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A NEW FORECASTING METHODOLOGY FOR BACKPROPAGATION NEURAL
NETWORKS

As pointed out by Weigend et al. (1990}, one of the major constraints to the use of backpropagation neural
networks as a practical forecasting tool, is the number of training patterns needed. For example, most
business and economic annual series likely have far too few entries for the present procedures. Many
authors, (e.g. Baum & Haussler, 1989), suggest that the number of training patterns required is
approximately proportional to the number of links in the network. However, there is no general method to
determine the optimal size of a network in a particular case. QOur proposed methodology deals with this
serious constraint, proposing a way in which the data requirement is decreased.

The general idea is to use the validation procedure proposed by Weigend et al. (1990). However, in order
to reduce the data requirement we use the Box-Jenkins calibration procedure (Hipel & McLeod 1977, 1992),
to identify the "principal components" of a time series. The calibrated ARIMA model suggests the number
of input units for the network. This process reduces the size of the network and consequently the data
required to train the network.

In order to avoid the overfitting problem, a validation procedure should be performed. The usual way to do
that is to split the original time series in two parts. The first part is used to train the network while the second
one Is used to determine where the training should be stopped. As pointed out by Weigend et al. (1990),
some drawbacks are that the validation part of the series is not used directly in the training of the network
and the results obtained are dependent on the pair of training and validation sets chosen. The first drawback
increases the data requirement to train the network while the second one the uncertainty of the modeliing
process. In order to deal with the overfitting problem without these drawbacks, Weigend et al. (1990)
suggested the weight elimination procedure, which dynamically adjusts the size of the network. However,
this increases the complexity of the training process and the overall modelling time.

The new methodology uses the calibrated Box-Jenkins models to generate synthetic time series (McLeod
& Hipel, 1978; Hipel & McLeod, 1992), which have the same statistical properties of the original data, and
uses it as the validation set. This overcomes the drawbacks pointed out by Weigend et al. (1990} since no
split is necessary in the original series.

We tested the new methodology using the U.S. Electricity Consumption time series (1920-1970). The first
part (1920-1960) was used to frain the network and to calibrate the ARIMA modsl. The second part of the
series was used to for forecasting performance analysis. The ARIMA model suggested that the last two
entries be used to forecast the next entry of the series. So, a small two layer (2-4-1) network was used to
train the neural network model. All the units used the logistic activation function.

Twp types of prediction were tested: one step ahead prediction and multi-step prediction. In the first case
the neural network performed as well as the ARIMA model. Both models gave a MAPE (mean absolute
percentage error) of 1.2% over ten years. Mowever, for the multi-step prediction the neural network model
outperformed the calibrated ARIMA in a ratio of 3:1 (Neural Network MAPE=2%, ARIMA=6%). Similar results
were obtained by Weigend et al. (1990) when forecasting the sunspot time series.

The initial results suggest the potential of the new methodology as a practical forecasting tool, by identifying
a small network which reduces the data requirements and the overall modelling time, compared with the
present neural network approaches. Further test are presently being performed in order to determine the
benefits of the new methodology against the traditionat method.



12 WORKSHOP NACIONAL EM REDES NEURONAIS E 1% ESCOLA DE REDES NEURONAIS

REFERENCES

Baum, £.B., Haussler, D., What size net gives valid generalization?
in Neural Computing, vol. 1, pp 151-160, 1989.

Hipel, KW, Mcleod, AL, Lennox, W.C., Advances in Box-Jenkins modelfing 1. - model construction, Water
Resources Research, vol. 13, No. 3, pp. 567-575, June 1977,

Hipel, KW., Mcleod, AL, Time series modelling of water resources and environmental systems, to be
published by Elsevier, Amsterdam, The Netherlands, 1992,

Lapedes, A., Farber, R., Nonlinear signal processing using neural networks: prediction and system

Modelling, Technical Report LA-UR-*&-26626, Los Alamos National Laboratory, 1987.

Mcleod, AL, Hipel, KW., Simulation procedures for Box-Jenkins models, Water Resources Research, vol.
14, No. 5, pp. 969-975, October 1978.

Weigend, A.S., Connectionist architectures for time serfes prediction of dynamical systems, PhD Thesls,
Department of Physics, Stanford University, University Microfilms International, Ann Arborb,
Michigan, 1992

Weigend, A.S., Rumelhart, D.E., Huberman, B.A., Predicting the future: a connectionist approach, in
International Journal of Neural Systems, vol. 1, No. 3, pp 193-209, World Scientific Publishing
Company, 1990.



