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artificial intelligence
science of making things smart

machme learning
techniques to learn from data



machine learning
techniques to learn from data

given [input], whatis best [output]?



machine learning scales better than rule -based code

$



detection of email spam

Rules and Learning

contingencies from data

Spam the old way: Spam the new way:

Write a computer program with Write a computer program to

explicit rules to follow learn from examples

if emailcontains Vlagra try to classify some emails ;
then mark'is spam’; _reduce eITOTS ;

if emailcontains ... repeat ;

if emailcontains ...



neural network models
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neural nets learn from examples
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after a model is trained, you can test it

unlabeled photo ~20000
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functions a deep neural network can learn

input output

Pixels: “hussar monkey”

Audio: = |l [ [ | “How cold is it outside?”

“Bonjour, comment allez -vous?”

“A blue and yellow train travelling down
the tracks”




Al is used across Google products

Assistant
Query understanding
Conversation

Cloud
Cloud ML APIs
TPU

Clips

smart image capture

Android
Keyboard input
(also in i0S)

Maps
Street View images
Parsing Local Search

a
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Search
Query understanding
Search ranking

Home
Speech recognition
Conversation

Gmail
Smart Reply
Spam classification

Cardboard

Image stitching

Ads
Richer Text Ads
Video summarization

o3
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>

YouTube

Video recommendations
Better thumbnails

Translate
text and speech
translations

Photos

Photos / video search
Auto- smile montage

Drive
Quick Access

Play
App clustering
Music recommendations



ML has improved Google translate...

= Google Translate

Chinese~ = English~ OLD MODEL

«) CHINESE X

1508, SEFEIIEME? . .
Excuse me, where is the toilet?

Qingwen, xishéujian zai nali?
NEW MODEL

\ 0

o) ENGLISH

Where Will the restroom?

o) ENGLISH




accurate translation as an enabler of cross

ira clutch

ta Schultertasc

mprako ya!

4+ Sigue esta busqueda

Mischa Barton MARRON
BRONCEADO Clutch Bolso Mano
Bolsa BNWT Nueva Regalo

Oportunidad
10,21 EUR 1¢

Gift Occasion

4

Mischa Barton Brown Tan Clutch Bag
Handbag Hand Bag BNWT Brand New

uevo Retro patente B

6,53 eurR = Comprak

-border trade

Source: Brynjolfsson,
Hui & Liu (NBER 2018)



Al used to detect diabetic retinopathy

nput output

Grade of Diabetic Retinopathy

F-score
0 ® 9 5 0 u 9 1
Algorithm Ophthalmologist
(median)

Gulshan, Peng et al.., JAMA 2016


https://en.wikipedia.org/wiki/F1_score

machine learning requires four ingredients

Enough of the right kind of data to serve as training
examples

o) O (o)
o o Algorithms and tools to build the model

2 Computing power to run the model

People to design and operate
tech skills + data skills + business expertise




open -source innovation depends on global data sets

Google Cloud Al TensorFlow

APIs, custom ML, TPUs open-source machine
learning library

Q0006



Cross-border data flows and open data sets
have enabled new mnovations to meet
evolving needs during COVID-19....




rom Covid -19 forecasting...

Google

COVID-19 Open-Data

Search for ary location

This repos tory contains the largest Covid-19 epidemiolcgical database avaiable in addition to a powerful sat of expansive covariates. Itincludes oper
sourced data with a permissive license (enatling commercial use) relating to vaccinaticns, epidem ology. hospitalizaticns, demographics, economy,
geography, health, mobility, government response, weather, and more. Mareover, the data merges caily time-series from hundreds of data sources at a fine
spatial resolution, containing over 20,000 locations and using a consistent st of region keys.

For folks who want to jump right in.

Watch on 8 VouTube

For the research oriented - a data goldmine upon which to perform ML/Al forecasting, investigations anchored to myriad covariates, and much mare.
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...to vaccine monitoring...

tintlongy
THE VACCINE MONITOR

The World's Most Comprehensive COVID-19 Dataset On Vaccine
Deployment. 90+economies Tracked. 12+ economies

PRESS RELEASE

(v )




...to new translate functions

Improve Translate

Help improve Google Translate for the languages you speak. Contribute to Translate Community to help
people around the world understand your language a little better.

GET STARTED

Fill-in-the-blank or multiple-choice Get recognized and earn badges Bring languages to life
We show you a phrase, you type in a translation. O if Contributor, 100 Club, and beyond: every time you help, Translate Community is @ major part of our process to
you'd rather just click or tap, we'll show you possible you get closer to the next badge. add new languages to Google Translate. If you speak a

translations, and you tell us if they're right or wrong. language we're working on, you can help us add it.



Live captioning in Google Meet expanding
to 4 new languages
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Pixels:



Audio:


“Hello, how are you?”
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