001%
Caplet 0.0001%
10 1,372.6



Caplet

: 0.45, 0.475, 0.50, 0.525, 0.55, 0.575) :0.10, 0.25, 0.50, 0.75, 0.80, 0.90) :0.40, 0.45, 0.50, 055, 060, 0.65'
Calibration - Calibration - Calibration -
Calibrated Yield Diff Calibrated Yield Diff Calibrated Yield Diff |
Price Yield Calib - Actual Price Yield Calib - Actual Price Yield Calib - Actual

1 0.95238 5.000% 0.0000% 1 0.95238 5.000% 0.0000% 1 0.95238 5.000% 0.0000%

2 0.90703 5.000% 0.0000% 2 0.90703 5.000% 0.0000% 2 0.90703 5.000% 0.0000%

3 0.86384 5.000% 0.0000% 3 0.86384 5.000% 0.0000% 3 0.86384 5.000% 0.0000%

4 0.82270 5.000% 0.0000% 4 0.82270 5.000% 0.0000% 4 0.82270 5.000% 0.0000%

5 0.78353 5.000% 0.0000% 5 0.78353 5.000% 0.0000% 5 0.78353 5.000% 0.0000%

6 0.74622 5.000% 0.0000% 6 0.74622 5.000% 0.0000% 6 0.74622 5.000% 0.0000%

7 0.71068 5.000% 0.0000% 7 0.71068 5.000% 0.0000% 7 0.71068 5.000% 0.0000%

8 0.67684 5.000% 0.0000% 8 0.67684 5.000% 0.0000% 8 0.67684 5.000% 0.0000%

9 0.64461 5.000% 0.0000% 9 0.64461 5.000% 0.0000% 9 0.64461 5.000% 0.0000%

10 0.61391 5.000% 0.0000% 10 0.61391 5.000% 0.0000% 10 0.61391 5.000%  0.0000%
Caplet 0.0024% Caplet 0.0018% Caplet 0.0002%
Caplet 0.0075% Caplet 0.0054% Caplet 0.0011%

10 75,419.2 10 539115 10 11,2194
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Digital Caplet Caplet
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Digital Caplet Caplet
Digital Caplet
Digital Option Caplet
Caplet

Digital Option Caplet

Caplet Digital Caplet
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Hull-White

SD.E

dr. = (0(t) —a(t)r, )dt + o (t)dW,°

P(t,T) = eACT AT

AT = if o (U)AZ(u,T)du - [ O(u)A, (u,T)du
Az(t T) J- a(v)dv



Hull-White

SD.E

dr. = (0(t) —a(t)r, )dt + o (t)dW,°

P(t T) — eAt(t,T)Az(t,@-/

AT = if o (U)AZ(u,T)du - [ O(u)A, (u,T)du
Az(t T) J- a(v)dv
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G(t) = jt giosdu Wg ., Time Changed Brownian Motion
0



Hull-White

Hunt&Kennedy
Pt’j Po’j 1 2t 2 2 t i
Ptm = Po,n exp _E(l//n _l//j) I0¢u O-udu +(l//n _l//j)J-o¢UGUqu

taudu . t 1
¢t =ejo W, = Jo ¢u du

P (1
Po,n pi 2 (l//n WJ) ( ) (l//n WJ >

G(t) = jt giosdu Wg ., Time Changed Brownian Motion
0
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Hull-White

Hunt&Kennedy
Pt’j Po’j 1 2t 2 2 t i
Ptm = Po,n exp _E(l//n _l//j) I0¢u O-udu +(l//n _l//j)J-O¢UGUqu

WG(t) Time Changed Brownian Motion




Hull-White

Hunt&Kennedy
Pt’j Po’j 1 2t 2 2 t i
=gl -5 wAY) | gioidu+(y, —v))| do.dw,

WG(t) Time Changed Brownian Motion




Hull-White

Hunt&Kennedy

1 Exponentialt Martingal
ot 2 2 n
{_E(W v)) | #o +(wn—wj)jo¢u0uqu?

WG(t) Time Changed Brownian Motion




Hull-White

Hull-White h

Hunt-Kennedy

2 S.D.E.

Martingale Restriction

Markov Functional Model

’Markov Functional Model



Cube

Pelsser

Pelsser Digital Option

Hull-White Markov Functional Interest Rate Model



Cube

Pelsser

Pelsser Digital Option

Hull-White Markov Functional Interest Rate Model






