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A Study on Fast Neural Networks Based on Non-iterative Strategy
Zhu Wentao (Computer Application Technology)

Advised by Associate Professor Miao Jun

The research on neural networks is always a hot topic in pattern recognition related areas.
Neural networks have been extensively applied to many areas such as signal processing, sig-
nal classification, handwritten digital recognition and image classification, because the neural
networks have a lot of advantages such as good learning ability, satisfactory generalization per-
formance, easy to be implemented by hardware and its working schema similar to biological

neural system.

The research on neural networks can mainly be categorized into two directions during
the recent years. They are fast learning speed related research, which is represented by the
Extreme Learning Machine (ELM), and better generalization ability related research, which is
represented by the deep learning. However, the fast learning speed related research is even more
important in practical pattern recognition applications. Because data is always more important
than the pattern recognition algorithm in practical applications. A model that learns fast trains

with much more data, thus it outperforms a complex model.

In the work, we use non-iterative strategy to calculate the hidden layer weights in the
neural networks. Therefore, the enhanced models have fast learning speed. The work can be

summarized as follows,

(1) Proposes a robust regression method, Extreme Support Vector Regression (ESVR),
combining Support Vector Regression (SVR) with Extreme Learning Machine (ELM) to deal
with the ill-conditioned problem in ELM with better performance in regression problems. The
hidden layer in ESVR uses random projection schema in ELM. In the output layer, based on
€ - SVR model, the approach minimizes the L, norm of both slop and intercept in the objec-
tive function, and uses the equality constraints to approximate the € - SVR model. After the
deduction, we obtained an analytical solution. The ESVR robustly deals with the regression

problems, whilst maintaining fast learning speed of ELM.

(2) Proposes the Constrained ELMs (CELMs) generating hidden nodes based on sample
related distribution prior to deal with the inefficient use of totally randomly generated hidden
nodes in ELM. The inefficient use of hidden nodes leads to more hidden nodes to use in prac-
tical applications to meet the requirement. More hidden nodes mean more testing time, and
easier to over-fitting. Generating hidden nodes based on sample distribution prior boosts the

performance effectively, whilst retaining the same extremely fast learning speed as the ELM.

I
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(3) Proposes the deep trans-layer learning model based on unsupervised learning to deal
with the high complexity of current deep models. The model uses unsupervised learning to
learn the local receptive field features. Then concatenate the features from previous layers
into the last layer to construct a more completed representation. We attempt to use Extreme
Learning Machine, Auto Encoder and PCA to learn the unsupervised local receptive features
respectively. Experimental results show that, these models achieve much better performance
than the related models, whilst being much faster learning speed than conventional deep mod-

els.

In conclusion, the above works study how to deal with slow learning speed in neural
networks based on the non-iterative strategy by enhancing the conventional deep models and
Extreme Learning Machine. In the model devising, we consider the generalization of the model
and learning speed at the same time. Extensive experiments show, the methods proposed in the

paper have better testing accuracy and much faster learning speed at the same time.

Keywords: Extreme Learning Machine (ELM), ill-conditioned computation, = Support Vec-
tor Regression (SVR), Extreme Support Vector Regression (ESVR), efficiency of hid-
den nodes, Constrained Extreme Learning Machine (CELM), deep trans-layer neural net-

works, unsupervised learning local receptive field features
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