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Introduction

 Fuzzy logic can be defined as 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”.

 Brought up by Lofti Zedah in the 1960’s, Professor
at University of California at Beckley.

 In 1974 Mamdani and Assilian used fuzzy logic to
regulate a steam engine.

 In 1985 researchers at Bell laboratories developed
the first fuzzy logic chip.



What is Fuzzy? 

 Not clear

 Vague

 Imprecise

 Noisy

 Missing input information



What is Fuzzy?

 Most Words and Evaluations We Use in Our
Daily Reasoning are not clearly defined in a
Mathematical manner.

 Example-

Temperature - Today is hot,

Height- Mr. A is taller.



What is Fuzzy?

 A way to represent variation or imprecision in logic

 A way to make use of natural language in logic i.e. 
linguistic variable

– Temp: {freezing, cool, warm, hot}

– Cloud Cover: {overcast, partly cloudy, sunny}

– Speed: {slowest, slow, fast, fastetst}

 Approximate reasoning

 Example-Humans say things like "If it is sunny 
and warm today, I will drive fast"



Why Fuzzy Logic?

 Conceptually easy to understand.

 Flexible.

 It is tolerant of imprecise data.

 Fuzzy logic can be built on top of the experience 
of experts.

 It can be blended with conventional control 
techniques.

 Based on natural language.



Concept of Fuzzy Logic

 Fuzzy logic is the logic underlying approximate, rather
than exact, modes of reasoning.

 In bivalent logic, truth is bivalent, implying that every
proposition, is either true or false, with no degrees of
truth allowed.

 It is an extension of multivalued logic: Everything,
including truth, is a matter of degree.



Concept of Fuzzy Logic

 Many decision-making and problem-solving tasks are too
complex to be defined precisely however; people succeed
by using imprecise knowledge.

 Fuzzy logic resembles human reasoning in its use of
approximate information and uncertainty to generate
decisions.



Fuzzy Sets

 Just as Boolean logic has it roots in the theory of crisp
set, fuzzy logic has it roots in the theory of fuzzy set.

 Fuzzy logic starts with the concept of a fuzzy set. A fuzzy
set is a set without a crisp, clearly defined boundary. It
can contain elements with only a partial degree of
membership.

 A classical set is a container that wholly includes or
wholly excludes any given element. For example, the set
of days of the week unquestionably includes Monday,
Thursday, and Saturday.



Fuzzy Sets

 Fuzzy sets are useful for dealing with vague properties 
(attributes) of objects like tall or middle-aged or slow.



Crisp Variables

 Crisp sets handle only 0’s and 1’s.

 A proposition is either True or False. (Yes or NO)

 Example- Speed- Slow or Fast



Crisp Variables

 Classical set theory also termed as crisp set
theory.

 Spanning range is small.



Fuzzy Variables

 Fuzzy sets handle all values between 0 and 1.

 0-0.25          0.25-0.50      0.50-0.75      0.75-1.00



Membership Function

 A membership function (MF) defines how each point in
the input space is mapped to a membership value (or
degree of membership) between 0 and 1.

 The input space is sometimes referred to as the universe
of discourse, a fancy name for a simple concept.

 It varies between 0 and 1.

 In fuzzy logic, the truth of any statement becomes a
matter of degree.



Example- Tall

 Let us take an example of fuzzy set of tall people.

 In this case UOD is Tall people value between 0-6.5 feet.

 The linguistic term tall is defined by a curve that gives
the degree to which the height is tall.

 Let in case of crisp set tall may be defined as a height
which is more than 5’10”.

 But such a distinction is clearly absurd.



Example- Tall

 It may make sense to consider the set of all real number greater

than 5’10” as belonging to set tall but it is unreasonable to reject

height 5’9” that is just 1” short of 5’10”.

 The output axis represents the membership value of an element of

the fuzzy set that varies between 0 and 1 or degree of membership

 The curve is known as Membership Function.



Characteristics of Fuzziness

 Word based, not number based. For instance, hot; not 85°.

 Nonlinear changeable.

 Analog (ambiguous), not digital (Yes/No).

 Spanning range is large.

 No need for a mathematical model.

 Provides a smooth transition between members and 
nonmembers.

 Relatively simple, fast and  adaptive. 

 Less sensitive to system fluctuations.

 Can implement design objectives, difficult to express 
mathematically, in linguistic or descriptive rules.



Fuzzy Logic Controller

The block diagram of the Fuzzy logic controller is shown in figure. It
consist four main parts :

1. Fuzzification

2. Fuzzy Rule Base

3. Fuzzy inference system

4. Defuzzification



Fuzzification

 The process of converting a crisp input value to membership values 
for each qualifier is called Fuzzification. 

 Definition of the membership function must 

 reflect the designer knowledge.

 provides smooth transition from member to nonmember of a fuzzy 
set.

 simple to calculate.

 Thus Fuzzification is a process by which, numbers are changed in to
linguistic words.

 The output of the Fuzzification is degree of membership
corresponding to this numerical value defined by the qualifying
linguistic set.



Fuzzification

 In the height example, suppose we input 5 feet 10 inches.

 We require the degree of membership of qualifiers small, medium-
sized and tall.

 Reading from the membership functions we get:
small: 0
medium-sized: 0.5
tall: 0.8

 Thus the fuzzy variable has three different degrees of membership.



Fuzzy Rule Base

 A fuzzy rule is defined as a conditional statement in the form:

If x is A , then y is B.

 Where x & y are linguistic variable, A & B are linguistic value determined
by fuzzy set on the universe of discourse X & Y respectively.

 The point of fuzzy logic is to map an input space to an output space,
and the mechanism for doing this is a list of if-then statements called
rules.

 To say that the water is hot, you need to define the range that the
water's temperature can be expected to vary as well as what we mean
by the word hot.



Fuzzy Inference System

 Fuzzy inference is the process of formulating the mapping from a
given input to an output using fuzzy logic.

 The mapping then provides a basis from which decisions can be
made, or patterns discerned.

 The process of fuzzy inference involves:

 Membership Functions,

 Logical Operations, and

 If-Then Rules.



De-Fuzzification

 Producing a single crisp value from a collection of membership
degree is called De-Fuzzification.

 The resultant degrees of membership for the qualifiers of the output
fuzzy variables are converted back into crisp values.



Example- Tip in Restaurant

 Fuzzy Vs Non Fuzzy



The Nonfuzzy Approach

 Begin with the simplest 
possible relationship. 
Suppose that the tip 
always equals 15% of 
the total bill.



The Nonfuzzy Approach

 This relationship does not take
into account the quality of the
service, so you need to add a
new term to the equation.

 Because service is rated on a
scale of 0 to 10, you might have
the tip go linearly from 5% if the
service is bad to 25% if the
service is excellent.

 Now the relation looks like the
following relation

tip=(0.20/10)*service+0.05



The Nonfuzzy Approach

The Extended Tipping Problem
 Given two sets of numbers between 0 and 10 (where 10 is

excellent) that respectively represent the

 quality of the service and

 the quality of the food at a restaurant,

 What should the tip be?

 See how the formula is affected now that you have added another
variable.

 Try the following equation:

tip = 0.20/20*(service+food)+0.05;



The Nonfuzzy Approach



The Nonfuzzy Approach

 In this case, the results look satisfactory, but when you look at

them closely, they do not seem quite right.

 Suppose you want the service to be a more important factor than

the food quality.

 Specify that service accounts for 80% of the overall tipping grade

and the food makes up the other 20%.

 servRatio=0.8;

 tip= servRatio*(0.20/10*service+0.05) + ...

(1-servRatio)*(0.20/10*food+0.05) ;



The Nonfuzzy Approach



The Nonfuzzy Approach

 It was a little difficult to code this correctly, and it is
definitely not easy to modify this code in the future.

 Moreover, it is even less apparent, how the algorithm
works to someone who did not see the original design
process.



Fuzzy Logic Approach

 To capture the essentials of this problem, leaving aside
all the factors that could be arbitrary.

 If you make a list of what really matters in this problem,
you might end up with the rule descriptions.



Fuzzy Logic Approach

 Tipping Problem Rules —Service Factor

 If service is poor, then tip is cheap

 If service is good, then tip is average

 If service is excellent, then tip is generous

 The order in which the rules are presented here is
arbitrary.

 It does not matter which rules come first. If you want to
include the food's effect on the tip, add the following two
rules.



Fuzzy Logic Approach
 Tipping Problem Rules —Food Factor :

If food is bad, then tip is cheap

If food is delicious, then tip is generous

 Combining the two different lists of rules into one tight list
of three rules like so:

 Tipping Problem —Both Service and Food Factors:

If service is poor or the food is rancid, then tip is cheap

If service is good, then tip is average

If service is excellent or food is delicious, then tip is  generous



Fuzzy Logic Approach

 These three rules are the core of our solution.
Coincidentally, we have just defined the rules for a fuzzy
logic system.

 When you give mathematical meaning to the linguistic
variables (what is an average tip, for example?) we have
a complete fuzzy inference system.



Applications

 ABS brakes

 Expert Systems

 Control Units

 Bullet Trains

 Video Cameras

 Automatic Transmissions

 Image Processing



Conclusion

 Fuzzy logic is a convenient way to map an input 
space to an output space. 

 For Fuzzy logic Sky is not the Limit.



Thanking you & Happy 

Fuzzying…….


