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1.2. Example

e Client expects cash in USD, GBP and JPY in 6
months

e Needs to convert everything into EUR
e Standard: Client buys 3 EUR Call Options
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Results ccy pair | volatility (in%)
G I GRP.USD 0.00
USD-JPY 9.90

GBP-JPY 10.40

EUR-USD 10.10
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1.4. Corresponding correlation coefficients

GBP-USD | USD-JPY | GBP-JPY | EUR-USD | EUR-GBP | EUR-JPY
1.00 -0.40 0.49 0.71 -0.25 0.31

-0.40 1.00 0.61 -0.47 -0.16 0.50

0.49 0.61 1.00 0.16 -0.37 0.74

0.71 -0.47 0.16 1.00 0.51 0.53

-0.25 -0.16 -0.37 0.51 1.00 0.35

0.31 0.50 0.74 0.53 0.35 1.00
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1.5. Pricing example

USD, GBP and JPY to be changed into EUR

Comparing a basket put with 3 single vanilla puts

base currency EUR | basket put | EUR call rate 2.12%

notional 10,000,000.00

currencies USD JPY GBP

weights 33.33% 33.33% 33.33%

spots 1.2150 132.50 0.6690

1/spots 0.8230 0.0075 1.4948

strikes in EUR 1.2195 133.33 0.6667

volatilities in % 10.10 10.30 7.40

interest rates in % 1.61 -0.04 4.86
sum

vanilla prices EUR | 178,000.00 | 60,000.00 | 50,000.00 | 68,000.00

basket price EUR | 140,000.00

save EUR | 38,000.00
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1.6. Premium saved as a function of correlation
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Recall the Basket payoft

" +
o> asy - K
i=1
¢: +1 for a call and —1 for a put
a; > 0: weights
K strike in units of the domestic currency

T": expiration time in years
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2.1. Standard Moment Matching

Basket options should be priced in a consistent way with
plain vanilla options.

Hence the basic model assumption is a log-normal pro-
cess for the individual correlated basket components.
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Following [7] and [8], a simple approximation method
assumes that the basket spot itself is a log-normal pro-
cess with drift p and volatility o driven by a Wiener
Process

dS(t) = S()[udt + o dW (2)] (5)

with solution
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Following [7] and [8], a simple approximation method
assumes that the basket spot itself is a log-normal pro-
cess with drift p and volatility o driven by a Wiener
Process

dS(t) = S()[udt + o dW (2)] (5)

with solution

S(T) _ S(t>6aW(T—t)+(u—%02)(T—t) (6)
given we know the spot S(t) at time t.
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Following [7] and [8], a simple approximation method
assumes that the basket spot itself is a log-normal pro-
cess with drift p and volatility o driven by a Wiener
Process

dS(t) = S(t)[pdt + o dW (t)] (5)
with solution

S(T) _ S(t>6aW(T—t)+(u—%02)(T—t) (6)
given we know the spot S(t) at time t.
Now match the first and second moment of the basket

spot with the first and second moment of the log-normal
model for the basket spot.
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The moments of log-normal spot are

E[S(T)] = S(t)e "™ (7)
E[(S(T))°) = (S(t))?e®o )T (8)

We solve these equations for the drift and volatility
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In these formulas we now use the moments for the basket
spot

BIS@] = 3 aisitenm (H)
E[<S<T>)2] = EJV:aiajSi<t>5j<t>6<ui+uj+zg:1Qkiﬂjk)(T—t)

TV via Black-Scholes-Merton formula for plain vanilla
call options:

v(0) = e T [FN(d,)— KN(d.)]  (12)
F = S(0)e"”

1 F 1
d. = — (In| = | + 52T
. Jﬁ(n<K) 2" )

Here N denotes the cumulative normal distribution
function and r; the domestic interest rate.
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2.2. A More Accurate and Equally Fast Approxi-
mation

One more term in the Ito-Taylor expansion of the basket
spot results in

v(0) = e [FN(dy) — KN(dy)] (13)
S(0)

T V1= AT
o — \/02+)\ ((—i—ﬁ) JQT—ZlnF—V};AT)

VT

oV'T
di = V11— \Nldy + ——
! 2T I AT

The new parameter A is determined by matching the
third moment of the basket spot and the model spot.
For details see [6].

e(”_%+2(f\+/2\T))T
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Cov |W, WP =aiospt  (15)

The value function takes the form of the Black-Scholes
formula for vanilla options
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with auxiliary forward F, auxiliary strike K and vola-
tility v.
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Abbreviations
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1>

>

>

1>

>

1>

>

1 _th

\/%e 2" N(x):/_ n(t) dt (17)

S\elra=m)T - forward of the i-th asset (18)

a.F.
——— : modified weights (19)
> o1 6 F;
T~
exp {—gzcﬁj} (20)
7=1

Z CiCj0i0;Pij (21)
ij=1

K + Z a;F(ae”’ T — 1) (22)

j=1

> a;Fjaett (23)
j=1

log (%) + 2T
VT
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2.3.3. Derivation of the Value Function

First we rewrite the payoff as

Z aiSZEf) — K| = Z c,-S;(i) — K* Z a; F;
= ] —

(27)
where we define

| >
=

ST aF, (28)
f=1 D

éj).
[
|

(29)
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S 6Si? is now a weighted arithmethic average of

the numbers Si” with expectation 1 and variance 02T
Hence we expect to obtain a decent approximation at
least in the case of short maturity and low volatility by
the weighted geometric average

H (Sﬁ”) = aexp Z ;oW (30)
i=1

1=1

whose logarithm is normally distributed with mean
log v and variance v*T.
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More precisely we do the valuation as follows.
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log X
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V(O) = e_rdT Z a; B Z CZS;(Z) — K*]
=1 Li=1
- X +
FX Baskets: . .. n n N\ G “n ) n ) c?
= Y aRE [T1(55?) + > asi? -1 (539) -k
= =1 =1 =1
-
o Z [ o\ T
~ e ' Z a; F;IE (ST ) +1—aez” —K* (31)
=1 Le=1
| |
e where we have approximated the random variable X
Title Page o o o o
- by its expectation. Abbreviating
= A T2
EEEN ~K 2 1-ac - K (32)
_Page 21 of 53 A K
h = log| — (vVT) (33)
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we can proceed the valuation as follows.
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2.4. Optimal Strike Decomposition

e Instead of buying a basket call with n underlyings,
one can think of purchasing n individual call op-
tions.

e Due to the correlation effect, the sum of the values
of the call options will be more expensive than the
basket call.
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2.4. Optimal Strike Decomposition

e Instead of buying a basket call with n underlyings,
one can think of purchasing n individual call op-
tions.

e Due to the correlation effect, the sum of the values
of the call options will be more expensive than the
basket call.

e However, one might want to know how much one
safes by buying a basket or one might be forced to
buy the call options simply because there aren’t any
basket options offered.
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We call the sum of the calls a naive basket call with
strikes K; satisfying

n

Y aK, =K (37)

1=1

and denote the value of the naive basket call by

f(Kl, 500 g Kn) = Z aivanﬂla(Séi), Ki7 OiyTa, T, T, 1)

i=1

(38)
The value of the actual basket option corresponding to
a fully correlated market (p;; = 1) must agree with

fIKS, ..., K}), if the strikes K are chosen to minimize
f subject to the constraint (37).
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This minimization can be done as follows. Define

n

9Ky, .. K) =) aK - K (39)

i=1
and the Lagrangian

L(Kl, 50 c 7Kn7 )\) = f(Kl, 50 7Kn) SR )\g(Kl, E— Kn)
(40)
Next we set VL = 0 and obtain the n + 1 equations

log &L — 1527
A:emﬁv< g&v%l ),i=1w”ﬂu (41)
o

2”: a,K; =K (42)
i=1

in the n + 1 unknowns Kj,..., K, and A. Recall the
formula for the dual delta of a vanilla call to get (41).
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This system does not seem to have a closed-form solu-
tion, but we can easily compute the strikes

1
K; = F;exp {—502.2T — Ui\/TNl()\e"“dT)} (43)
based on the knowledge of A\. The problem boils down
to determining A. Combining (37) and (43) makes A =
HY(K), where the strictly increasing function H is
defined by

- 1
HO) 2 S aFesp {3t = o/ TN )}
1=1

(44)
The practical implementation of this result requires

Newton’s Method.AIt means to determine the zero of
the function T(A\) = H(\) — K.


http://www.mathfinance.com/

FX Baskets: . ..

| »

FX Baskets: . ..
Implied FX Correlation
Weighted Monte Carlo
Results

Contact Information

mathfinance.com

Title Page

Page 28 of 53
Go Back

Full Screen

Close

Quit

We need the first derivative

\/TerdT
n(N-1(lerdl))

- 1
C Z CL,L'O'Z'E exXp {—50'221—1 - O-i\/TN1<>\6TdT)} )
i=1

") = - (45)

the recursion

T ()

Ap1 = Ay — ——= 4
n+1 n T,()\ﬂ) ( 6)
and a good initial guess
Ao = e TN (—h) (47)

which is the analytical solution in the special case
o, = o for all 2. In markets whose underlyings have
similar volatility, the initial guess )\ is already close to
the optimal solution.
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3. Implied FX Correlation
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Full Screen

Relationship between volatilities o(edges) and correla-
Close tions p (cosines of angles) in a tetrahedron with 4 cur-
Quit rencies and 6 currency pairs. The arrows mark the mar-
ket standard quotation direction, i.e. in EUR-USD the
base currency is USD and the arrow points to USD.
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Formulae for the correlation coefficients in terms of
known market implied volatilities

02 —o? — o2
P12 = : : : (48)
20’10'2
o+ 02 — 02 — o2
pu = — ; : : (49)
0304

This method also allows hedging correlation risk by
trading FX implied volatility. For details see [6].
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Results

Contact Information

Weighted Monte Carlo assigns probabilities to each ex-
change rate path so that a set of given market instru-
ments are priced correctly. These paths and assigned
e P weights can be used to price exotic options or generate
an implied volatility surface for (quanto) FX baskets

1. The Weighted Monte Carlo Engine

mathfinance.com
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2. Calibration Instruments
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Weighted Monte Carlo
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Title Page
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4.1. The Weighted Monte Carlo Engine
We follow Avellaneda et al. [1].
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4.1.1. Generate v Black-Scholes Exchange Rate

Paths
FX Baskets: . ..
FX Baskets: . .. Sn_|_1 = Sn GXp {0- * €n+1 \/ ATn ‘|_ /,LnATn} 3 (50)
Implied FX Correlation
Weighted Monte Carlo n = 17 c M
Results M
Gt it o > AT, =T: time horizon

e S, € R% exchange rate vector for a basket of d
constituents

mathfinance.com

Title Page

o &, € R% correlated normals (via Cholesky Decom-
position)

e 0: reference volatility vector = average of implied
vols for each currency pair

Page 33 of 53

Go Back

e drift vector

Full Screen

1
[y =Tg— Tp — 502 (51)

Close

Quit
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4.1.2. Defining the Probabilities

e Given: mid-market prices Cy, Cs, . . ., Cy of bench-
mark instruments

e Consider present value cash-flow matrix g;; for ¢-th
path and j-th instrument

e Determine probabilities p; such that

szgz]: 79 ]:177N (52)
1=1
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4.1.3. How to Find the Probabilities

e Equation (52) may have no solution: increase the
FX Baskets: . . .
FX Bosketor . number of paths !

i >

Implied FX Correlation

Weighted Monte Caro e generally infinitely many solutions: minimize the

Close e D(plu) =Invif one p; = 1

Kullback-Leibler relative entropy
D(plu) 2 Inv + Zpi Inp; € [0,Inv]  (53)
e | » | subject to the constraint (52)
K e D(p|u) measures the distance of the probabilities
p from the uniform distribution u (standard Monte
Carlo)
e D(plu) = 0if all p; = < for all ¢
| o |

Fe)
S
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4.1.4. Dual Formulation of the Constraint Mini-

mization (53)

N v
j=1 i=1

Define the partition function

v N
1
i=1 j=1

The solution for given A is

L Lo (S
pi = Z(}\)Vexp — gz] J

The optimal A is found by minimizing

W(A) 2 1nZ(\) — i \C;

(56)

(57)
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4.1.5. Minimizing W (\)
We know the gradient

FX Baskets: . ..

FX Baskets: . ..

>

Implied FX Correlation

. oW 1 1¢ -
Weighted Monte Carlo — . i : >\ . - O
Results a)\k Z()\) U ZZ:; g k eXp (]zl: g J ]) k

Therefore, we can use the fast gradient-based optimiza-
tion algorithm BFGS, which is called d fpmin in Nu-
merical Recipes [3].

Full Screen

Close

Results

= Ep[gk] — Gy (58)
and that W (\) is convex since the non-negative definite
Hessian is given by
| » |
| > | W

_ p
= Cov'[g;, g (59)
ON;ON;

| Gosak |
i sreen |
| o |

Fe)
S
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4.1.6. Calibration Instruments
Weighted Monte Carlo o o
e Instead of generating market prices from a stored
Contact Information volatility surface, one can take exchange traded
vanilla prices. However, this makes the implemen-
mathfinance.com t&thH l"athel" Unsystem&th
e e Very important: Included a term structure of for-

ward prices to the constraints, as otherwise the
pricing engines does not know the correct forward
prices. Only with the forwards, the put-call-parity
will be guaranteed to hold.

Page 38 of 53
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Quit



http://www.mathfinance.com/

4.2. Example

4.2.1. Market, Contract and Numerical Constants

FX Baskets: . ..
FX Baskets: . ..
Implied FX Correlation Parameter
Weighted Monte Carlo Sp Ot SO 50
Results
Contact Information r d O . 05
mathfinance.com TZ O
Title Page (0} O . 2
Time 5
Strike 89.88
Page 39 of 53
Go Back Type Call
Full Screen Paths Z — 1, ey 1% 10
o= Constraints 7 =1,..., N | 4

Quit
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4.2.2. Volatility Smile and Start Values

FX Baskets:... i 1 9 3 A
FX Baskets:...

oSl strikes K;| 54.57 60.99 67.41| 73.83

ed o market prices | C} 13.97 9.93 7.07 0.15

s BS prices (flat) 1246 993 787 621

WMC prices 10.93 8.00 5.50 3.58

implied vols o; | 0.2400 | 0.2000| 0.1819| 0.1760

weights A; 1 0.00000 | 0.00000 | 0.00000 | 0.00000

Page 40 of 53 optimal weights 0.46369 | -0.48331 | -0.38753 | 0.44885

e grad w -3.0446 | -1.9321 | -1.5721 | -1.5685

Full Screen

Average implied vol is 19.95%, = take reference vol
o= 20%
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4.2.3. Volatility Smile and Start Values

simulated St | PV payoff | PV(g;;)
52.83 0.00 0.0000 | 0.0000 | 0.0000 | 0.0000
FX Baskets: . . .
Do 32.07 0.00 0.0000 | 0.0000 | 0.0000 | 0.0000
Implied FX Correlation 79.26 0.00 19.2295 | 14.2296 | 9.2297 | 4.2298
Weighted Monte Carlo
— 60.06 0.00 4.2758 | 0.0000 | 0.0000 | 0.0000
Contact Information 112.56 17.66 45.1619 | 40.1620 | 35.1621 | 30.1622
50.88 0.00 0.0000 | 0.0000 | 0.0000 | 0.0000
mathinance com 69.34 0.00 11.5063 | 6.5064 | 1.5065 | 0.0000
Tte Poge 29.71 0.00 0.0000 | 0.0000 | 0.0000 | 0.0000
75.66 0.00 16.4232 | 11.4233 | 6.4234 | 1.4235
70.82 0.00 12.6575 | 7.6576 | 2.6577 | 0.0000
Page 41 of 53
Go Bock The initial weights w; = 0 imply W(X) =0, Z(\) =1,
FollSereen D(p|lu) = 0. Exercise: Use solver to find the optimal
Close weights, the corresponding entropy. Check if all the

market prices are correct. Verify that the given option
is worth 2.8403.

Quit
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4.3. Cholesky Decomposition
4.3.1. Problem

FX Baskets: . ..
FX Baskets: . ..

Implied FX Correlation

Weighted Monte Carlo

i e Given n  independent random  variables
o ——— X1, X, ..., X, with variance 1.
e Generate n random variables Y7, Y5, ...,Y, such
mathfinance.com tha,t
[P Cov(Y,,Y)) = 0i0;p; (60)
e 0;: standard deviations of Y;
bage 12 o 55 e p;;: correlation coeflicients of the random pairs
o ¥:.Y5)
Full Screen ® p; =1 and Pij = Pji

Close

Quit
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4.3.2. Solution
We start by setting

FX Baskets: . .. A ! .
FX Baskets: . .. Y; — E a”Lkai) 1= 17 cc 7n (61)
Implied FX Correlation k=1
Weighted Monte Carlo

. 1 . .
el and determine the @ coefficients a;; for all 1 < 5 <
SR i < n. Combining (60) and (61) we obtain

mathfinance.com 1

i J
Title Page 0i0;Pij = E E aikaleOV(XkaXl) = E Qi Ak

k=1 I=1 k=1
(62)
which can be solved recursively by writing
Page 43 of 53
1—1
Go Back
0:0;Pij = E Qi Qi + Qi Qi (63)
Full Screen k=1

Close

1—1
9 2 9
Quit g, = E :a’z’k;+a’z’i (64)
k=1
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The recursive solution is then easily read off as

i—1
@i = 4|02 — ) d} (65)
k=1

1—1
a}]@ _ O-ZO-]pZ] Zkzl a/zk‘a/]k (66)

A5

which can be summarized as
i—1
_ 0i0iPij — D Gkl
- 9
2 i—1 9
\/‘7@' - Zkzl Q.

The coefficients a;; should be computed in the following
order:

aiy, Q21, A22, A31, A32, A33, - . . (68)
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Implied FX Correlation
Weighted Monte Cario We list the correlated random variables up to dimension
Results thl” ee
Contact Information ’

Yi = 01 X 1 (69)

mathfinance.com
— / 2
YYQ == 0'2,012X1 + 09 1— p12X2 (70)

Title Page

P23 — P12P13
VA :0%2
\/ 1+ 2p12p13p23 — Plo — Pl
Page 45 of 53 O3

/ 2
Go Back 1 o p]‘2

Full Screen

Y; = o03p13X + 03 Xy + (71)

—
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5. Results

Market Data as of January, 20th 2009.
USD rate=0.00352. Basket Strike: 3.53

5.1. Smiles

EURUSD Smile

Vol
0.20 0.25 0.30
I I I

0.15
|

0.10
|

0.5 10 15

Strike

20
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5.2. Optimal Strike Decomposition vs. Weighted
Monte Carlo

FX Baskets: . .. Market Data as of January, 20th 2009.

57 Erchiic ... USD rate=0.00352. Basket Strike: 3.53
Implied FX Correlation EUR AUD GBP
ALt Rl ) 1M Rate 0.0199 0.0438 0.0163
t T ——h— Spot 1.3088  0.668 1.4452
BF25 0.7375 0.4865 0.8955
mathfinance.com RR25 —05 —32 —2.75
Title Page ATM 21.62 29.05 23.73
Opt Strikes 1.3465 0.6922 1.4912
Smile Vols 20.61 27.14  21.62

Page 49 of 53 Flat Smile Basket Price : 0.0503

Flat Smile Weighted MC Price :  0.0493
Flat Smile Standard MC Price :  0.0495
Basket Smile Price : 0.0437
Weighted MC Smile Price : 0.0433

Go Back

Full Screen

Close

Quit
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6. Contact Information

L

FX Baskets: . .. Uwe WyStU.p

FX Baskets: . .. o

Implied FX Correlation M athFlnance AG

Weighted Monte Carlo M alnluststl"af)e 4

Results 60329 Frankfurt am Main
Contact Information Germany

Phone +49-700-MATHFINANCE
More papers are available at
Title Page http://www.mathfinance.com/wystup/papers.
php
These slides are available at
http://www.mathfinance.com/wystup/
presentations/fxbaskets_smile_slides.pdf
The corresponding handouts are available at
Ful Screen http://www.mathfinance.com/wystup/

Close presentations/fxbaskets_smile_handouts.pdf

mathfinance.com

Page 50 of 53

Go Back

Quit



http://www.mathfinance.com/
http://www.mathfinance.com/wystup/papers.php
http://www.mathfinance.com/wystup/papers.php
http://www.mathfinance.com/wystup/presentations/fxbaskets_smile_slides.pdf
http://www.mathfinance.com/wystup/presentations/fxbaskets_smile_slides.pdf
http://www.mathfinance.com/wystup/presentations/fxbaskets_smile_handouts.pdf
http://www.mathfinance.com/wystup/presentations/fxbaskets_smile_handouts.pdf

FX Baskets: . ..

FX Baskets: . ..
Implied FX Correlation
Weighted Monte Carlo
Results

Contact Information

mathfinance.com

Title Page

Page 51 of 53
Go Back
Full Screen
Close

Quit

-
 FX Baskets:... |
FX Baskets:... |
Implied FX Correlation
Weighted Monte Carlo
Results |
' Contact Information |
| mathfinance com |
| 7ive Page |
| »
RN N
| Page 51055 |
| Gogack |
i creen |
o |
oue |

References

1]

AVELLANEDA, M., BUFF, R., FRIEDMAN, C., GRANDECHAMP, N.,
KRrUK, L. and NEWMAN, j. (2001). Weighted Monte Carlo: A new
Technique for Calibrating Asset-Pricing Models. International Journal
of Theoretical and Applied Finance, vol 4, No. 1, pp. 91-119.

ENGELMANN, B. and SCHWENDNER, P. (1998). The Pricing of Multi-
Asset Options Using a Fourier Grid Method. The Journal of Compu-
tational Finance. 1 (4), 53-61 (1998).

FLANNERY, B., PrEss, W., TEUKOLSKY, S. and VETTERLING, W.
(1992). Numerical Recipes in C. Cambridge University Press.

GENTLE, D. (1993). Basket Weaving. Risk 6(6), 51-52.

GLASSERMAN, P. and Yu. B. (2003). Large Sample Properties of
Weighted Monte Carlo Estimators. Working Paper, Columbia Uni-
versity, New York.

HAKALA, J. and WysTuP, U. (2002). Foreign Exchange Risk. Risk
Publications, London.

HAkALA, J. and WysTup, U. (2002). Making the most out of Multiple
Currency Exposure: Protection with Basket Options. The Furomoney


http://www.mathfinance.com/
http://www.nr.com
http://uk.cambridge.org/mathematics/financial/
http://www.mathfinance.de/FXRiskBook/
http://www.riskwaters.com/
http://www.riskwaters.com/

Foreign Exchange and Treasury Management Handbook 2002. Adrian

Hornbrook.
FX Baskets: ... [8] HAKALA, J. and WysTup, U. (2009). Foreign Exchange Basket Op-
FX Baskets: . .. tions. Encyclopedia of Quantitative Finance. Wiley.

Implied FX Correlation [ 9]

RE1ss, O. and WysTup, U. (2001). Efficient Computation of Option
Weighted Monte Carlo

Price Sensitivities Using Homogeneity and other Tricks. Journal of

Results Derivatives Vol. 9 No. 2.
Contact Information

[10] WysTuPp, U (2000). The MathFinance Formula Catalogue. http://
www.mathfinance.com

mathfinance.com

Title Page

Page 52 of 53
Go Back
Full Screen

Close

-
 FX Baskets:... |
FX Baskets:... |
Implied FX Correlation
Weighted Monte Carlo
Results |
' Contact Information |
| mathfinance com |
| 7ive Page |
| »
RN N
| Page 52055 |
| Gogack |
i creen |
o |
oue |

Quit



http://www.mathfinance.com/
http://www.iijournals.com/
http://www.iijournals.com/
http://www.mathfinance.com
http://www.mathfinance.com

Index
FX Baskets: . ..
FX Baskets: . .. basket OptiOIl, 3
implicd FX Correlation basket option valuation, 9
Weighted Monte Carlo BFGS’ 37
Results Cholesky decomposition, 42
Contact Information correlation hedge, 30
entropy, 35

mathfinance.com

impled FX correlation, 29
Title Page [to-Taylor expansion, 15

Kullback-Leibler relative entropy, 35
moment matching, 11

Page 53 of 53 normal distribution, moment gener-
ating function, 23

Go Back

optimal strike decomposition, 24

Full Screen

partition function, 36

Close

weighted Monte Carlo, 31

-
 FX Baskets:... |
FX Baskets:... |
Implied FX Correlation
Weighted Monte Carlo
Results |
' Contact Information |
| mathfinance com |
| 7ive Page |
| ]
KN EN
| Page 53055
| Gogack |
i creen |
o |
oue |

Quit



http://www.mathfinance.com/

	FX Baskets: Application and Example
	FX Baskets: Valuation without and with Smile
	Implied FX Correlation
	Weighted Monte Carlo
	The Weighted Monte Carlo Engine
	Example
	Cholesky Decomposition
	Problem
	Solution
	Examples


	Results
	Smiles
	Optimal Strike Decomposition vs. Weighted Monte Carlo

	Contact Information

