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Abstract-This work introduces the wavelet transform as an important element for ATM
traffic prediction. Two methods are proposed. The first method proposes data fittings by the
fGn model of parameter H, adequate for long dependence stationary processes. The estimated
H is accomplished by a method based on Wavelet analysis. A small order Wiener filter is
projected to implement the prediction and the final proposal results in a filter coefficient
correction method that improves the prediction quality. The second method proposes a
combination of wavelet transforms to feed forward artificial neural networks. Wavelet
transforms are used to preprocess the nonlinear time-series in order to provide a step-closer
phase learning paradigm to the artificial neural network. The network uses a variable length
time window on approximation coefficients over all scales. This approach improves the
generalization ability as well as the accuracy of the artificial neural network for ATM traffic
prediction. Both prediction methods are evaluated on traffic data files from Bellcore.
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ATM traffic has the self-similarity property that establishes the preservation of the statistical
properties in different time scales. The fractal geometry and the fractal process offer facilities
for the understanding, modeling and analysis of self-similarity processes [4][10]. A stochastic

process x(t) defined in the time interval (-�,�) for any real number a>0, is statistically self
similar with Hurst parameter H if follows the relation :
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�� (1)
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Due to unavailability of ATM network traffic data in operational networks, a traffic
conversion procedure on Bellcore Ethernet traffic files was made, gathering the packages in
regular time intervals and dividing the total byte number by the equivalent size of an ATM
cell. Three resulting series were obtained: BC-OCTEXT, BC-OCTINT and BC-AUG. The
series BC-OCTINT consists of 1,759 seconds, in a time scale of 1 second, corresponding to
29 minutes and 31 seconds of internal traffic. The series BC-OCTEXT consists of 122,797.83
seconds, corresponding to 1,000,000 of packets of external traffic in a minute scale, resulting
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in 2046 points corresponding to 34 hours and 10 minutes of traffic. The series BC-AUG
consists of 3,142.82 seconds, corresponding to 1.000.0000 of Ethernet packets.
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In the second experiment it appeared that the training sets could be reduced as well as the
MLP complexity. Also, it was observed that the early stopping procedure adopted in the first
experiment did not improve the prediction quality, so there was no need for defining a
validation set. The training set for the time series BC-OCTEXT was formed with 64 points
and the test set was formed with elements from point 1001 to 2000. The scale of
decomposition using the predictor model described in figure 2 was j=3 resulting in 4 training
sets x

3
, x

2
, x

1
and x

0
, the latter corresponding to the original time series. The training sets are

shown in figure 9. The MLP used was 4x2x2x1, resulting in a less computational effort for
training.  The prediction quality was NMSE=0.39951, as illustrated in figure 10.

In the case of the time series BC-OCTINT the training set was formed by the elements 1 to
256 and the test set with elements from point 1000 to 1699. It is important to note that in this
second test set, there is an interval of abrupt variation that might increase the prediction
difficulty. As with the time series BC-OCTEXT, the MLP used was a 4x2x2x1 and the
prediction quality was NMSE=0.46195, showing a significant improvement. The prediction
result is illustrated in figure 11.
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Figure 9. BC-OCTEXT: training sets, four scales x
o
, x

1
, x

2
, x

3
.

Figure 10. BC-OCTEXT MLP-wavelet transform prediction with NMSE=0.39951, real time series solid line,
predicted time series dotted line.

Figure 11. BC-OCTINT MLP-wavelet transform prediction with NMSE=0.46195, real time series solid line,
predicted time series dotted line.
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The fGn model adjustment of the traffic increments is not to perform and a juster model can
lead to a more difficult treatment. The Wiener filter optimal coefficients normalization
process results in a simulated error reduction, leading to a set of theoretical limits, validating
the proposed method.

The conventional learning process in neural networks is sometimes inadequate for nonlinear,
nonstationary signal prediction problems and often yields poor generalization performance.
The combination of artificial neural networks and wavelet transforms for ATM traffic
prediction permits a preprocessing of the signal that has a fractal behavior. The ATM traffic
treated as a self-similar process, with same statistical information in different time scales
induces the use of wavelet transforms to produce different training patterns with less or more
details. The neural network learns gradually from simpler to more complex training sets
introducing a phase learning paradigm. This process permits a neural network complexity
reduction and the pursuit of predictors that have a better generalization capacity with a low
computational cost that appears to perform well enough to be of practical value. The
generalization of these results for other types of time series should depend on the
compatibility of the wavelet transform and the process model that represents the time series.
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j,k
(respectively �

0

j,k
) representing translations and dilations of �

0
(respectively �

0
), called

basic wavelet function. Mallat [18] introduced a pyramidal algorithm for computing wavelet
transforms by using the wavelet coefficients as filter coefficients. For the composition the
algorithm employs a lowpass filter L and a highpass filter H, as illustrated in figure B-1 for a
Haar wavelet system with J levels.
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Figure B-1: Mallat's pyramidal algorithm (DWT HAAR , J levels)
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