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Outline

• Background “AI for social impact”

• Agent-based modeling for COVID

• Lessons learned

• Modeling COVID-19 dynamics [PNAS, 2020]
• Population-level testing [Science Advances, 2020]
• Outbreak detection [AAAI 2021]
• Cohort modeling [AAMAS 2021]
• Mobility for forecasting [AI4SG workshop 2021]
• Decentralized policy modeling [Under submission]
• Contact tracing [Under submission]

Key group members:
Bryan Wilder (PhD student)
Andrew Perrault (postdoc)

Key collaborators:
Prof. Maia Majumder (Harvard Medical School)
Prof. Michael Mina (Harvard Chan School of Public Health)
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AI & Multiagent Systems Research for Social Impact

Public Safety 
and Security

ConservationPublic Health

Optimize Our Limited Intervention Resources 



Previous work in Agent-based Modeling
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Information dissemination & behavior change
Optimizing Limited Intervention (Social Worker) Resources
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Prevent HIV in youth experiencing homelessness: HIV 10x housed population

 Shelters: Limited number of peer leaders to spread HIV information in social networks

 “Real” face-to-face interactions; not Facebook etc



Influence Maximization in Social Networks

 Given: 

 Social network Graph G

 Choose K “peer leader” nodes

 Assume: Independent cascade model of information spread

 Objective:

 Maximize expected number of influenced nodes

 New algorithm: SAMPLING-HEALER
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Results of 750 Youth Study [with Prof. Eric Rice]
Actual Change in Behavior?
(AAAI 2021)

6/5/2021 10

0

5

10

15

20

25

30

35

Pe
rc

en
t r

ed
uc

tio
n

Reduction in condomless
anal sex (1 month)

SAMPLING
HEALER
Degree
centrality
Control

0

5

10

15

20

25

30

35

Pe
rc

en
t r

ed
uc

tio
n

Reduction in condomless
anal sex (3 months)

SAMPLING
HEALER
Degree
centrality
Control

First large-scale application of influence maximization for public health 

Key observation: Pace of AI research vs Field study
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Outline

• Background “AI for social impact” [Moved to Harvard Fall’19]

• Agent-based modeling for COVID

• Lessons learned

• Modeling COVID-19 dynamics [PNAS, 2020]
• Population-level testing [Science Advances, 2020]
• Outbreak detection [AAAI 2021]
• Cohort modeling [AAMAS 2021]
• Mobility for forecasting [AI4SG workshop 2021]
• Decentralized policy modeling [Under submission]
• Contact tracing [Under submission]



Background: Agents
• Computer programs simulate individual people
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Age: 47

Diabetes: Yes   Hypertension: No

Household: Agents B, C
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Age: 35
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COVID-19: Agent-based Simulation Model

Agent-based model:

 Families

 Co-morbidities

 Age distributions

 Contact patterns

 Bayesian inference over unknowns 

Key collaborators:
Prof. Maia Majumder (Harvard Medical School)



Parameter inferences

• Use model to understand variation in dynamics & progression of epidemic

• Two main targets:

𝑟𝑟0: average infections caused by a single infected person    n n
(in a susceptible population with no interventions)

What fraction of each population was infected in the first wave?

6/5/2021 Bryan Wilder (Harvard) 14



Bayesian generative model

Daily deathsRun model

Samples from model

Reported deaths
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Sample priors for 
𝑝𝑝inf, 𝑡𝑡0, 𝑑𝑑mult



Results: 𝑟𝑟0
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Hubei: 2.21(2.10 – 2.41)
Lombardy: 2.80 (2.66 – 3.01)
NYC: 3.06 (2.65 – 3.59)

See paper: policy implications for controlling second wave



COVID-19: Agent-based Simulation Model



COVID-19: Agent-based Simulation Model Impact

• Prof. Maia Majumder knew what question to ask
• Even if we in AI had the tools to help collaboratively answer that
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Outline

• Background “AI for social impact”

• Agent-based modeling for COVID

• Lessons learned

• Modeling COVID-19 dynamics [PNAS, 2020]
• Population-level testing [Science Advances, 2020]
• Outbreak detection [AAAI 2021]
• Cohort modeling [AAMAS 2021]
• Mobility for forecasting [AI4SG workshop 2021]
• Decentralized policy modeling [Under submission]
• Contact tracing [Under submission]



Range of tests entering 
market, varying 
sensitivity/cost: 
Quantity vs Quality?

COVID Testing Policy: Accuracy vs Ease

20

• qRT-PCR (More sensitive): Detect viral concentration 103/mL, $50-100, Slow turnaround
• Antigen strip (Less sensitive): Detect viral concentration 106/mL, $3-5, Quick turnaround

For campuses like Harvard or others, what is the right testing strategy?

Key collaborators:
Prof. Michael Mina (Harvard Chan School of Public Health)



COVID Testing Policy: Accuracy vs Ease
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Rapid turnaround time & frequency more critical than sensitivity for COVID-19 surveillance

Less sensitive; Cheap & fast turnaround More sensitive; Costly & slow turnaround

21

• qRT-PCR (More sensitive): Detect 103/mL, $50-100, Slow turnaround
• Antigen strip (Less sensitive): Detect 106/mL, $3-5, Quick turnaround



Impact: WHO Guidance Reference
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COVID Testing Policy: Impact

• Covered in NYT, WaPo, Time, The Atlantic, The Hill, etc
• Allowed epi collaborators to advocate to FDA/CDC
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COVID Testing Policy: Impact

6/5/2021 24

• Prof. Michael Mina knew what question to ask
• Even if we had agent-based models to help collaboratively answer that
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Outline

• Background “AI for social impact”

• Agent-based modeling for COVID

• Lessons learned

• Modeling COVID-19 dynamics [PNAS, 2020]
• Population-level testing [Science Advances, 2020]
• Outbreak detection [AAAI 2021]
• Cohort modeling [AAMAS 2021]
• Mobility for forecasting [AI4SG workshop 2021]
• Decentralized policy modeling [Under submission]
• Contact tracing [Under submission]



Detecting Emerging Outbreaks with Partial Observations

Testing at individual colleges or workplaces will yield noisy data

Sampling

Observed  data

Infections per day Positive tests per day

Actual data



Detecting Emerging Outbreaks with Partial Observations

Sampling

Observed  data

Infections per day Positive tests per day

Actual data

Testing at individual colleges or workplaces will yield noisy data

This is an outbreak Is this an outbreak?



Detecting Emerging Outbreaks with Partial Observations

Sampling

Observed  data

Infections per day Positive tests per day

Actual data

Testing at individual colleges or workplaces will yield noisy data

…not thisExisting methods look for this…

How do we detect outbreaks from sparse, noisy test results?



Detecting Emerging Outbreaks with Partial Observations

Sampling

Observed  data

Infections per day Positive tests per day

Actual data

Testing at individual colleges or workplaces will yield noisy data

𝑅𝑅𝑡𝑡

How do we recover the rate at which the epidemic is growing from noisy 
observations?

???



Approach: inference
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Stochastic variational inference

Simulate model

Gradient update
Positive tests per day

Observations Posterior distribution

𝑅𝑅𝑡𝑡Loss per iteration

• Many, many latent variables in between the case counts and 𝑅𝑅
• Number of daily infections, when each individual is test-positive, 

who was selected for testing…
• Adds up to 10s-100s of thousands, all discrete!



Detecting Emerging Outbreaks with Partial Observations

Previous methods return 
incorrect estimates

Our probabilistic tools detect increased 
transmission from noisy data

Sampling

Observed  data

Infections per day Positive tests per day

Actual data



Detecting Emerging Outbreaks with Partial Observations

• Tracking and responding to epidemics requires new AI methods

• Partial observability is computationally and statistically difficult

• New method: GPRt, for 𝑅𝑅𝑡𝑡 with partial observations

• Greatly improved performance vs standard epidemiological methods

• Opens up new research directions for AI: Anticipate follow on here
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Outline

• Background “AI for social impact”

• Agent-based modeling for COVID

• Lessons learned

• Modeling COVID-19 dynamics [PNAS, 2020]
• Population-level testing [Science Advances, 2020]
• Outbreak detection [AAAI 2021]
• Cohort modeling [AAMAS 2021]
• Mobility for forecasting [AI4SG workshop 2021]
• Decentralized policy modeling [Under submission]
• Contact tracing [Under submission]



Reducing the Spread of COVID-19 Using Travel cohorts



Reducing the Spread of COVID-19 Using Travel cohorts

http://drive.google.com/file/d/1cywpChjaKCs01KuTY4K3UiEGe_QDMhTD/view


Reducing the Spread of COVID-19 Using Travel cohorts



Reducing the Spread of COVID-19 Using Travel cohorts

● Isolation ⇒ Require 
cohort members to 
quarantine if any 
member is detected to be 
infected.

● Better isolation leads to 
better results.

● No isolation is similar to 
business as usual.



COVID-19: Mobility Study
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Outline

• Background “AI for social impact”

• Agent-based modeling for COVID

• Lessons learned

• Modeling COVID-19 dynamics [PNAS, 2020]
• Population-level testing [Science Advances, 2020]
• Outbreak detection [AAAI 2021]
• Cohort modeling [AAMAS 2021]
• Mobility for forecasting [AI4SG workshop 2021]
• Decentralized policy modeling [Under submission]
• Contact tracing [Under submission]



Decentralized Policy Modeling: A Hierarchical Game

… …
New York

NYC

……

Stronger policy
Lower infection cost

Higher implementation cost
Negative socio-economic impact (business 
& manufacturing, mental well-being)

Restricts contact/proximity

Federal 
government

…

… …

Recommendations

Actually implemented 

Overall cost = Infection cost + Implementation Cost + Non-compliance cost

Decentralization: mismatched priorities at different scales



Surveillance-based release reduces quarantine

• Risk-based quarantine: quarantine 
clusters whose index case is highly 
infectious

• Contrast with normal 10-14 day 
quarantine

• Under submission

Costs 40% fewer quarantine days



Agent-based Modeling & COVID-19
Key Research Lessons from our collaborations re: COVID-19:

• Interdisciplinary research: AI researcher have tools to help but not the right questions

• Provided new AI research challenges, e.g., with detection of outbreaks

• AI research at a slower pace vs fast turn around in public health as pandemic progressed

• Not every question asked succeeded in a publication or policy impact (some remain in 
progress)

• Seed new set of interdisciplinary collaborations between AI & public health in the future

• Lack of data is the norm, should be part of project strategy

@MilindTambe_AI
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Decentralized Policy Modeling: A Hierarchical Game

A tool for analyzing the consequences of mismatched priorities and 
different degrees of decentralization

Free-riding Fairness
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