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Dynamic Modeling

Constructing a mathematical model for a

dynamic process can follow several paths
First Principle Modelssx EAOA OEA ODI
the system dictates the form of the equations.

Example : equation of motion of a spring based on

(TTEA6O , Ax j OAOOI OET C A&

deformation) and F=ma or a birtnd-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 catastrophe surface.
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Deterministic / Stochastic

Another decision is to 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 Is usually in the assumption that

X1 = f(X,)where thex 'S are measured with
error (but that error does not affect the dynamics)

orx ,=f(x +¢&)) where it does.
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Another Possibility

Stochastic models can also be described where
there is no such functiofh In these cases, the
probability of the next value Is given by a
probability density function depending oK,

Examples: The extreme case Is where the sequence Is
a run ofrandom numbersfrom the same distribution.
Here, the distribution does not depend on the
previous value.

Markov chains where the distributions are specified
In the empirical case by the history of the data values.
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This Talk

Brief description of Markov chains
Estimating transition probabillities from a

time series
Applications of this technique

Heart rate variability

Cardiac imaging registration

Study of chaotic systems
Summary and References
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Markov Chain Model Assumptions

Discrete time z discrete state

Order 1 (only the past state value determines
the distribution)z this Is the Markov assumption
(previous history not relevant).

If system Is continuous stateged to define

what the states are(think histogram).

(for time homogeneous chains) The model Is
specifiedby determining the transition
probabilities (by first principles or through data)
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The Transition Matrix P

cCurrent state-> row.
Possible next state> columns
Each row representsadf given a current

value In that state. L
) T
0 1 0 C 5

P=| 5 0 5
.33 0 .67,
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Generating a time series from a

transition matrix

Using aMatlab m-file, starting with 1, 10 random
numbers based on the matrix P can be generate
>> x=generate(1,P,10)

x=1 2 3 3 3 1 2 1 2 3
Similarly, given a sequence of state values, P ca

be approximated.
In the next slide, an AR(1) process generates a

time series.
X, 4 =.9X +&,

N+
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>>Dt=transi(d,5)

Dt = y

0.3333 0.3333 0.3333 0 0
0.1538 0.5128 0.2051 0.1282 0
0.1379 0.3793 0.3448 0.0690 0.0690

0O 0.4000 0.3000 0.2000 0.1000
, 0 0 0.3333 0.1667 0.5000

Note that the pattern of
nonzero values in the
transition matrix
suggests that the form
of the relationshipf
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