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To improve the digital contact tracing apps
to help curb the viral spread

while minimizing the economic impact
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Health vs Economy: Pandemic times
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Health vs Economy: Recovery
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Contact Tracing

% Manual Contact Tracing: Uses Public Health Experts (PHE) to email/phone contacts
> (Class epidemic management
> Overwhelmed by the scale of pandemic

* Digital Contact Tracing: Uses smartphone apps to notify potentially infected contacts

> Binary Contact Tracing:
o Uses positive/negative test results
o Recommends quarantine/no quarantine to the users

> Proactive Contact Tracing:
o Uses individual-features, test results, symptoms, “risk-messages”
o Recommends Quarantine/reduced contacts/regular contacts
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PCT Framework
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PCT Framework
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This distributed inference problem
would be easy with:

e Central storage of contact graph
e High bandwidth between nodes

... but these aren’t possible due to privacy
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PCT: Addressing Privacy

% No central storage of contact graph
< De-identification and encryption of all data

< User information never leaves the phone




PCT

Risk Messages between phones

Peer-to-Peer Private Risk Message Protocol

Google-Apple Exposure Notification (GAEN)
Temporary Contact Number (TCN)
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PCT: Risk Messages & Infectiousness

Effective Viral Load curve (after exposure)
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PCT: Risk Messages & Infectiousness
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PCT: Risk Messages & Infectiousness

A/ Example of target from curve
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PCT: Model Inputs & Outputs

4. Time series
Variable sized set Risk of (over the past 14 days)
1. (duetovariable # =¥ contacts
of contacts)
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Symptoms )
> Time series / Own Risk
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days) Test Results
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Must be:
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e Small & efficient




PCT: Rule-based Models

> Rules designed by PHEs
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Algorithm 2 Heuristic-FCT

PCT: Rule-based Models
37: function HANDLERECOVERY (S}, Ti, M;.(:),r?)

> Rules designed by PHEs s Rl

39: if ZS’d.(:vd:dgdm”/z) >1lor Y gep Lpri =1y 2 1 then

40: Rx+0
at i Yien), aep, are(dd-1,..d-7) L @) =rmcuy 2 1 then
42: Rx+ 0
43 elseif 35,0 v wep, are{dd-t,.a-1 ]1{A?\l;";(d”):r3,ODERATE} > 1 then
. 44: Rx«+ 0
> Gupta et al. 2020 runs experiments on one such By olon i Wi, et T sy Lilen
. . . . 46: Rx«+ 0
heuristic using COVI-AgentSim, an agent-based r if Rx—1 then
48: r:i_d:didmwﬂ +~—0
mOdEI 49: return rf,., Rx
50: function APPLYNEGATIVETEST(C, 1%y, T%, W)
51: d?l + day of the latest negative test
52 Ty waidaswye <0
53: if r); ; = 0 then
54: ¢=0
55: return rfi, (é
56: function CompuTERISK(TY, Si), M; . (:), Xy, rf,_;)
57: W« 8
58 r},(} + TESTRESULTSCOMPUTERISK(T?)
50: 1l ¢l « SympTOMSCOMPUTERISK(S])
60:  rh,,(h, + RISKMESSAGESCOMPUTERISK(M; (:))
: 61: 1y, Rx + HANDLERECOVERY(SY, T%, M;:.(:),r%_,)
Risk of 62: ifr Rx =1 then RS o
Contacts 63: returnr,, 0
64: rq < max(T¢, T, T, Td—1) > element-wise maximum
65 (g ¢ max(Cp, Co, Gm)
Symptoms :
ymp Rule_based Own Risk 66:  if Z_d'gp Iy, ,=-1) = 1 then o
. 67: ry, (g < APPLYNEGATIVETEST((j, ry, Ty, W)
MOdeI HIStory 68: return rfi, (g
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PCT: Al-based Models
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Bengio et al. 2020 (ICLR - Top 20) proposes neural network architecture and training
protocol for deep learning based PCT predictor




Where does the training data come from?

% Learning from simulations
> Covi-AgentSim (Gupta et al. 2020) is used as a simulator
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But simulator isn’t the real world ...

< Domain Randomization:
> Commonly used in robotics for sim-to-real transfer

Generated by sampling
Simulation over key simulator
Setting A variables

Simulation

| Training Data
Setting B ning *

Supervised Learning

Simulation
Setting C

Deep

Learning
Model




But ...

And many more challenges were identified and rectified in our ICLR submission
(Bengio et al. 2020)
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PCT: Results
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Conclusions: PCT Framework

> Common platform for collaboration among
epidemiologists,
computer scientists,
privacy experts,

user behavior researchers
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> Designed to address privacy
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Blog: Responsible Al-based PCT

Blog Posts

2021 &

Contact tracing as a personalization framework

« Why do we need contact tracing?
« Search for a unified framework

o Framework in practice

o Deep learning for the framework
« Limitations and Open Questions

o Why should we care now?

Domain Experts

A hybrid deep-learning-rule-based predictor
Risk of
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Model History
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Montreal

° Testing the public's trust: Quebec premier mulls
C >| adopting contact-tracing app

In Motion. Together. f)(w

=)&) (in
En mouvement. Ensemble. =S

Protecting users' privacy integral part of COVI app's design, says CEO of Montreal's Al
institute

Kate McKenna - CBC News - Posted: May 19, 2020 6:46 PM ET | Last Updated: May 19, 2020

English Francais




Thank you & Resources

Slides:
www.pgupta.info/talks

COVI-AgentSim Paper:
https://arxiv.org/pdf/
2010.16004.pdf

[=]74
3

Blog:

COVI-AgentSim Code:
https://github. com/
mila-iqia/COVI-AgentSim

COVI White Paper:
https://arxiv.org/abs/
2005.08502

COVI-ML Paper:
https://arxiv.org/pdf/
2010.12536.pdf

Smartphone App:
https://mila.quebec/en/
project/covi/

COVI-ML Code:
https://github.com/
mila-iqia/COVI-ML

4

@pguptacs

pgupta@turing.ac.uk

www.pgupta.info




Policy Makers

Binary Contact Tracing
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