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Artificial intelligence (AI)
(Wikipedia)

is the intelligence exhibited by machines or software. It is also the name of the 
academic field of study which studies how to create computers and computer 
software that are capable of intelligent behavior. Major AI researchers and textbooks 
define this field as "the study and design of intelligent agents",[1] in which an 
intelligent agent is a system that perceives its environment and takes actions that 
maximize its chances of success.[2] John McCarthy, who coined the term in 1955,[3]

defines it as "the science and engineering of making intelligent machines".[

https://en.wikipedia.org/wiki/Intelligence
https://en.wikipedia.org/wiki/Field_of_study
https://en.wikipedia.org/wiki/Software
https://en.wikipedia.org/wiki/Artificial_intelligence#cite_note-Definition_of_AI-1
https://en.wikipedia.org/wiki/Intelligent_agent
https://en.wikipedia.org/wiki/Artificial_intelligence#cite_note-Intelligent_agents-2
https://en.wikipedia.org/wiki/John_McCarthy_(computer_scientist)
https://en.wikipedia.org/wiki/Artificial_intelligence#cite_note-Coining_of_the_term_AI-3
https://en.wikipedia.org/wiki/Artificial_intelligencecite_note-McCarthy.27s_definition_of_AI-4


Some Tools

• Search and optimization: Mathematical optimization, Evolutionary computation 
(Ex: Genetic algorithms)

• Logic: is used for knowledge representation and problem solving (Ex: Fuzzy logic)

• Probabilistic methods for uncertain reasoning: Bayesian networks, Markov 
models

• Classifiers and statistical learning methods

• Neural networks

• Control theory



Neural Networks
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The Pyramidal Cell

• A neuron is made up of several protrusions called dendrites and a long branch called the axon. A neuron is 
joined to other neurons through the dendrites. The dendrites of different neurons meet to form synapses, 
the areas where messages pass. The neurons receive the impulses via the synapses. If the total of the 
impulses received exceeds a certain threshold value, then the neuron sends an impulse down the axon 
where the axon is connected to other neurons through more synapses. 



What is a Neural Network?

• A neural network is a massively parallel distributed processor made 
up of simple processing units, which has a natural propensity for 
storing experiential knowledge and making it available for use. It 
resembles the brain in two respects:

• 1. Knowledge is acquired by the network from its environment 
through a learning process.

• 2. Interneuron connection strengths, known as synaptic weights, are 
used to store the acquired knowledge.



Areas of Application of Neural networks (1)

Biology Brain research, retina research, blood cell classification,
classification of sub-species (Iris database), etc

Industrial
Engineering

Geological formations (oil fields, etc), Database management,
Optimization of air plane schedule and occupations, Pattern
recognition

Electrical
Engineering

Network security (dynamic, static, voltage), Prediction (load,
harmonics), Fault detection in primary circuits and
transmission lines, rotating machines, transformers, Fault
diagnosis in perturbations, Load dispatching, Line overloads
control and detection, State estimation, Optimal capacitor and
filter switching, Parameter estimation, Design of stabilizers and
other devices



Areas of Application of Neural networks (2)

Environmenta
l Engineering

Analysis of tendencies and patterns, Weather prediction

Finances Price development prediction, Stock market analysis and 
prediction, Credit risk evaluation, Fraud detection, Signature 
interpretation

Manufactu
ring

Specialized robots and control systems (artificial vision, pressure 
sensors, temperature,gas, etc), Production control in industrial 
processes, Quality control
Specialized robots and control systems (artificial vision, pressure 
sensors, temperature,gas, etc), Production control in industrial 
processes, Quality control



Areas of Application of Neural networks (3)

Biomedical
Engineering

Epilepsy, auditory/comprehension tests, Voice analysis for helping 
deaf individuals, Diagnosis and treatment of diseases (epilepsy, 
etc) according to symptoms and/or analytical data (EEG, EKG, 
blood analysis, etc), Surgery monitoring, Prediction of adverse side 
effects of medicines, Biomedical image registration and related 
topics

Military Radar signal classification, Weapons, Optimization in the use of 
spare resources, continuous recognition in target shooting



Areas of Application of Neural networks (4)

Aviation Noise reduction applied to cockpit voice, Modeling of airplanes 
stability during flights, etc, Gate assignment for aircrafts 
(United/TWA) (size/capacity-gate matching + minimizing distances 
between connecting flights, foreign vs. domestic)

Signal
processing

Noise cancellation, pattern recognition and extraction, etc



Properties of ANN



Properties of ANN

• Nonlinearity

• Input-output mapping

• Adaptivity

• Evidential response

• Contextual information

• Fault tolerance

• VLSI implementability

• Uniformity of analysis and design

• Neurobiological analogy
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1. Nonlinearity

• An artificial neuron can be linear or nonlinear.

• The nonlinearity is distributed through the network
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2. Input—Output Mapping

• A popular paradigm of learning called learning with a teacher or supervised learning involves 
modification of the synaptic weights of a neural network by applying a set of labeled training 
samples or task examples. Each example consists of a unique input signal and a corresponding 
desired response. The network is presented with an example picked at random from the set, and 
the synaptic weights (free parameters) of the network are modified to minimize the difference 
between the desired response and the actual response of the network produced by the input 
signal in accordance with an appropriate statistical criterion. The training of the network is 
repeated for many examples in the set until the network reaches a steady state where there are 
no further significant changes in the synaptic weights. The previously applied training examples 
may be reapplied during the training session but in a different order. Thus the network learns 
from the examples by constructing an input—output mapping for the problem at hand. 
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3. Adaptivity

• Neural networks have a built-in capability to adapt their synaptic 
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. Moreover,when it is operating in a 
nonstationary environment (i.e., one where statistics change with 
time), a neural network can be designed to change its synaptic 
weights in real time. 
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4. Evidential Response

• In the context of pattern classification, a neural network can be 
designed to provide information not only about which particular 
pattern to select, but also about the confidence in the decision made. 
This latter information may be used to reject ambiguous patterns, 
should they arise, and thereby improve the classification performance 
of the network.
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5. Contextual Information

• Knowledge is represented by the very structure and activation state 
of a neural network. Every neuron in the network is potentially 
affected by the global activity of all other neurons in the network. 
Consequently, contextual information is dealt with naturally by a 
neural network.
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6. Fault Tolerance

• A neural network, implemented in hardware form, has the potential to be 
inherently fault tolerant, or capable of robust computation, in the sense that its 
performance degrades gracefully under adverse operating conditions. For 
example, if a neuron or its connecting links are damaged, recall of a stored 
pattern is impaired in quality. However, due to the distributed nature of 
information stored in the network, the damage has to be extensive before the 
overall response of the network is degraded seriously. Thus, in principle, a neural 
network exhibits a graceful degradation in performance rather than catastrophic 
failure. 
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7. VLSI Implementability

• The massively parallel nature of a neural network makes it potentially 
fast for the computation of certain tasks. This same feature makes a 
neural network well suited for implementation using very-large-scale-
integrated (VLSI) technology. One particular beneficial virtue of VLSI is 
that it provides a means of capturing truly complex behavior in a 
highly hierarchical fashion. 
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8. Uniformity of Analysis and Design

• Basically, neural networks enjoy universality as information 
processors. We say this in the sense that the same notation is used in 
all domains involving the application of neural networks. 
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9. Neurobiological Analogy

• The design of a neural network is motivated by analogy with the 
brain, which is a living proof that fault tolerant parallel processing is 
not only physically possible but also fast and powerful. 
Neurobiologists look to (artificial) neural networks as a research tool 
for the interpretation of neurobiological phenomena. On the other 
hand, engineers look to neurobiology for new ideas to solve problems 
more complex than those based on conventional hard-wired design 
techniques. 
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Human Brain
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Model of a Neuron
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Network Architecture
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How Do ANN Work?
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Error for the Element n
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Weights Update
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Generation of Membership Functions Using ANN 
(1)
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Generation of Membership Functions Using ANN 
(2)
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Generation of Membership Functions Using ANN 
(3)
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Membership Function for Data Point (0.5, 0.5)
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Example



33

Membership Values of the Data Points in the Training and 
checking Data Sets to be Used for Training and Checking the 
Performance of the ANN. The data points that are to be used for 
training and checking the performance of the ANN have been 
assigned membership values of “1” for the classes they have been 
originally assigned
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ANN to be Trained
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Assigned Weights. As input to the NN will be used the eq. 
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First Iteration
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Outputs for the Third Layer
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Outputs for the Fourth Layer
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Determining Errors



40

Assigning Errors: En = On (1 – On )∑Wnj Ej )
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Updating 0weights
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Updating Weights Connecting Elements of the 3rd

and 4th Layers
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Updating Weights Connecting Elements of the 2nd and 
3rd Layers
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Updating Weights Connecting Elements of the 1st

and 2nd Layers



Fuzzy Logic
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Principle  of Incompatibility

As the complexity of a system increases, our ability to

make precise and yet significant statements about its

behavior diminishes until a threshold is reached beyond

which precision and significance become almost

mutually exclusive characteristics.
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Fuzzy Logic

• Fuzzy logic may be viewed as a bridge between the 

extensively wide gap between the precision crisp 

logic and the imprecision of both real world and 

human interpretation.  

• Prof. Zadeh

• As its name implies, the theory of fuzzy sets is, 

basically, a theory of graded concepts - a theory in 

which everything is a matter of degree or, to put it 

figuratively, everything has elasticity.

• H.J. Zimmermann
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Fuzzy Logic

• A technology which enhances model-based system
designs using both intuition and engineering
heuristics.

• Decisions based on “degree of truth”

• A new paradigm of systems engineering which
helps achieve robust & fault-tolerant systems

• An efficient way of designing, optimizing &
maintaining highly complex systems transparently
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Fuzzy Logic

The center of the fuzzy modeling is the idea of linguistic
variables.

Example:
• If project duration is long, the completion risk

is increased.
• The engine temperature is hot.
• A cruise missile has a long range at a high speed.
• If you are tall, you are quite likely heavy. 
• Tom is rather tall but Judy is short.
• Disposable incomes in the middle tax payer is

adequate.
• That project requires a large manpower

commitment.
49



Fuzzy Logic

Example: For the fuzzy variable “tall” of men, the degrees

of membership depend on their heights.

Height Degree of membership
5’0” 0.0
5’4” 0.08
5’8” 0.32
6’0” 0.50
6’4” 0.82
6’8” 0.98
7’0” 1.00

The variable “tall” is defined by the range of values for
heights (5’0”, 5’4”, ..., 7’0”) and the degrees of membership
(0.00, 0.08, ..., 1.00).

tall: heights  [0, 1]
“Heights” is the domain of “tall,” and [0, 1] the range.
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Types of Uncertainty

• Probabilistic uncertainty
• example: rolling a dice

• Linguistic uncertainty
• examples: low price, tall people, young age

• Informational uncertainty
• example: credit worthiness, honesty

51



Fuzzy vs. Probability

• Probabilistic Reasoning

• “There is an 75% chance that Betty is old.” 

• Betty is either old or not old (the law of the excluded 
middle).

• Fuzzy Reasoning

• “Betty's degree of membership within the set of old people 
is 0.75.”

• Betty is like an old person, but could also have some 
characteristics of a young person.
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Fuzzy vs Probability

• Crisp Facts – distinct boundaries

• Fuzzy Facts – imprecise boundaries

• Probability – incomplete facts

Example: Scout reporting an enemy 
• “Two tanks at grid NV 54” (Crisp)

• “A few tanks at grid NV 54”   (Fuzzy)

• “There might be 2 tanks at grid NV 54” (Probabilistic)
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What is Fuzzy Logic?

• It is a multi-valued Boolean logic.

• It uses rule-based control.

• It is based on a form of Artificial Intelligence.

• It uses human intuition for control. 
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What is Fuzzy Logic?

Fuzzy logic methodology is basically characterized by

three traits:

(1) It does not consider whether something is true

or false, but rather how true it is.

(2) Because it’s similar to human reasoning, its

implementation tends to be based on natural

language.

(3)  It’s flexible and can model complex, nonlinear

systems by using  imprecise information.
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Fuzzy Logic - What is it NOT?

• Not the solution to ALL problems. Some problems are 
better solved with conventional methods. 
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When should Fuzzy Logic be used? 

• If no adequate mathematical model for a given 
problem can be easily found.

• If non-linearity, time-constraints or multiple 
parameters exist.

• If engineering know-how about the given problem 
is available or can be acquired during the design 
process.

57



When should not Fuzzy Logic be used? 

• When the problem can be easily solved using 
conventional control techniques, such as a PID 
controller.

• When there is a simple, clear-defined and fast-to-
solve mathematical model for the given problem 
available.

• When the problem cannot be solved at all. There 
are some problems with which even fuzzy logic 
can not help you.

58



Why Fuzzy Logic?

• Human knowledge is fuzzy: expressed in “Fuzzy”

• Linguistic Terms - young, old, big, cheap are fuzzy

words

• Temperature is expressed as cold, warm or hot. No 
quantitative meaning.

• The world is Not binary: gradual transitions & 
ambiguities at the boundaries
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Why Use Fuzzy Logic?

• No complex mathematical models for system
development

• Simpler and more effective implementation

• More descriptive

• Higher fault-tolerance and a better trade-off
between system robustness and system sensitivity
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Fuzzy Logic Applications

(1) Automotive
(a) fuzzy engine control
(b) fuzzy cruise control
(c) fuzzy anti-lock 

braking systems
(d) fuzzy transmission

systems

(2) Appliances
(a) washing machines
(b) air conditioners
(c) cameras
(d) VCRs
(e) microwave ovens
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Fuzzy Logic Applications

(3) Industries
(a) chemical plants
(b) nuclear power plants
(c) elevators
(d) motor control
(e) water quality control
(f) automatic train

operation systems

(4) Aerospace
(a) flexible wing control
(b) jet engine failure

diagnostics
(c) spacecraft     

positioning control

62



Example: Fuzzy Temperature Control
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• If Room Temperature is Cold then Fan Speed is Slow

• If Room Temperature is Warm then Fan Speed is 
Medium

• If Room Temperature is Hot then Fan Speed is Fast

Fuzzy Temperature Control

64



65



66



Note the 

overlapping

of fuzzy 

subsets again -

it leads

to smooth 

approximation

of the function 

between the

Fan Speed & 

Temperature
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Calculation of the output:

After the fuzzy modeling is done there is an operation phase: 

Calculate the Fan Speed when Room Temperature = 22 0C . 

NOTE! 22 0C belongs to the Subsets Warm and Hot
68



Fuzzification and Inference

If Room Temperature is Warm Then Fan Speed is Medium
69



Fuzzification and Inference

If Room Temperature is Hot then Fan Speed is Fast

The question now is: What is the output value?
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Defuzzification 

• The Result of the Fuzzy 

Inference is a Fuzzy Subset 

Composed of the Slices of 

Fan Speed: Medium (green) 

and Fast (red)

• How to Find a Crisp (for the 

real world application useful) 

Value?

• One out of several different 

methods is to find the 

Centroid  of Area to Obtain a 

Crisp Output
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Example of Crisp Operations

72



Fuzzy Sets Notation

• A notation convention for fuzzy sets when the universe of discourse, 
X, is discrete

and finite, is as follows for a fuzzy set A:

• Discrete:

• Analogous
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Fuzzy Sets Operations
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Fuzzy Union
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Fuzzy Intersection (Conjunction)
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Fuzzy Complement
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Fuzzy Sets

• Fuzzy set theory is a generalization of classical set

theory – a generalization that deals excellently with

imprecision. 

• The power of fuzzy logic is that it enables you to

accurately describe a process or behavior without

using mathematics.
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Fuzzy Sets

• Classical set theory: An object is either in or not in
the set.

• Can’t talk about non-sharp distinctions

• Fuzzy set theory
• An object is in a set by matter of degree

• membership h = 1.0    in the set
• membership h = 0.0   not in the set
• 0.0 < membership h < 1.0     partially in the set

• Fuzzy sets have a smooth boundary
• Not completely in or out 
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Crisp Sets and Fuzzy Sets
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Fuzzy Sets

1        0.8     0.7     0.6    0.5     0.2      0

Shade of Gray

Degree of being 

round (roundness)

0.5         .6        0.65     0.5       0.65     0.4

0.7       0.55      0.4        0.8       0.9        1.0
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The basic idea of the fuzzy set theory is that an element

belongs to a fuzzy set with a certain degree of

membership, with fuzzy boundaries

A proposition is neither true nor false, but may be partly

true (or partly false) to any degree.  This degree is

usually taken as a real number in the interval [0,1]

Fuzzy logic is an extension of classic two-valued logic –

the truth value of a sentence is not restricted to true or

false.

Fuzzy Sets
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• A linguistic variable is a fuzzy variable.

For example, the statement “John is tall” implies that the 

linguistic variable John takes the linguistic value tall. 

• The range of possible values of a linguistic variable

represents the universe of discourse of that variable.

For example, the universe of discourse of the linguistic 

variable speed might have the range between 0 and 220 

km/h and may include such fuzzy subsets as very slow, 

slow, medium, fast, and very fast. 

Fuzzy Sets
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Fuzzy Sets

• A fuzzy set has a membership function that allows

various degrees of membership for the elements of a

given set. 

• The membership function may be defined in terms of 
discrete values, or more commonly by a graph.

• When membership function is described by an 
analytic expression, we can just use the membership 
function to describe the fuzzy subset.
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Fuzzy Sets

Classical Logic

Element x belongs to set A

or it does not:

h(x){0,1}

A=“young”

x [years]

hA(x)

1

0

Fuzzy Logic

Element x belongs to set A

with a certain degree of 

membership:

h(x)[0,1]

A=“young”

x [years]

hA(x)

1

0
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Example: Crisp set Tall

• Fuzzy sets and concepts are commonly used in natural 
language

John is tall
Dan is smart
Alex is happy
The class is hot

• The crisp set Tall can be defined as {x |  height x > 1.8 
meters}. But what about a person with a height = 1.79 
meters?  What about 1.78 meters? … What about 1.52 
meters?
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Example: Fuzzy set Tall

• In a fuzzy set a person with a height of 1.8 meters 
would be considered tall to a high degree.

• A person with a height of 1.7 meters would be 
considered tall to 
a lesser degree etc.

• The function can change
for basketball players,
women, children etc.

87



• The x-axis represents the universe of discourse  the 

range of all possible values applicable to a chosen 

variable.  

• The y-axis represents the membership value of the 

fuzzy set.  

Fuzzy Sets
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•crisp and fuzzy subsets defined on the universe

 

150 210 170 180 190 200 160 

Height, cm 

Degree of 
Membership 

Tall Men 

150 210 180 190 200 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

160 

Degree of 
Membership 

Short Average Short  Tall 

170 

1.0 

0.0 

0.2 

0.4 

0.6 

0.8 

Fuzzy Sets 

Crisp Sets 

Short Average 

Tall 

Tall 

Fuzzy Sets
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Fuzzy Set

• Fuzzy sets : young, middle aged and old

Young

A1

Mid

Age

A2

Old

A3

Age
0 803520 6045

90



Fuzzy Sets

• Variables whose states are defined by linguistic 
concepts like low, medium, high.

• These linguistic concepts are fuzzy sets themselves.

Very

Low Low Medium High
Very

high

Temperature

Trapezoidal membership functions 91



. . . ‘hot’. . .

‘temperature’

‘agreeable’

Linguistic

terms

Linguistic

variable

Temperature [oC]

1

0

membership--

functions

‘cold’
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Fuzzy Sets

• A fuzzy subset has a membership function that

allows various degrees of membership for the

elements of a given set. 

• The membership function may be defined in terms

of discrete values, or more commonly by a graph.
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Fuzzy Sets

If X is the universe of discourse with element x, then a

fuzzy subset, denoted by A, on X is a set of ordered pairs

such that

A  {(x, hA(x))| xX}

where hA(x) is the membership function of x in A and

is defined by hA: X [0, 1]

Elements with zero membership are usually not listed. 
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Fuzzy Sets

• If the universe of discourse X is discrete and finite, 

X = {x1, x2, …, xn}, there are three different ways to

describe the fuzzy subset A.

(a)  A = hA(x1)/x1 + hA(x2)/x2 + … + hA(xn)/xn

(b) A = {(x1, hA(x1)), (x2,  hA(x2)),  … , (xn, hA(xn))}

(c) A = {hA(x1), hA(x2),  … , hA(xn)}

• If the universe of discourse X is continuous, we can

represent the fuzzy subset A by

A   xX [hA(x)/x] 
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Fuzzy Set

• Usefulness of fuzzy sets depends on our capability to 
construct appropriate membership functions for 
various given concepts in various contexts.

• Constructing meaningful membership functions is a 
difficult problem.
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Fuzzification
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Fuzzification

The process of  fuzzification transforms a set (fuzzy or

crisp) to an approximating set that is more fuzzy.

This process is a generation of the dilation operation. 

The essence of the fuzzification process is point

fuzzification.  Point fuzzification transforms a singleton

set {1/u} in X to a fuzzy set  that varies around u. 

The symbol  is used to denote a fuzzifier.
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Clipping Method
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Scaling Method
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Combining Fuzzy Conclusions
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Example: Air Flow Mixing System for Room Temperature Control
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Input and Output Membership Functions
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Defuzzification
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Defuzzification

Max-membership principle -

Also known as the height method, this scheme is limited to 
peaked output functions. This method is given by the algebraic 
expression

( *) ( )       C Ch z h z z Z  

zz*

1

h
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Defuzzification

Centroid method -

This procedure (also known as center of gravity) is the most 
prevalent and physically appealing of all the defuzzification 
method and is given by the algebraic expression

( )
*      

( )

C

C

h z zdz
z z Z

h z dz
  




zz*

1

h
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Defuzzification

Weighted average method -

This method is only valid for symmetrical output membership 
functions. This is given by the algebraic expression

This method is formed by weighting each membership function 
in the output by its respective maximum membership value.

( )
*     

( )

C

C

h z z
z

h z






za

.9

h

b

.5

(0.5) (0.9)
*     

0.5 0.9

a b
z
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Defuzzification

Mean-max membership -

This method (also called middle-of-maxima) is closely related to 
the max-membership principle, except that the locations of the 
maximum membership can be non-unique. This is given by the 
algebraic expression

*     
2

a b
z




za

1

h

b
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Defuzzification

Center of Sums -

This method is faster than many defuzzification methods that are 
presently in used.  This process involves the algebraic sum of 
individual output fuzzy sets, say C1 and C2, instead of their 
union. This is given by the algebraic expression

1

1

[ ( )]
*     

[ ( )]

k

k

n
k C

n
k C

z h z dz
z

h z dz













One drawback to this method ls that 

the intersecting areas are added 

twice. 
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Defuzzification

Center of largest area

If the output fuzzy set has at least two convex subregions, then 
the center of gravity of the convex fuzzy subregion with the 
largest area is used to obtain the defuzzified value z* of the 
output. This is given by the algebraic expression

( )
*     

( )

m

m

C

C

zh z dz
z

h z dz




where Cm is the convex subregion that has the largest area 

making up Ck.
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Fuzzy Logic Application
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Fuzzy Processing
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Output Membership Functions
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Rules
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Rule Strength
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Output Membership Function


