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Introduction and Motivation
 A tifi i l N l N t k (ANN) i i f ti i h i i i d b Artificial Neural Network (ANN) is an information processing mechanism inspired by

biological neural systems (like our brain).

 The str ct re of this mechanism is composed of a large n mber of highl interconnected The structure of this mechanism is composed of a large number of highly interconnected
processing elements (neurones) that are working in connection to solve specific problems.

 Just like humans ANNs learn by example They are configured for a specific application Just like humans, ANNs learn by example. They are configured for a specific application
(such as pattern recognition or data classification) through a learning process.

A brief history of development of ANNs is as follows:

1943 St t f ANN ( i lifi d d l f bi l i l ) b M C ll h & Pitt 1943 – Start of ANN (as a simplified model of a biological neuron) by McCulloch & Pitts

 1958 – Introducing Perceptron (first single-layer neural network) by Rosenblatt

 1969 – Death of ANN (Perceptron limitations) by Minsky & Papert

 1980’s – Resurgence of ANN (multi-layer networks, nonlinear functions, back-propagation
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training, and so on)



Biological Neural Activity
 Human brain is a parallel information processing system with a huge network of elements Human brain is a parallel information processing system with a huge network of elements.

 There are 109 neurons and each neuron is connected to 103 other neurons by a synapse.

 Each neuron has a body an axon and many dendrites Each neuron has a body, an axon, and many dendrites.

 Synapse is a thin gap between axon of one neuron and dendrite of another.

 First each neuron receives input signals (via dendrites) from many other neurons First, each neuron receives input signals (via dendrites) from many other neurons.

 Then, it changes its internal state (activation) based on the current input.

 Finally it sends one output signal (via axon) to other neurons (including its input neurons) Finally, it sends one output signal (via axon) to other neurons (including its input neurons).
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Perceptron
 The first biologically inspired network (Perceptron) was introduced in 1958 by Rosenblatt The first biologically-inspired network (Perceptron) was introduced in 1958 by Rosenblatt.

 It is a single-layer network with threshold function and feed-forward training mechanism.

Binary classifier functionsElectro-chemical signals

(threshold activation function)(threshold output firing)
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Structure of Perceptron – Basic Principle of ANN
 Each input (x x x ) is multiplied by its weight (w w w ) to modify its strength Each input (x1, x2, … xn) is multiplied by its weight (w1, w2, … wn) to modify its strength.

 Next, these products are summed (Ʃ) as shown below. Note that there is always a bias
(error) in the system, which is represented by wb and xb (which is a unity).

 Finally, this summed value is fed through a transfer function (φ), also called activation
(squash) function, so that the output value can be generated.

 Perceptron uses a threshold activation function (as given below). Other types of activation
functions are explained in the next slide.
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Activation (Transfer or Squash) Functions
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Feed-Forward Networks
 I f d f d t k h i hidd l i i l f ll i In feed-forward networks, each neuron in hidden layer receives signals from all neurons in

input layers. After performing its function, this value is passed to all neurons in output layer.

Input Hidden Output

Ʃ

 There can be two (or more) hidden layers.
In general, two hidden layers are used.

 This communication from one neuron to
another is important. Such connection is
t f ld th ifi ti f i l f ll

-0.5

Ʃ

twofold: the unification of signals from all
neurons in input layer (summing) and the
limitation of output before passed on to

0.5

neurons in output layer (squashing).

 For instance the stages of summing and

-1.0

1

 For instance, the stages of summing and
squashing (using logsig transfer function)
is shown below:
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Network Arhitectures
Adopted from:

Neural Networks
Adopted from:

“Artificial neural networks: a tutorial” - A.K. Jain
IEEE Computer, (Vol: 23, Issue: 3), 1996

Feed Forward Networks Recurrent (Feedback) Networks

Single-Layer
Perceptron

Multilayer
Perceptron

Competitive
Networks

Kohonen’s
SOM

Hopfield
Network

ART     
Models
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Training (Learning) in ANN
 Once the network is structured it is ready to be trained O fittiU d fitti Once the network is structured, it is ready to be trained.

 Training set (with known data) and validation set (with
unknown data) are used for reaching the optimum result r

Overfitting
(high variance)

Underfitting
(high bias)

) g p
(the point after which overfitting occurs).

Supervised Training

Er
ro

Training Curve
 Both inputs and outputs are provided to the system.
 The initial weights are chosen randomly, and training begins.
 The network processes inputs and compares the resulting outputs with the desired outputs

Training Iteration (Epochs)

g

 The network processes inputs and compares the resulting outputs with the desired outputs.
 Then, errors are propagated back through the system so that the weights are adjusted.
 This is done over and over as the weights are continually tweaked.g y
 When the error is minimized (i.e. reduced to a certain level), the training is stopped.
 The architectures using supervised training: Multilayer perceptrons
U i d T i iUnsupervised Training
 The network is provided with inputs, but not with desired outputs.
 The system itself must decide what features it will use to process the input data
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 The system itself must decide what features it will use to process the input data.
 This is often referred to as self-organization (adaption).
 The architectures using unsupervised training : Kohonen, ART



Learning Methodologies

9Courtesy of: http://us.hudson.com/legal/blog/tag/predictive-analytics



Design Considerations
 The following questions must be answered during construction of network: The following questions must be answered during construction of network:

What transfer function should be used?
 How many inputs does the network need?y p
 How many hidden layers does the network need?
 How many hidden neurons per hidden layer?
 How many outputs should the network have? How many outputs should the network have?

 There is no standard methodology to answer these questions. Even there is some heuristicgy q
approaches, the optimum features in network are determined by trial & error procedure.

 However, some features can be predicted or assumed this way:

 Number of inputs and outputs are actually certain due to the nature of problem.

 Too few hidden layers (and neurons in per hidden layer) will cause errors in accuracy while
too many of them will cause more time for training. Thus, the appropriate settings should be

ifi d ft t i l
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specified after some trials.

 Choice of transfer function depends upon the arhitecture (type) of network to be used.



Pros & Cons

Characteristic
Traditional Computing
(including Expert Systems) Artificial Neural Networks

 P i t l S ti l P ll l Processing style Sequential Parallel

 Functions Logically (left-brained)
via Rules Concepts Calculations

Gestault (right-brained)
via Images Pictures Controlsvia Rules, Concepts, Calculations via Images, Pictures, Controls

 Learning Method by rules (Didactically) by example (Socratically)

 Despite of certain advantages (as given above), ANNs also have some disadvantages:

– ANN is still a black box. The internal mechanism of processing information is not well
understood. Thus, justifications of results are difficult to obtain.

– Setting the optimum features in networking (such as type of transfer function, number of
hidden layers and hidden neurons, etc.) is only possible by experience and trial-error.
Inappropriate choice of such features will cause long training periods and incorrect results.
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Inappropriate choice of such features will cause long training periods and incorrect results.



Applications of ANN
 ANNs are best in recognizing and matching ANNs are best in recognizing and matching

complicated, vague, or incomplete patterns.

 Thus, the applications involving unreliable or, pp g
noisy data are well suited for ANN.

 Some applications of ANN:
 Prediction
 Classification
 Data association & conceptualizationp
 Sensor processing & signal filtering
 Planning
 Recognition (speech pattern image text etc ) Courtesy of: www.gierad.com/projects/neural-networks-in-actionRecognition (speech, pattern, image, text, etc.)

12Courtesy of: http://www.ucl.ac.uk/~uccaati/nn.html Courtesy of: www.ocrtech.com/hardware_keys.html



Optical Character Recognition (OCR)
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Courtesy of: http://www.nd.com/welcome/whatisnn.htm



Thunderstorm Forecasting

14Courtesy of: http://lighthouse.tamucc.edu/Forecasts/ThunderstormsPredictions


