Machine Learning

Introduction
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Based on Hao Tang's slides

KN recognises the importance of Image Credits. They have been removed to avoid cluttering the slides.
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Context: Image Processing
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Context: Recommender systems

O NETFLIX & spotiiv
J* tiktok (3 YouTube




Context: Speech recognition
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Bye bye passwords

Context: Speech verification

BANK OF
SCOTLAND

M Home > Contactus > Callus >

Volce ID FAQs

What is Voice 1D?

Voics ID.

W BARCLAYS Q

How do | register for Barclays Voice Security and can | do it
in branch?

You camonly regite for Barclays Vol Securty avr the phone, Duringyour phone conversaton with us wel sk youd
like to register, and if you do choose to register we'll then capture a unique digital voice patter for you. This process is

completely free, and you can withdraw from the service at any time.

Once we've captured your vaice patter, you'll be registered straight away. Yol be able to access your accounts using

Barclays Voice Security the next time you call Telephone Banking, and every time after that,

Barclays Voice Security is currently only available via Telephone Barking, including the iitial conversation in which we

record your voice pattern

Voice ID - fast, easy and safe

Voice ID i a securty feature available to Telephone Banking cust
your voice. f yourre sigible and hold 2 bank, savings or cradit ¢
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Context: Robotic vacuum cleaner

&
{b Is this an object to avoid?

Cord (living room)

O Always avoid this object
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Context: Autonomous driving

LEFT REARWARD VEHICLE CAMERA

MEDIUM RANGE UEHICLE CAMERA
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Context: Failures

The New orkTimes

‘It Happened So Fast’: Inside a Fatal Tesla

Autopilot Accident

rash in Florida highlights how gapsin
ractic
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Learning Outcomes

1. Define machine learning, identify its main types
2. Understand the core components of a machine learning systems

3. Learn about what we will do in this course
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What is machine learning?

How would you write a program to recognise hand-written 2s?

A F222 32272

We “produce” a programme that recognises a 2 using the examples of 2s.
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What is machine learning?

Traditional Computing

Input ——3

Rules ———>

Programme

L »  Results

Machine Learning

Input ——>
Results ———>»

Machine Learning

——> Programme
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Example 1

In an experiment we measure force and acceleration. Do you see a pattern?

force (N) acceleration (m/s?)

0.02 0.358
0.04 0.490
0.06 0.313
0.08 0.247
0.10 0.282
0.12 0.606
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Example 1 - Linear Regression

Let's plot the data to explore it.

2.5 1

2.0 1

1.5 1
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acceleration (m/s?)
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Linear Algebra - A quick reminder

y=wx+b

x1,wr1 +b)

o (21,71)
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Linear Algebra - A quick reminder

y=wx+b

x1,wr1 +b)
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Linear Algebra - A quick reminder

y=wx+b

x1,wr1 +b)
wxy +b—y1

* (21,71)
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Linear Algebra - A quick reminder

y=wx+b
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Linear Regression in the Machine Learning Language

hd Given N pOintS {(.Tl, yl)v (37273/2)7 ceey (JfNaZ/N)}.
N
sum of absolute errors L= Z lwx; + b — y;l. (1)
i=1

® Find w and b that minimises L.

® Find a function f(x) =y = wz + b that minimises L.
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Machine Learning Jargon

The N points {(z1,41),-.., (zn,yn)} constitute a data set.
The value w and b are called parameters.

The function L is called a loss function.

The act of finding w and b that minimizes L is called training.

The z1,29,...,2y are called (input) features.
The y1,92,...,yn are called (output) labels.

Specifying the above gives us a task.
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Example 2 - Temperature calibration

How much data is enough?

ME442 Typical Sensor
Connections
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Example 2 - Temperature calibration

How much data is enough?
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Example 2 - Temperature calibration

How much data is enough?
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Generalisation

A programme is correct if it produces the desired output on all input in the input
domain.

The fact that we use machine learning means that we do not have a good
characterisation of the input. (If we do, we likely don't need machine learning.)

Since the input domain is infinitely large, we only develop our programme on
samples from the input domain.

A programme generalises if it is developed with samples from the input domain
but is able to produce the desired output on the entire input domain.
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Our MLG Teaching Philosophy

We follow a fairly standard learning experience!

Motivate Explain

.. ———————————— Maths ————  Implement ———— _
Intuition P Verify

You need:
® Calculus
® |inear Algebra and Probability
® python, numpy, matplotlib, and Jupiter notebook
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Logistics

Course website: https://homepages.inf.ed.ac.uk/htang2/mlg2024/

Textbooks (See MLG Calendar)

1.
2.
3.

4.

Bishop, Pattern Recognition and Machine Learning, 2006

Deisenroth, Faisal, and Ong, Mathematics for Machine Learning, 2020

Lindholm, Wahlstréom, Linsten, and Schon, Machine Learning - A First Course for
Engineers and Scientists, 2022

Shalev-Schwartz and Ben-David, Understanding Machine Learning, 2014

Exercises and notes

We encourage you to review Informatics 2 - Foundations of Data Science.
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