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ÁUsing Markov chains as general tools for building 
and analyzing models and time series is described. 

ÁWhat is new here (and not published) is the 
application of these tools to analyze the dynamical 
behavior of simple systems ɀincluding deducing the 
structure of the system and possible bifurcation 
behavior.

ÁThese systems are richer than the classic  chaotic 
systems  in that all 1-d dynamical systems can be 
described by these methods, but not all Markov 
chains can be seen as a 1-d system. In addition, the 
system is allowed to contain noise.
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ÁSome MATLAB. We will depend heavily on the 
standard MATLAB features ɀsupplementing 
with M-files provided on your CD.

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

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

ÁHidden Markov Models. This workshop uses 
tools in the Statistics toolbox of MATLAB.
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ÁIntroduction to MATLAB 
ÁModels of dynamics
ÁExamples of Markov chains (MC)
ÁEigenvalues, stationary vectors, and limit 

distributions
ÁEstimating transition probabilities from a time 

series & simulating a given MC
ÁHidden Markov Models (HMM)
ÁApplications of this technique
ÁSummary and References
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ÁMATLAB is the primary product of the 
Mathworks(http://www.mathworks.com) , in 
business since 1984. 
ÁMATLAB consists of a base and lots of 

toolboxes, some application-specific, some 
third party, as well as a very large collection of 
user-ÓÕÐÐÌÉÅÄ ÓÏÆÔ×ÁÒÅ ÉÎ ÔÈÅ ÆÏÒÍ ÏÆ Ȱ--ÆÉÌÅÓȢȱ 
These files can be macros (bundled list of 
commands) or functions (where parameters 
are passed and returned).
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ÁInteractive interface ɀinterpretive 
ÁBuilt-in editor for M-file building and testing
ÁRich collection of built-in mathematical and 

statistical functions 
ÁAlgorithms based on up-to-date code
ÁGood collection of graphics options/editing
ÁVersions available for many platforms  
ÁM-files are device-independent
ÁMATLAB can take advantages of multicore

and parallel architectures
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ÁCase sensitive ɀassumes most quantities are 
matrices
Á-ÏÓÔ ÃÏÍÍÏÎ ÅÒÒÏÒÓ ÁÒÅ ȰÓÈÁÐÅȱ ÉÓÓÕÅÓ
ÁMultiplications are assumed to be matrix 

multiplications ɀterm-by-term 
ÍÕÌÔÉÐÌÉÃÁÔÉÏÎÓ ÒÅÑÕÉÒÅ Á ȰȢȱ ÂÅÆÏÒÅ ÔÈÅ 
operator. Example 1, see the notes.
ÁIndices start at 1 (not zero)
ÁGood help facility and docs online.
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ÁConstructing a mathematical model for a 
dynamic process can follow several paths

ÁFirst Principle Models -×ÈÅÒÅ ÔÈÅ ȰÐÈÙÓÉÃÓȱ ÏÆ ÔÈÅ 
system dictates the form of the equations.

ǐ%ØÁÍÐÌÅ ȡ ÅÑÕÁÔÉÏÎ ÏÆ ÍÏÔÉÏÎ ÏÆ Á ÓÐÒÉÎÇ ÂÁÓÅÄ ÏÎ (ÏÏËÅȭÓ 
Law (restoring force proportional to amount of deformation) 
and F=ma or a birth-and-death process.

ÁEmpirical Modelsɀwhere data or observations 
dictates the model within a class of possible models.

ǐExamples : classical Box-Jenkins time series (ARIMA) models 
or models based on a surface determined through regression.
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ÁFlip a fair coin. We would expect that

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     2
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ÁOn the other hand, if one received a sequence 
ÏÆ ÎÕÍÂÅÒÓȟ Á ÔÉÍÅ ÓÅÒÉÅÓ ÏÆ ΧȭÓ ÁÎÄ ΨȭÓ 
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 
ΧΦ ÎÕÍÂÅÒÓ ÓÅÅÍÓ ÔÏ ÇÅÎÅÒÁÔÅ Á ȰΧȱ ΩΦ ϻ ÏÆ 
ÔÈÅ ÔÉÍÅ ÁÎÄ Á ȰΨȱ έΦϻ ÏÆ ÔÈÅ ÔÉÍÅȢ 5ÓÉÎÇ ÔÈÉÓ 
would be an empirical model.
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ÁAnother 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.

ÁThe difference is usually in the assumption that

where the           are measured with 
error but that error does not affect the dynamics

( the measureable quantity y satisfies y=x+Ů)

or 

where the error does affect the dynamics (the 
sequence of xȭÓ).
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