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ABSTRACT

Forecast is absolutely important tache and necessary premise
before decision-making and layout. Chaos time series forecast is a
important research aspect in forecast field. Chaos time series
forecast research based on artificial neural networks and wavelet
analysis is hot spot at present and much attention has been paid
to it. Wavelet neural network is a novel network combined with
wavelet analysis and artificial neural network. Because the
wavelet neural network inherits the self-learning ability of neural
network and time-frequency localization of wavelet analysis, it
can tolerrant more fault and approach function more closely. The
applications of wavelet neural network in approaching nonlinear
function or signal, sorting signal. system identification, dynamic
model building and predicting nonstationary time series were
researched widely. But the theoretical basis of wavelet neural
network is not perfect and complete. Many difficult problems
will still be researched. In this dissertation, how to construct,
train and optimize wavelet neural network, and its applications in
chaos time series prediction, were researched. Morever, models
are built for short-term prediction of chaos time series,
meantime, the models are applied to the prediction of the Chinese

stock price. The main contents and achievements in this book are
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summarized asfollows;

1. The chaotic theory and its analysis technique are applied
to the resreach of nonlinear time series, therefore, theory
foundation is provided for short-term prediction of chaos time
series. For an example of Shanghai stock price high-frequency
series, firstly it is reconstructed with phase space theory, then
the construction of attractors is proved to exist. In additon,
deterministic test is made with the maximum Lyapunov
exponent. According to the above results, Shanghai stock price
series are proved to be chaotic that is the foundation to find the
changing regularity correctly and build short-term prediction
models.

2. From the configuration theory of wavelet neural network,
the mathematical foundation and property are introduced in detail
and the four typical structures widely used now are analysed
deeply. Considering the factors such as the network algorithm,
approaching ability and the numerous information in frequency
domain, multi-resolution analysis of wavelet neural network
(MRA-WNN) is pointed out to be the best method to realize the
chaos time series short-term prediction of stock price. MRA-
WNN can not only approach the whole developing trend of the
stock market but also capture the changing details.

3. After the state vectors are obtained with the method of phase
space reconstruction they are regarded as the multidimensional input
of MRA-WNN. Then multidimensional prediction MRA-WNN
model is established and applied to the prediction of stock price
high-frequrncy time series for the first time. Subsequently,

realization method is provided. Based on MRA-WNN, an
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ABSTRACT

algorithm of BP combined with multi-resolution analysis is
brought up, which resolves these problems such as uncertain
note numbers of the hidden layer for traditional training
algorithm and the difficulties to study complex time series by the
single-scale algorithm of BP network. For the example of
Shanghai stock price series, the MRA-WNN and RBF-WNN
model with the same structure respectively are used to forecasts
the stock price high-frequrncy time series. The MAR-WNN
model is indicated to have a high prediction precision by the
simulation result.

4, Two types of non-monotone methods of optimizing
wavelet network are given as following. One is the non-monotone
filter method and it has been proved that this algorithm is global
convergent to the first-order critical point. This algorithm is
different from the traditional trust region filter method because it
uses the trial step’s tangent and normal decomposition. In
addition, the algorithm is also different from the non-monotone
method suggested by Gould because the non-monotony we
suggest is more relaxing, which has improved the filter method
without introducing the second correction step. Simultaneously,
we no longer define the boundary of control area and use its area
directly, which accordingly simplifies the algorithm. Another
method is non-monotone penalty-function-free method. This
method takes advantage of the non-monotone linear research and
the feasibility restoration phase of constraint violation function to
reach the balance between the objective function and constraint
violation function. However. the non-monotone method is equal

to the monotone method when M = 1 and the non-monotone
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method is still monotone from the view of M steps. Obviously,
we are also able to adopt the trial-step decomposition technology
in this method and then use the filter to conduct the acceptance
test. Furthermore, we can extend the non-monotone filter
method to the general constrained minimization problem. Numerical
results show that this method is executable and effective. So, we use
the two methods to act as a new optimization algorithm to practice
wavelet neural network.,

5. We apply the penalty-function-free method to the nonlinear
complementarity problem and transform nonlinear complementarity
problem into constrained optimization problems. Then we also
combine the penalty-function-free to get the convergence of the
algorithm, Many good numerical results are proved to be obtained.

6. We apply sequential quadratic programming method
without penalty function into optimizing wavelet network. We
modify the sequential quadratic subproblem so that it is solvable
at anyiteration point and without linear research, we present the
modified filter method. Moreover, based on the active set
technique, we reduce the scale of computation. When the search
direction is not accepted by the current filter, we construct a new
feasible decrease direction based on it instead of abandoning it.
And we propose a filter method with linear search.

7. We apply the new method without penalty function. Ultilizing
the NCP function, we transform the nonlinear constrained
optimization problem to the problem of solving the nonlinear non-
smooth equation. Include the information of NCP function in the filter
pair to reform the original filter pair. In the end, we get the global

convergence and the locally superlinear convergence. Besides this, for
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ABSTRACT

solving large scale programming problem, together with active set
technique, we proposed a new active set filter algorithm. Many good
numerical results are proved to be obtained.

8. One algorithm of optimizing wavelet network is
researched. It is the globly optimization method-filled function
method. A new filled function with single parameter is given. A
novel global optimization technique which combines this filled
function methood with BP algorithm is presented to optimize
wavelet network efficiently. In this algorithm, the BP algorithm
finds one of local minimum points first, the filled function
method finds the point that is lower than the minimal point
previously found. By repeating these processes, a global minimal
point can be obtained at last.

9. Another is the genetical gorithm. It is novel adaptive
simulated annealing genetic algorithm. The adaptive simulaled
annealing method is used for calculating select probability for
improving the convergence of this algorithm. Cross and variance
probability are also selected adaptively for enhancing this

algorithm stability and convergene.

Key words: forecasting. wavelet analysis, neural network, wavelet
neural network, multi-resolution analysis, phase space
reconstruction.  nonlinear  programming, sequential
quadratic programming. filter method, non-monotone,

global convergence, superlinear convergence
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