Machine Learning
Lecture 1



Machine learning is everywhere

» Search, content recommendation, image/scene analysis,
machine translation, dialogue systems, automated

assistants, game playing, sciences (biology, chemistry,
etc), ...
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Machine learning: what is it?
» A brief definition

Machine learning as a discipline aims to design,
understand and apply computer programs that learn
from experience (i.e., data) for the purpose of modeling,
prediction, or control



Prediction problems

» About future events

Market value

Time

» Also collision avoidance, monitoring, medical risk, etc.



Prediction problems

» About properties we don’t yet know

would | like this movie?

I o soluble in water?

what is the image about?

7. , © Neural Information Processing Systems Foundation, Inc.

“ML is very cool” what is it in Spanish?



Example: supervised learning

» It is easier to express tasks in terms of examples of
what you want (rather than how to solve them)

» E.g., image classification (1K categories)

Image Category

mushroom

. © Neural Information Processing Systems Foundation, Inc.

cherry

8. © Geoffrey Hinton, University of Toronto.



Example: supervised learning

» It is easier to express tasks in terms of examples of
what you want (rather than how to solve them)

» E.g., image classification (1K categories)

Category

mushroom

cherry

© Geoffrey Hinton, University of Toronto.

» Rather than specify the solution directly (hard), we
automate the process of finding one based on examples



Example: supervised learning

» It is easier to express tasks in terms of examples of
what you want (rather than how to solve them)

» E.g., image classification (1K categories)

Category

= mushroom

cherry

© Geoffrey Hinton, University of Toronto.

» Rather than specify the solution directly (hard), we
automate the process of finding one based on examples
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Example: supervised learning

It is easier to express tasks in terms of examples of
what you want (rather than how to solve them)

No limit to what you can learn to predict...

English Spanish
h( Isitreal? ; 0) = ¢Es real?
Will it continue? ¢Continuara?
For how long? ¢Por cuanto tiempo?

» Already in production for some language pairs (Google)



A concrete example

» Learning to predict preferences from just a little data...
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A concrete example

» Learning to predict preferences from just a little data...
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A concrete example

Learning to predict preferences from just a little data...
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Supervised learning

Learning to predict preferences from just a little data...

U TRE) A e A Ay e,
R PRI AN 1 W Ong e sy

FUARE A0S, 1 AR W PR 1 SRR T BCTTNLA. ey e rtCHet I Rt P, o ord Supighl anisrmasd Dus HOTRCEP OIS PYIYITDN) WA & I Y 0 LA 19 A 500 WA M A, O
0w Satpi Dwmae. A LeRe Sade s avy Domes Per ,--J’m.hr--..uh - Lonw' 3¢ Do rinderrg A chans: wrinhaohath: St wmwgn wev v ek e Dabeet L R T L rea
e & assen) tum Paamddy’ Clbm dhad Pizi s N e d 0 an wel o el 4 Podevnr Sww Irhant Camel o vilew shta Howralmen sompavon b Doy Mot W1 o richemers e B bet s Pavs mocesnd dheon ,';,
AN B O A LI L WA D WERSHIE T DU ORI, RN AWY (0 FTYSORR @ SOWIG O 39N 10 BN SaRrg by PTA AAe BM DUD I B Ch e O P P ) e P b e e ,",-‘
et & Sy & tusns Lo vw 'y & Wk b e T o MY NG @ by Lo s tog Loy peoudterio s rew home vl e o Ot i o w s Secwd 3 il g T dn Al whad
AWMLY TN NI T N L A bonss mmetie ok mage. & = O, B . Bl e ek e P wllc ol 4 S a0 e, ho e wes NP oMoy Ve BAd et ANt W 0D
e e Pl Ld BUAGHIVIEH W S i PR bt PROLCSI0H MW MO TP LA B0 B 1B I Pawwm o s huw s Sole Powogt s wwe TOTIRE] 0 TR BOpe 4 S oape F TS
O P A e— wede s e fu Do v Lo sy Prime vhon M B e w A e d it W o Dusn’ Winsed (Zo we Parins o Wi Lot Wit rbirter wheb o Ao Do
B0 I D et AR e | o i VN T ETAD WAAF() MWEFTRLTTg Nt s b fosd il w bad B ey St Lok b EE aea L L L T L oo T) & Wt (nar g rl aw s e an -

Ml N Ly Ay et ol's rwes boerw o —— toabe s

A » NN
M o ’_“l -.A‘,F v
wrepevielar (2014) Poater 4 & ah

—— A

11.© 2020 Sony Pictures Digital . 9. © 2020 The Studios At
Productions Inc. 10. © Twentieth Century Fox.

© Black Bear Pictures

() 5(6)

12.© Disney

FCE M) ) B €Y

7 [ ] [ ]

-1 -1 +1 +1 [N

Training set Test set



Supervised learning
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Supervised learning: training set




Supervised learning: test set




Supervised learning: training set




Supervised learning: classifier

h: X —{-1,1}




Supervised learning: clas










Supervised learning: classifier




Supervised learning: classifier




Supervised learning: generalization




Supervised learning +

» Multi-way classification (e.g., three-way classification)

h( > — politics h : X — {politics, sports, other}

13. BBC news and the BBC logo are registered trademarks of Google LLC.

» Regression

el ;, ) = $1,349,000 h: X —R

_u

14. © Robert Paul Properties, Cambridge.

» Structured prediction

A group of people
— shopping at an h : X — {English sentences}

outdoor market

15. © Computer Vision & Pattern Recognition Lab, 2017.



Types of machine learning

» Supervised learning
- prediction based on examples of correct behavior

» Unsupervised learning
- no explicit target, only data, goal to model/discover

» Semi-supervised learning
- supplement limited annotations with unsupervised learning

» Active learning
- learn to query the examples actually needed for learning

» Transfer learning
- how to apply what you have learned from A to B

» Reinforcement learning
- learning to act, not just predict; goal to optimize the
consequences of actions

» Etc.



Key things to understand

» Posing supervised machine learning problems
» Supervised classification

» The role of training/test sets

» A classifier

» A set of classifiers

» Errors, generalization
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