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➢ Problem formulation
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○ Privacy Concerns
○ Models
○ Results

➢ Conclusion and Ongoing work



Health vs Economy



Health vs Economy: Normal times

Source: Gans (2020) “Health Before Wealth: Economic Logic



Health vs Economy: Pandemic times

Source: Gans (2020) “Health Before Wealth: Economic Logic



Health vs Economy: Recovery

Source: Gans (2020) “Health Before Wealth: Economic Logic



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: 
○ Uses positive/negative test results
○ Recommends quarantine/no quarantine to the users

➢ Proactive Contact Tracing:
○ Uses individual-features, test results, symptoms, “risk-messages”
○ Recommends Quarantine/reduced contacts/regular contacts 
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Population of individuals 
with smartphones

Smartphones

PCT Framework



Smartphones

PCT Framework

Risk messages 

(color = risk level)



PCT Framework

Model



PCT Framework

Input: Individual-level
features

Model



PCT Framework

Output: Risk history
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PCT Framework

Output: Risk history

Model

This distributed inference problem 
would be easy with:

● Central storage of contact graph
● High bandwidth between nodes

… but these aren’t possible due to privacy 
concerns!
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PCT: Addressing Privacy

❖ No central storage of contact graph 

❖ De-identification and encryption of all data

❖ User consent to share information

❖ User information never leaves the phone
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PCT: Risk Messages between phones

Peer-to-Peer Private Risk Message Protocol

● Google-Apple Exposure Notification (GAEN) 
● Temporary Contact Number (TCN)

Model
Model



Effective Viral Load curve (after exposure)

PCT: Risk Messages & Infectiousness



Infectiousness over 14 days

.00 .00 .08 .93 .75 .75 .75 .75 .75 .52 .37 .20 .12 .05

Effective Viral Load curve (after exposure)

Example of target from curve
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Infectiousness over 14 days

.00 .00 .08 .93 .75 .75 .75 .75 .75 .52 .37 .20 .12 .05 .00

Effective Viral Load curve (after exposure)

Example of target from curve

Inference module on each phone

Estimated Risk History (4-bits quantization)

.00 .00 .12 .96 .70 .70 .70 .70 .66 .56 .45 .30 .22 .03 .01

Estimated Risk History over 14 days

0 0 2 13 11 7 7 7 7 7 6 4 3 1 1

Example prediction

Example risk levels history

’Model

PCT: Risk Messages & Infectiousness
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PCT: Model Inputs & Outputs
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of contacts)

Time series 
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days)

Fixed size vectors

1.

2.

3.

Time series 
(over the past 14 days)

4.

Must be:
● Expressive
● Small & efficient

5.



PCT: Rule-based Models
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➢ Rules designed by PHEs

➢ Gupta et al. 2020 runs experiments on one such 
heuristic using COVI-AgentSim, an agent-based 
model
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PCT: AI-based Models

Bengio et al. 2020 (ICLR - Top 20) proposes neural network architecture and training 
protocol for deep learning based PCT predictor
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PCT: AI-based Models

Bengio et al. 2020 (ICLR - Top 20) proposes neural network architecture and training 
protocol for deep learning based PCT predictor



Deep Learning 
Model

Own Risk 
History

Individual 
Characteristics

Risk Level of 
Contacts

Symptoms

Test Results

Agent-based Simulation

Training data

Where does the training data come from?

❖ Learning from simulations
➢  Covi-AgentSim (Gupta et al. 2020) is used as a simulator



Simulation
Setting A

Simulation
Setting B

Simulation
Setting C

Training Data

Deep 
Learning 

Model
Supervised Learning

Generated by sampling 
over key simulator 

variables

But simulator isn’t the real world ...

❖ Domain Randomization: 
➢ Commonly used in robotics for sim-to-real transfer



But ...

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

3000 agents, 60% adoption rate, Control: 4-6 average number of contacts per day
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PCT: Results 

3000 agents, 60% adoption rate, Control: 4-6 average number of contacts per day

Binary Contact Tracing



PCT: Results 

3000 agents, 60% adoption rate, Control: 4-6 average number of contacts per day

Proactive Contact Tracing (Ours)
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methods help reduce 
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most (lower is better)...



PCT: Results 

3000 agents, 60% adoption rate, Control: 4-6 average number of contacts per day

All contact tracing 
methods help reduce 
spread; PCT helps the 
most (lower is better)...

… and PCT imposes 
very little restriction 
(quarantines); barely 
more than No Tracing
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3000 agents, 60% adoption rate, Control: 4-6 average number of contacts per day
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➢ Common platform for collaboration among
○ epidemiologists, 
○ computer scientists,
○ privacy experts, 
○ user behavior researchers

Conclusions: PCT Framework

➢ Designed to address privacy 
concerns



Conclusions: Rule-based PCT
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Blog: Responsible AI-based PCT

Domain Experts

Risk of 
Contacts

Symptoms

Test Results

Individual 
Characteristics

AI-based 
Model

Own Risk 
History

Rules

A hybrid deep-learning-rule-based predictor



COVI App
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