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6570118 2.704 2000
6802557 2.833 18.41 2001
7038434 2.982 18.65 889.8 2002
7270798 3.047 18.90 902.1 2003
7503736 3.156 19.03 904.7 2004
7737246 3.298 19.12 924.6 2005
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8203573 3.483 19.38 933.5 2007
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10535730 4.584 20.76 1039.0 2017
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5263297 3.463 930.9 24.30 2000
5373281 3.277 963.1 24.59 2001
5469256 3.146 961.7 25.59 2002
5541555 3,080 983.6 25.80 2003
5636632 3.128 1013.9 26.09 2004
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5815598 3.240 1038.3 2730 | 2006
5904418 3.233 1068.9 27.59 1 2007
5999937 3.202 1096 28.27 2008
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6173787 3.176 1129.9 29.09 2010
6266584 3.186 1131.9 29.77 2011
6355796 3.198 1156.9 30.28 2012
6443362 3.202 1188.3 30.57 2013
6534246 3.199 1195 31.26 2014
6624332 3.193 122122 31.75 2015
6712670 3.190 1253.4 32.74 2016 |
6802534 3.191 1261.6 32.74 2017
6892689 3.193 1289 33.25 2018
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7071120 3.195 1331.9 34.23 2020
7161084 3.194 1360.6 34.75 2021
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5754378 3.888 1110.8 3.81 2001
6510321 3.993 1113.9 3.90 2002
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470857 0.576 1610 7.34 2004
426010 1.162 1695.5 7.58 2005
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494375 1.301 2097.9 8.71 2011
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1087553 1.180 22433 9.14 2013
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1200495 1.568 2438.7 9.64 2016
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1314970 1.796 27584 10.34 2019
1058445 1.341 2848.7 10.42 2020
964347 0.603 2919.3 10.53 2021
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An Overview on

Artificial Neural Networks (ANNS)

&

Neural Conneci_i-on 2.0 Software

Part One : What Is Real Neural Network

1. Definition

1. Historical Evolution of the Field Neural Networks

[II. What is a Neuron
V. How Neurons Make Decisions
V. Basic Concepts Of Neural Network
[.  Network Properties
2. Node Properties
e Activation functions
3. Systems Dynamics
VI.Learning Process
Vil.Application of Neural Networks
VIl Functional Classification

IX.Supervised and Unsupervised Learning

Part Two : Neural Connection 2.0 Software

[.  Neural Conncction Structure
1.  Tools
III.  Workspace Tutorial
IV.  Implementation
V. Modeling and Forecasting Tools

VI.  Multi-Layer Percepton

Part Three : Some Real World Applications
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I-Definition:

“a Neural Network 1s a massively parallel distributed processor that,
has a natural propensity for storing expefimentat knowledge and.
making it available for use. Stergion and Siganos clarify that it “is
inspired by the Iway biological nervous systems, such as the brain,
process information. It is composed of a large number of highly
interconnected processing elements. (neurons) working in unison to
solve specific problems.” (Chritos Stergion and D. Siganos, p3, 2001)
Prof. Simth I\\éd(—'is ‘that “neural networks are based on the parallel
architecture of animal brains. They are a form of multiprocessor
computer system, with simple processing elements, with a high
degree of intercén’nection, with simple scalar messages, and adaptive:

interaction between elements.” (Leslie Smith, p2, 2001)

This means that
1. Knowledge is acquired by the network through a learning
process |
- 2. The strength of the interconnections between neurons is
implemented by means of synaptic weights used to store the
knowledge.” (Igor N. Aizcnbérg and Vandewalle, p9, 2000)
During The learning process, the relations between the inputs and the
outputs is mapped in a form of a network and the kﬁowledge is captufed’

through a learning aAlgorithm of adapting weights.
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Ii-Historical Evolution of the Field Neural Networks:

Year Type of Neural _Inventors' Coﬁ;fnent
Architecture Discoverer |
1943 - | Formal neuron Mcculloch, The first
Pitts o | nonlinear
| mathematical
1 model, without
application_ |
1957 ‘Perception Rosenblatt Learn and |
| classify pattérns
1960 Madaline Widrow A new type of
NEUroprocessors
1969 Cercbellatron Albus Perceptrons
| theory
1974 Backpropagation Werbos,
work Parker,
Rosenblatt
1977 } Bra_in State In a Anderson
Box
1978 Neocognitron Fukushima’
1978 Adaptive Carpenter,
Resonance Theory | Gossberg
1980 Self organizing Kohonen Associative
Map memaory
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1982  Hofield Net - | Hofield Energy
| functions
enabling

solving a large

number of
| problems
1985 | Bidirectional Kosko
| Associative .
Memory
1985 | B-Oltzman-MaChine Hintbh,“
Sejnowsky, -
Szu
1986 Counterpropagation | Hecht-Nielsen-
1988 Cellular Neural Chua, Yang Each neuron in
| Network the CNN is
connected with

neuron from its
nearst

neighborhood

only.

“(Tgor N. Aizenberg and Vandewalle, pl1-12, 2000)

1fI- What is a Neuron

Neural Networks mimic the brain in adapting and learning and

answering the questions and finding solutions. From here that idea of
Neural networks was established. Having a brief over view about the
brain and its components and functions will give us a clear vision of how

the neural networks work.
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In the beginning we need the know what is a neuron which is the smallest

component af a brain.
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Sehernate of beologe al nevron

"The brain is a coilection of about !0 billion interconnected neurons.
Each neuron s a cell that uses biochemical reactions to receive, process

and transmit information.”
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“A ne{uron’s‘ dendritic tree is connected to a thousand neighboring
net.lfbri‘lsf When one of those neurons fire, a positive or negative chargé is
ré’c.eiyed'by one of the dendrites. The strengths-of all the received charges
aré : addéd together through the processes of spatial and temporal
summat'ibn. Spatial summation occurs when several weak signals are
convé’rléd into a single large one, while temporal summation converts a
rapid series of weak pulses from one source into one large signal. The
aggregate input is then passed to the soma (cell body). The soma and the
enclosed nucleus don'i play a significant role in the processing of
incoming and. outgoing data. Their primary function is to perform the
continuous maintenance required to keep the neuron functional. The part
of the soma that does concern itself with the signal is the axon hillock. If
the aggregate input is greater than the axon hillock's threshold value, then
the neuron fires, and an output signal is transmitted down the axon. The
strength of the output is constant, regardless of whether the input was just
above the threshold, or a hundred times as great. The output strength is
unaffected by the many divisions in the axon; it reaches each terminal
button with the same intensity it had at the axon hillock. This uniformity

is critical in an analogue device such as a brain where small errors can
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snowball, and where error correction is more difficult than in a digital

system.

Each terminal button is connected to other neurons across a small gap
called a synapse [left]. The physical and neurochemical characteristics of
cach synapse determines the strength and polarity of the new input signal.
This 1s where the brain is the most flexible, and the most vulnerable.
Changing the constitution of various neuro- transmitter chemicals can
increcase or decrease the amount of stimulation that the firing axon
imparts on the neighboring dendrite. Altering the neurotransmitters can
also change whether the stimulation is excitatory or inhibitory. Many
drugs such as alcohol and LSD have dramatic effects on the production or
destruction of these critical chemicals. The infamous nerve gas sarin can
kill because it neutralizes a chemical (acetylcholinesterase) that is
normally responsible for the destruction of a neurotransmitter
(acetylcholine). This means that once a neuron fires, it keeps on
triggering all the neurons in the vicinity. One no longer has control over

muscles, and suffocation ensues.” (Neil Fraser, p2, 1998)

Stergion and D. Siganos “conduct these neural networks by first trying to
deduce the essential features of neurons and their interconnections. We
then typically program a computer to simulate these features. However
because our knowledge of neurons is inc_omplete and our computing
power is limited, our models are necessarily gross idealizations of real

nctworks of ncurons.”
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The neuron model

(Chritos Stergion and D. Siganos, p5, 2001)

Aizenberg and Vandewalle explained the general model of a neuron
which is based on the biological concept . They mentioned that “A
neuron is a nonlinear processing element. Generally, a neuron has n
inputs with output signals x,,...,x, and some synaptic weights w;I=1,...,n
an extra weight wg does not cotrespond to any input an often is called
bias. A central point of the neural processing is the evaluation of the
neuron activation function ¢ (z) for the value z of the weighted sum. This
value of the activation function is the output of the neuron. If input/ouput
mapping is described by some function (x;,..X,).

The following equality holds

@(2) =@ (Wo +Wix; + ... FW,Xy)
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X ' p(z}) S
W,
Output
W, @)= (Xise- %)

Fig 1 A General Model of the Neuron (Igor N. Aizenberg and
Vandewalle, pl2, 2000)
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1V-How Neurons Make Decisions

‘Stergion and D. Siganos proved us with a brief example of how the
artificial neuronal network works and he classified the modes of the
neuron’s opcrations into two classcs: training op‘erali'on and the using
operation.  “In the training mode, the neuron can be trained to firc (or
not), for particular input patterns. In the using mode, when a taught input
pattern is detected at the input, its associated output becomes the current
output. If the input pattern does not belong in the taught list of input
patterns, the firing rule is used to determine whether to fire or not.”

(Chritos Stergion and D. Siganos, p6, 2001)

CH /U
w1 TEACH /USE

X2 T L

~ ‘\/’f -
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\ - _“‘\-,7/ \‘
RTPLTS K weurom }_—. OUTPUT

J/

"

wn . . ,"'-’\\‘T"

TEACHING INPUT

A simple neuron (Chritos Stergion and D. Siganos, p7, 2001)

They discuss that the firing rule relates all the input patterns, not only the
ones on which the node was trained. “A simple firing rule can be
implemented by using Hamming distance technique. The rule goes as

follows:

Take a collection of training patterns for a node, some of which cause it
to fire (the I-taught set of patterns) and others which prevent it from
-doing so (the O-taught set). Then the patterns not in the collection cause
the node to fire if, on comparison , they have more input clements in

common with the 'ncarest’ pattern in the 1-taught set than with the
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'nearest’ pattern in the O-taught set. If there is a tie, then the pattern.

remains in the undefined state.

For example, a 3-input neuron is taught to output ! when the input
(X1,X2 and X3) is 111 or 101 and to output 0 when the input is 000 or
001. Then, before applying the firing rule, the truth table is;

ix2 o o | (T I T |
L X3 o 0 o fo 11
oUT {0 1o e Lot fen L1 fen |1

As an example of the way the firing rule is applied, take the pattern 010.
It differs frbm 000 1n 1 element, from 001 in 2 elements, from 101 in 3
elements and from 111 in 2 elements. Therefore, the 'nearest' pattern is
000 which belongs in the O-taught set. Thus the firing rule requires that
the neuron should not fire when the input is 001. On the other hand, 011
is equally distant from two taught patterns that have different outputs and

thus the output stays undefined (0/1).

By applying the firing in every column the following truth table is

obtained;

0 O/l

I X1: | Lo o [o o [0 [T 1 |1 ]
[x2: | 10{0{1- fofoilji,
T of"1§ T E e

The difference between the two truth tables is called the ge_;_zera!izatiaﬁ of

the neuron. Therefore the firing rule gives the neuron a sense of similarity
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and enables it to respond 'sensibly' to patterns not seen during training”
(Chritos Stergion and D. Siganos, p7-8, 2001).

V. Basic Concepts Of Neural Network

Going in to more details of the neural networks, Fu explains the
consiruction of the neural networks. He thinks that a ncural network

consists of the following:

1. Network Properties which are topology (connectivity), types of
connections, the order of the connections, and the weight of the
connections.

2. Node Properties which are the activation range and the activation
(transfer) function.

3. Systems Dynamics which are the weight initialization schema the

activation calculating formula, and the learning rule.

1.Network properties includes the topology or the framework. The
framework is specified by the number of layers, the number of nodes per

layer and The types of layers which include:

¢ The input layer are called the input units which encode the
instance presented to the network for processing. They don’t
process information but they distribute information to other
units.

o  The hidden layer are called hidden units which are not obvious.
This provide a non-linearties for the network.

e  The output Layer are called outpuf units which encode possible

values to be set to the case under construction.
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Fu has categorized the interconnection of the network into:

o Feed-Forward Networks: In this connection, all connections
point in one direction i.e. from input to output. Fu describes this
network as a stable netWork.

¢ Recurrent Networks: they are loops connections and feedback
connections.

¢  Symmetrical Networks: if there I a connection between [ and j
there is a connection between | and [ and the weights associated
with the two connections are equal Wi=Wj;

e Asymmetrical Networks: the connections are not as the

previous one the connections are asymmetrical.

There are four types of connections between nodes and layers: infer-
layers connection which is between layers. Intra-layers connection which
hetween nodes in the same layer. Self-connection, a connection pointing
from a node to itself. Supra-layer connection which is between nodes in a

non-adjacent layers (Limin Fu, p18-p20, 1994).

2. Node properties fu argues that the activation levels of nodes includes
different types:- discrete (0,1), continuous cross a range (0-1), or
unrestricted This depends on the activation function chosen (Limin Tu,

p20, 1994).

e Activation functions:

A. Threshold (step function)
B. Picewise (ramp function)
C. Sigmiod (sigmiodal function)

D. Gaussian function.
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A. Threshold

B.Picewise (ramp function)

o

C. Sigmiod (sigmiodal function)

E. Gaussian function.
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( Perambur S. Neclakanta and De Groff, p42, 1994) (1gor N. Aizenberg
and Vandewalle, p13, 2000)

3. System dynamics. the initialized weight is usually randomly chosen so
as to start the learning process. Then the leaning rule is chosen. It defines
the connection weights in order to optimize the network performance . it
indicates the calculations in each training cycle. Usually, the activation
levels of inputs are not calculated since they are given and the hidden and
output units are calculated according to the function used (Limin Fu, p2{,

1994)..

V1. The Learning Process:

There are steps that are used to build an Artificial Intelligent (Al)

system:

1. Selecting the most appropriate neural network model.

2. Developing the neural network model according to the application

3. training the neural network. In this phase, a set off input vectors are
given to the model. The initial weight are set in the beginning. In
cach training cycle the output is compared with the desired or
given by the instance. In each cycle the weights are changed
hoping it is going { reduce the error. T his process is repeated unitl
the error reaches the satisfactory level. There are two criteria to
measure the error.

¢ The sum of squared errors 3> i (T jp— O )
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Where T'j, and O j, are respectively the desired and

the actual activations of output unit ; in the instance p.

e The cross-entropy -3 ;> Piplog( Q ip)H(1-P ) logy(1-Q ip)

Where P ;, and Q;, are respectively, the desired and

actual probabilities of output unit/ in the instance D

in other cases, the desired output is not given so the
error can’t be measured. Hence, different leaning

procedure are used.

4. Using the trained model to solve the problem and make the

inference(Limin Fu, p22, 1994).
VIL Application of Neural Networks

“inis 1s an example of an important application of neural networks
which is pattern recognition. Pattern recognition can be implemented by
using a leed-forward neural network that has been trained accordingly.
During training, the network is trained to associate outputs with input
patterns, When the network is used, it identifies the input pattern and tries
to output the associated output pattern. The power of neural networks
comes to life when a pattern that has no output associated with it, is given
as an input. In this case, the network gives the output that corresponds to

a taught input pattern that is least different from the given pattern.
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RN+ = S

feed-forward neural network .

For example:
The network of figure 1 is trained to recognize the patterns T and H. The

associated patterns are all black and all white respectively as shown

below.

INPUT OUTPUT IHPUT QUTPUT

If we represent black squares with 0 and white squares with 1 then the
truth tables for the 3 neurones after generalization are;

N e R S LD
{
i

FUE
X12: %
]

OUT: |

P
—

e T

Middle neuron
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T ]I 0 1 o T
| 1 R o o |1 o

Bottom nearon

From the tables it can be seen the following as sociasions can be
extracted:

IHPUT OUTPUT

In this case, it is obvious that the output should be all blacks since the
input pattern is almost the same as the "T" pattern.

— H

IMFUT OUTPUT

Here also, it is obvious that the output should be all whites since the input
pattern is almost the same as the 'H' pattern.

IHPUT CUTFUT

Here, the top row is 2 errors away from the a T and 3 from an H. So the
top output is black. The middle row is 1 error away from both T and H so
the output'is random. The bottom row is 1 error away from T and 2 away
from H. Therefore the output is black. The tota! output of the network is
still in favor of the T shape.

141



e A more compl: ited neuren

The previous neuron doesn't do anything that conventional conventional
computers don't do already. A more sophisticated neuron is the
McCulloch and Pitts model (MCP). The difference from the previous
model is that the inputs arc 'weighted', the effect that cach input has at
decision making is dependent on the weight of the particular input. The
weight of an input is a number which when multiplied with the input
gives the weighted input. These weighted inputs are then added together
and if they exceed a pre-set threshold value, the neuron fires. In any other

case the neuron does not fire.

<1 Wi TEACH /USE
1 7 v 2 T
INPUTS '; Newton OUTPUT
xn - : Nn/' T
/r
TEACHING IHPUT
An MCP neuron

In mathematical terms, the neuron fires if and only if;
XIW!+X2W2 +X3W3+..>T

The addition of input weights and of the threshold makes this neuron a
very flexible and powerful one. The MCP neuron has the ability to adapt
to a particular situation by changing its weights and/or threshold. Various
algorithms exist that cause the neuron to 'adapt’; the most used ones are
the Delta rule and the back error propagation. The former is used in feed-
forward networks and the latter in feedback networks™ (Chritos Stergion

and D. Siganos, p9-10, 2001).
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VIII. Functional Classification
There are four neural computational models categorized as follows:
1. Classification Models:

a. Singlc-layer perceptrons

It consists of an input layer and an output layer and the activation
function. used in this case is the hard limiting function. Fu explains the
perceptron algorithm in three main points:
e Weight initialization by setting the smallest random numbers.
e  Calculation of the activation ol the input is determined by the instance
- presented to the network and for the output is determined by the
OFF h(Z Wini‘Oj)
Where W;; - is the weight from an input X 0, is the node threshold, Fy, 1s a
hard-limiting function:
1, a>0
Ip(a)=
Oor-1),  else
o Weight training: first Adjusting weights
Wit (t + 1) =Wji(t+ A Wiji

b. - Multi-laver perceptrons

A multi-layer perceptron is a feed forward neural network with at least a

hidden layer. It handles nonlinear classification problems.

2. . Association Models:

include the following:

e Auto-association. retrieval of an object based on part of the object.

e  Hetero-association. retrieval of an object in one set using another
object in a different set.

The following networks display the associative memory characteristics:

* Hopfield nets are commonly used for auto-association models
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* Bi-directional Associative Memories (BAM) “can relate an input
vector to another different vector and is capable of generalization over

similar inputs” (Limin Fu, p38, 1994).

3. Optimization Models:
These models are used to find the best solution by minimizing a certain
cost function. Fu recommends two nets works Hopfield nets and

Boitzmann machines.

4.  Self Organization Models:

The models arrangc the information using the adaptive learning
capabilities.

Kohonen networks, competitive learning and the Hebbian learning
represent the self organization models characteristics( Limin Fu, P25-p56,
1994).

IX. Supervised and Unsupervised Learning

All learning methods used for adaptive neural networks can be classified
into two major categories:

“Supervised learning which incorporates an external teacher, so that
each output unit is told what its desired response to input signals ought to
be. During the learning process global information may be required.
Paradigms of supervised learning include error-correction learning,
reinforcement learning and stochastic learning.
An important issue concerning supervised learning is the problem of error
convergence, i.e. the minimization of error between the desired and
computed unit values. The aim is to determine a set of weights, which
minimizes the error. One well-kinown mcthod, which is common (o many

learning paradigms, is the least mean square (LMS) convergence.
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Unsupervised learning uses no external teacher and is based upon only
local information. It is also referred to as self-organization, in the sense
that it self-organizes data presented to the network and detects their
emergent collective properties. Paradigms of unsupervised learning are
Hebbian earning - and competitive tearning.
Ano2.2 From Human Neurones to Artificial Neuronesther aspect of
learning concerns the distinction or not of a separate phase, during which
the network is trained, and a subsequent operation phase. We say that a
neural network learns off-line if the learning phase and the operation
phase arc distinct. A neural network learns on-line if it learns and
operates at the same time. Usually, supervised learning is performed off-
line, whereas unsupervised learning is performed on-line”(Chritos

Stergion and D. Siganos, p13-p15,2001)
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Partll: Neural Connection 2.0 software
I. Neural Connection Structure

® Neural Connection is made up of 3 separate modular groups and a
textual initialization language. The modules ate :

o A graphical User Interface.
o An executive. |
o A set of neural network and data analysis tools.

The modular design of Neural Connection gives a greater flexibility
than standard analysis tools and allows adapting application as
required in order to gain the best results from the data.

An application is a method for modeling the problem. This
application may include inputting the data, processing them in some
way, and producing the output in a useful format.

Tools are selected as icons from a palette and moved onto a
workspace where they can be connected to other tools. These
connections determine an application’s topology and the path along
which data flows.

The workspace is the area where problem-solving applications are
built, and de-cribes the many features and tools that enable you to get
valuable results from your data. It has its own set of commands that
are called from the menu bar. The toolbar gives you shortcuts to some
of the more commonly used menu bar commands. The palette allows
you to choose tools to use on the workspace.

In Neural Connection, problems are solved using applications that
are made by connecting tools together on the workspace.

A tool that you have placed on the workspace has a series of
parameters that can be set independently of other tools. Initially, these
parameters are set to defaults that have been carefully chosen to be the
optimum values for as many problems as possible. To customize these
parameters, you can open each tool. '
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The executive is the core component of Neural Connection. It
creates instances of the analysis tools, displays them on the GUI, and
manages the data flow among them. It also loads, trains, and runs
applications developed in the script language.

Neural Connection comes with a Script Language that allows you
to develop any application using a text editor. It allows you to specify
multiple instances of tools, set parameters to initial values, define the
connections between tools, and control the training and running of the
System.

I1. Tools

A tool is a method for manipulating data. All tools belong to one of four
categories or basic types: The category defines what a specific tool does,
what connections it has, what data must retain, etc.

The basic categories are :

e Input,

e Filter,

o Modeling and Forecasting, and
e Qutput.

The icons for different tool categories have different-colored corners to
enable easier identification.

o Input tools have red corners,
o Filter tools have blue corners,

o Modeling and Forecasting tools have green corners, and
o Output tools have yellow corners.

Tools for Inputting Data :

Data Input : Imports data either from files or by cutting and pasting
from other Windows applications. They also used for editing data.
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Tools for Outputting Results :
Data Output :

Export data to files, displays results as text, and shows the
success rate.

Text Output :
Displays results as text and shows the success rate.
Graphic Output :
Displays a graph showing how the output from an application

varies when
two of the inputs vary.

What If? :

Displays a plot of how the output varies when two of the inputs
vary and

gives a description of how the change in one input affects the
outlput.

Time Series Plot :

Displays the results of time series prediction against time.
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Tools for Modeling and Porecasting :

Mul¢i-Layer Perceptron :
A neural network modeling tool that is optimized for prediction
-applications.

Radial Basis Function :
A neural network tool that is optimized for prediction and

classification
applications.

Bayesian Network :
A neural network tool that is optimized for prediction and

classification
applications.

Kohonen Network :
A neural network tool that is optimized for clustering

applications.

Closest Class Means Classifier :

. A statistical modeling tool that can be used for classification
applications.
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Regression :

A statistical modeling tool that can be used for prediction
problems.
Principal Component Analysis :

A statistical modeling tool that can be used to reduce the

complexity
of an application.

Tools for Filtering Data :
Filter : A tool that allows to filter data, apply mathematical
functions, and
examine the statistical distribution of data.

Network Combiner :

A tool that allows joining two or more other tools together.

Simulator :

A tool that produces the data format needed by the “Graphics
Output” and “What If?” tools

Time Series Window :

A tool that allows to manipulate time series data in order to
create windows before modeling takes place.
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II1. Workspace Tutorial :
Workspace Tutorial. DOC

s Developing a Neural Solution of Application Development can be
broken down into a number of steps :

‘o Preproject.

Concerns with project goals, desired results, and system
requirements.

o Data Collection :

=  Data collected to be used for TRAINING and
TESTING (data file --- tutor.sav).

= Data from the current customer database to be scored
and used in the new operation (tutor_rn.sav) [run data
file].

< Design :
» Choosing the best Neural Approach (Technique).

= First, the type of problem, in which you want to link a set
of inputs (customer features) to an output (customer

response) should be sotved using a SUPERVISED
NEURAL TECHNIQUE. There are 3 supervised neural
techniques in Neural Connection :

¢ Radial Basis Function (recommended in our
case)
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¢ Bayesian Network, and

e Multi-Layer Perceptron.

Second, the type of output desired.

e Because initial results would be examined using a
cross tabulation matrix & a test data set, the “Text
Output” was selected.

e Because the results from the application were to be
fed back into the customer database, a “Data
Output” was needed.

e Because the company also wanted to investigate
the model that was built by using visualization, a
“Graphics Output” was selected.

The connected tools shown on page 45 (User’s Guide).

o Training, Testing, and Experimentation :

The Data Input dialog box allows you to specify the
“development data file” and the “run data file”; both of
them arc loaded separately.

The “Development Data File” will be used to train and
test the application.

The “Run Data File” will be used when the model is
implemented.

The “Data Input” assumes that the last field loaded ts
the field containing the output data, and that the other
fields are input. The “Data Input” tool also
automatically selects the data elements that are to be used
to train (T), validate (V), and test (X) the model.

To run the application, choose Run from the “Text
Output” menu.
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=  Application Results :

o The results achieved in the 1% pass were good, but
the Mail Order Company wanted to improve on
them. One way to achieve this is by preprocessing
the data. In Neural Connection, this can be
accomplished by using the “Filter” tool to analyze
and weight data ficlds.

e When the Company analyzed the 3™ field (the
amount of money spent in the last year), they
discovered that it was heavily skewed to the left.

¢ To analyze the 3" field :

1. Click the “Filter” tool.

2. From the Filter menu, choose Dialog.
3. Click Var_3.

4. Click Analyze.

The values in the field can be weighted to make
the distribution more normal. This will help the
“Radial Basis Funetion” solve the problem.
Because the fieid is skewed to the left, an
appropriate function would be a logarithmic
function.

To weight the 3™ field :

1. Click the weighting function cell in the Var_3
column. |

2. To access the weighting functions, click the

arrow button next to the next entry {ield at the
top left of the window.
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3. Click Ln(x+a).

4. Reanalyze the field by clicking Analyze.

Once the field has been weighted, you should close
the “Filter” tool and rerun the application to see if

the results have improved.

IV. Implementation (Execution) :

After the Mail Order Company examined the results they had
produced, the application was saved and the implantation phase
started. |

During implementation, no further training takes place and records
from the customer database are passed through the application. Each
customer record that is passed througlh the application generates an
output and this output is used to rank the customers in order of their
likelihood of response.

The customer database file can now be loaded as a run file. To load
the file “tutor_rn.sav” into the “Data Input” as run data :

1. Click the “Data Input”.

2. From the Data Input menu, choose View.

3. From the Data Input menu, choose Open. The Data Input
window appears. This window allows you to specify the run file,
which is loaded separately from the development file.

4. In the Run box, click Flat File.

5. Click Configure. A File Open window appears.

6. In the File Name field, type tutor _rn.sav.
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7. Click OK.

8. Close the Data Input.

The application can now be run and results can be directed to an SPSS

file (.sav file). This is done using the “Data Qutput” tool.

To direct the results to an SPSS file (.sav file) :

1. Click the “Data Output” tool.

2. From the File men, choose View. A blank spreadsheet opens.

3. From the File menu, choose Setup. The Data Output window
appears. In this window, you specify where data from the
development and run files should be written.

4. In the Run Data Qutput group, click Flat-File.

5. Click Configure. A Save As window opens.

6. Specify the name and type of file to be written (results.sav).

7. Click OK.

. In the Data Output window, click Close.

Before you can run the data to a file, you must view it in the Data

Qutput tool.

o From the View menu of the Data Viewer, choose Run.

To run the application :

o From the Data Viewer File menu, choose Qutput Run Data.
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The results wie produced as results.sav, as well as appearing on the
screen.

Y. Modeling and Forecasting Tools

Neural Connection has 6 modeling and forecasting tools.
Three are neural computing techniques :
¢ Multi-Layer Perceptron,

¢ Radial Basis Function, and
o Kohonen tool.

Three are statistical techniques :

o (losest Class Mean Classifier,
o Regression tool, and
o Principal Component Analysis.

This section explains how model building enables to solve complex
problems.

VI.Multi-Laver Perceptron

Overview :

The Multi-Layer Perceptron is a modeling and forecasting tool that
uses a neural network to model your data. it can be used to
classify patterns or to

predict values from your data. Because it uses a supervised learning
technique, it requires that your data contains targets for training
the network.

This section provides the following information :
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O

Why the Multi-Layer Perceptron is useful.

o The idea behind the Multi-Layer Perceptron.

o How to train the Multi-Layer Perceptron to produce an
output. |

o How to improve the results produced by the Multi-Layer

Perceptron.

What is a Multi-Layer Perceptron? :
The Multi-Layer Perceptron is a neural network that is based on the
original Simple Perceptron model (see below) but with additional

hidden layers of neurons between the input and output layers.

Multi-Layer Perceptrons are the most commonly used neural
computing technique.
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Part 111: Some Real-World Applications

ANNSs can be regarded, in one respect, as multivariate nonlinear analytical

tools, and are known to be very good at recognizing patterns from noisy,
complex data, and estimating their nonlinear relationships. Many studies
have shown that ANNs have the capability to learn the underlying
mechanics of the time series, or, in the case of trading applications, the

market dynamics. In general, ANNs are known to possess these capabilities:

A number of development projects involving ANN technology have been

publicized in the media recently. For example, Nippon Steel Corp. has

built a blast furnace operation control support system that makes use of

ANNs. The neural network employed in this system has been equipped with
functions that enable it to learn the relationship between sensor data and the
eight kinds of temperature distribution patterns known from experience to
pertain to the overall operation of blast furnaces, and to instantaneously
recognize and output that pattern which most closely approximates sensor
data input into the system. The neural network learns very quickly, and
achieves a better than 90% pattern recognition ratio following learning.
Since this system has been performing extremely well during operational
testing, Nippon Steel is planning to introduce it into other aspects of its
operations in addition to blast furnace control, to include the diagnosis of

malfunctions, and other control processes.

A second example is the experimental work started by Daiwa Securities

Co., Ltd. and NEC Corporation on applying neural network technelogy

to the learning and recognition of stock price chart patterns for use in

stock price forecasting. NEC had already developed neura! network

158



simulation software for use on its EWS 4800 series of workstations, and, by
limiting stock price chart pattern learning to a few dozen major stocks, has
improved the accuracy of this software's forecasting capabilities. Based on
these results, the Daiwa Computer Services Co., Ltd., an information
processing substdiary of the Daiwa Securities Group, transferred the NEC
system to its supercomputer and taught it to recognize the stock price chart
patterns for 1,134 companies listed on the Tokyo Stock Exchange. DCS has
since been putting this system to good use in the performance of stock price

forecasting.

Mitsubishi Electric has combined neural network technologv with

optical technology to achieve the world's first basic optical

neurocomputer system capable of recognizing the 26 letters of the

alphabet. The system comprises a set of light-emitting diodes (LED) that
output letter patterns as optical signals, optical fibers, liquid crystal displays
(LCD) that display letter patterns and light receiving devices that read these
letters. When letter data is input into this system, light emitted from the
LEDs is input to the light receiving devices through the LCDs. At that time,
the light receiving devices that receive the light, as well as the strength of the
light they receive, 1s-determined by the manner in which that light passes
through the LLCDs. The letter in question is delineated by the light receiving
devices that receive the strongest light. This system is capable of 100% letter

recognition even when slightly misshapen handwritten letters are input.

A fourth example is a development project for a facilities diagnosis systcin

that employs a neural network system commenced by the Nippon Gil Ceo.,

Ltd. in cooperation with CSK Research Institute. This project is

attracting considerable attention as it is the first time research has been
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carried out on applying neural network systems to facilities diagnosis.

Initially, the project will be aimed at developing a diagnosis system for

pump facilities that employs vibration analysis. Nippon Oil operates a

total of 1,500 pumps at its Negishi Oil Refinery in Yokohama, Kanagawa
Prefecture alone, and must retain large numbers of experienced personnel to
maintain these pumps. The company decided to apply neural network
technology to pump facilities diagnosis aperations with the ultimate goal of

saving labor in mind.

Bond rating is another successful ANN application. Bond rating refers

to the process by which a particular bond is assigned a label that

categorizes the ability of the bond's issuer to repay the coupon and par

value of that bond. Thus, for example, the Standard and Poor's organization

might assign a rating varying from AAA (very high probability of payment)
to BBB (possibility of defauit in times of economic adversity) for investment
grade bonds. The problem here is that there is no hard and fast rule for
determining these ratings. Rating agencies must consider a vast spectrum of
factors before assigring a rating to an issuer. Some of these factors, such as
sales, assets, liabilities, and the like, might be well defined. Others such as
willingness to repay are quite nebulous. Thus a precise problem definition is
not possible. Dutta (1988) maintains that problems with non conservative
domains (the class of problem domains that lack a domain model) such as
that seen in the bond-rating problem could be better solved by training a
network using back-propagation than by trying to perform a statistical
regression. The latter is inappropriate because it is unclear what factors the
regression shculd_ be performed with, that is, it is not clear what factors the

dependent variable (the default risk) really -depends on. They describe details
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of experiments that tiiey conducted with networks having no hidden layers
and with networks with one hidden layer (with different numbers of nodes in
the hidden layer). Bond ratings for 30 companies together with ten financial
variables were used as data in the training of the neural network using back-
propagation. The network was then used to predict the ratings of seventeen
other issuers and consistently outperformed standard statistical regression

techniques.

The Adaptive Decision Systenis {ADS) founded by Murray Smith to

apply the advances in neural network technology to an area that he

knows well, the financial world. Smith earned an MBA {rom Harvard

before working with a financial service corporation for eighteen years. After
he saw the potential for using new technology to solve common financial
problems such as credit scoring or evaluation, he decided to start ADS.

Smith sees ADS's mission as having three principle components:
g

« working with large financial institutions,
~+ building predictive models, and

« using neural network technology wherever possibie.

ADS is using its expertise in two areas: credit scoring and target marketing.
This type of credit scoring is used to screen applicants for credit cards, based
on known facts about the individuals applying. These facts usually include
such things as salary, number of checking accounts, and previcus ciedit
history. Large banks and other lenders lose millions each year from bad
debts. Even a small increase in the ability to predict accurately which
accounts will go unpaid can result in hundreds of thousands of dollars saved

each year for large lenders. To help fight this problem, major banks and
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finance companies are actively pursuing new technologies and systems that

can aid in credit prediction.

Using the techniques outlined above, ADS has been successful in using
ANNSs to predict credit account futures. The average ADS credit prediction
models performance gains over standard statistical methods are 5%. Even
this small increase in ability to predict a credit account's future performance
means a large savings for credit grantors. In little over two years, ADS has
provided neural network predictive models to four major clients, who for
contractual reasons cannot be named. Of these clients, one 1s using an ADS
model for credit scoring in its standard systém, while the other three are

further refining and integrating the process.

ADS has also applied neural network techniques to the field of marketing.
For years, advertising agencies and other companies have been trying to
identify and sell to target, or specific, markets. For example, a company
setling life insurance might send out an advertisement enclosed in a monthly
credit card bill. What the company would like to be able to do is to send out
a small percentage of these advertisements to consumers, and keep
information on what type of person responds. Once the company has data on
who responded, it can then built a predictive model to émalyze potentially
good customers. Thus, a life insurance company may be able to save money
by only sending out advertisements to a select 1 million credit card hoiders
who are more likely to buy life insurance, rather than to all credit card
holders. Successful target marketing can save large companies hundreds of

thousands of dollars each year.
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ADS provides consuiting services to large credit financial services
companies. According to Smith, the majority of this work has been in
developing and testing neural network models for data sets supplied by the
companies. These firms provide ADS with raw data from the applications
department. For example, a typical data set might have 40,000 records, with
each record having between 30 and 100 different data fields. These fields
contain data such as the credit card holder's age, occupation, salary, phone
number, and past payment history. It may also include informatiion obtained
from credit bureaus, such as the number of other charge accounts, the
number of times the applicant has applied for credit recently, and the

existence of prior bankruptcies.

Each record also has a data field that specifies whether the account is good
or bad, that is, whether that account was written off as a bad debt or not. For
example, a data set may have information on past payment histories (ie: a
one year payment history with the number of 1, 2, and 3 month
delinquencies) and a good or bad score based on whether the account was

delinquent after 5 months.

All of this data is processed and used to build a predictive applicant credit
scoring model. In building a model, the typical data set provided by the
financial institution travels through four steps: reading, analyzing, building a

model, and implementation.

The first step in the ADS process is reading the raw data set into a PC. This
data is generally in an ASCII (text) format, and is pre-processed to yield a
more compact and faster-access binary format. In addition, during the

creation of the binary data file, data fields that are obviously not needed or
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helpful for credit prediction are discarded. An examptle of such a field would
be the credit card holder's phone number, or the credit card holder's birth
date when the age is already given. Once the raw data is read into a compact

binary data file, predictive variables have to be found.

The second step in ADS's process is to use the pre-processed data file and
specially designed data analysis programs to determine which data fields are
predictive of the actual result of each record. It is important that the inputs to
the backpropagation network be at least somewhat predictivé. Data fields
that have littie predictability will only add extra degrees of ﬁ'eedom.m

network, and can contribute to the network overtitting the {raining set.

This happens when the network learns the training set so well that it loses
one of neural networks greatest strengths - its ability to generalize. For
example, by using these special programs, ADS may see that the age of a
credit card holder is predictive of the account delinquency. They might see
that 18-25 year old tend to default more often than 55-80 year old. if so, the
imost predictive categories for each record type are stored for tater
processing. In this example, the age record may be broken down 1mo tiiree
categories: 18-25, 26-55, and 56-80. Analysis may show ihat some records,
such as spouse's length of time at job, are not prediciive at ail, and they are
noted for later deletion. For each data seft, all the variabies (age, occupation,
payment histories, etc.,) are run through these decision programs o
determine their predictability. If a variable is predictive, it is broken down
into different categories (typically 1-10) for processing by the neural

network.
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ADS then takes the processed data and the associated categories and
develops a backpropagation neural network predictive model for the data set.
The backpropagation network usesr the delta-bar-delta rule. the input nodes
for the backpropagation network are determined by the categories that the
deciding step has yielded. Thus a typical application might have
approximately 100 input nodes for 40 different data fields. Some fields may
merely have a single node, such as whether the applicant has declared
bankruptcy, while others, such as the card holder's age, may have as many as
5. The data set is fed through the network, and a predetermined set is held
back for testing, typically 25% of the original data set. Training and testing
sets of data are run alternatively to measure the error as training progresses.
When optimal error reduction is reached, training is halted, and the network

weights and configuration are saved.

Once ADS has developed a predictive neural network model for a data set,
the customers can then use the neural network in a feed forward, non-
learning mode to judge applications credit risks. The network can be
implemented on their mainframes as a function call in their applications

processing system.

A statistical-based hyvbrid neural retwork at Chase Manhattan Bank is

one of the largest and most successful Al applications in the United

States. It addresses a critical success factor in the bank's strategic plan;
reducing losses oh loans made to public and private corporations. Most of
Chase's business for corporations involves assessing their creditworthiness.
Chase loans $300 million annually and has long searched for tools to

improve loan assessment. This assessment allows Chase to mitigate risk and

165



seek out new business opportunities. Financial-restructuring deals are

promising business opportunities for the bank.

In 1985 Chase began a search for new quantitative techniques to assist
senior loan officers in forecasting the creditworthiness of corporate loan
candidates. Chase located Inductive Inference Inc. (headed by Dr. David
Rothenberg), a New York City company with a history of successfully
applying neural-network technology 1o statistical pattern analysis. A test
model was built, evaluated, and independently audited. The resuits were
reviewed by the Chase CEO committee in 1987 and Inductive Inference was
granted a multimillion dollar contract. Consequently, Chase established a
36-member internal consulting organization called Chase Financial
Technologies to oversee the development of pattern-analysis network

models for evaluating corporate loan risk.

The resulting models, called the Creditview system, perform three-year
forecasts that indicate the likelihood of a company being assigned a Chase
risk classification of good, criticized, or charged-off. In addition to the
overall forecast, Creditview provides a detailed listing of the items that
significantly contributed to the forecast, an expert-sysiem-generated
interpretation of those items, and several comparison reports. Creditview
models run on a Chase Financial Technologies host computer. A user sysiein
resides at each user's PC and communicates with the host through telephone
lines. In addition, conventional financial statement analysis may bc
performed using Chase's Financial Reporting System, an incependent
financial spreading and analysis package designed for conventiona!l financial

statement analysis. The Financial Reporting System alseo resides on the
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user's PC and permits a company's standard financial statements to be

accessed and displayed. System data is obtained from COMPUSTAT.

It took 15 vears for Inductive Inference to develop ADAM, a tool that

generates the models such as those used in Creditview. ADAM is a

statistically based technique that extracts a collection of Boolean

formulae from historical data and captures rules most significant in

determining the obligor's creditworthiness. ADAM identifies rules and

their combinations that, based on historical data, may be expected to do
three-year forecasts reliably. The historical data is also used to embed the
Boolean formulae in a network that evaluates the significance of each
possible formulae combination that may be satisfied by a particular

company.

ADAM's pattern-analysis technology provides the ability to construct a
hybrid neural network, if enough high-quality historical data is available.
Each hybrid net represents a separate "model” produced by ADAM. The
PCLM (Public Loan Company model), the first model implemented at
Chase, derives from Chase's exiensive loan history of large, publiciy traded
companies and their past financial data. (Chase has both publicly and
privately owned corporations in its base of clients and prospects. Separate
credit-risk forecasting models will be developed for public and private
tompanies because their particular characteristics will probably mandate
separate assessments and analysis by the bank.). The input to ADAM
includes: (1) Historical financial-statement data on good and bad obligors
(the learning sample), (2) Industry norms calculated using financial-

statement data from companies in specific industries.
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These norms reflect industry characteristics. The historical data analyzed by
ADAM to produce forecasting models consists of a large collection of data
units. Each data unit contains as much as six years of consecutive financial
data for a particular company, correspounding industry norms, and the
company's status three years after the last year of data. (The last of the six
years is called the "year of the data unit.") The data unit's status is the
company's rating - G stands for good, C stands for eriticized, and X stands
for charged-off. ADAM uses this data to construct a large set (say, a
thousand) of candidate variables that may or may not indicate a company's

future financial condition. These variables are used toe form patterns,

A pattern is fundamentally a statement about the value of a particular
financial variable or set of variables. A very simple pattern may have the
form: C1< V] <C2or VI <Cl, where V1 is a financial variable and C1 and
C2 are constants. For example: 1.75< QuickRatio < 2.00 could be a simple
pattern. Typical(ly, patterns are more complex; they have several elements of
this kind and are combined by using and, or, and not. This example could be

one of a small complex pattern:

CI<VI<C2

V2 <(C3

C4<V3I<C5.and. C6 < V4 <7

C8<V5<(C9

where all the C's are constants and V's financial variables. Candidate

variables are arranged into thousands of complex patterns and analyzed by
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ADAM to produce an optimal set of variables and patterns that form a
pattern network called the Forecaster. The criteria for selection of patterns

arec.

Score: The score (as observed in the historical data) measures the ability of
the pattern to differentiate between the categories good, criticized, and

charged-off; in other words, the ability of the pattern to classify correctly.

Complexity: Complexity is a measure of how complicated the pattern is (in
terms of number of variables), simple patterns within it, and the amount of

historical data it satisfies.

Spuriousness: A measure of the likelihood that the pattern's score (how well

it predicts) is due solely to chance.

These statistics are used to evaluate the predictive power of the patterns and
ensure that whatever predictive power is uncovered is not by chance. To
each pattern and status a probability (called the "precision") exists that a data
unit corresponding to the pattern will have that status. ADAM uses 2
proprietary network-balancing technique that selects the patterns for the

network to maximize precision and minimize bias.

ADAM was used to develop the PCLM, an expert system based on historical
data that can predict the likelihood of a public firm being rated good.
criticized, or charged-off three years in advance. The PCLM comprises two
parts: the Forecaster built by the ADAM technology from large publicly
traded companies (residing on a Chase host computer), and a PC-based user
system that allows access to the model on the host computer to generate

forecasts for particular companies, perform various analyses, and print
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reports. Note that information about an obligor's specific credit facility
(whether the facility is secured, covenants, and so on) is not considered by
the PCLM. The system evaluates the company itself rather than the risk of

its defaulting in specific credit payments.

The PCLLM produces these reports: Contributing Variables, Expert-System
Interpretation, Two-Year Comparison: Items of Increased Significance,
1T'wo-Year Comparison: Items of Decreased Significance, and Two-Year
Comparison: Items That Changed Risk Category. Of these reports,
Contributing Variables contains PCLLM's primary output; the others derive
from the data contained in it. Contributing Variables comprises an overall
forecast for the company in question along with a list of the variables that
most strongly contributed to the forecast. The basic report consists of these

sections;

Section 1: General information. Contains the company name, forecast year,
standard industrial code (SIC), data source, date, and years of data that were

used in generating the forecast.

Section 2: Industry peer group. Defines the industry peer group as
determined by the model for the company. The company's asset size and
geographic location are shown in this section. Information on the indusiy
peer group consists of its SIC, the latest year for which industry norms were
calculated, the number of firms in the peer group, and the peer-group

reference number (useful in determining the peer group's members).

Section 3: Overall forecast. Shows the forecast rating for the company (G, C,

or X). These ratings are mathematically combined into a single
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"vulnerability index" that helps compare the relative risk among different
forecasts (different companies or years for the safne company). In addition,
to assist the analyst in evaluating the forecast's significance, the company's
forecast compared to others in Chase's éxperience iséhdwn in several ways.
Chase Rank shows the relative percentile of this company's good rating |
compared to all Chase obligors in the years 19864988 (for example, if the
company's Chase Rank was 25%, for all Chase obligors from 1986-1988,
75% have a higher and 25% have a lower rating for good), and Percent
Going to Criticized and Charged-off shows the historical outcome of

similarly ranked companies.

Section 4: A list of contributing variables most strongly influencing the
forecast. These variables are organized into categories and by contributions
to strength and weakness within each category: profitability, asset efficiency,

cash flow, capital structure and liquidity; and market.

Section 5: A list of contributing variables compared to the best or worst
quartile of companies in the industry (defined as its peer group) that most

strongly influence the forecast.

PCLM benefiis the user because it identifies the strengths and vulnerabilities
in the financial structure of the obligor and forecasts the impact of these
factors on the firm's financial health three years into the future. Chase tested
the system extensively and, having identified many potentially troublesome

loans.

Many recent studies and success stories have been reported in various

international conferences (eg. International Joint Conference on Neural
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Networks, World Congress on Neural Networks, IEEE World Congress on
Computational Intelligence) and journals and magazines (eg. IEEE Expert
Systems, Al in Finance, Al Experts, Technical Analysis of Stocks &
Commodities, PC Al). A number of real applications can also be found in
the NeuroForecaster package. Based on these successful applications, it is
therefore evident that the neural network technology can be applied to many
rcal-world problems especially those related to business, financial and

engineering modeling(NewWave Intelligent Business Systems, NIBS Inc.).
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