Cellular Automata
as an Alternative to
Geometric Brownian Motion




Outline ” Plis
T XPERTS FOR XPERTS

=  Geometric Brownian Motion

= Cellular Automata




il e

EXPERTS FOR EXPERTS

= Cellular Automata

Outline Q




2 equity indices:

EU & US

Index values = X, = auxiliary derived variables
= Inappropriate for modelling

marginals CDF
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2 equity indices: EU & US

Index values = X, = auxiliary derived variables

= Inappropriate for modelling

Xt

Log returns r; = In
Xt—1

— Easier to model

= fundamental stationary variables

marginals CDF
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Risk-free dX = uXdt >  X=X,eMt

drift diffusion
{—A—\ {—A—\

GBM dX = puXdt + oXdw
\\Wiener process W ~ N(0,/t)
A Xt 0'2
Logreturn (It0) 1 = lnX— ~ N((u —7) t, m/?) = X; ~ lognormal
0
Statistics E[X,] = X,eH

VX, = E[X/]? (et —1)




Model Risk @ EI:’F{ES
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No shocks
— Non-normal log returns
— Lévy process
— Regime-switching lognormal models

No heteroskedasticity
— Stochastic volatility models (Heston)
— GARCH process

BUT
BUT
BUT

BUT
BUT

scaling
more complex
more parameters

tough to calibrate
more parameters
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Outline Q

=  Geometric Brownian Motion




Nearest neighbour 2 states XOR automaton:
Zi(t) = Zi—l(t_l) D Z|+1(t 1)
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Nearest neighbour 2 states XOR automaton:
Zi(t) - Zi—l(t_l) ® Z

1+1

(t-1)
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Nearest neighbour 2 states XOR automaton:
Zi(t) - Zi—l(t_l) ® Z

1+1

(t-1)
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Nearest neighbour 2 states XOR automaton:
Zi(t) - Zi—l(t_l) ® Z
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Equity Indices 1988 — 2010

= EXPERTS FOR EXPERTS
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No shocks
— Non-normal log returns
— Lévy process
— Regime-switching lognormal models

No heteroskedasticity
— Stochastic volatility models (Heston)
— GARCH process

Rule 90 cellular automaton

BUT
BUT
BUT

BUT
BUT

scaling
more complex
more parameters

tough to calibrate
more parameters

= Reproduces the rich phenomenology of financial time series

» Requires minimal amount of parameters
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