Unit 1
What is Machine Learning?

EE-UY4563/ EL-GY6143: INTRODUCTION TO MACHINE LEARNING
PROF. SUNDEEP RANGAN




Learning Objectives

dldentify data-driven learning vs. expert or domain knowledge-based approaches
dProvide examples of machine learning used today

dGiven a new problem, qualitatively describe how machine learning can be used
o Formulate a potential machine learning task

o |dentify the data needed for the task
o |dentify objectives

dClassify a machine learning task:
o Supervised vs. unsupervised, regression vs. classification

dFor supervised learning, identify the predictors and target variables

@ TANDON SCHOOL
NYU | Zroonsstoo




Outline

AWhat is Machine Learning?

Types of machine learning algorithms
o Classification

o Regression
o Unsupervised learning

dWhy the hype today?

dSome slides from:
o A. Zisserman, “Machine Learning Introduction”

o Alpaydin, “Introduction to Machine Learning”
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What is Machine Learning?

Learn to improve algorithms from data.

Image from Christoph Molnar,
https://christophm.github.io/interpretable-ml-book

* VERY SPECIFIC
INSTRUCTIONS

Traditional approach Machine Learning
Domain or expert knowledge Data-driven

Why?
o Human expertise does not exist (ex: complex medical processes we don’t fully understand)
o Humans are unable to explain their expertise (speech recognition)
o Solution change or adapt in time (routing on a computer network)
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https://christophm.github.io/interpretable-ml-book

Example 1: Digit Recognition
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Images are 28 x 28 pixels

dProblem: Recognize a digit from the image

MNIST dataset challenge
o Dataset developed in 1990s to spur Al research on a challenging problem for the time

o Data taken from census forms
o Became a classic benchmark for machine vision problems
o We will see this dataset extensively in this class
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Classical “Expert” Approach
Qidea: Use your knowledge about digits o ! l % q

° You are an “expert” since you can do the task

dConstruct simple rules and code them 4'.: (g 7 > Q\

Images are 28 x 28 pixels

Expert rule example: “Image is a digit 7 if...”: | def count vert lines(image):
o There is a single horizontal line, and ' def count_horiz_lines(image):

o There is a single vertical line .
‘def classify(image):

nv = count wvert lines(image)

i ‘ h t_horiz_li :
(JRule seems simple and reasonable ' nh = count_horiz_lines(image)
- if {nv == 1) and (nh == 1):
But,... | il

return digit
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Problems with Expert Rules

dSimple expert rule breaks down in practice
o Hard to define a “line” precisely

"def count_vert lines{image):

-def count_horiz_lines(image):

o QOrientation, length, thickness, ...
© May be mU|t|p|e |ineS... 'def classify(image):

nv = count wvert lines(image)

‘ nh = count_horiz_lines(image)
4 : We cannot easily code our knowledge i (v == 1) and (nh == 1)
o We can do the task | | dsir=T

o But it is hard to translate to simple mathematical formula

return digit
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ML Approach: Learn from Data

Training inputs images x; (ex. 5000 ex per class)

cOO I\ (44ALl2 ?

Dws a2 25> 7 Training output labels y; € {0,1, ...,9}
2¢ 74914940658 l,:

Ll 72\ 7143F9 Learned classifier

89734997 f(x)

Do not use your “expert” knowledge
dLearn the function from data!

Supervised learning:
o Get many labeled examples (x;,y;),i = 1, ..., N (Called the training data)
o Each example has an input x; and output y;
o Learn a function f(x) such that: f(x;) = y; for “most” training examples
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ML Approach Benefits and Challenges

Learned systems do very well on image recognition problems
o On MNIST, current systems get <0.21% errors (as of 1/20/2018)

o Used widely in commercial systems today (e.g. OCR)
o Cannot match this performance with an expert system cldo i N\ (4AL 72

D2+ 225272

(dBut there are challenges:
c How do we acquire data? Someone has to manually label examples. 3464249449404t D50

> How do we parametrize a set of functions f(x) to search? .
° How do we fit the function to data? & £ 72N/ 148%37%
o |f a function works on training example, will it generalize on new data? 8978 L9qg7

This is what you will learn in this class
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http://rodrigob.github.io/are_we_there_yet/build/classification_datasets_results.html#4d4e495354

Example 2: Face Detection

dProblem: For each image region, determine if face or non-face

(dMore challenging than digit recognition
o Even harder to describe a face via “rules” in a robust way
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Supervised Learning Approach

dData: Get large number of face and non-face examples

dTypical early dataset
o 5000 faces (all near frontal, vary age, race, gender, lighting)

o 1078 non faces
o Faces are normalized (scale, translation)

P

| B

¥ 3%
»..?‘.

Learn a classifier from a class of functions
o Each function maps image to binary value “face” or “non-face”

o Select function that works well on training data
o For good performance, functions may be complex
o Many parameters

Mo
.

4
Hisdlen uniis

dMany more datasets are available now:
o See http://www.face-rec.org/databases/

> You can use this for your project!

Rowley, Baluja and Kanade, 1998
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http://www.face-rec.org/databases/

Example 3: Spam Detection

eeeé US § 119.95 Viagra 50mg x 60 pills — Junk ()
e e & dClassification problem:
Delete Mot Junk Reply Reply All Forward Print o .
i 1 Mail thinks this message is Junk Mail. (7) I [ Mot Junk ° IS emall Junk or nOt Junk?

From: Fannie Frilz <guadalajaraei @aspenrealtors.com=

Subject: US § 119.95 Viagra 50mg x 60 pills DFOF ML' must represent email numerlca”y

Date: March 31, 2008 7:24:53 AM PDT (CA) > Common model: bag of words
buy now Viagra (Sildenafil) 50mg x 30 pills o Enumerate all words, i = 1, ..., N

hitp:/fullgray.com o Represent email via word count

x; = num instances of word i

dChallenge:
o Very high-dimensional vector

o System must continue to adapt
(keep up with spammers)
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Example 4: Stock Price Prediction

SP/TSN CONPOSITE

g Lo - . (dCan you predict the price of a stock?
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JWhat variables would you use?

12000 =

dWhat is a non-machine learning approach?
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Machine Learning in Many Fields

JRetail: Market basket analysis, Customer relationship management (CRM)
dFinance: Credit scoring, fraud detection

dManufacturing: Control, robotics, troubleshooting

dMedicine: Medical diagnosis

dTelecommunications: Spam filters, intrusion detection

Bioinformatics: Motifs, alignment

dWeb mining: Search engines

d...
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In-Class Exercise 1

For each of the proposed algorithms below, indicate whether the use a machine learning {i.e. data
driven) approach or not (e.g. expert or domain knowledge)

Num ;@ Algorithm : ML Approach?
Yes No
1 A robot determines its route in a room using a shortest path
algorithm combined with data on the obstacle locations.
2 You predict the weather tomorrow using data on how whether
has changed in the past.
3 A computer program playing poker decides to fold or not fold in
a game by calculating the probability that its poker hand is the
best.
4 A program estimates whether a customer will purchase a
product from sales records of past customers and their
attributes.
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Outline

dWhat is Machine Learning?

:>Types of machine learning algorithms

o Classification

o Regression
o Unsupervised learning
o Reinforcement learning

dWhy the hype today?

dSome slides from:
o A. Zisserman, “Machine Learning Introduction”

o Alpaydin, “Introduction to Machine Learning”
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Classification

LSupervised learning D _
o Learn mapping from features x to target y £ Low risk
(C o
wn S
U Classification: . ©
o Target is discrete. One of a finite number of values © o
o Ex: Binaryy € {0,1} A
dExample: Credit assessment X, | High risk
o Target: customer is high-risk or low-risk © . ©
o Features: income & saving x = (x4, Xx5) o N

Learn a function from features to target | -
o Use past training data X Income

o Need to get this data

The function on the right is an example of a decision tree.
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Regression

JAlso supervised learning Price
A
dPredicting a continuous-valued target L RQHOLUSG Price Prediction based on Size x
%  Actual Prices
UExample: ssof

o Predict y = house price

B
(=]
o

° From x = size, number of bedrooms, ...

o Can use multiple predictors

Price of House ($1000)

JAssume some form of the mapping
o Ex. Linear: y = [y + [1x 2001
o Find parameters f3,, 1 from data 150|

1.0 15 2.0 2.5 3.0 3.5 4.0 45 5.0
Size of House (1000 sq feet)

v

Size

https://www.scribbr.com/statistics/simple-linear-regression/
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https://www.scribbr.com/statistics/simple-linear-regression/

Unsupervised Learning

Learning “what normally happens”

Uncategorized In
dNo output documents : Catogory 1
o Just values x. No targety ™ '
Clustering: Grouping similar instances Taxonomy ﬁ Category 2
Proposer i
JExample applications ==
o Customer segmentation :ﬁ Category 3

° Image compression: Color quantization

o Bioinformatics: Learning motifs
Example: Document classification

http://www.ibm.com/support/knowledgecenter
/SSBRAM_8.7.0/com.ibm.classify.ccenter.doc/
c_WBG_Taxonomy_Proposer.htm
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http://www.ibm.com/support/knowledgecenter

NYU

Generative Al

Type of unsupervised learning

LGiven data {x4, ..., x } generate a similar sample x

(Many examples today

Synthetic faces generated by a GAN

TANDON SCHOOL

OF ENGINEERING

Tell me how ChatGPT works.

ChatGPT is a large language model that uses deep learning technigues to generate

human-like text. It is based on the GPT (Generative Pre-trained Transformer) architecture,
which uses a transformer neural network to process and generate text. The model is pre-
trained on a massive dataset of text, such as books, articles, and websites, so it can
understand the patterns and structure of natural language. When given a prompt or a
starting point, the model uses this pre-trained knowledge to generate text that continues
the given input in a coherent and natural way.



https://www.pnas.org/doi/full/10.1073/pnas.2120481119

Simple GAN

Sample

" - - *‘
>
P Discriminator
L6 Discrimin loss
Generator
w%ﬁ Sample /

ator
[
L Generat

o
Random Generated
sample
\ J
|
x = g(z)
Generator
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(dGenerative adversarial networks (GANs)
dSimple method to train generator

dGenerating function:
o Takes random input z
o Qutput sample x

By changing z, generate different x

(JGANS are relatively simple
o More complex models are used today

o More in the deep learning class




Reinforcement Learning

ACTION Move: ...Bd4

EXPLORATION NEURAL
PoLICY NETWORKS

AGENT ENVIRONMENT

<«

t | State: Current position |
STATE, REWARD Reward: Win or Lose

Agent learns to make actions that interact with an environment to maximize a reward
o Agent typically acts in a closed loop system

dKey tradeoffs:
o Exploitation (Learn from past actions) vs. exploration (try new choices)
o Credit assignment: Which actions in the past led to the current reward?
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Types of Machine Learning

Meaningful
Compression

Structure Image

Di . P Customer Retention
Iscovery Classification

Big data Dimensionality Feature Idenity Fraud

isualistai ; Classification Diagnostics
Visualistaion Reduction Elicitation Detection 2!

Advertising Popularity
Prediction

Learning Learn i ng Weather

Forecasting
-
M ac h I n e Population

Growth
Prediction

Recommender Unsupervised SuperVISed

Systems

Clustering Regression
Targetted

Marketing Market

Forecasting

Customer

S L carning

Estimating
life expectancy

https://www.7wdata.be/visualizatio
n/types-of-machine-learning-
Reinforcement ]
Learning algorithms-2/

Skill Acquisition

Real-time decisions

Game Al

Robot Navigation

Learning Tasks
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https://www.7wdata.be/visualization/types-of-machine-learning-algorithms-2/
https://www.7wdata.be/visualization/types-of-machine-learning-algorithms-2/
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In-Class Exercise 2

JFor each of the problems below:
o Determine type of ML problem (regression, classification, unsupervised, RL)
o What data would be needed?
o What attributes could you use?

dProblem 1: Estimate sales from attributes of an advertising campaign
dProblem 2: Predict if a tissue is cancerous or not from an image

dProblem 3: Train a computer to steer a car from camera data.
o 3A: For training, assume you have recorded human steering along with video of what the human saw

o 3B: For training, assume you no labeled data. The training must learn long-term consequence

dProblem 4: Write a song in the style of a given artist
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Outline

dWhat is Machine Learning?

Types of machine learning algorithms
o Classification

o Regression
o Unsupervised learning

>IWhy the hype today?

dSome slides from:
o A. Zisserman, “Machine Learning Introduction”

o Alpaydin, “Introduction to Machine Learning”
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What ML is Doing Today?

(A Navigation and map building

(dComplex scene understanding

Chat bots, natural language processing

Machine translation

Virtually every product can benefit from Al

._ % ACCESSTOCITY
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Why Now?

dMachine learning is an old field
o Much of the pioneering statistical work dates to the 1950s

(JSo what is new now?

UBig Data:
o Massive storage. Large data centers

o Massive connectivity
o Sources of data from Internet and elsewhere

L Computational advances
o Distributed machines, clusters

o GPUs and hardware

Google Tensor Processing Unit (TPU)
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Exercise

(dBreak into small groups

Take a field that interests you:
o Ex. Driving a car, social networks, recommend a movie to watch, ...

ldentify a specific task that can be done with machine learning
o What is the objective of the task?

o What is the data you need?
o What type of ML problem is this? Classification, regression, ...
> How would your approach compare to an expert-driven method?
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