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Overview

• Biological Neural Networks
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Comparison of Brains and Traditional 
Computers

• 200 billion neurons, 32 trillion 
synapses

• Element size: 10-6 m

• Energy use: 25W

• Processing speed:  100 Hz

• Parallel, Distributed

• Fault Tolerant

• Learns: Yes

• Intelligent/Conscious: Usually

• 1 billion bytes RAM but trillions of bytes on 
disk

• Element size: 10-9 m

• Energy watt: 30-90W (CPU)

• Processing speed: 109 Hz

• Serial, Centralized

• Generally not Fault Tolerant

• Learns: Some

• Intelligent/Conscious:  Generally No
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Biological Neural Networks
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Biological Neural Networks

• More than a billion of neural cells that process information

• Each cell works like a simple processor

• Information flow in a Neural Cell
 Dendrites receive activation from other neurons

 Soma processes the incoming activation and converts them into output activation

 Axons act as transmission lines to send activation to other neurons

 Synapses the junctions allow signal transmission between the axons and dendrites

 The process of transmission is by diffusion of chemicals called neuro-transmitters
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Artificial Neurons

• McCulloch-pitts introduced a simplified model of this real neurons 
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Benefits of Neural Networks

• Nonlinearity: A neuron is basically a nonlinear device because it is made up of an
interconnection of neurons. In other words it is distributed throughout the network.

• Input-output matching: A popular paradigm of learning called supervised learning
involves the modification of the synaptic weights of a neural network by applying a set
of training samples.

• Adaptivity: Neural networks have a built-in capability to adapt their weights to
changes in the surrounding environment. In particular, a neural network trained to
operate in a specific environment can be easily retrained to deal with minor changes in
the operating environmental conditions.

• Fault tolerance: A neural network, implemented in hardware form, has the potential to
be inherently fault tolerant in the sense that its performance is degraded gracefully
under adverse operating. For example, if a neuron or its connecting links are damaged,
recall of a stored pattern is impaired in quality.

Introduction to Neural Networks 7

How do ANNs work?
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• Now, let us have a look at the model of an artificial neuron.

How do ANNs work?
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How do ANNs work?

Not all inputs are equal
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How do ANNs work?

The signal is not passed down to the next neuron verbatim
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How do ANNs work?



The output is a function of the input, that is affected by the 

weights, and the transfer functions

How do ANNs work? Artificial Neural Networks

�An ANN can:
• compute any computable function, by the appropriate selection of the 

network topology and weights values.

• learn from experience!

• Specifically, by trial‐and‐error

• Continuous process of:
• Trial:

• Processing an input to produce an output (In terms of ANN: Compute the output 
function of a given input)

• Evaluate:
• Evaluating this output by comparing the actual output with the expected output.

• Adjust:
• Adjust the weights.
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How it works?

• Set initial values of the weights randomly.

• Input: truth table of the XOR

• Do

• Read input (e.g. 0, and 0)

• Compute an output (e.g. 0.60543)

• Compare it to the expected output. (Diff= 0.60543)

• Modify the weights accordingly.

• Loop until a condition is met

• Condition: certain number of iterations

• Condition: error threshold
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How it works?
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Design Issues

• Initial weights (small random values ∈[‐1,1])

• Transfer function (How the inputs and the weights are combined to 
produce output?)

• Error estimation

• Weights adjusting

• Number of neurons

• Data representation

• Size of training set
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Single-Layer Feed-forward NNs

• One input layer and one output layer of processing units. No feed-
back connections
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Multi-Layer Feed-forward NNs 

• One input layer, one output layer, and one or more hidden layers of 
processing units. No feed-back connections. The hidden layers sit in 
between the input and output layers, and are thus hidden from the 
outside world
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Convolutional Neural Network

• Variation of the multilayer perceptrons. A CNN contains one or more 
than one convolutional layers. These layers can either be 
completely interconnected or pooled

• convolutional neural networks show very effective results in image 
and video recognition, natural language processing, and 
recommender systems
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Recurrent NNs 

• Any network with at least one feed-back connection. It may, or may 
not, have hidden units
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Modular Neural Network

• A modular neural network has a number of different networks that 
function independently and perform sub-tasks. 

• The different networks do not really interact with or signal each 
other during the computation process. They work independently 
towards achieving the output.
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Activation Functions
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Learning methods in neural networks

• Supervised learning
• A teacher is present during learning process and present expected output

• Every input pattern is used to train the network

• Learning process is based on comparison between network’s computed 
output and the correct expected output, generating error 

• The “error” generated is used to change network parameters that result 
improved performance

• Unsupervised learning
• No teacher is present

• The expected or desired output is not presented to the network

• The system learns of its own by discovering and adapting to the structural 
features in the input patterns
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Learning methods in neural networks

• Reinforcement learning
• A teacher is present but does not present the expected or desired output but 

only indicated if the computed output is correct or incorrect

• The information provided helps the network in its learning process

• A reward is given for correct answer computed and a penalty for a wrong 
answer
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Applications of Neural Networks
• Clustering:

A clustering algorithm explores the similarity between patterns and places similar patterns in a 
cluster. Best known applications include data compression and data mining.

• Classification/Pattern recognition:
The task of pattern recognition is to assign an input pattern (like handwritten symbol) to one of 
many classes. This category includes algorithmic implementations such as associative memory.

• Function approximation:
The tasks of function approximation is to find an estimate of the unknown function f() subject to 
noise. Various engineering and scientific disciplines require function approximation.

• Prediction/Dynamical Systems:
The task is to forecast some future values of a time-sequenced data. Prediction has a 
significant impact on decision support systems. Prediction differs from Function approximation 
by considering time factor.
Here the system is dynamic and may produce different results for the same input data based on 
system state (time).
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Limitations of Artificial Neural Network

• ANN is not a daily life general purpose problem solver. 

• There is no structured methodology available in ANN. 

• There is no single standardized paradigm for ANN development. 

• The Output Quality of an ANN may be unpredictable. 

• Many ANN Systems does not describe how they solve problems. 

• Black box Nature 

• Greater computational burden. 

• Proneness to over fitting. 

• Empirical nature of model development. 
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