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Remote Class

® Live Lectures: Tuesday & Thursdays, 1:05 pm - 2:25 montreal time)

® Online Zoom meetings through Mycourses

m [ ectures will be recorded and automatically uploaded in Mycourses
® Course Website: http://www.reirab.com/comp551.htm|

m Syllabus, slides, deadlines, schedule, evaluation, etc.


https://mycourses2.mcgill.ca/d2l/home/559677
http://www.reirab.com/comp551.html

Communications

¢ Online Zoom Office Hours under zoom tab in Mycourses
® Instructor: Thursdays 3:00 pm - 4:00 pm
m TAs: please check Mycourses's calendar

® Course Email: comp55Tmcgill@gmail.com
e Instructor Email: rrabba@cs.mcgill.ca [for private communication in title]

e Course Slack: will send invites soon


https://mycourses2.mcgill.ca/d2l/home/495331

Prerequisites

e Strong linear algebra, probabilities, and Python programming is highly
recommanded

e How can | refresh my background knowledge to follow the lectures
better? a lot of excellent online materials, see which one you can follow easier, you can

also refer to these reviews on probability and linear algebra.

e Tutorials to be scheduled for Math and Python

e Two quizzes on main concepts needed for lectures with uniimitted attmpts allowed,
due Jan 19th, released next week %ﬁ]


http://www.cs.mcgill.ca/~dprecup/courses/ML/Materials/prob-review.pdf
http://www.cs.mcgill.ca/~dprecup/courses/ML/Materials/linalg-review.pdf

Tutorials

Mid Jan. Probability & Linear Algebra

Late Jan. Python https://www.python.org/

Mid Feb. Scikit-learn https://scikit-learn.org/
Early Mar. Pytorch https://pytorch.org/

Pre-recorded, attend the corresponding TA's office hour for questions


https://www.python.org/
https://scikit-learn.org/
https://pytorch.org/

Tentative Outline

About this course

Introduction

Nearest Neighbours

Classification and regression trees

Core concepts

Maximum likelihood and Bayesian Reasoning
Naive Bayes

Linear regression

Logistic and softmax regression

Gradient descent methods

Regularization

Perceptrons & Multilayer Perceptrons
Gradient computation and automatic differentiation
Convolutional neural networks

Linear support vector machines

Bagging & Boosting

Unsupervised learning

Dimensionality reduction

Learning with graphs



About this course

input y
L 9 ML algorithm 9

output

example

<tumorsize, texture, perimeter> =<18.2, 27.6, 117.5> 9 cancer = No



About this course

METHODS AND ALGORITHMS USAGE

Linear or Logistic

Regression 83.7%

Decision Trees or

Random Forests 781%

Gradient Boosting
Machines (xgboost,

61.4%

lightgbm, etc.)
Networks
Bayesian Approaches _ SLL%
Recurrent Neural
etwore I <o2%
Neural Networks
il B

Transformer Networks
(BERT, gpt-3, etc.)

14.8%

G ive Ad: ial
eneranveNEtv\S;s;fs - 7.3%
Evoluti |
ooy [ o
from 2020 Kaggle's survey on the state of owner [ +5»
Machine Learning and Data Science, \
one
you can read the full version here N

o
B

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%


https://www.kaggle.com/kaggle-survey-2020

complementary
components

About this course

Theory
Lectures
Weekly Practice Quizzes

Midterm Exam
Understand the theory behind learning algorithms

Application

Codes in lectures

Mini-projects

Practice applying them in real-world

11



About this course:

Evaluation and grading

Regular Practice Quizzes - 20% {from last lecture - short}

Late Midterm exam - 30% 77,

-4

Mini-projects - 50% {group assignments} @)}é



About this course:
Evaluation and grading

N\
Regular Practice Quizzes - 20%
{from last lecture - short}
/
® One per lecture to check the key concepts discussed in the last lecture .
® Available until the start of the next lecture, timed
® rrom the two subsequent quizzes, the best one will be considered for your final grade
o

The first 2 practice quizzes check the prerequisites for the course and have a different
setting than the regular practice quizzes. In particular, unlimited attempts are allowed
and due date is set to after add/drop instead of the next lecture
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About this course:
Evaluation and grading {‘é}

Mini-projects - 50% {group assignments}

® Four programming assignments to be done in groups of three®, «no exception to this given the
grading load on TAs

® Groups can stay the same between projects, you can also regroup when needed

® The goal is not to divide and conquer but to collaborate, do not wait for others to
complete their tasks, help eachother do all the parts in the assignment

® All group members receive the same mark unless there are major complaints on
not contributing, responding, etc. from group-mates, which will be resolved on a
case-by-case basis. If a significant difficulty/conflict arises, please send an email
to the course email, cc the group-TA and put 'Group-TA' in the title
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Late submissions

All due dates are 11:59 pm in Montreal unless stated otherwise.

No make-up quizzes will be given. For mini-projects, 2°k%
percent will be deducted per k days of delay.

If you experience barriers (including a covid related issue) to learning in this course,
submitting the projects, etc., please do not hesitate to discuss them with me directly, and
please make sure to put "551 special" in the header to make sure | see your email [for

general course correspondence, please use the course email: comp551Tmcgill@gmail.com].

As a point of reference, you can reach the Office for Students with Disabilities at 514-398-6009
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Code of Conduct

e Do not share or (re)post any of the course materials online. This
includes: video lectures, codes, quizzes, zoom links, etc.

® Be respectful in the course forums and other communications

e Submit your own work for projects and quizzes

Academic Integrity

The " “McGill University values academic integrity. Therefore, all students must understand the meaning
and consequences of cheating, plagiarism and other academic offenses under the Code of Student
Conduct and Disciplinary Procedures" (see McGill's webpage for more information). (Approved by Senate

on 29 January 2003)
16


https://www.mcgill.ca/students/srr/honest/

Relevant Textbooks

No required textbook but slides will cover chapters from the following
books, all available online, which can be used as reference materials.

[Bishop] Pattern Recognition and Machine Learning by

Christopher Bishop (2007), available online

[Murphy] Machine Learning: A Probabilistic Perspective

by Kevin Murphy (2012), available online through the library

[GBC] Deep Learning (2016) by lan Goodfellow, Yoshua

Bengio, and Aaron Courville, available online
18


http://users.isr.ist.utl.pt/~wurmd/Livros/school/Bishop%20-%20Pattern%20Recognition%20And%20Machine%20Learning%20-%20Springer%20%202006.pdf
https://ebookcentral.proquest.com/lib/mcgill/detail.action?docID=3339490
http://www.deeplearningbook.org/

Resources

Numerous great online resources at different levels,
a selection is listed on the course website

Some may be more accessible than this course
since they are designed for a different audience, but
please note that this is a course designed for
graduate students in computer science without ML
background, with a heavy theory component.

Online Resources

Learning plan
metacademy
Video Playlists

o StatQuest

o FreeCodeCamp

o Essence of linear algebra and Neural Networks by 3BluelBrown
o Mathematics for ML by David Rolnick

Courses with Playlist and/or Code

o Introduction to Machine Learning by Google

o Machine Learning by Stanford

o Deep Learning by UC Berkeley

o Hinton's Lectures on Neural Networks for Machine Learning
o Deep Learning & Linear Algebra courses by fastai

o Learning from Data by Caltech

o Deep Learning (with PyTorch) playlist and course hy NYU

o Deep Learning by Stanford

o Deep Learning by deeplearning.ai

o Introduction to Deep Learning by MIT

o Information Theory, Pattern Recognition, and Neural Networks by David MacKay

Books with Code
o Probabilistic Machine Learning: An Introduction by Kevin Murphy (book 1)

o Dive into Deep Learning BY by Aston Zhang, Zachary Lipton, Mu Li, and Alexander J. Smola
o Machine Learning Notebooks for O'Reilly book Hands-on Machine Learning with Scikit-Learn and TensorFlow

Similar Courses - Graduate Level
o hittps:/iwww.cs.toronto.edu/~rgrossefcourses/csc2515_2019/
o hitps:/iwww.cs.cornell.edu/courses/cs4780/2019fa/
Similar Courses - Undergraduate Level
o hhttps:/fcs.mcgill.ca/~wlh/comp451/schedule.html
o hitps:/iwww.cs.toronto.edu/~rgrosse/coursesi/csc311_f20/
o hitps:fiwww.cs.toronto.edu/~rgrosse/coursesi/csc411_f18/
o http:/fcs229.stanford.edu/syllabus-fall2020.html
o hitps:fics230.stanford.edu/lecture/
o Cheatsheets: https:/stanford.edu/~shervinefteaching/
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Who is in this class? You

250 registered
Mostly undergraduates year 3
Mostly with Computer background

Thesis Addition...

Undergraduate... UG Level Year 2

Thesis Full-time 24.7%

UG Level Year 3
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Who is in this class? Me

Reihaneh Rabbany
Canada CIFAR Al Chair and core member at Mila

Assistant Professor in the School of Computer Science

http://www.reirab.com/

Had CMPUT 551 Winter 2009 with Enrl of 9!

We might have some background noise

S e R :
Lriversity of Alberfa,
| Ldrmontarn South, Alta.



http://www.reirab.com/

Who is in this class? Me

My research is on Network science,
data mining and machine learning,
with a focus on analyzing real-world
interconnected data, and social
good applications.

® Physics (complex systems) e ; f; --___._f;
® Sociology (social networks) - ‘?\ SR
® Mathematics (graph theory) \‘*1 )rn
® Data Mining (graph mining) %\( 7
® Machine Learning (relational learning, graph ‘e * g &8
neural networks) SN
® \
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Who is in this class? Me

Al4Good applications where mining
connections is the key

e Interconnected populations

ﬁ« ,ﬁ. 1 B Modelling covid-19 by incorporating
contact graphs and flight networks

e |Interconnected crime
= = B Detecting organized human trafficking in
bIE online escort markets

e Interconnected discussions

B Detecting coordinated groups in online
I political discourse

24



Questions?
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Application Highlights - COVID

structure of the contact networks significantly changes the epidemic curves, effectiveness
of different NPIs, and outcomes of re-opening strategies

Classic compartment based models assume a random structure

~ 00 Y- . . y°
Se A significantly delayed peak is
= -0 the result of random mixing
o . .
CEs assumption, which also
8 5 predicts wrongly that the final A
L g5 . . : @
£8., attack rate stays similar with
587 .
3s I a or without NPIs
o ?{93%b.f“%:."%nf\%n.1},6)»0'1',@%6;f‘%si%r“f‘\()h-“%w\“ »
Dates . o ¢ e
-

Leung A, Ding X, Huang S, Rabbany R. Contact Graph Epidemic Modelling of ; @ \ ER Gr:l:ph Montreal Wifi
COVID-19 for Transmission and Intervention Strategies. arXiv preprint Contact Network Contact Network
arXivi2010.03081. 2020 Oct 6.
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Application Highlights - COVID

structure of the contact networks significantly changes the epidemic curves, effectiveness
of different NPIs, and outcomes of re-opening strategies

Classic compartment based models assume a random structure

W ER graph significantly

=] =

£ underestimates the second

o

g, peak after reopening public

8 places, i.e. allowing back A

R ik -@-

£ hubs. A A

pe * “;:f: % B

Leung A, Ding X, Huang S, Rabbany R. Contact Graph Epidemic Modelling of ; @ \  ER Graph Montreal Wifi
COVID-19 for Transmission and Intervention Strategies. arxiv preprint ” Contact Network Contact Network
arXiv:2010.03081. 2020 Oct 6.
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Application Highlights - COVID

Incorporating between population movements allows early detection of outbreaks, more
accurate estimation of the reproduction number, and evaluation of the impact of travel
restrictions and the implications of lifting them

Classic compartment based models assume a closed population

0.35 FlightSEIR RO: 0.30
FlightSEIR RO: 0.40
0.301 FlightSEIR RO: 0.50
FlightSEIR RO: 0.60
o 0251 H —— FlightSEIR RO: 0.70
3 . ~—— FlightSEIR RO: 0.80 ) o ¢ "
¥ 020 i —— FlightSEIR RO: 0,90 Y LI ST,
2 1 —— FlightSEIR RO: 1.00 - 1
p € 015/ i —— FlightSEIR RO: 1.10 E . "
"g —— FlightSEIR RO: 1.20 - 2 = Al
= 010 1 - == WHO Declared COVID as Pandermic W,
- 1 === All Frovinces Declared State of Emergency (a) Flight Network on January 2nd, 2020
= Outbreak Waming 0.03% - e e, By =
IEI 0.05+1 1 Outbreak Warning 0.05% i : v "("' TR S I T, B
I # - -~ Dutbreak Waming 0.1% 1 ;—--h e £ \.'L‘_' =
o e . * ’.;";
26 0109 (123 1308 320 (305 (319 (402 0816 (430 (51h 578 F se &
200955200 1020 055209 320 0%330-0% 850-0%, 3004 0 040 045005 3200 “‘{’ ‘ ,.? B A
Date ?.o AR
L o A
Y -2
Ding X, Huang S, Leung A, Rabbany R. Incorporating Dynamic Flight Network - @ - '--. ® ‘T AR .
in SEIR to Model Mobility between Populations. arXiv preprint ” } it
arxiv:2010.01408. 2020 Oct 3. () Flight Network on April 2nd, 2020
Figure 1: Flight network before and after imposing travel restriction
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Who is in this class? Me

Al4Good applications where mining
connections is the key

e Interconnected populations

ﬁ« ,ﬁ. 1 B Modelling covid-19 by incorporating
contact graphs and flight networks

e Interconnected crime
B Detecting organized human trafficking in
2= online escort markets

e Interconnected discussions

B Detecting coordinated groups in online
I political discourse
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Scope and Scale: Modern Slavery

$150bn yearly profit & 21 million victims worldwide [UN Office on Drugs and Crimes]

e 71% women & girls, 29% Men & boys
e 54% sexual exploitation, 38% forced labour, 8% other including organ trafficking
e A majority of victims being advertised online

Trafficking in persons in Canada

e Ninety-three per cent of sex trafficking victims are Canadian citizens
e Number of police-reported incidents of human trafficking on the rise
e Victims of human trafficking most often young women, 1 in 4 are underage
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Human Trafficking in Canada

i o
CBC |Londen
[ “veeme)

The National

-

Human trafficking 'huge business here in London," police == " e e
Canada a target for human traffickers

T mever would have expehed the seope of what | have seen hore,' head of anl-aramizking unit says

ISTEM QG IM

@'r v RAD BALISI 4R AMADA 2017 Al w  MOR {
CBCNEWS |Montreal{:* e ﬁ rone 889
- JWL“:/A ] Listen Live oo or
Quebec launches new police unit targeting pimping, sex
trafficking
Unit's mandate to fight networks operating across cities and regions, interprovincially and internationally

Fry Szachan Smth

https://www.publicsafety.gc.ca/cnt/cntrng-crm/hmn-trffckng/index-en.aspx

National Strategy To Combat Human Trafficking 2019-2024
https://www.publicsafety.gc.ca/cnt/rsrcs/pblctns/2019-ntnl-strtgy-hmnn-trffc/index-en.aspx

Quebec: 12 million dollars
for 2017-2022

2020

GHY NEWS

¢ Homa

CaMADS

Sex trafficking still a prevalent issue across Canada,
advocates and police say


https://www.publicsafety.gc.ca/cnt/cntrng-crm/hmn-trffckng/index-en.aspx
https://www.publicsafety.gc.ca/cnt/rsrcs/pblctns/2019-ntnl-strtgy-hmnn-trffc/index-en.aspx

Online Escort Markets

Majority of sex-trafficking victims are
advertised online backpage

. . " " Choose a location: P_Qﬂ_@_d
= Use Al to monitor online “Escort

M a r kets h!a.bama K.an-s..;i.s Uh'llil . Al.he:rti Newfoundland and Q.ueb-ec

Labradar «

than ling Ather Naorthwest : '
peka Chilli ands g Territories =

thoble Clevelan Nova Scotia »

Montpomery Kentucky Colur Fad Deer ova scotia Saskatchewan
uing Gree Lol 5L Albert Ontario Prince Alhery
Tinscalons ky Eim Sarre

| [ British Columbia Eelleville

Mlaska Mansfield Abbotsf Brantford

Anchorae Canducky Fariboo Chatham Yukon =
- Loutsiana Kamlgaps e
Arizona B Hangima : W

Flagstaff Oklahoma Peace River Country )

DEMIX ar OtLaw:

'_. : Maine = Grmh L
Arkansas Maryland o Manitoba

Eoetteille ANNAD | d

- k
Valley Klan : New Brunswick
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Al for Combating Human Trafficking (CTH

April 11, 2018: SESTA(Stop Enabling Sex Traffickers Act)
and FOSTA (Fight Online Sex Trafficking Act)

Market is moving to alternative
sites, getting more complicated

st ad

backpage.com and affiliated

websites have been seized

as part of an enforcement action by the Federal Bureau of Investigation, the U.S.
Postal Inspection Service, and the Internal Revenua Sarvice Criminal Investigation
Division, with analytical assistance from the Joint Regional Intelligence Center.

Canadian
Human

Irafficking | qynched on May 2019

HO” ine Other agencies participating in and supporting the enforcement action include the

U.S. Attarmey's Office for the District of Arizona, the U.5. Department of Justice's
Child Exploitation and Obscenity Section, the U.S. Attorney's Office for the Central
District of California, the office of the Californla Attorney General, and the office of the
Texas Attorney General.

Backpage record certification requests should be sent to info@backpage.net. Please
rernember to attach the records you need certified and the certification documeant that
you are requesting be completed and returned to you. Please allow 2-3 days for your
request to be processed. If you have a record certification request that requires
urgent attention, indicate that by including the word "URGENT™ in the subject line of

your email.
April 6, 2018 )

@ x ] ) ¥
OIDK * I l :‘:'.EI!'JJ-:C-JS'CS I I I
A—— T LI mmnn

Sample of 20K ads from two of the new hubs

Wircester




Trafficking is Organized

An average ﬁimp has control 4 to 6 victims many of whom report of having “no
input into the wording used in the advertisements”
Example Trafficking Cases using Online ads

2014

2018
CBCNEWS |Eritish Columbia rrye

. - - ¥ DO EWS  SPOATS MUS 11T LOCALw  MORE = WATCH | L E
i CBCII@WS | British Columbia
=xa

—— sSame room nd

« Same
o == phrase
M [ [y pERa——— oddna [ Hematn [ - L Ve -~ ~
[~ ] ‘. E ~ Same
. . AP -
Reza Moazami convicted of human trafficking in teen Michael Bannon gets lifetime internet ban and prison " - Phone
prostitution case
BT Sepreme an 30 cnsege underage prostitution ring number
- o - Lit— fp 12, - Admitbed pirmy LRERTE werved stter plesding guilty 1o 22 char pen
[E— P
o £ -
Westhy
OO =

February 2009 and October 2011

June 2014 and July 2015
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Related CHT Projects

e Finding & Characterizing Micro Clusters

Q NER from Noisy Adversarial Data

, Crawling and Storing data in Graph Databases
@ Background Matching

* Active Learning for Connection Inference

Rabbany, Reihaneh, David Bayani, and Artur Dubrawski, "Active search of connections for case
building and combating human trafficking.” Proceedings of the 24th ACM SIGKDD International
Conference on Knowledge Discovery & Data Mining. 2018.

Hotels-50K: A Global Hotel
Recognition Dataset
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Detecting Micro-clusters of Text

® Organized Trafficking in Escort Ads
@ Identifying Twitter Bots

Coastanl Sloc [ besonsea [ Deleton Substitution
M siEmn_PIehieT b Al surcste de pucrts escand o aax Iat pf km
|#1 sismn  richter km al sureste de poerta escandado oo Iat lom pf km |
\Ornit 21 Tdenticnl Tweers pe #1

423 EiSEGISERERN ssmo magnitud JG8N km al surese de puerto escondido o lat Ton pf km

TABLE IX: InFoSWTLD is language-independent: Spanish template from Twitter dataset.

Crnstank Slot [ tnserisen [ Deletion Substiluion

11 he mostpopular st popularsterics on pr duily this week oo * orc: *
SInnes on pr daly s s ek o

ot popular stumes on pr dinly this eeek from new vover phioto nalies on facebook and 2 Fatile of the soci hipocesetyaghi
nansijueulan stniizs oo o aduly this ek G il wiond tn ilngs et e 1o i, winekis e By 0

et mostpopuler [N #iorics en pe daily this seck fom uiderEdg S0 i Sning o pr pofesio hoe e e hupleploce

TABLE X! INFOSHIELD derects sfors: template from Twitter dataset,

Coastant Stot [ Tnsertion [l Trelstion Substitution
70 ool shown For victim's safely ANALYTICS
W1 fempty) time (empty) {emptyl
#7  persenal description tfime (empry ) cost
#3  (empiy) time (empty) cost
41 porsonal description denspy) prelercncs cust

18 similar ads C ar l]c_g i C
TABLE XI: Slors contain wser-specific information: template from HT dataset, \,.[ I ] -
yienon
University
niversity
-

Meng-Chieh Lee, Catalina Vajiac, Aauushi Kulshrestha, Sacha Levy, Namyong Park, Cara Jones, Reihaneh Rabbany, and Christos Faloutsos,
InfoShield: Generalizable Information-Theoretic Human-Trafficking Detection, IEEE International Conference on Data Engineering (ICDE) 2021
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Who is in this class? Me

Al4Good applications where mining
connections is the key

e Interconnected populations

ﬁ« ,ﬁ. 1 B Modelling covid-19 by incorporating
contact graphs and flight networks

e |Interconnected crime
= = B Detecting organized human trafficking in
bIE online escort markets

e Interconnected discussions

B Detecting coordinated groups in online
I political discourse
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Being [Politically] Smart in the Age of Social Media

A  Spotting Coordinated Groups in Social Media
< O 60 thousand user accounts with 3.4 million followership
connections, and 1.3 million unigue hashtags engaged in
twitter around the 2019 Canadian Federal Elections
O  users in coordinated groups 4x more likely to get suspended

olcan_folgc
@) hashtags which characterize their creed linked to P
misinformation campaigns

“ Understanding Troll behavior

@ Studying Polarization and Polarizing Activity

Lok : Lavscam
ranian Patriuts.mﬁ onran0 = 4PMScnnnr M
ScheardPM
KIG2020 Ao WWGLWGA
AmericaFirst® sz, # Scheerdp|

°  AmericaFirst * »Lavsca
v TrudeaMuskGo
KAG2020 24 OeF

trudeaumustgo
notAbot

TrudeaMustGé

rﬂn ist

AmericaFirst,

Tn.n:leauﬂustReSJgn Jable B
KaG AmericaFirst 0 theerWeakness

ScheerDesperation

notabot ‘ 'fEarnTrucI eau

. : 7,
- . bepali KAGEOZD FoxNews . notAbol® JulianAssange
notAboty - NBAFinals, . %aties g e =
notAbot, ‘o34 Weakangy Jranian oo % y .
.nemsmw lranian ] e e WY . .
yycco . rudeaMustGo w il T _' 3
o ., 7 £
n el e . ’ .
. e
.TrudeglﬂustGo

wang J, Levy S, Wang R, Kulshrestha A, Rabbany R. SCG: Spotting Coordinated Groups in Social Media. arXiv preprint arXiv:1910.07130. 2019 Oct 16.
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