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Abstract-Although neural networks have been around for over 20
years, we still have difficulties training them. Training is often difficult
and time consuming. The paper describes a software (NNT) developed for
neural network training. In addition to the traditional Error Back
Propagation (EBP) algorithm, several second order algorithms were
implemented. These algorithms are modifications of the Levenberg
Marquet algorithm and they are able to train arbitrarily connected feed-
forward neural networks. In most cases the training process is more than
100 times faster than EBP training. These algorithms can also find
solutions for very difficult networks where the EBP algorithm fails.

I. INTRODUCTION
There is a significant interest in the use of neural networks

in various industrial applications [1-7]. Unfortunately, the
most commonly used Error Back Propagation (EBP) algorithm
[7][8] is neither powerful nor fast. It is also not easy to find
the proper neural network architectures. The most common
approach is to try a number of various architectures until one
is found for which the training algorithm converges to an
acceptable solution. This approach requires many training
sessions and often leads to the use of far from optimum
architectures.

Another reason for not using optimal architectures is that
most of the commonly used training algorithms (like
MATLAB Neural Network Toolbox) are only able to train
multilayered neural networks like the one shown in Fig. 1,
where there are no connections across layers.

Fig. 1 Typical layer by layer neural network architecture.

As it was shown in [9], the most commonly used neural
network architectures are far from optimum. Let us consider
the parity 5 problem which has 32 training patterns. When a
traditional layer by layer architecture is used, at least 5
neurons are needed in the hidden layer (see Fig 2(a)), and the
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total number of weights (including biasing) is 5X6+6=36 [9].
When using a fully connected neural network, only 2 neurons
are needed in the hidden layer (see Fig 2(b)), and the total
number ofweights is 2X6+8=20 [9].

(5),

(a) (b)
Fig. 2. Minimal network architectures to solve parity- 5 problems
with (a) traditional feed-forward neural networks and (b) with fully
connected network.

The fully connected architecture of Fig 2(b) is not only
simpler, but it is easier to train. Unfortunately, most neural
network software is not capable of training fully connected
architectures, with the exception of SNNS (Stuttgart Neural
Network Simulator), which was developed a decade ago and is
constantly improving [10]. The SNNS uses many different
algorithms including Error Back Propagation [8], Quickprop
algorithm [11], Resilient Error Back Propagation [12], Back
percolation, Delta-bar-Delta, Cascade Correlation [13] etc.
Unfortunately, all these algorithms are derivatives of steepest
gradient search (EBP) and training is relatively slow.

For fast training, second order learning algorithms have to
be used. The most effective is LM - Levenberg Marquet [14]
algorithm, which is a derivative of the Newton method. This
is a relatively complex algorithm since not only the gradient
but also the Jacobian must be found. The LM algorithm is
implemented in the MATLAB Neural Network Toolbox, but
because of its complexity, it was developed only for layer-by
layer architectures, which are far from optimum.
The software described in this paper is capable of handling

arbitrarily connected neural networks (including fully
connected). These architectures can be trained not only by
Error Back Propagation methods but also by the LM -
Levenberg Marquet algorithm. In addition, a couple of
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