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Learning Strategy

Assignments.
Computer laboratories.
Class exercises and discussion.

Some, but not many, slides.

You Have Just Entered a ...

SCREEN-FREE
ZONE



Classroom Rules

NO switched on mobile phones.
NO texting.

NO *exting.

NO open iPads.

NO iPods.

NO other iDevices.

NO open laptops.

Classroom Rules (continued)

NO facebooking.
NO tweeting.

NO X-ing.

NO googling.

NO snapchatting.
NO instagramming.

NO google glassing.

Classroom Rules (continued)

NO tindering.
NO you-tubing.
NO tumblring.
NO grindring.
NO fortniting.
NO tik-toking.
NO hinge-ing.
NO reddit-ing.

Classroom Rules (continued)

NO chat GPT-ing.
NO grok-ing.

NO gemini-ing.
NO copilot-ing.
NO claude-ing.

NO meta glass-ing.



Yes, this class is a ... Lecturer’s More Recent History (Current Century)

2011—: Distinguished Professor of Statistics at

REEN FR E E University of Technology Sydney.
| |
2007-2010: Research Professor in Statistics at

University of Wollongong.

2003-2006: Professor of Statistics at
University of New South Wales.

1997-2002: Associate Professor of Biostatistics at
Harvard School of Public Health, USA.

Clarifications?

Just to be sure... that's NO to: Next...

switched on mobile phones, texting,  *exting, SOME INDICATORS

open 1iPads, iPods, other iDevices, open laptops,
facebooking, tweeting, X-ing, googling, ’HA ’ S ’A ’IS ’ICS
snapchatting, instagramming, google glassing,

IS VERY IMPORTANT
fortniting, tik-toking, hinge-ing, reddit-ing, IN 0 6

chat GPT-ing, grok—-ing, gemini-ing, copilot-ing,

claude-ing, meta glass-ing.



Uber Engineering

Zoubin Ghahramani

7 BLOG ARTICLES 18 RESEARCH PAPERS

http://mlg.eng.cam.ac.uk/zoubin/

Zoubin Ghahramani is Chief Scientist of Uber and a world

leader in the field of machine learning, significantly

A 2017 Press Release A 1999 Research Paper by Z. Ghahramani

An Introduction to Variational Methods
for Graphical Models
MICHAEL L JORDAN Jordan@cs berkeley.edu

Department of Electrical Engineering and Computer Sciences and Department of Statisics,
University of California, Berkeley, CA 94720, USA

Uber Newsroom

Canada | Martd 20 20UBIN GHAHRAMAN [PT—
Canada | Mar 14,2017 Gatsby Computational Neuroscience Unit, University College London WCIN 3AR, UK
Announcing Zoubin Ghahramani as Uber’s Chief Scientist TOMMIS.IAAKKOLA ommi@simitcdu
Artificial Intelligence Laboratory, MIT, Cambridge, MA 02139, USA
LAWRENCE K SAUL [ET———
Vritten by Jeff Holden and Zoubin Ghahramani AT&T Labs-Research, Florham Park, NJ 07932, USA

Editor: David Heckerman

Abstract. This paper presents a wiorial variational methods for
del, including the QVIR-DT database. the dseveral ariants
of hidden Ma inwhichitis alg o
methods. x 2 model
model in which inference is efficien. del interest
Today, I'm thrilled to announce that Zoubin Ghahramaniis Uber's new Chief Scientist and will . el e et e ol dmome how oo 3o o e Frmted s
be joining us in San Francisco. In this capacity, he'll oversee Uber’s Al Labs, our recently. e
. . e i . Keywords: ~ graphical models, Bayesian networks. belief networks, probabilstic infercnce, approximae infer-
created machine learning and artificial intelligence research unit and lead Al/Machine ence. \,,mm,,ﬁ“ ‘:C.W\ mean ‘,d’d thods, hidden M: m‘,ddf Bolt sach . I networks

Learning strategy across the company. Zoubin joined Uber through the acquisition of

1. Introduction
Geometric Intelligence and it has become clear that Zoubin is a natural for the Chief Scientist
The problem of probabilistic inference in graphical models is the problem of computing a
conditional probability distribution over the values of some of the nodes (the “hidden” or
“unobserved” nodes), given the values of other nodes (the “evidence™ or “observed" nodes).
Thus, letting H represent the set of hidden nodes and letting E represent the set of evidence
nodes, we wish to calculate P(H | E):

role.

P(H,E)
P(E)

P(H|E) =



Figure 1 of 1999 Paper by Z. Ghahramani
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Figure 1. A directed graph is parameterized by associating a local conditional probability with each node. The
joint probability is the product of the local probabilities.

Figure 2 of 1999 Paper by Z. Ghahramani

20

Figure 2. An undirected graph is parameterized by associating a potential with each clique in the graph. The
cliques in this example are C; = {S1, $2, $3}, C2 = {53, S4, S5}, and C3 = {S4, S5, Se}. A potential assigns a
positive real number to each configuration of the corresponding clique. The joint probability is the normalized
product of the clique potentials.

A 2020 Press Release

A% sep1a,2020 - 3minread * - @ Listen

Ex-Uber Al Chief Scientist Zoubin Ghahramani
Joins Google Brain Leadership Team

¢ Google Al

Former Uber Chief Scientist and VP for Al Zoubin Ghahramani has joined Google
Research as part of the Google Brain team leadership. “In addition to my ongoing
academic position, I'm really excited to now be part of GoogleAl and its machine
learning community,” he tweeted.

Australia’s Leading Bayesian Statistician

« Kerrie Mengersen
3,907 Tweets

Kerrie Mengersen
@KerrieMengersen

IDoStats. Professor Statistics @QUT, @ARC Laureate Fellow, D/Director
@ACEMathStats - data-based analysis and modelling to help make better
decisions.



One of Many Mengersen Applications is HEALTH Some Other Current Examples

Business forecasting for the COVID-19 pandemic recovery
(led by Professor Rob Hyndman, Monash University).

Computationally intensive statistical approaches to understanding
genetic basis to susceptibility to human diseases such as Type
Healthc Inform Res. 2019 July;25(3):212-220.

hitp:/doiorg/ 104758/ 2019253212 ealtheare Iformmtios Bosearch 1 diabetes (led by Sir Professor Peter Donnelly, University of
pISSN 2093-3681 * elSSN 2093-369X OXfOI’d, UK)

Original Article

Bayesian Approach to Predicting Acute The Netflix streaming service company having a booth at the

= . . .. last pre-pandemic Joint Statistical Meetings in Denver U.S.A.
Append|C|t|s Usmg UItrasonographlc and Clinical during August 2019 (attended by the lecturer).
Variables in Children

Estimation of the global geographic distribution of carbon

Tristan Reddan"?, Jonathan Corness', Fiona Harden’, Wenbiao Hu*, Kerrie Mengersen® dioxide in the atmosphere USing remote SenSing (led
"Medical Imaging and Nuclear Medicine, Queensland Children's Hospital, South Brisbane, Australia by Professor Noel Cressie University of Wollongong
*Faculty of Science and Engineering, Queensland University of Technology, Brisbane, Australia ’ ’

oty of eath, QucendandUnhrsty ofTehnoloy, rshane,Austol in partnership with the U.S. National Aeronautics Space
Administration (NASA)).

Figure 2 from Reddan, ..., Mengersen, 2019 Main Topics
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Figure 2. The structure of the Bayesian network used to model the likelihood of acute appendicitis in children referred for ultrasound
inati ith i ies set to standard conditions.




Major Goal for this Subject

By Week 6, tool you up to be able to do

ANY*

data analysis, no matter how complex,

— and understand the underyling maths.

* To be qualified later.

Path to Achieving Goal

Draft book chapters of GRAPH THEORY
AND STATISTICS by M.P. Wand.

The R computing environment.

The JAGS and Stan inference engines and
their interface with R.

IMPORTANT: no assumed knowledge of
any of the above!

Reminder of Our Goal Until Week 6

Tool you up to be able to do

ANY*

data analysis, no matter how complex,

—and understand the underyling maths.

* To be qualified later.

Impetus for Topics 1 and 2

GRAPHICAL MODELS approach to Advanced
Bayesian Methods:

is very powerful

goes well beyond Statistics, including
Machine Learning

important for confronting the BIG DATA era.



QUESTION: What is a node?

ANSWER: A node is an abstract
mathematical (set-theoretic)
entity, usually depicted as a
circle in books and papers.

THE SEX LIFE
OF NODES




Nodes attached to random variables Nodal sex leads to baby nodes...

are called probabilistic nodes.
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Nodal sex much more intriguing

than in the human and animal worlds...
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Finally, there is the nodal free-for-all...

Two Types of Node Gatherings

DAGs.
Undirected graphs.

DAG (lots of nodal sex)

Xs Xs
X
X3 §
X
X, X

Undirected graph
(no sex, more like holding hands)

Xs Xs
X
X3 :
X

X; Xy



DAGs have Rules

A nice wko\esmne nocle fmi(ﬁ

= DAG

Too much weird stoff = pot a
DAG

INTRODUCING: Bob, Jessica and Nathaniel

Bob the DAG Jessica the DAG
Xa Xo X3

X4

Nathaniel the DAG

Xo  Xs Xs

X4 Xs

X3
Xz

X4

Not to be confused with...

Bob the dag,

Jessica the dag...




Bob, Jessica and Nathaniel the DAGs

Bob the DAG Jessica the DAG
%,

I X, Xa

X4
X

Nathaniel the DAG

Subject Web-Site

matt-p-wand.net/37457.html

(or do a web search for ‘Matt Wand UTS’

and follow logical links)

Last Item Before Break

QUESTIONS?



