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Plan for this course

Wednesday Feb 22 – Motivation and Basics of Information Processing

Thursday Feb 23 – Some basic Algorithms and Applications

Thursday Feb 24 – Advance Issues and Advance Computation

Saturday Feb 25 – More cont.. + Discussion and closing
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Computational Intelligence Processing

Intelligence

•Ability to solve problems

•Examples of Intelligent Behaviors or Tasks

1. Classification of texts based on content

2. Heart disease diagnosis

3. Chess playing

4. Etc..

Computation 

•Information processing

What kind? Why? How?

DATA

We will try to give answer of this three basic question in 

next two days.

(of data) (do we process) (do we process)
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Computation 

•Information processing

What kind? Why? How?



Computation 

•Information processing

What kind? Why? How?



Information processing

Internet : Social Media

What kind?



Information processing

Computer Vision 

•Image : Medical Analysis, Entertainment

What kind?

•Video : Internet & Surveillance



Information processingWhat kind?

Bioinformatics : The problem is as follows: given a 

sequence of amino acid residues, 

predict the placement of the main three 

dimensional sub-structures of the 

protein.



Information processingWhat kind?

Bioinformatics :



The world is driven by data :

• Germany’s climate research centre generates 10 petabytes per year

• Google processes 24 petabytes per day

• The Large Hadron Collider produces 60 gigabytes per minute (~12 DVDs)

• There are over 50m credit card transactions a day in the US alone.

Data explains a lot



Computation 

•Information processing

What kind? Why? How?

•Internet : Social Media

•Computer Vision : Image and Video

•Bioinformatics

•Etc…



Computation 

•Information processing

What kind? Why?
How?

•Internet : Social Media

•Computer Vision : Image and Video

•Bioinformatics

•Etc…



Consumer Brand Analytics 
•What are people saying about our brand? 

Marketing Communications 
•Significant spending on marketing, advertising: 

Companies trying to position their products 

•Brand analytics helps to determine whether such 

campaigns are effective 

• Automatically mine product reviews for information on 

product features, new requests, … Easy to use, 

Comfortable chair, Light weight, Sturdy, Good price 

Internet : Social Media

Information processing Why?

Product reviews 

Root of the Network

Articles/Blogs are enough to get all sort of Information 



Information processing Why?

Recommend DVD according to users flavor



Internet : Social Media

Information processing Why?



Internet : Social Media

Information processing Why?



Internet : Social Media

Information processing Why?

• Search Engine: search based on key-words

• Gmail : Spam-filter on mail server



Information processing Why?



Text Document analysis : Topic Model

How can we develop algorithms that will

• Produce a summary of the document?

• Find similar documents?

• Predict document layouts that are suitable for different 
readers?

Information processing Why?



Example: Science Magazine Papers

Information processing Why?



Example: Science Magazine Papers

 Dataset with approx. 12K papers from Science Magazine

 Selected concepts from model with K=200 

Information processing Why?

Topic



Information processing Why?

Image Document : summary of an image 



Information processing Why?

Image Document 

A facial recognition system is a computer application for automatically 
identifying or verifying a person from a digital image or a video 
frame from a video source

Query  Image

Image Database



Information processing Why?

Image Document : Optical Character(Text / Handwritten) Recognition



How can we develop algorithms that will
• Track objects

Computer vision : video

Information processing Why?

• Recognize objects

• Segment objects

• Denoise the video

• Determine the state (eg, gait) of each 
object



Bioinformatics

How can we develop algorithms that will
• Find start sites and stop sites of genes, by looking for common patterns 

of activity?

Mouse
tissues

DNA activity
Low High

Position in DNA

…

Information processing Why?



Computation 

•Information processing

What kind? Why? How?

•Internet : Social Media

•Computer Vision : Image 

and Video

•Bioinformatics

•Etc…

•Internet : 

1. Media Analysis

2. Brand Management

3. Customer recommendations

4. Inherent topic

5. Etc…

•Computer Vision : 

1. Surveillance 

2. Entertainment

3. Robotics

4. Etc..

•Bioinformatics

1. DNA analysis

2. Protein Structure analysis

•Etc…



Computation 

•Information processing

What kind? Why? How?

•Internet : Social Media

•Computer Vision : Image 

and Video

•Bioinformatics

•Etc…

•Internet : 

1. Media Analysis

2. Brand Management

3. Customer recommendations

•Computer Vision : 

1. Surveillance 

2. Entertainment

3. Robotics

4. etc

•Bioinformatics

1. DNA analysis

2. Protein Structure analysis

•Etc…



Information processing How?

Machine Learning & 

Pattern Recognition

Information Desired Goal
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• self-configuring data structures that allow a computer to do 

things that would be called “intelligent” if a human did it

Definition of Machine Learning

• “making computers behave like they do in the movies”

Wall-E

I Robot

Transformer-3



Why “Learn” ?

Application of Machine Learning is in Everywhere



How can we extract knowledge from data to help humans take decisions?

How can we automate decisions from data?

How can we adapt systems dynamically to enable better user experiences?

Write code to explicitly

do the above tasks

Write code to make the computer

learn how to do the tasks

Learning from Data



Pattern Recognition (What ?)

Duda  Hart, 1973 : “A field concerned with machine 

recognition of meaningful regularities”.

Bezdek, 1981: “Pattern recognition is the search for 

structure in data”



Pattern Recognition (What ?)

Is it the same object?

• The task is Pattern Recognition

• The way we do it called Machine 

Learning



Basic Task of ML/PR

• Association

• Supervised Learning

– Classification

– Regression

• Unsupervised Learning

• Reinforcement Learning



Basic Task of ML/PR

• Association

• Supervised Learning

– Classification

– Regression

• Unsupervised Learning

• Reinforcement Learning



Learning Associations

• Basket analysis: 

P (Y | X ) probability that somebody who buys X also buys Y 
where X and Y are products/services.

Example: P ( chips | beer ) = 0.7

0.1 0.7

0.3

0.3

0.4

0.2 0.6

u1

u2

un

.

.

t1 t2 tm.        .

• Matrix Completion



• Using machine learning to recommend books.

ALGORITHMS

Collaborative Filtering

Nearest Neighbour

Clustering



Classification

• Predict unseen data from seen data

Temperature Humidity Rain

55 10% no

40 40% yes

95 20% no

75 45% yes

Class I

Class I

Class II

Class II

Features

Learn a Machine 

using Training Data 
Class ?

• Will it rain at 70 degrees 
and 30% humidity?



Basic Strategy of Classification

o
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• Using machine learning to identify faces and expressions.

ALGORITHMS

Decision Trees

Adaboost



Classification: Some other Applications

• Character recognition: Different handwriting styles.

• Speech recognition: Temporal dependency. 
– Use of a dictionary or the syntax of the language. 

– Sensor fusion: Combine multiple modalities; eg, visual (lip image) and 
acoustic for speech

• Medical diagnosis: From symptoms to illnesses

• ...



Regression

• Example: Price of a used car

• x : car attributes

y : price

y = g (x | θ )

g ( ) model,

θ parameters

y = wx+w0

4 lac

20 lac

40 80



Regression Applications

• Navigating a car: Angle of the steering wheel 

• Kinematics of a robot arm

α1= g1(x,y)

α2= g2(x,y)

α1

α2

(x,y)

 Response surface design



Supervised Learning: Uses

• Prediction of future cases: Use the rule to predict the output 
for future inputs

• Knowledge extraction: The rule is easy to understand

• Compression: The rule is simpler than the data it explains

• Outlier detection: Exceptions that are not covered by the rule, 
e.g., fraud



Unsupervised Learning

• Learning “what normally happens”

• No output

• Clustering: Grouping similar instances

• Example applications
– Customer segmentation in Customer relationship Management (CRM)

– Image compression: Color quantization

– Bioinformatics: Learning motifs



Reinforcement Learning

• Learning a policy: A sequence of outputs

• No supervised output but delayed reward

• Credit assignment problem

• Game playing

• Robot in a maze

• Multiple agents, partial observability, ...




