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Requirements
I I

[0 Algorithm analysis and design methods

1 Analysis of computational complexity of learning algorithms

O Linear algebra
[J Matrices, vectors, matrix operations and linear equations

1 Inverse matrix, eigenvectors, order of matrix, decomposition of singular values
0 Multivariate calculus

1 Derivative, integral, tangent planes
1 Probabilities

] Random variables, expected value, variance and ...
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Evaluation
- 8 |

[0 Tasks [45%)]

[ Theoretical topics

] Programming

0 Final Exam [50%]

@ python’

[0 Effective attendance in class [5%]
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Table of Contents
R,

[0 Supervised learning.
[] Regression - univariate and multivariate linear regression
1 Classification — logistic regression, neural networks, support vector machines

[0 Unsupervised learning.
1 Clustering

[0 Reinforcement learning.
[0 Programming using Python (or Octave).
0 Practical recommendations in using machine learning algorithms.
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Some Quotes

L I EEE————————5 ==,

“If you invent a breakthrough in artificial intelligence, so machines can learn, that is worth 10 Microsofts.”
-Bill Gates (Former CEO of Microsoft)

“Machine Learning is the next internet.”
-Anthony Tether (Director of DARPA)

“Machine learning is going to result in a real revolution.”
-Greg Papadopoulos (Creator of Redshift)

Machine Learning : Introduction-Amin Golzari Oskouei - 2023



- What Is Machine Learning?
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Machine Learning: Definitions
A

0 Arthur Samuel

“Field of study that gives computers the ability to learn without being explicitly programmed.”

0 Samuel’s Checkers Player
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Machine Learning: Definitions
T T =,

0 Tom Mitchell

“A computer program is said to learn from experience E with respect to some class of tasks T and
performance measure P, if its performance at tasks in T, as measured by P, improves with experience
E.9,

0 Example: Checkers Game
] Task: Playing checkers

] Experience: Playing thousands of time against yourself

1 Efficiency Measure: Number of wins against new opponents
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Example: Detecting Spam Malil

€« C [ htips;//mail.google.com/mail/?shva=1#inbox/13c008bb49a5ac10

Gmail

®x b &

New! Gmail's mobile apps just got updated on Google Play and the Apple App Store. Dismiss

Google

Gmail ~ - [} | ® - More *
Report spam
(3 people unfriended you) - www UninendApp.com - Free FB tool that shows you who unfriended you!
| Inbox (7)
Google Account recovery phone number changed nbox % =
Starred
Important accounts-noreply@google.com 4:43 PM (0 minutes ago) - -
tome ~
Chats The recovery phone number for your Google Account - razavinaser@gmail com - was recently changed. If you made
Sent Mail this change, you don't need to do anything more
Drafts If you didn't change your recovery phone, someone may have broken into your account. Visit this link for more
information
All Mail https //support google com/accounts/bin/answer py?answer=2450236
Spam (17) If you are having problems accessing your account, begin the account recowry pfocess by chckmg this link:
(0]
Trash
Important account security tips:
- Make sure you have regular access to your recovery phone so you can easily
@ 3 pass Google's security measures if you ever forget your password

- Always keep your recovery phone number current. A phone is more secure than a
arch people recovery email or your security question because, unlike the other two, you
usually have physical possession of your phone.

razavi
Note: This email address cannot accept replies

Sincerely,
The Google Accounts Team

© 2012 Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043

You have received this mandatory email service announcement to update you about important changes to your Google
product or account

razavinaser@gmail.com ~

108 < > Q-

Why this ad?

Ads - Why these ads?

Email Auto-Responders
Quickly Engage New Leads &
Contacts Email Auto-Responder.
Free Account!
www.Contactology.com/AutoRespon

Do You Carry Concealed?
Know Your Rights & Get Your Free
Concealed Carry Report Today!
USConcealedCarry net

Try GFI® VIPRE Free
Award-winning antivirus software
Download a free 30-day trial now.
www.VIPREbusiness.com

2013 Grants

Grant Funding May Be Available
See If You Qualify!
www.ClassesUSA.com

More about...

Password Recovery »
Password Unlock »
Password Security »
Password Change »
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Example: Detecting Spam Malil
T =,

0 Example: Detecting Spam Mail

Let's say your email program allows you to mark incoming emails as spam and learns
how to detect spam mails accordingly.

[ Task: Categorizing emails as spam or email
[1 Experience: Monitoring which emails you mark as spam
1 Efficiency Measure: The number of emails that are correctly categorized
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Types of Machine Learning Methods
- —~~—~——————————0n0n00
[J Machine learning Improving the machine's performance in performing a task with experience.

[0 Q. How can a machine know that its performance has improved?

] We can give the machine the correct answer for some limited examples of input in the hope that it
can generalize it to other examples - supervised learning

1 We can tell the machine to what extent its answer was correct (for example by giving a point) and
the machine itself is responsible for finding the correct answers - reinforcement learning

1 We may not give the machine any information about the correct answer and only ask the machine
to find inputs that have common features - unsupervised learning
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Supervised Learning




Supervised Learning
T =,

[J Input: A training set where the correct answer is given for each input.

(x®,yD), (x@,y@), .., (x™, ym)}

™~ Training Set

[1 Goal: Find a suitable approximation for the following mapping:

[ XY
0 Example:
[1 Spam Detection: Mapping emails to the {Spam, Non-Spam} collection
1 Digit Recognition: Mapping a set of pixels to the set {0, 1, 2, ..., 9}
[ Cancer Diagnosis: Mapping medical data to the set {Malignant, Benign}
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Example: Detecting Spam Malil
T =

O Input: Email Dear Sir. First, | must solicit your confidence in
this transaction, this is by virture of its nature as
1 Output: Spam, Non-Spam being utterly confidencial and top secret. ...

To be removed from future mailings, simply
reply to this message and put "remove" in the
subject. 99 million email addresses for only $99

X

Ok, I know this is blatantly OT but I'm
beginning to go insane. Had an old Dell
Dimension XPS sitting in the corner and
decided to put it to use, | know it was working
pre being stuck in the corner, but when |
plugged it in, hit the power nothing happened.
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Example: Recognizing Handwritten Numbers
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Example: Pricing A House
T

[ Input: The Size of The House |1 Feet?]
[0 Output: Estimated Price

400 7

300 =

N
o
o

price (1000’s)
2

=
o
o

o
+

$ 3 3 i 1
0 500 750 1000 1500 2000 2500

size (feet?)
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Example: Pricing A House

I I EEEEEE————————————————————————

[0 Q. Which one is better? A linear function or a quadratic function?

400
w X %
~ X X
[=)
o
o
p
Q
-
o
o
0 : . i ¥ i i
0 500 750 1000 1500 2000 2500
size (feet?)
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Example: Pricing A House

I I EEEE———————————————————

400 +

300 + X

price (1000’s)
N
8

0 1 1 i 4 1
0 500 1000 1500 2000 2500

size (feet?)

[0 Supervised Learning: [0 Regression:
For each training sample, a "correct Predicting quantities with continuous
answer" 1s given. values (such as the price of a house)
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Example: Cancer Diagnosis (Malignant, Benign)

I ==

A

Y

X X X X X

Malignant ?

0 He—r6—x¢ ¥ ¥ >
Tumor Size

—O—6O0—0—XK 0O H 0O H KX >

[0 Supervised Learning: 1 Classification:

For each educational example, a Predicting quantities with discrete
"'correct answer" is given. values (such as zero and one).
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Example: Cancer Diagnosis (Malignant, Benign)

I I EEEEEEEEE—————————————————————

[0 Other Features:
O Uniformity of cell shape

O Uniformity of cell size
O ...

T Tumor Size
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Unsupervised Learning




Supervised Learning
A I

(1 Supervised Learning: For each training example, a "correct answer" is given.

O O
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Unsupervised Learning

[0 Unsupervised Learning: No information about correct answers is given!

A
O
OO
X O O
O O
O
>
X1

[0 Goal: Detecting structure in input data (grouping similar data).
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Application of Clustering: Grouping Related News
.2 5

—_ = | x
€ Google News . +
<« C @ news.google.com & A
Web Images Videos Maps News Shopping Gmail more v andrewyantakng@gmail.com | Web History | Settings v | Sign out =
GOUSIC news ' Search News || Search the Web =

Advanced news search

U S edition v Add a section »
I Top Stories Top Stories » Recent

Deepwater Horizon Christine O'Donnell »

Fed meeting hite House official denies Tea Party-focused ad campaign CNNMoney - Chris Isidore - 39 minutes ago
Foreign exchange CNN International - Ed Henry - 1 hour ago i I
market Democratic sources say the White House is not considering an ad campaign W%Bﬁ%—mm% i >
Lindsay Lohan tying Republicans to the Tea Party. Washington (CNN) — A top White House gaay <~ CeIy EROMTIe: = S IINeS 800
IBM official sharply denied a report that claims President Obama’s political ‘Explain what you want from us_’ reads front- -
advisers are weighing a national ... rormryrmon page editorial
Tom Brady Tea Party is misplacing the blame, former President Bill Clinton claims iy msnbc_com - Olivia Torres - 10 minutes ago
Toronto New York Daily News
International Film GOP tea party backer defends Christine O'Donnell The Associated Press
F9§'|V3| Atlanta Journal Constitution - Politics Daily - MyFox Washington DC - Salon Crisis response: Pakistan floods
Paris Hilton all 726 news articles »
::an ; US Stocks Clim Recessio lle Vv v San Francisco Bay Area - Edit
e Homebuilders Gain -
¥ Starred ¥ MarketWatch - Kristina Peterson - 16 minutes ago e =~
§ San Francisco Ba NEW YORK (MarketWatch) -- US stocks climbed Monday, gaining speed
Ared Y after a key nonprofit organization officially called the recession over, giving A’L'A'_' . )
investors a boost of confidence in the gradual economic recovery San Jose Mercury News - 48 minutes ago -
World Longest recession since 1930s ended in June 2009, group says all 24 articles »
Bus Los Angeles Times le's official beekeeper keeps the compan v
8§ Business Downturn Was Longest in Decades, Panel Confirms New York Times ing with excitement
§ ScifTech Wall Street Journal - AFP - CNN - USA Today San Jose Mercury News - Bruce Newman -
all 276 news articles » 1 hour ago
l More Top Stories
| Spotlight s Jon Sylvia » ) v
il
B Health Vanity Fair - Juli Weiner - 22 minutes ago investigate weekend shooting
0§ Sports The BP oil well, site of the Deepwater Horizon explosion that led to the worst San Jose Mercury News - Robert Salonga -
I Entertainment oil spill in US history, died today at one year old. 48 minutes ago - all 6 articles »
4| Video: Blown-out BP Well Finally Killed in Gulf& The Associated Press
Al nows Weiss Doubts BP Would End Operations in Gulf of Mexico: Video Bloomberg Spotliaht
| X CNN International - Wall Street Journal (blog) - The Guardian - potilg
| T— New York Times 18 g i : y
Images all 2,292 news articles » Financial Times - Peggy Hollinger -

I ep 162010 v,
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Application of Clustering: Grouping Related News
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Some Other Applications of Unsupervised Learning
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Organization of computing clusters (data centers)

Analysis of social networks

Analysis of astronomical data (how galaxies form)

Market segmentation



Cocktall Party Problem

Speaker #1

2./
Microphone #1

\\\\\

——

2./

Speaker #2 Microphone #2
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Cocktall Party Problem

I .,

Microphone #1: ¢ Output #1: ¢
Microphone #2: ¢ Output #2: ¢
Microphone #1: ¢ Output #1: ¢

Microphone #2: ¢ Output #2: ¢
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Cocktall Party Problem Algorithm

I

O Octave Code:

Machine Learning : Introduction-Amin Golzari Oskouei - 2023



A Question For Class
s 4

0 For which one of the following situations should an unsupervised learning algorithm
be used?

1 Developing a program to filter spam mails by having some normal emails and some spam emails
1 Group a collection of newly found articles on the web by topic

1 Diagnosing diabetes in new patients by having data on a number of healthy and diabetic people

1 Grouping a set of customers into several different market segments by having a database about
customers
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