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English_General

This presentation was prepared exclusively for the benefit and internal use of the J.P. Morgan client to whom it is directly addresse d and delivered (including such 

clientõs subsidiaries, the òCompanyó) in order to assist the Company in evaluating, on a preliminary basis, the feasibility of a possible transaction or transactions 

and does not carry any right of publication or disclosure, in whole or in part, to any other party. This presentation is for discussion purposes only and is 

incomplete without reference to, and should be viewed solely in conjunction with, the oral briefing provided by J.P. Morgan. Neither this presentation nor any of 

its contents may be disclosed or used for any other purpose without the prior written consent of J.P. Morgan.

The information in this presentation is based upon any management forecasts supplied to us and reflects prevailing conditions and our views as of this date, all of 

which are accordingly subject to change. J.P. Morganõs opinions and estimates constitute J.P.Morganõs judgment and should be regarded as indicative, 

preliminary and for illustrative purposes only. In preparing this presentation, we have relied upon and assumed, without independent verification, the accuracy 

and completeness of all information available from public sources or which was provided to us by or on behalf of the Company or which was otherwise reviewed by 

us. In addition, our analyses are not and do not purport to be appraisals of the assets, stock, or business of the Company or any other entity. J.P. Morgan makes 

no representations as to the actual value which may be received in connection with a transaction nor the legal, tax or accoun tin g effects of consummating a 

transaction. Unless expressly contemplated hereby, the information in this presentation does not take into account the effects of a possib le transaction or 

transactions involving an actual or potential change of control, which may have significant valuation and other effects.

Notwithstanding anything herein to the contrary, the Company and each of its employees, representatives or other agents may d isclose to any and all persons, 

without limitation of any kind, the U.S. federal and state income tax treatment and the U.S. federal and state income tax str ucture of the transactions 

contemplated hereby and all materials of any kind (including opinions or other tax analyses) that are provided to the Company relating to such tax treatment and 

tax structure insofar as such treatment and/or structure relates to a U.S. federal or state income tax strategy provided to t he Company by J.P. Morgan.

J.P. Morganõs policies prohibit employees from offering, directly or indirectly, a favorable research rating or specific price target, or offering to change a rating or 

price target, to a subject company as consideration or inducement for the receipt of business or for compensation. J.P. Morgan also prohibits its research analysts 

from being compensated for involvement in investment banking transactions except to the extent that such participation is int ended to benefit investors.

IRS Circular 230 Disclosure: JPMorgan Chase & Co. and its affiliates do not provide tax advice.  Accordingly, any discussion of U.S. tax matters included 

herein (including any attachments) is not intended or written to be used, and cannot be used, in connection with the promotio n, marketing or 

recommendation by anyone not affiliated with JPMorgan Chase & Co. of any of the matters addressed herein or for the purpose o f avoiding U.S. tax -related 

penalties.

J.P. Morgan is a marketing name for investment banking businesses of JPMorgan Chase & Co. and its subsidiaries worldwide. Securities, syndicated loan arranging, 

financial advisory and other investment banking activities are performed by a combination of J.P. Morgan Securities Inc., J.P. Morgan plc, J.P. Morgan Securities 

Ltd. and the appropriately licensed subsidiaries of JPMorgan Chase & Co. in Asia-Pacific, and lending, derivatives and other com mercial banking activities are 

performed by JPMorgan Chase Bank, N.A. J.P. Morgan deal team members may be employees of any of the foregoing entities.

This presentation does not constitute a commitment by any J.P. Morgan entity to underwrite, subscribe for or place any securitie s or to extend or arrange credit or 

to provide any other services.
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Numerical Methods ðMonte Carlo

Basic Simulation

ÂAssume we have a local volatility model

ÂWe want to compute the value of a derivative with a payoff F which 

depends on the value of Sat maturity T, for example a simple call option 

with strike K:

ñUnder the òrisk-neutral measureó P this is given as the expectation
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Numerical Methods ðMonte Carlo

Basic Simulation

ÂIf we know how to draw random samples of S(T), then we could

1. Draw M samples S1(T),...,SM (T)

2. Compute for each samples the payoff value F(Sk (T))
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Numerical Methods ðMonte Carlo

Basic Simulation

ÂIf we know how to draw random samples of S(T), then we could

1. Draw M samples S1(T),...,SM (T)

2. Compute for each samples the payoff value F(Sk (T))

3. Take the average

Â Black&Scholes Ą ok

Â How do we handle Local Volatility ?
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Numerical Methods ðMonte Carlo

Local Volatility Simulation

ÂThe equation

really means, over a small time -interval dt,

ñWe know that the distribution of dWover dt is normal under P with zero 

mean and variance Õdt,
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Numerical Methods ðMonte Carlo

Local Volatility Simulation

ÂHence, let us divide the interval [0,T] into small subintervals

index by t1<
é.<tm=Tn.

ÂOn each interval, we simulate dWas a normal variable:
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Normal numbers

In Excel: 

NORMINV(RAND(),0,1))

Drift and volatility 

values are known
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Numerical Methods ðMonte Carlo

Local Volatility Simulation

ÂOn each interval, we simulate dWas a normal variable:
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Numerical Methods ðMonte Carlo

Local Volatility Simulation
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Numerical Methods ðMonte Carlo

Local Volatility Simulation

ÂWe repeat this M times, for which we need M * n normal variables.

The result are M samples of S(T)with associated payoff values

ñNote that by doing the time -stepping, we introduce a òdiscretization 

erroró into the sample distribution.
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Numerical Methods ðMonte Carlo

Local Volatility Simulation

ÂAs before, the estimated price is then the average

ÂNote that the method we just describes can be used to compute samples 

for a list of samples dates T1,é,Tn.

ÂHence, we can compute more complex payoffs

ä
=

=
M

k

k TSF
M

T
1

M ))((
1

)(DF:FV

ä
=

=
M

k

nkkn TSTSF
M

T
1

1M ))(,),((
1

)(DF:FV 2



13

Numerical Methods ðMonte Carlo

Stochastic Volatility, Jumps etc.

ÂEquivalent methods exist

ÂBasically, the stochastic volatility process is treated the same way

ÂMerton-Jumps can be handled easily, too

ĄSee Glassermannõs book [10]
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Numerical Methods ðMonte Carlo

Estimation Error

ÂFor very large M, our price converges:

ñBut how much is òvery largeó ?

ñCompute the standard deviation of the payoff

ñThe estimated error of the simulation is
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Numerical Methods ðMonte Carlo

Estimation Error

ÂProblem gets a lot worse if Greeks are computed - in particular second 

order

ÂVarious methods exist to reduce the variance of the payoff

ñSee Glassermannõs book [10] for a survey

ñBut no òsilver bulletó
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Numerical Methods ðMonte Carlo

Monte Carlo

ÂPros

ñVery easy to understand & implement for almost all models in finance

ñVery robust ðòalways worksó

ñPath-dependent payoffs naturally supported

ÂCons

ñConvergence very slow in particular for Greeks

Always look at the estimation error ða price from a MC simulation is

meaningless without the associated error estimate !

-3.00% -2.00% -1.00% 0.00% 1.00% 2.00% 3.00%

MC Error of a 1y ATM Put @ 50% Volatility 
with 10,000 path
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Numerical Methods
PDEs and Trees
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Numerical Methods ðTrees & FDs

Trees

ÂBack to our local volatility model

ÂAgain, we want to compute the value of a derivative with a payoff F which 

depends on the value of Sonly at maturity T.

ñAssume for the moment, that interest rates are zero.

ñUnder the ôrisk-neutral measureõ P the price of F is given as before as
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Numerical Methods ðTrees & FDs

Trees

ÂOne key property of òpricesó is that the price today is the discounted 

expected value of the price tomorrow (martingale property)

ñAssume for a moment, that you actually know FV(tmw,S) for a fixed level 

S of a stock price tomorrow.

ñExample: if tomorrow is maturity, then FV(tmw,S) = F(S).

[ ]))(FV(E:))(FV( tmwtmw,Stdytdy,S =

S(tmw) is not known today 

ðit is the random value of 

the stock tomorrow.
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Numerical Methods ðTrees & FDs

Trees

ÂRecall

ñFor short time periods, we can approximate the normal variable dW(t) by 

a simple variable which goes up, down or remains at zero with 

probabilities pup, pdn and pmid.
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Numerical Methods ðTrees & FDs

Trees

ÂThe probabilities are choose to match mean and variance of dW(t).

Mid

Up

Down

Start

pup

pmid

pdn


