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The idea of the workshop

Using Markov chains as general toolfr building
and analyzing models and time series Is described.
What is newhere (and not published) is the
application of these tools tanalyze the dynamical
behavior of simple systems including deducing the
structure of the system and possible bifurcation
behavior.

These systems are richer than the classic chaotic
systems In that all-tl dynamical systems can be
described by these methods, but not all Markov
chains can be seen as-a@ Bystem. In addition, the
system is allowed to contain noise.
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What you might learn

Some MATLAB. We will depend heavily on the
standard MATLAB featurezsupplementing
with M-files provided on your CD.

Some of the features of Markov chain models
simulating a given model and estimating a
model from a time series.

Analyzing chaotic time series that may or may
not contain noise. Also, the role of noise can be
evaluated In some cases.

Hidden Markov Models. This workshop uses
tools in the Statistics toolbox of MATLAB.
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This Workshop

Introduction to MATLAB

Models of dynamics

Examples of Markov chains (MC)
Eigenvaluesstationary vectors, and limit
distributions

Estimating transition probabilities from a time
series & simulating a given MC

Hidden Markov Models (HMM)

Applications of this technique

Summary and References
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MATLAB

MATLAB is the primary product of the
Mathworks(http://www.mathworks.comn) , in
business since 1984.

MATLAB consists of a base and lots of
toolboxes, some applicatioispecific, some
third party, as well as a very large collection of
userOOD DI EAA Ol £Ox ABRAI £
These files can be macros (bundled list of
commands) or functions (where parameters
are passed and returned).
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http://www.mathworks.com/

Basic MATLAB features

Interactive interface interpretive

Built-in editor for Mfile building and testing
Rich collection of buiin mathematical and
statistical functions

Algorithms based on upo-date code

Good collection of graphics options/editing
Versions available for many platforms
M-files are devicandependent

MATLAB can take advantages wmiulticore
and parallel architectures
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MATLAB syntax

Case sensitiveg assumes most quantities are
matrices

-1 00 AlTlT11T1T AOOI OO A
Multiplications are assumed to be matrix
multiplicationsz term-by-term

| Ol OEPI EAAOEIT O OANO|
operator. Example 1, see the notes.

Indices start at 1 (not zero)

Good help facility and docs online.
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Dynamic Modeling

Constructing a mathematical model for a
dynamic process can follow several paths

First Principle Models x EAOA OEA OPEU

system dictates the form of the equations.
%Al DI A d ANOAOEIT 1T &£ 11 OET 1
Law (restoring force proportional to amount of deformation)
and F=ma or a birdand-death process.

Empirical Modelsz where data or observations

dictates the model within a class of possible models.

Examples : classical Baenkins time series (ARIMA) models
or models based on a surface determined through regression.
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Example 1

Flip a fair coin. We would expect that
P(H)=P(M) =1,

and that the previous result would not affect
the next. We can generate a sequence of H
and T or 1 and 2 by using a discrete uniform
random number generator (on MATLAB,
randi):

1 2 1 2 2 1 2 2 2
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Example 1 Continued

On the other hand, if one received a sequencs
i £ 1601 AAOOR A OEI A O
without full knowledge about how it was
generated, then one might use what you
have

1 2 1 2 2 1 2 2 2 2
to suggest that the system that produced the
X® 1 Ol AAOO OAAIT O O1
OEA OEI A AT A A OwWo £
would be an empirical model.
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Deterministic / Stochastic

Another decision in modeling is whether the
process Is essentially deterministic (and
stochastic effects can be ignored) or one in which
stochastic effects are embedded in the dynamics.

The difference iIs usually in the assumption that

X., = f(x) wherethex's are measured with
error but thaterror does not affect the dynamics

( the measureable quantity satisfiesy=x+U)
or X, =f(x,+&)orf(x)+e,

where the error does affect the dynamics (the
sequence 0k0)0O
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