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Introduction to Machine Learning

So What is Machine Learning?

Automating automation

Getting computers to program themselves

Writing software is the bottleneck

Let the data do the work instead!
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Introduction to Machine Learning

Machine Learning Problem Types

Based on Type of Data
Supervised, Unsupervised, Semi supervised, Reinforcement Learning

Based on Type of Output
Regression, Classification

Based on Type of Model
Generative, Discriminative
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Introduction to Machine Learning

Types of Learning based on Type of Data

Supervised learning

Training data includes desired outputs.
Trying to learn a relation between input data and the output

Unsupervised learning

Training data does not include desired outputs.
Trying to understand the data.

Semi supervised learning

Training data includes a few desired outputs.

Reinforcement learning

Rewards from sequence of actions.
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Introduction to Machine Learning

Types of Learning based on Type of Output

Regression

A regression model predicts continuous values.

For example:

What is the value of a house in California?

What is the probability that a user will click on this ad?

Classification

A classification model predicts discrete values.

For example:

Is a given email message spam or not spam?

Is this an image of a dog, a cat, or a hamster?
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Introduction to Machine Learning

Regression vs Classification

August 28, 2020 10 / 81



Introduction to Machine Learning

August 28, 2020 11 / 81



Introduction to Machine Learning

August 28, 2020 12 / 81



Introduction to Machine Learning

August 28, 2020 13 / 81



Introduction to Machine Learning

Types of Learning based on Type of Model

Generative Model

A Generative nodel explicitly learns the actual distribution of each class.

Discriminative Model

A Discriminative model learns the decision boundary between the classes.

Generative Models

Nave Bayes

Hidden Markov Models

Bayesian networks

Markov random fields

Discriminative Models

Logistic regression

SVMs

Traditional neural networks

Nearest neighbor

Conditional Random Fields
(CRF)
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ML Terminologies

ML Basic Terminologies

Many terminologies associated with ML. Will cover them in the following
slides.

Labels

Features

Examples

Models
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ML Terminologies

Label

A label is the thing that we are predicting in classification or
regression task. Example: Male, Female

The label could also be the future price of wheat, the kind of animal
shown in a picture, the meaning of an audio clip, or just about
anything.

Usually denoted with the variable y .
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ML Terminologies

Features (1/2)

A feature is an input variable (a.k.a attribute).

A simple machine learning project might use a single feature, while a
more sophisticated machine learning project could use millions of
features.

Usually denoted as:

x1, x2, . . . , xN

In the spam detector example, the features could include the following:

words in the email text

sender’s address

time of day the email was sent

...
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ML Terminologies

Features (2/2)

Generally three types of attributes:

Categorical: red, blue, brown, yellow
Ordinal: poor, satisfactory, good, excellent
Numeric: 3.14, 6E23, 0,

Categorical

No natural
ordering to
categories

Categories usually
encoded as
numbers

Ordinal

There is a natural
ordering to
categories

Encoded as
numbers to
preserve ordering

Numeric

Integers or real
numbers

meaningful to
add, mul tiply,
compute

Notethat

The process of generating this features for our machine learning problem is
called feature engineering.
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ML Terminologies

Data samples (Examples)

Data sample / Example is a particular instance of data, x. (Note That. x
is a vector of features)

We break examples into two categories:

Labeled examples: (Used for prediction)

Unlabeled examples: (Used for inference/testing)

Example
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ML Terminologies

Model

A model defines a relationship between features and label.

Two phases of a model’s life:

Training means creating or learning the model. You show the model
labeled examples and enable the model to gradually learn the
relationships between features and label.

Testing/Inference means applying the trained model to unlabeled
examples. You use the trained model to make useful predictions (y ′).
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ML Applications Examples

ML Application 1: Credit Approval

Numeric Features:
loan amount (e. g. $1000)
Income (e. g. $65000)

Ordinal Features:
savings: {none, <100, 100..500, 500..1000, >1000}
employed: {unemployed, <1yr, 1..4yrs, 4..7yrs, >7yrs}

Categorical Features:
purpose: {car, appliance, repairs, education, business}
personal: {single, married, divorced, separated}

Labels (Categorical):
Approve credit application
Disapprove credit application

Easy feature engineering process.
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ML Applications Examples

ML Application 2: Handwritten Digits Recognation

Represent each pixel as a
separate attribute either
Categorical OR Ordinal:

Categorical Features:
(white) or (black) based
on a threshold

Ordinal Features:
Degree of ”blackness” of
a pixel

Labels (Categorical):
{0,1,2,3,4,5,6,7,8,9}

What if we are dealing with paper like this ?
Isolate each digit, rescale, de-slant, ..

Hard feature engineering process.
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K-nearest Neighbours
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