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Monte Carlo Methods

Challenges
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Discretization Eror:

Drift Approximations




Monte Carlo MethodsDiscretization Eror

Consider for SDE
dX(7) = u(z, X(2))X(0)dr + ! (2, X(2)) X (r)dW(z),
e.g. the Log-Euler Scheme

X(t+'1)=X(©® éexp!p(t,X(t))! t! %! 2(t,X(z:))! t+ 1 (¢, X(2))! W(t)l.

If ! is constant on [z,! ¢] (Black Model, LIBOR Market Model) but u is stochastic and/or non-linear
(LIBOR Market Model), then the discretization error is given by a drift approximation error, e.g.

here
# t+! ¢

u*, X)d™ ", X(@)! .

t

Solutions
¥ Predictor Corrector Method(s) (= alternative integration rule)

¥ Proxy Simulation Scheme / Weak Scheme (discussed later)
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Sensitivities
INn Monte Carlo

Partial Derivative with respect to Model Parameters




Monte Carlo MethodsSensitivities

Let Z denote a random variable depending on realizations Y := (X(T1), ... X(Tm)) of our simulated
(Numeéraire relative) state variables

e.g. the Numéraire relative path values of a financial product. Then the (Numéraire relative) price
IS given by

EQZ | Fr,) = ER(F(X(Ty), ... X(Tm) | Frp)-

Challenge: Let 6 denote a parameter of the model SDE (e.qg. its initial condition X(0), volatility o
or any other complex function of those). We are interested in

0 0
2 EQ -7
6‘9E (Z | F1p) 2 f f(X(T1, w, 0), ... X(Tm, w, 0)) dQ(w)
0 ,
= 39 R™ i_ﬁﬁﬁ]b;mﬁﬁm) aﬁﬁ_ﬁﬁﬁmlmruﬂﬁmmﬁﬁﬁ_@qmﬁl)l)lﬁﬁﬁihnmmmﬁﬁm) d(xg, . - Xm)
payoff density - in general smooth in 6
may be

discontinuouse

Problem: Monte-Carlo approximation inherits regularity of f not of ¢:

) 1 &
EQ(Z | F1o) ! EQ(Z |F1g) = n Z iﬁﬁﬁﬁﬁmmﬁmmuﬁﬁb;|||ﬁﬁ|(|ﬂf|lﬂﬂ|ﬁfﬂimﬁl))
=1 payoff on path - may be

discontinuouse
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Monte Carlo MethodsSensitivities

Finite Differences:

) O 11 ~ "
ZEUTYVO) | Fry) ~ - BURYVO) | F1,) ~ 50 BTV + ) | Fr) - E2(F(YO - ) | F,)
17 1

= ﬁi:1%.f(Y(wi,9+ h) - f(Y(wi, 0 - h)

Properties
e Requires no additional information from the model sde dX = ...
e Requires no additional information from the simulation scheme X(Tj+;) = ...
e Requires no additional information from the payout f
e Requires no additional information on the nature of 8 (= generic sensitivities)
e Biased derivative for large h due to bnitedifference of order h

e Extremly large variance for discontinuous payouts and small h (order h™1)
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Monte Carlo MethodsSensitivitiedPathwise Difrentiation

Pathwise Diff erentiation:

CEYH(Y)) | Fry) " —BAH(Y()) | Fry)

= %;T(f(Y(#i,!)) = %Z;f#(v(#i,!))éw(,f“!)

Properties
¥ Requires additional information on the model sde dX = ...
¥ Requires no additional information from the simulation scheme X(Tj;1) = ...
¥ Requires additional information on the payout f (derivative of f must be known)
¥ Requires additional information on the nature of ! (! restricted class of model parameters)
¥ Unbiased derivative

¥ Requires smoothness of payout? (in this formulation)
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Monte Carlo MethodsSensitivitiedPathwise Difrentiation

Pathwise Differentiation (alternative interpretation):
! |

TEAO) IF1) = o | FOVG4 D) dQW) = | 5 T(Y(#, 1) dQ¥)
= o ) e agu) = BA(v() & | Fry
#BAT ) a2 [Fr) = = 1Y, ) a )
. | .

Note: See Joshi & Kainth [JK] or Rott & Fries [RF] for an example on how use pathwise differentiation with discontin-

uous payouts (there in the context of Default Swaps, CDOs).
Properties
¥ Requires additional information on the model sde dX = ...
¥ Requires no additional information on the simulation scheme X(Tj+1) = ...
¥ Requires additional information on the payout f (derivative of f must be known)
¥ Requires additional information on the nature of ! (! restricted class of model parameters)
¥ Unbiased derivative

¥ Discontinuous payouts may be handled (interpret " as distribution, for applications see e.g. [JK, RF])
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Monte Carlo MethodsSensitivitied:ikelihood Ratio

Likelihood Ratio:
FEUWO) IFr) = 5 [ frem)6a®) = 4 [ 508 oo o

1 ye
L Yf"()()y()y)é.' vey0) dy = EQ(F(Y) @) | Fro)

# BUM &) [Fro) = Y FV(S)) &n(".$)
=1

Properties
¥ Requires additional information on the model sde dX = ... (! !y))
¥ Requires no additional information on the simulation scheme X(7;+1) = ...
¥ Requires no additional information on the payout f
¥ Requires additional information on the nature of " (" restricted class of model parameters)
¥ Unbiased derivative

¥ Discontinuous payouts may be handled.
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Monte Carlo MethodsSensitivitiedvalliavin Calculus

Malliavin Calculus:

TEQG) | 1)

EQF(Y (1)) - w(t) | Frp)

I n

=

%

R w) 1 T1e) =~ SO #)) - wlt #)

i=1
Note: Benhamou [B0O1] showed that the Likelihood Ratio corresponds to the Malliavin weights with minimal variance
and may be expressed as a conditional expectation of all corresponding Malliavin weights (we thus view the Likelihood
Ratio as an example for the Malliavin weighting method).
Properties

e Requires additional information on the model sde dX = ... (— w)

e Requires no additional information on the simulation scheme X(7;+1) = ...

Requires no additional information on the payout f
e Requires additional information on the nature of ! (= restricted class of model parameters)

Unbiased derivative

Discontinuous payouts may be handled.
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Proxy Sinulation
Scheme
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Proxy Sinulation
Scheme

Pricing / Sensitivities




Proxy Scheme Siatation:Pricing

Proxy Scheme: Consider three stochastic processes
Xt X(t) t#IR model sde
X3 T, X¥T,) i=0,12,... time discretization scheme of X" target scheme

X? Ti1" XAT;) i=0,1,2,... anyothertime discrete stochastic process
(assumed to be close to X$) " proxy scheme

Pricing:
LetY = (X(Tq), ..., X(Tm), Y¥= (X¥T9), ..., X¥Tm), Y%= (X%Ty),...,X%Tm).
We have EQ(f(Y(!)) | Fr,) & EQ(f(Y¥()) | Fr,) and furthermore

| I

EXROON IFre) = OO0, )dac) = F0) vs)() dy

|
' Hvs(i
_ () & v$(1)(Y)

R™ oY) atydy) dy = EQF(YHan() | Fr,)

where w(!) = *ng—;&”.

Note:

¥ For X”= X®we havew(!) = 1' ordinary Monte Carlo.

¥ Y”s seen as beeing independent ofﬂ!;. ' implications on sensitivities.
. %

¥ Requirement: (y:#'(y) = 0" #'(y) =0
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Proxy Scheme Sinfation:Sensitivities

Proxy Scheme Sensitivities:
! !

TE ) IFr) = o FOF G D) dQE) = - 16) &vi()0) o
| ' "
_ O L0 £
= om0 5 4By Q.l.)ndy = EQ(fF(Y) a¥!) | Fr,)
% BRAR(Y)ani1) [Fro) = = F(Y () i )
i=1

Properties
¥ Requires no additional information on the model sde dX = ...
¥ Requires additional information on the simulation scheme X' (Ti+1), X (Ti+1)
¥ Requires no additional information on the payout f
¥ Requires additional information on the nature of ! (# restricted class of model parameters)
¥ Unbiased derivative (biased if Pnite differences are used for w)

¥ Discontinuous payouts may be handled.
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Proxy Scheme Siafation Sensitivities

Proxy Scheme Sensitivities:

%EQ(f(Y! MNIFty) $ ZlhlEQ(f(Y (I + h)) | F10) %EQ(f(Y (! %h)) | FTO)

o |Rmf(y)a (v (¢ + ) ) Yoyt o) () dly
= i f(y) & 2h(#YI ('+h)(Y) Yotty! (i %)(y))

|§1m #y' (Y)
$% f(Y($))a (w(! +h, $i) %ow(! %h, $1)
=1

atty" (y) dy

Properties
¥ Requires no additional information on the model sde dX = ...
¥ Requires additional information on the simulation scheme X' (Ti+1), X (Ti+1)
¥ Requires no additional information on the payout f
¥ Requires no additional information on the nature of ! (# generic sensitivities)
¥ Biased derivative (but small shift h possible!)

¥ Discontinuous payouts may be handled.
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Proxy Scheme Siafation Sensitivities

Proxy Scheme Sensitivities:

11 )
x gQ(f(Y( + ) 1 F70) = EX(F(Y*(" = h) | 7)

%

AT 177

o T () — v ) O

_ v fly) () (Y) =y -y (Y)
R™ #yo(Y)

L% Vo) - L+ h ) - we - h,$)

Niz1 72 - s

- #ye(y) dy

2

Finite difference applied to the pricing
results in a bnite difference approximation of the Likelihood Ratio

thus

We have all the nice properties of the Likelihood Ratio
combined with the genericity of Finite Differences
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Proxy Sinulation
Scheme

Denstities MWeak Schemes




Proxy Scheme Sinfation:Densities Weak Schemes

Proxy Scheme: Consider three stochastic processes
Xt X(t) t#IR model sde
X$ T x¥T;) i=0,12,... time discretization scheme of X" target scheme

X? Ti1" XAT;) i=0,1,2,... anyothertime discrete stochastic process
(assumed to be close to X$) " proxy scheme

Pricing: Let Y = (X(T1),.... X(Tm), Y®= (X¥Ty),....X¥Tm), Y= (X%Tq),...,X%Tm).

EX(F(Y(0)) | Fry) & EXF(Y¥0) | Fry) = EXF(YH aw() | Frp)
where
_ dys)(Y)
COvAY)

w(6)

(calculated numerically).

Note:

¥ From the scheme X”®we need the realizations (to generate the path)
" Need something explicit (Euler-Scheme, Predictor Corrector, etc.)

¥ From the scheme X® we need the transition probability only (weaker requirement)
" May use complex implicit schemes or expansions of the the transition probability of the
(true) model sde.
Kampen derived a quadratic WKB expansion for the LIBOR Market Model (see appendix)
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Proxy Sinulation:
Implementation
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Implementation

Standadl Monte Carlo Siralation:Pricing

InputData

Market Data

Model

Simulation

Calibrated Model
Parameters

Quantitative Methods in Finance -

— @ Equally weighted

Paths of Simulation Scheme
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Implementation

Standard Monte Carlo Simulation: Sensitivities

InputData

InputData

Market Data 6+h

Market Data 0-h

Model

Calibrated Model
Parameters

Simulation

— @ Equally weighted

Quantitatie Methods in Finance - 14-17 December 2005 - Sydasstralia
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Price

Price

Sensitivity as Finite
Difference
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Implementation

Proxy Simulation Method: Pricing

InputData

Market Data

Model Simulation | Product
Calibrated Model Monte Carlo weights
Parameters ' ° =

Paths of Proxy Scheme I f(Y(" )) - W
. i i

Proxy Model —,_"

=
Model Parameters ;
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Implementation

Proxy Simulation MethodSensitivities

InputData InputData
Market Data ! +h Market Data ! -h
MOdeI SimU|ati0n ! Product

Calibrated Model

Y Monte Carlo weights

Parameters

e Paths of Proxy Scheme

Proxy Model _l_" | f(Y(" I)) ¥Wi

Model Parameters ; :

- . .
Price Price

LR like Sensitivity as
Finite Difference
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Example:
LIBOR Markt Model
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ExampleProxy Scheme Siatation br a LIBOR Markt Model

LIBOR Market Model:

| 1"
— 7.4k AW = i L _ JJ a0 oH
di; =L dt + L;! ;dW;, i=1,...n, with = T j,,j! it #i g

i<jln

dW =X a &uU,

where dW = (dWy,...,dW,), dW;dW;=# ;dr, ==diag(! 1,...,! ), D[ TT=#).

¥ Log-normal model (common extensions: local vol., stoch. vol., jump)
¥ Non-linear drift

¥ High dimensional (no low dimensional Markovian state variable)

¥ Driving factors may be low dimensional (parsimonious model)

LIBOR Market Model & Numerical Schemes in Log-Coor dinates:
model sde: dK = pKdr + T&radU  K:=logL), pK:=pks 132
oroxy scheme: K%Ti, ;) = KAT)) + uK(T)AT; + SRT;) &r%RT;) 8AU(T))
target scheme: K&Ti,1) = K&T) + UK (T)AT; + S(T;) &I(T;) 8AU(T;)

I"is an n# m matrix.
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ExampleProxy Scheme Siatation br a LIBOR Markt Model

LIBOR Market Model & Numerical Schemes in Log-Coor dinates:
model sde: dK = pKdt + ! & adu K :=log(L), p:=pbt Li2
oroxy scheme: K'(Tisp) = K'(Tp) + uK (Tp#T + 1(T) & " (T) &4U(T)) < sample path

target scheme: K#Tip) = K#T) + uK (To#T, + 1 (T)) & (T)) & U(Ty)

Tansition Probabilites T; $ #Ti+1:
Assume for simplicity that pK"(T;) depends on K*(T;), K*(Ti+) only (and same for ")
($ true for, e.g. Euler Scheme, Predictor Corrector), then

" N N 1 I 1 n " N " n . . " # $
T KT K ) = oo g % V2R T e KL K T
| |
# 1 ! 1 1 1" # # $
K (Ti, Ki#;Ti+1, Kﬁl) = 2%# T2 exp ! HT: o5 /2FT 11 Kiﬁl ! Ki#! pK (TH#T,; 7
I I

Proxy Scheme Weights:
i KPT kT "
% ! (TJ,KJ.,TJ+1,KJ.+1)

W(Tis1) lpp = - d d <—— monte carlo weights
N %
Note: We used the factor decomposition (PCA) " = Fa % where % = diag("{,...,"m) are the

non-zero Eigenvalues of " &' T.

A change of market data / calibration enters into transition probabilities only.
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Summay:Requiements / Implementation

Proxy Scheme Weights:
. ! " "
I ¢K (Tj,Kj;Tj+1, Kj+1)

W(Ti+1) |ry, = -- --
K gfﬁK (Tj K3 T K g)

Implementation:

The transition densities ¢ and ¢X" are densities from the numerical schemes K" and K.
They may be calculated numerically (on the By together with the (proxy) schemes paths)!

Requirement:
¢K (TI’ K| ;Ti+1’ Ki+1) = 0 =# ¢K (TI’ K| ;Ti+1, Ki+1) =0

This requirement corresponds to the non-degeneracy condition imposed on the diffusion matrix in
the continuouse case (e.g. Malliavin Calculus).

However: Here, this requirement may be achieved even for a degenerate diffusion matrix, e.g. by
a non-linear drift.

Moreover:

Since we are free to choose the proxy sheme, it may choosen such that the condition holds.
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Summay: Properties /Achivements

Properties:
¥ Requires no additional information on the model sde dX = ...
¥ Requires additional information on the simulation scheme X' (Ti+1), X (Ti+1)
¥ Requires no additional information on the payout f
¥ Requires no additional information on the nature of 6 (# generic sensitivities)
¥ Stable for small shifts h

¥ Discontinuous payouts may be handled.

Achivements:
¥ Stable Generic Sensitivites: Finite Differences result in numerical Likelihood Ratios

¥ Weak Schemes: Allows to correct for an improper transition density.

Quantitative Methods in Finance - 14-17 December 2005 - Sydwustralia 30 © 2005 Christian Fries www.christian-fries.de




Summay:Note on the non-degeneracy condition

A note on the requirement

1y () = 0# ¢7°(y) = 0

While for Malliavin Calculus one would expect some non-degeneracy condition imposed on the dif-
fusion matrix, the above may hold for (time-discrete) simulation schemes with degenerate diffusion
matrices, e.g. if a stochastic drift generates additional diffusion.

Example: LMM Euler Scheme with and witout Drif
Consider a model on two state variable (here an
LMM) with a degenerate (rank 1) diffusion matrix
(red) and a stochastic drift term (like in LMM).
Then a single Euler step will span a line (blue).
Using this as a proxy scheme will does not allow
drift corrections outside that 1-dim hypersurface.
However, two subsequent Euler steps of half the
size, generate diffusion perpendicular to the 1-
dim hypersurface (green).

Logarithm of LIBOR(5.5,6.0)

L T T T T e e L e I |
W W DD MDD NN MDD DD DN DN DD DN DD DNDDND

-2 -2 -2 -2 -2 -2 -2 -2
Logartihm of LIBOR(5.0,5.5)
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Examples and
Numerical Results
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Numerical Results

Proxy Scheme: Consider three stochastic processes
Xt X(t) t#IR model sde
X3 T,1" X¥T;) i=0,1,2,... time discretization scheme of X" target scheme

X Ti1" XAT;) i=0,1,2,... anyothertime discrete stochastic process
(assumed to be close to X$) " proxy scheme

Test Case:
X LIBOR Market Model

x$ Target Scheme: Some standard discretization of LMM.

X" Proxy Scheme: Log-normal scheme without drift (LMM drift zero) (extrem test case).

Check for:
¥ Bond prices (& can we correct for the drift)

¥ Sensitivities of Trigger Products (Digitals, Auto Caps)

Quantitative Methods in Finance - 14-17 December 2005 - Sydwustralia 33 © 2005 Christian Fries www.christian-fries.de




Example 1.
Correcting the Drift
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Numerical Result$vlonte Carlo Bond Price Distributions

Comparison of Bond Deviations of Simulation Schemes

< worse

0,000 L

0,000 0,005 0,010 0,015 0,020 0,025
L1 deviation of Bond prices

Frequency
o
o
o1
o

o
o
N
Ul

B Zero drift Euler Scheme
Euler Scheme

¥ Shavn:Absolute Bond price Monte Carlo eor distribution for Euler Scheme
with drift zero (red) andEuler Scheme with Euler drifgellow): Neglecting drift
results in large Bond price mrs and &en higher Monte Carlo variance (since
here drift would generate meareversion).

¥ Next: Use zeo-drift Euler Scheme as @xy scheme and coect drift towards
Euler Scheme with drift (target scheme).
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Numerical Result$vlonte Carlo Bond Price Distributions

Comparison of Bond Deviations of Simulation Schemes

Frequency
o
o
o1
o

o
o
N
Ul

0,000 . k

0,000 0,005 0,010 0,015 0,020 0,025
L1 deviation of Bond prices

B Zero drift Euler Scheme
Euler Scheme
W Zero drift Proxy Scheme corrected for Euler Drift

¥ Shavn:Use zeb-drift Euler Scheme as @xy scheme (@d) and corect drift
towards Euler Scheme with drift (target scherbkie)

¥ Next:Take a closer lookCompae proxy scheme simation with diect
simulation
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Numerical Result$vlonte Carlo Bond Price Distributions

Comparison of Bond Deviations of Simulation Schemes

>
& 0,050
(D)
-]
o
o ‘|||||| ||||||‘“I|
0,000 —ll,ll—,—lll,"“llﬂ,ll-l—--,_

0,00000 0,00025 0,00050 0,00075 0,00100 0,00125
L1 deviation of Bond prices

B Zero drift Euler Scheme
Euler Scheme
W Zero drift Proxy Scheme corrected for Euler Drift

¥ Shavn:Monte Carlo Eror of Bond Pricesdr Proxy-Scheme Method (using
zero-drift Euler Scheme as @xy scheme) (blue) and @ct sinulation of target
scheme (gllow)

¥ Next: Rebne target scheme lonore accurate transition mbabilities
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Numerical Result$vlonte Carlo Bond Price Distributions

Comparison of Bond Deviations of Simulation Schemes

| |‘|‘|||“‘|||||‘ II.I
]
0,000 - --III IIII !!l H: m— LT P T

0,00000 0,00025 0,00050 0,00075 O, 00100 0,00125
L1 deviation of Bond prices

Frequency
o
o
o1
o

o
o
N
&

Euler Scheme
W Zero drift Proxy Scheme corrected for Euler Drift
Zero drift Proxy Scheme corrected for Trapezoidal Drift

¥ Shavn:Direct Euler Scheme surtation (\ellow), Proxy Sheme sindation with
Euler Scheme as target scheme (blIB&®xy Scheme sialation with transition
probablities derigd from trapezoidal integration ruleof the drift (green).
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Example 2:
Robust Generic Sensitivitit
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Numerical Resultdvlonte Carlo Sensitivities

Digital Caplet delta (maturity 5.0, 10000 paths)

09% -
0,8% i oin i

0,7% - ;}-; ' :‘ ,. . :: -
0,6% 1. ] ,'--‘-f..f e

0,5% -3asied
0,3% Fiighe gl T 5 T
0,1% - ':...f:-".' .o

0,0% +o : : . .
0 25 50 75 100

shift in basis points

delta

¥ Proxy Scheme Sensitivity shie an incease of variancef large shift (vell
known efect for Likelihood Ratio / Mallian Calculus)

¥ Proxy Scheme Sensitivitgmains stableof small shifts
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Numerical Resultdvlonte Carlo Sensitivities

Digital Caplet delta (maturity 5.0, 10000 paths)
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¥ Proxy Scheme Sensitivity shie an incease of variancef large shift (vell
known efect for Likelihood Ratio / Mallian Calculus)

¥ Proxy Scheme Sensitivitgmains stableof small shifts
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Numerical Resultdvlonte Carlo Sensitivities

Digital Caplet gamma (maturity 5.0, 10000 paths)
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Numerical Resultdvlonte Carlo Sensitivities

Digital Caplet gamma (maturity 5.0, 10000 paths)
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AppendixQuadraticWKB Expansiondr the LMMTransition Pobability Density

Threeassumptionskirst

(A) TheoperatolL is uniformly parabolicin R", i.e. thereexistsO< A< ! <! suchthat
forall¢" R"\ {0}

In
O< \# ajj (X)figj # 1. (1)
ij =1

(B) Thecoebcientsof L areboundedunctionsin R" which areuniformly HSlder continu-
ousof exponenta (o " (0, 1)).

guarante¢hatfundamentabolutionexistsandis is strictly positve. Thethird assumption

(C) thegrowth of all derivativesof the smoothcoebcientsfunctionsx $ a; (x) andx $

b (x) is at mostof exponentialorder i.e. thereexists for eachmultiindex o a constan

Ao > Osuchthatforall 1# i, j,k# n

ey noth ey, #o8
e Fxa # exp Ao |X|° , (2)

guarenteegpointwise)cornvergenceof coebcientfunctionsx $ ¢/ (x) = c (X, y) andx $
d (x) = dk(x,y) in thestandardVKB-expansion

%

P(x,y) , |

o5t G (x y)st'C . 3)

p(dt, X,y) = %L—n exp& &
2ot i>0

andin thenew WKB expansion(we call it thequadraticWKB expansion)whichis

p(dt, X,y) = \/27%& '

) P 2 *
exp g izod0t) ‘Zg;‘ét) +

e , - @
sold+ ( d & (rdd (y)ax&y)t .

(Thisis from theansatz

% +4 2

1
ot, X,y) = %—— exp& & +

(af + B &x&Y)I( . ()

i >0

whereadenoteshe scalarproduct.Herea! and3” areafenetermsdependingony (compen-

sationterms).
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From the target schemeonly
the transition probability is
needed.

Kampen [KF] derived a
guadraticWKB expansionfor
the LIBOR Market Model
(seeleft).

Thisenableausto constructa
proxy schemesinmulationwith
almost arbitrary small time
discretizationerror - even for
alargetime steps! T.

© 2005 Christian Fries www.christian-fries.de




Rektrences

Quantitative Methods in Finance - 14-17 December 2005 - Sydwustralia 406 © 2005 Christian Fries www.christian-fries.de




Rekrences

[BO1] BENHAMOU, ERIC: Optimal Malliavin Weighting Function for the Computation of the Greeks. 2001.

[BG96] BROADIE, MARK; GLASSERMAN, PAUL: Estimating Security Price Derivatives using Simulation. Man-
agement Science, 1996, Vol. 42, No. 2, 269-285.

[F] FRIES, CHRISTIAN P.: Bumping the Model. 2005.
http://www.christian- fries.de/finmath/bumpingthemodel

[FK] FRIES, CHRISTIAN P.; KAMPEN, J..RG: Proxy Simulation Schemes for generic robust Monte-Carlo
sensitivities and high accuracy drift approximation (with applications to the LIBOR Market Model).
2005.
http://www.christian- fries.de/finmath/proxyscheme

[FLLLT] FOURNIf, ERIC; LASRY JEAN-MICHEL; LEBUCHOUX, JfRi ME; LIONS, PIERRE-LOUIS; Touzl, NIZAR:
Applications of Malliavin calculus to Monte Carlo methods in Pnance Finance Stochastics. 3, 391-412
(1999). Springer- Verlag 1999.

[GO3] GLASSERMAN, PAUL: Monte Carlo Methods in Financial Engineering. (Stochastic Modelling and Ap-
plied Probability). Springer, 2003. ISBN 0-387-00451-3.

[JK] JOSHI, MARK S.; KAINTH, DHERMINDER: Rapid computation of prices and deltas of n"' to default
swaps in the Li Model. Quantitative Finance, volume 4, issue 3, (June 04), p. 266- 275.
http://www.quarchome.org/

[KF] KAMPEN, J..RG; FRIES, CHRISTIAN: A Quadratic WKB Expansion for the Transition Probability of the
LIBOR Market Model. in preparation

[M9O7] MALLIAVIN, PAUL: Stochastic Analysis (Grundlehren Der Mathematischen Wissenschaften). Springer
Verlag, 1997. ISBN 3-540-57024-1 .

[RF] ROTT, MARIUS G.; FRIES, CHRISTIAN P.: Fast and Robust Monte Carlo CDO Sensitivities and their
EfbcientObject Oriented Implementation. 2005.
http://www.christian- fries.def/finmath/cdogreeks

Quantitative Methods in Finance - 14-17 December 2005 - Sydasstralia 47 © 2005 Christian Fries www.christian-fries.de




