Neural Networks And Fuzzy Logic

Introduction

In information technology, a Neural Network (NNs) is system of programs & data structures that approximates the operation of the human brain. A Neural Network usually involves a large no. Of processors operating in parallel, each with its own small sphere of knowledge and access to data in its local memory. Typically a Neural Network is initially “trained” or fed large amounts of data and rules about data relationships, for example, a grandfather is older than a person’s father. A program can then tell the network how to behave in response to an external stimulus or can initiate activity on its own. In making determinations, a neural networks use several principles, including gradient based training, fuzzy logic, genetic algorithms and Bayesian methods. Neural networks are sometimes described in terms of knowledge layers with, in general, more complex networks having deeper layers.  Neural Networks can also learn temporal concepts and have been widely used in signal processing and time series analysis. Current applications of neural networks include: Oil Exploration Data Analysis, Weather Prediction, The Interpretation of nucleotide sequences in biology labs, and the exploration of models of thinking and consciousness. 

Who is concerned with NNs?

Neural Networks are interesting for quite a lot of very different people: 

· Computer scientists want to find out about the properties of non-symbolic information processing with neural nets and about learning systems in general. 

· Statisticians use neural nets as flexible, nonlinear regression and classification models. 

· Engineers of many kinds exploit the capabilities of neural networks in many areas, such as signal processing and automatic control. 

· Cognitive scientists view neural networks as a possible apparatus to describe models of thinking and consciousness (High-level brain function). 

· Neuro-physiologists use neural networks to describe and explore medium-level brain function (e.g. memory, sensory system, motorics). 

· Physicists use neural networks to model phenomena in statistical mechanics and for a lot of other tasks. 

· Biologists use Neural Networks to interpret nucleotide sequences. 

· Philosophers and some other people may also be interested in Neural Networks for various reasons. 

Abstract

Practical applications of NNs most often employ supervised learning. For supervised learning, you must provide training data that includes both the input and the desired result (the target value). After successful training, you can present input data alone to the NN (that is, input data without the desired result), and the NN will compute an output value that approximates the desired result. However, for training to be successful, you may need lots of training data and lots of computer time to do the training. In many applications, such as image and text processing, you will have to do a lot of work to select appropriate input data and to code the data as numeric values. 

In practice, NNs are especially useful for classification and function approximation / mapping problems which are tolerant of some imprecision, which have lots of training data available, but to which hard and fast rules (such as those that might be used in an expert system) cannot easily be applied. Almost any finite-dimensional vector function on a compact set can be approximated to arbitrary precision by feedforward NNs (which are the type most often used in practical applications) if you have enough data and enough computing resources. 

How many kinds of NNs exist?
The two main kinds of learning algorithms are supervised and unsupervised. 

· In supervised learning, the correct results (target values, desired outputs) are known and are given to the NN during training so that the NN can adjust its weights to try match its outputs to the target values. After training, the NN is tested by giving it only input values, not target values, and seeing how close it comes to outputting the correct target values. 

· In unsupervised learning, the NN is not provided with the correct results during training. Unsupervised NNs usually perform some kind of data compression, such as dimensionality reduction or clustering. 

Two major kinds of network topology are feed forward and feedback. 

· In a feedforward NN, the connections between units do not form cycles. Feedforward NNs usually produce a response to an input quickly. Most feedforward NNs can be trained using a wide variety of efficient conventional numerical methods 

· In a feedback or recurrent NN, there are cycles in the connections. In some feedback NNs, each time an input is presented, the NN must iterate for a potentially long time before it produces a response. Feedback NNs are usually more difficult to train than feedforward NNs. 

Fuzzy logic

Fuzzy logic includes 0 and 1 as extreme cases of truth (or "the state of matters" or "fact") but also includes the various states of truth in between so that, for example, the result of a comparison between two things could be not "tall" or "short" but ". 38 of tallness." 

Fuzzy logic seems closer to the way our brains work. We aggregate data and form a number of partial truths, which we aggregate further into higher truths, which in turn, when certain thresholds are exceeded, cause certain further results such as motor reaction. A similar kind of process is used in artificial computer neural network and expert systems. 

What is fuzzy logic?

Fuzzy logic is a superset of conventional (Boolean) logic that has been extended to handle the concept of partial truth -- truth values between "Completely true" and "completely false".  Dr. Lotfi introduced it Zadeh of UC/Berkeley in the 1960's as a means to model the uncertainty of natural language. 

Zadeh says that rather than regarding fuzzy theory as a single theory, we should regard the process of ``fuzzification'' as a methodology to generalize ANY specific theory from a crisp (discrete) to a continuous (Fuzzy) form. Thus recently researchers have also introduced "fuzzy calculus", "fuzzy differential equations".

Fuzzy Subsets:

Just as there is a strong relationship between Boolean logic and the concept of a subset, there is a similar strong relationship between fuzzy logic and fuzzy subset theory.

In classical set theory, a subset U of a set S can be defined as a mapping from the elements of S to the elements of the set {0, 1},

U: S --> {0, 1}

This mapping may be represented as a set of ordered pairs, with exactly one ordered pair present for each element of S. The first element of the ordered pair is an element of the set S, and the second element is an element of the set {0, 1}.  The value zero is used to represent non-membership, and the value one are used to represent membership.  The truth or falsity of the statement

X is in U

Is determined by finding the ordered pair whose first element is x.  The statement is true if the second element of the ordered pair is 1, and the statement is false if it is 0.

Similarly, a fuzzy subset F of a set S can be defined as a set of ordered Pairs, each with the first element from S, and the second element from The interval [0,1], with exactly one ordered pair present for each element of S. This defines a mapping between elements of the set S and Values in the interval [0,1].  The value zero is used to represent complete non-membership, the value one is used to represent complete membership, and values in between are used to represent intermediate degrees of membership.  The set S is referred to as the universe of discourse for the fuzzy subset F.  Frequently, the mapping is described as a function, the membership function of F. The degree to which the statement

x is in F

is true is determined by finding the ordered pair whose first element is x.  The degree of truth of the statement is the second element of the ordered pair.

In practice, the terms "membership function" and fuzzy subset get used interchangeably.

Logic Operations:
Now that we know what a statement like "X is LOW" means in fuzzy logic, how do we interpret a statement like

X is LOW and Y is HIGH or (not Z is MEDIUM)

The standard definitions in fuzzy logic are:

    truth (not x)   = 1.0 - truth (x)

    truth (x and y) = minimum (truth(x), truth(y))

    truth (x or y)  = maximum (truth(x), truth(y))
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