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UNIT-1 Notes 

 

Introduction of soft computing: 

Soft computing, as opposed to traditional computing, deals with approximate models and gives 

solutions to complex real-life problems. Soft computing is tolerant of imprecision, uncertainty, 

partial truth, and approximations. In effect, the role model for soft computing is the human 

mind.  

The principal constituents of Soft Computing (SC) are Fuzzy Logic (FL), Neural Computing (NC), 

Evolutionary Computation (EC) Machine Learning (ML) and Probabilistic Reasoning (PR), with 

the latter subsuming belief networks, chaos theory and parts of learning theory. 

 

Soft computing vs. hard computing: 

Following points clearly differentiate the both: 

1. Soft Computing is tolerant of imprecision, uncertainty, partial truth and approximation 

whereas Hard Computing requires a precisely state analytic model. 

2. Soft Computing is based on fuzzy logic, neural sets, and probabilistic reasoning whereas hard 

Computing is based on binary logic, crisp system, numerical analysis and crisp software. 

3. Soft computing has the characteristics of approximation and dispositional whereas hard 

computing has the characteristics of precision and categorical. 

4.  Soft computing can evolve its own programs whereas hard computing requires programs to 

be written. 

5. Soft computing can use multi valued or fuzzy logic whereas hard computing uses two-valued 

logic. 

 

Various types of soft computing techniques: 

Soft computing is a fusion of three different methodologies as follows: 

Soft computing = Fuzzy Logic + Neural Network + Genetic Algorithm 

Brief details about above mentioned techniques are as follows: 

1. Fuzzy Logic: 

Fuzz  logi  is i te ded to odel logi al easo i g ith ague o  i p e ise state e ts like Pet  
is ou g i h, tall, hu g , et . . It efe s to a fa il  of a -valued logics (see entry on many-

valued logic) and thus stipulates that the truth value (which, in this case amounts to a degree of 

t uth  of a logi all  o pou d p opositio , like Ca les is tall a d Ch is is i h , is dete i ed  
the truth value of its components. In other words, like in classical logic, one imposes truth-

functionality. 

Fuzzy logic emerged in the context of the theory of fuzzy sets, introduced by Zadeh (1965). A 

fuzzy set assigns a degree of membership, typically a real number from the interval [0,1] , to 

elements of a universe. Fuzzy logic arises by assigning degrees of truth to propositions. The 

sta da d set of t uth alues deg ees  is [ , ], he e  ep ese ts totall  false ,  ep ese ts 
totall  t ue , a d the othe  u e s efe  to pa tial t uth, i.e., intermediate degrees of truth. 
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Fuzz  logi  is ofte  u de stood i  a e  ide se se hi h i ludes all ki ds of fo alis s 
and techniques referring to the systematic handling of degrees of some kind. In particular in 

engineering contexts (fuzzy control, fuzzy classification, soft computing) it is aimed at efficient 

computational methods tolerant to sub optimality and imprecision. It focuses on logics based 

on a truth-functional account of partial truth and studies them in the spirit of classical 

mathematical logic (syntax, model theoretic semantics, proof systems, completeness, etc.; 

both, at propositional and the predicate level). 

 

2. Neural Network: 

Neural Networks (NNs) are also known as Artificial Neural Networks (ANNs), Connectionist 

Models, and Parallel Distributed Processing (PDP) Models. Artificial Neural Networks are 

massively parallel interconnected networks of simple (usually adaptive) elements and their 

hierarchical organizations which are intended to interact with the objects of the real world in 

the same way as biological nervous systems do. Fine-grained, parallel, distributed computing 

model characterized by:  

 A large number of very simple, neuron-like processing elements called units, PEs, or 

nodes  

 A large number of weighted, directed connections between pairs of units  

 Weights may be positive or negative real values  

 Local processing in that each unit computes a function based on the outputs of a limited 

number of other units in the network  

 Each unit computes a simple function of its input values, which are the weighted 

outputs from other units. If there are n inputs to a unit, then the unit's output, or 

activation is defined by a = g((w1 * x1) + (w2 * x2) + ... + (wn * xn)). Thus each unit 

computes a (simple) function g of the linear combination of its inputs.  

3. Genetic Algorithm: 

Genetic algorithm is basically a randomized search by simulating evolution, starting from an 

initial set of solutions or hypotheses, and generating successive "generations" of solutions. This 

particular branch of AI was inspired by the way living things evolved into more successful 

organisms in nature. The main idea is survival of the fittest, a.k.a. natural selection. 

A chromosome is a long, complicated thread of DNA (deoxyribonucleic acid). Hereditary factors 

that determine particular traits of an individual are strung along the length of these 

chromosomes, like beads on a necklace. Each trait is coded by some combination of DNA (there 

are four bases, A (Adenine), C (Cytosine), T (Thymine) and G (Guanine). Like an alphabet in a 

language, meaningful combinations of the bases produce specific instructions to the cell. 

Changes occur during reproduction. The chromosomes from the parents exchange randomly by 

a process called crossover. Therefore, the offspring exhibit some traits of the father and some 

traits of the mother. 

A rarer process called mutation also changes some traits. Sometimes an error may occur during 

copying of chromosomes (mitosis). The parent cell may have -A-C-G-C-T- but an accident may 

occur and changes the new cell to -A-C-T-C-T-. Much like a typist copying a book, sometimes a 

few mistakes are made. Usually this results in a nonsensical word and the cell does not survive. 
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But over millions of years, sometimes the accidental mistake produces a more beautiful phrase 

for the book, thus producing a better species. 

 

Applications of soft computing 

The applications of Soft Computing have proved two main advantages: 

1. First,  in  solving  nonlinear  problems,  where  mathematical  models  are  not available, or 

not possible. 

2. Second,  introducing  the  human  knowledge  such  as cognition,  recognition, understanding, 

learning,  and  others  into  the  fields  of  computing. 

This resulted in the possibility of constructing intelligent systems such as autonomous self 

tuning systems, and automated designed systems. 

The   relevance   of   soft   computing   for   pattern   recognition   and   image processing is 

already established during the last few years.  Soft computing has recently gained importance    

because    of   its   potential    applications    in problems like: 

- Remotely Sensed Data Analysis, 

- Data Mining, Web Mining, 

- Global Positioning Systems, 

- Medical Imaging, 

- Forensic Applications, 

- Optical Character Recognition, 

- Signature Verification, 

- Multimedia, 

- Target Recognition, 

- Face Recognition  and 

- Man Machine Communication. 

 

Neural Network: Structure of a single Biological neuron: 

Artificial NN draw much of their inspiration from the biological nervous system. It is therefore 

very useful to have some knowledge of the way this system is organized. 

Most living creatures, which have the ability to adapt to a changing environment, need a 

controlling unit which is able to learn. Higher developed animals and humans use very complex 

networks of highly specialized neurons to perform this task. 

The control unit - or brain - can be divided in different anatomic and functional sub-units, each 

having certain tasks like vision, hearing, motor and sensor control. The brain is connected by 

nerves to the sensors and actors in the rest of the body. 

The brain consists of a very large number of neurons, about 1011 in average. These can be seen 

as the basic building bricks for the central nervous system (CNS). The neurons are 

interconnected at points called synapses. The complexity of the brain is due to the massive 

number of highly interconnected simple units working in parallel, with an individual neuron 

receiving input from up to 10000 others. 

The neuron contains all structures of an animal cell. The complexity of the structure and of the 

processes in a simple cell is enormous. Even the most sophisticated neuron models in artificial 

neural networks seem comparatively toy-like. 
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Structurally the neuron can be divided in three major parts: the cell body (soma), the dendrites, 

and the axon, see Figure 1.1 for an illustration: 

 

 
 

Fig 1.1: Biological Neuron Structure 

 

The cell body contains the organelles of the neuron and also the `dendrites' are originating 

there. These are thin and widely branching fibers, reaching out in different directions to make 

connections to a larger number of cells within the cluster. 

 

Input connection is made from the axons of other cells to the dendrites or directly to the body 

of the cell. These are known as synapses. 

There is only one axon per neuron. It is a single and long fiber, which transports the output 

signal of the cell as electrical impulses (action potential) along its length. The end of the axon 

may divide in many branches, which are then connected to other cells. The branches have the 

function to fan out the signal to many other inputs. 

There are many different types of neuron cells found in the nervous system. The differences are 

due to their location and function. 

 

Function of a Biological neuron: 

The neurons perform basically the following function: all the inputs to the cell, which may vary 

by the strength of the connection or the frequency of the incoming signal, are summed up. The 

input sum is processed by a threshold function and produces an output signal. 

The brain works in both a parallel and serial way. The parallel and serial nature of the brain is 

readily apparent from the physical anatomy of the nervous system. That there is serial and 

parallel processing involved can be easily seen from the time needed to perform tasks. For 

example a human can recognize the picture of another person in about 100 ms. Given the 

processing time of 1 ms for an individual neuron this implies that a certain number of neurons, 

but less than 100, are involved in serial; whereas the complexity of the task is evidence for a 

parallel processing, because a difficult recognition task cannot be performed by such a small 

number of neuron. This phenomenon is known as the 100-step-rule. 

Biological neural systems usually have a very high fault tolerance. Experiments with people with 

brain injuries have shown that damage of neurons up to a certain level does not necessarily 

Downloaded from  be.rgpvnotes.in

Page no: 4 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


influence the performance of the system, though tasks such as writing or speaking may have to 

be learned again. This can be regarded as re-training the network. 

In the following work no particular brain part or function will be modeled. Rather the 

fundamental brain characteristics of parallelism and fault tolerance will be applied. 

 

Artificial Neuron and Definition of ANN 

Artificial Neural Networks are the biologically inspired simulations performed on the computer 

to perform certain specific tasks like clustering, classification, pattern recognition etc. Artificial 

Neural Net o ks, i  ge e al — is a iologi all  i spi ed et o k of a tifi ial eu o s o figu ed 
to perform specific tasks. 

An Artificial Neural Network (ANN) is an information processing paradigm that is inspired by the 

way biological nervous systems, such as the brain, process information. The key element of this 

paradigm is the novel structure of the information processing system. It is composed of a large 

number of highly interconnected processing elements (neurons) working in unison to solve 

specific problems. ANNs, like people, learn by example. An ANN is configured for a specific 

application, such as pattern recognition or data classification, through a learning process. 

Learning in biological systems involves adjustments to the synaptic connections that exist 

between the neurons. This is true of ANNs as well. 

 

Function of ANN: 

Following points describes the function of ANN: 

 
 

Fig 1.2: Artificial Neuron Structure 

 

-Artificial neural networks can be viewed as weighted directed graphs in which artificial neurons 

are nodes and directed edges with weights are connections between neuron outputs and 

neuron inputs see figure 1.2. 

-The Artificial Neural Network receives input from the external world in the form of pattern and 

image in vector form. These inputs are mathematically designated by the notation x(n) for n 

number of inputs. 
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-Each input is multiplied by its corresponding weights. Weights are the information used by the 

neural network to solve a problem. Typically weight represents the strength of the 

interconnection between neurons inside the neural network. 

-The weighted inputs are all summed up inside computing unit (artificial neuron). In case the 

weighted sum is zero, bias is added to make the output not- zero or to scale up the system 

response. Bias has the eight a d i put al a s e ual to . 
-The sum corresponds to any numerical value ranging from 0 to infinity. In order to limit the 

response to arrive at desired value, the threshold value is set up. For this, the sum is passed 

through activation function. 

-The activation function is set of the transfer function used to get desired output. There are 

linear as well as the non-linear activation function. Some of the commonly used activation 

fu tio s a e —  i a  a d sig oidal fu tio s o li ea . 
1. Bi a  — the output has o l  t o alues eithe   o  . Fo  this, the th eshold alue is set up. If 
the net weighted input is greater than 1, an output is assumed 1 otherwise zero. 

. “ig oidal H pe oli  — this fu tio  has “  shaped u e. He e ta  h pe olic function is 

used to app o i ate output f o  et i put. The fu tio  is defi ed as — f  = / + e p -�x)) 

where � — steepness parameter. 

 

Taxonomy of neural net: 

Figure 1.3 classifies neural network taxonomy as: 
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Fig 1.3: Taxonomy of neural network 

 

Descriptions of each neural network taxonomy are as follows: 

 

. Pe ept o  — Neu al Net o k ha i g t o i put u its a d o e output u its ith o hidde  
la e s. These a e also k o  as si gle la e  pe ept o s. 
 

. ‘adial Basis Fu tio  Net o k — These networks are similar to the feed forward neural 

network except radial basis function is used as activation function of these neurons. 

 

. Multila e  Pe ept o  — These et o ks use o e tha  o e hidde  la e  of eu o s, u like 
single layer perceptron. These are also known as deep feedforward neural networks. 

 

. ‘e u e t Neu al Net o k — T pe of eu al et o k i  hi h hidde  la e  eu o s has self-
connections. Recurrent neural networks possess memory. At any instance, hidden layer neuron 

receives activation from the lower layer as well as it previous activation value. 

 

. Lo g /“ho t Te  Me o  Net o k L“TM  — T pe of eu al et o k i  hi h e o  ell is 
incorporated inside hidden layer neurons is called LSTM network. 

 

. Hopfield Net o k — A fully interconnected network of neurons in which each neuron is 

connected to every other neuron. The network is trained with input pattern by setting a value 

of neurons to the desired pattern. Then its weights are computed. The weights are not 

changed. Once trained for one or more patterns, the network will converge to the learned 

patterns. It is different from other neural networks. 

 

. Boltz a  Ma hi e Net o k — These et o ks a e si ila  to Hopfield et o k e ept so e 
neurons are input, while other are hidden in nature. The weights are initialized randomly and 

learn through back propagation algorithm. 

 

. Co olutio al Neu al Net o k — Get a o plete o e ie  of Co olutio al Neu al Net o ks 
through our blog Log Analytics with Machine Learning and Deep Learning. 

 

Difference between ANN and human brain: 

Following points differentiate ANN with Human brain as follows: 

Characteristics Artificial Neural Network Biological(Real) Neural Network 

Speed 
Faster in processing information. 

Response time is in nanoseconds. 

Slower in processing information. The 

response time is in milliseconds. 

Processing Serial processing. Massively parallel processing. 

Size & Less size & complexity. It does not Highly complex and dense network of 
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Complexity perform complex pattern 

recognition tasks. 

interconnected neurons containing 

neurons of the order of 1011 with 1015 of 

interconnections. 

Storage 

Information storage is replaceable 

means new data can be added by 

deleting an old one. 

Highly complex and dense network of 

interconnected neurons containing 

neurons of the order of 1011 with 1015 of 

interconnections. 

Fault 

tolerance 

Fault intolerant. Information once 

corrupted cannot be retrieved in 

case of failure of the system. 

Information storage is adaptable means 

new information is added by adjusting the 

interconnection strengths without 

destroying old information 

Control 

Mechanism 

There is a control unit for 

controlling computing activities 

No specific control mechanism external to 

the computing task. 

 
Characteristics of ANN: 

Following are the characteristics of ANN: 

1. Cognitive architecture 

1.1 Sensory store 

Activity states of neurons are organized with the help of excitatory and inhibitory signals 

exchanged between them. Sensory information along with stored data results in 

convergence to a stationary state which lasts a fraction of a second. (Sensory store of time-

scale tuned to typical progression of events in real life) 

1.2 Short-term memory = firing of neurons 

1.3 Long-term memory = synaptic strength 

LTM is reorganized with the help of synaptic plasticity, e.g. Hebb's rule - connections are 

strengthened when both neurons are active together. The effect is to increase the likelihood 

of those activity states that occurred in the past. 

1.4 Associative Memory (found in drosophila and snails) - an optimization problem. 

1.5 Content-Addressability of Memory 

1.6 Constraint Satisfaction Processing (different from search-based techniques of classical AI) 

2. Not so good at deductive logic 

3. Performance improves with practice 

4. Possibility of unsupervised and supervised learning; ability to use external feedback on the 

desirability of present activity state 

5. Dealing with uncertainty, imprecision, noise - imitates human flexibility. 

6. Spontaneous generalization - classification by similarity rather than by property lists. Use of 

prototypes is seen in humans in categorization tasks calling for say: a list of examples of birds, 

response times to verify ___ is a bird and checking defaults in comprehension - I saw a ``bird'' 

on the grass. 
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7. Might offer new explanations for some puzzling discontinuities in cognitive development. 

8. Some philosophers are even hopeful that neural networks may exhibit patterns of firings of 

neurons. 

 

Applications of ANN: 

ANN can be used in following areas: 

Application Architecture / Algorithm Activation Function 

Process modeling and 

control 
Radial Basis Network Radial Basis 

Machine Diagnostics Multilayer Perceptron Tan- Sigmoid Function 

Portfolio Management Classification Supervised Algorithm Tan- Sigmoid Function 

Target Recognition Modular Neural Network Tan- Sigmoid Function 

Medical Diagnosis Multilayer Perceptron Tan- Sigmoid Function 

Credit Rating 
Logistic Discriminant Analysis with ANN, 

Support Vector Machine 
Logistic function 

Targeted Marketing Back Propagation Algorithm Logistic function 

Voice recognition 

Multilayer Perceptron, Deep Neural 

Networks( Convolutional Neural 

Networks) 

Logistic function 

Financial Forecasting Backpropagation Algorithm Logistic function 

Intelligent searching Deep Neural Network Logistic function 

Fraud detection 
Gradient - Descent Algorithm and Least 

Mean Square (LMS) algorithm. 
Logistic function 

 

Single layer network: 

By connecting multiple neurons, the true computing power of the neural networks comes, 

though even a single neuron can perform substantial level of computation. The most common 

structure of connecting neurons into a network is by layers.  

The simplest form of layered network is shown in figure 1.4. The shaded nodes on the left are in 

the so-called input layer. The input layer neurons are to only pass and distribute the inputs and 

perform no computation. Thus, the only true layer of neurons is the one on the right. Each of 

the inputs $ x_1, x_2, x_3, ... , x_N is connected to every artificial neuron in the output layer 
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through the connection weight. Since every value of outputs $ y_1, y_2, y_3, ... , y_N is 

calculated from the same set of input values, each output is varied based on the connection 

weights.  

 

Fig 1.4: Single Layer ANN 

 

Perceptron training algorithm 

A perceptron receives multiple input signals, and if the sum of the input signals exceed a certain 

threshold it either returns a signal or remains sile t  othe ise. What ade this a a hi e 
lea i g  algo ith  as F a k ‘ose latt s idea of the pe ept o  lea i g ule: The pe ept o  
algorithm is about learning the weights for the input signals in order to draw linear decision 

boundary that allows us to discriminate between the two linearly separable classes +1 and -1. 

In a Perceptron, we define the update-weights function in the learning algorithm by the 

formula: 

wi = wi + delta_wi 

where delta_wi = alpha * (T - O) xi, xi is the input associated with the ith input unit, alpha is a 

constant between 0 and 1 called the learning rate.  

Notes about this update formula:  

 Based on a basic idea due to Hebb that the strength of a connection between two units 

should be adjusted in proportion to the product of their simultaneous activations. A 

product is used as a means of measuring the correlation between the values output by 

the two units.  

 Also called the Delta Rule or the Widrow-Hoff Rule  

 "Local" learning rule in that only local information in the network is needed to update a 

weight  

 Performs gradient descent in "weight space" in that if there are n weights in the 

network, this rule will be used to iteratively adjust all of the weights so that at each 

iteration (training example) the error is decreasing (more correctly, the error is 

monotonically non-increasing)  

 Correct output (T = O) causes no change in a weight  

 xi = 0 causes no change in weight  
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 Does not depend on wi  

 If T=1 and O=0, then increase the weight so that hopefully next time the result will 

exceed the threshold at the output unit and cause the output O to be 1  

 If T=0 and O=1, then decrease the weight so that hopefully next time the result will be 

below the threshold and cause the output to be 0.  

 

Linear separability 

Perceptron cannot handle tasks which are not separable. 

- Definition :   Sets of points in 2-D space are linearly separable if the sets can be separated by a 

straight line. 

- Generalizing,   a  set  of  points  in  n-dimensional   space  are  linearly separable  if  there  is  a  

hyper  plane  of  (n-1)  dimensions    separates the  sets.     

Example: XOR Gate, Figure 1.5: 

 
Fig 1.5: XOR Gate and Linear Separability 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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