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Gyöngi’s Theorem:  The Itô Counterpart

Given an Itô process X

There exists a Markov process 

with the same marginals,

if a,b bounded and b bounded away from zero
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But the Restrictions are Important…

The Heston model

violates upper and lower bound conditions

Steve’s student Gerard Brunick has significantly extended 
Gyöngi’s Theorem to cover such cases.
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Even Simpler Example…

The mixture model:

An aside:  PG and Ken Kim represent the Heston model as 
an infinite gamma mixture of lognormals and use this for 
exact simulation
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Why Do We Care About Marginals?

We observe implied volatilities (prices) at multiple strikes…



Why Do We Care About Marginals?

Observing prices at all strikes…



Why Do We Care About Marginals?

…is equivalent to observing the underlying density at 
expiration



With multiple expiration dates…

…the marginal distributions become 
the key input to modeling



Dupire’s Local Volatility:  Practitioner’s Gyöngi

Given a set of marginals, construct a local volatility surface 

so that

matches the marginals
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Is this Circular?  Do Dynamics Matter?

The model reproduces what we already knew (marginals)

But it can be used to price and hedge path-dependent 
options

Will this work?
Wrong dynamics ! poor hedging performance



Putting the Pieces Together

Calibration

Markovian Projection Market Data

Parameter 
Mapping

Prices and HedgesComplex Dynamic 
Model

Simulation



To Conclude…

The line of work Steve has presented is 
• fundamental to theory (and difficult!)
• important to practice
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