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COVID-19 is first and foremost 
a humanitarian challenge. 

Disease is still in 
exponential growth 

phase in Europe 
and North America

The expected load 
on healthcare 
systems risks 

exceeding capacity

AI technologies 
can provide tools 
to plan optimal 

response
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 Support capacity

● One of the biggest data 
centres in the country

● 1,400 GPUs (can process 
roughly 4.5M models per 
year)

● Scheduling tool to prioritize 
models & algorithms 

● 450 AI practitioners
● 100+ Ph.D.s
● Available and ready to 

work around the clock.

● Coordinate Logistics
● Optimize Resources, 

Scheduling & Staffing
● Forecasting 
● Extract correlations & 

Decipher trends

Yoshua Bengio, 
Co-Founder

15 years leading disruptive 
decision and data science-
based software 
companies

Father of Deep Learning, 
Turing Award recipient, full 
Professor at UdeM and 
Head of Montreal Institute 
for Learning Algorithms

JF Gagné, 
CEO

REPEAT

Deploy 
Pilots
Quickly

Iterate
On daily 

basis

Scale
Within 
weeks
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Simplified model for the 
Epidemiology of COVID-19

Response team staffing & 
scheduling, 

Resources planning, production & 
allocation

Case load forecasting

Test response prediction

Using aggregated data from 
telecommunication networks, we 
can analyze the effectiveness of 
social distancing, by specific region 
(of your choice) and by linking it to 
epidemiologic data over time.

A natural query platform to help 
accelerate accurate knowledge 
transfer and make sense of large 
datasets. 

For instance, deploying this 
platform on  top of CORD-19 
datasets to help researchers find 
answers and extract patterns 
across COVID-19 articles being 
generated by the community.

Should the crisis push the 
government to go  down the road 
of invoking War Measures Act 
and suspending civil liberties,  an 
Access  Managing Tool could be 
used to safeguard and track 
public servants’ access to 
sensitive data, providing an audit 
trail for all roles.

 Support capacity

https://www.elementai.com/products/knowledge-scout
https://www.elementai.com/products/access-governor
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Measuring the effectiveness of ‘’social-distancing’’ measures
by aggregating cell phone carrier data and applying world class time-series analysis

ALTERNATIVE DATA FOR EVIDENCE-BASED POLICY-MAKING

Measuring average proximity 
over time

Using aggregated data from carriers, we 
can analyze by specific region the average 
proximity between cellphones over time :
● For example, assessing if average 

proximity between cellphones in a 
given region has spiked in grocery 
stores, clinics, banks, after a specific 
news is announced, etc.

● Can be stratified by age group how 
the message reaches different 
audiences.

SCENARIO 2

Measuring average 
movement over time

Using aggregated data from 
telecommunication networks, we can 
analyze by specific region (of your choice) 
the average movement of cell phones over 
time :
● For example, assessing if average 

daily movement has decreased 
week-to-week, after specific 
measures are announced and put in 
place, etc.

● Can be stratified by age group to 
assess effectiveness by sub-group.

SCENARIO 1

1 2 3
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Linking with epidemiological 
data

Using geolocalisation data and 
cross-referencing it with individuals 
diagnosed with the virus to be able to 
retroactively see how many individuals they 
were in close contact with during their 
contagious phase. 
● This obviously entails high privacy 

risks and should only be taken on 
within strong legal & technical 
parameters; should include access 
control and fiduciary (data trust) 
structure; only deployed with 
informed individual consent; etc. 

SCENARIO 3
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Social

Travel

Allocating Resources based on Epidemiological Models
A Simplified model for the Epidemiology of COVID-19

PRELIMINARY

Media

6

World state

Clinical

usceptible

orried

xposed

nfectious

ecovered

eceased

DATA

REQUIRES

OPTIMIZE

ML

RESOURCES
● Human
● Material

STAFFING

How many workers with 
which skills (nurses, 
doctors) do we need when 
and where

Understand the outcomes of 
understaffing within SWEIRD 
model.

SCHEDULING

Who works where and when, 
doing what (detailed 
schedules at the individual 
level)

Understand the impact of 
short- and medium-term 
overtime work on medium- 
and long-term availability 
and performance of staff, by 
skill, and resulting system 
performance.
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● Future time
● Geographical location
● Age strata

Epidemiological models
predict infection rates by

● Age strata
● Disease severity (1–4)

Clinical models
predict disease progression by

7

Social

Travel

Media

World state

Clinical

Prediction tasks across
COVID-19 states
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From Demand Curves to
Optimal Schedules and Resource Planning

8

● Epidemiological model
● Scenario modeling
● Covariates includes: 

○ Geotemporal cases
○ Social signals
○ Travel 

● Epidemiological and 
clinical model

● Covariates includes: 
○ Patient history
○ Recent population 

history

Output: demand curve by specialty

Mixed integer programs 
(MIP) and constraint 
programs (CP) taking into 
account, on a per-institution 
basis:
● Individual staffs per 

specialty
● Performance-based and 

legal constraints on 
work schedules

● Physical resources 
available
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Monitoring disease spread through
Epidemiology driven by machine learning 

Through machine learning, predict the 
dynamics of disease evolution under 
the SWEIRD model, which accounts 
for media exposure and other 
covariates. Yields a probabilistic 
forecast, feeding into downstream 
optimization models. Epidemiological 
models can be enhanced through:
● Incorporation of a wider variety 

of covariates 
● Better forecasting of residuals 

using N-BEATS

Inputs Required

● Real-time global measures of 
disease spread at the most 
granular level, preferably at the 
city level

● Real-time measurements of 
cross-border travel (e.g. by air)

● Measurements of population 
confinement and social 
distancing measures (e.g. cell 
phone daily travel distance)

● Inferred compliance from social 
media sentiment

Outputs Produced

Probabilistic time-series forecast of 
each compartment (S, W, E, I, R, D), 
stratified by:
● Geographical area
● Age group

The forecast is multivariate and 
predicts the joint distribution over the 
SWEI(RD) compartments.

9

Social
Travel

Media

World state
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Incorporating clinical evidence
into system resource planning

Through machine learning, predict the 
probability that an individual will test 
positive to COVID-19. This model is 
used for resource dimensioning: from 
the epidemiological forecast, how 
does this translate into some 
resource requirements on the 
healthcare system?
This model can also be used for triage 
based on medical condition to 
determine level of care required in 
case the patient tests positive.

Inputs Required

Patient symptology and relevant 
history:
● COVID-19 specific symptoms
● Travel history
● Medical history
● Social behavior and exposure
● Micro-travel (e.g. from cellphone 

pings)

Outputs Produced

Test response prediction.
If test response is positive, further 
predict patient severity cluster to 
determine level of care required.

10

Social
Travel

Media

World state
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Simulation models to plan
Staffing, resource production, allocation

Through simulation, solve the staff 
dimensioning problem, i.e. convert 
the number of patients from the 
epidemiological model into the 
required number:
● medical doctors, nurses and 

other care staff
● Necessary equipment 

(respirators, beds, etc.)
This can be done at the regional level, 
or at the level of individual care 
facilities.

Inputs Required

From caseload forecasting and test 
response prediction models, basic 
dimensioning can be obtained 
through the estimation of experienced 
medical personnel & administrators.
More refined dimensioning will require 
the specification of:
● Care continuum processes
● Clinical progression of COVID-19 

including transition probability 
matrix of patient severity 
clusters

Outputs Produced

Probabilistic demand curve by care 
specialty, care location and equipment 
type, at a daily granularity: 
● How many workers with which 

skills (nurses, doctors) do we 
need when and where

● How many of each resource type 
(respirators, beds) do we need, 
when and where

The full simulation model provides an 
understanding of under-staffing and 
-resourcing, e.g. if we don’t perform 
enough early testing, how many acute 
care resources would we later need.11

Output: demand curve by specialty



Element AI | Copyright © 2020 | Strictly Confidential

Advanced combinatorial optimization to
create schedules that won’t burn down staff

Create individual employee schedules
● In testing centers
● In hospitals, for skill-based 

employees (nurses, medical 
doctors, other care workers) 

The application offers scenario-based 
planning to explore multiple 
hypotheses of disease spread and 
management.

Inputs Required

Demand curve comes from the 
response team staffing & resource 
production and allocation models.
Scheduling constraints are specified 
by care facilities administrators, incl.:
● Maximum shift duration
● Maximum days worked 
● Required rest periods
● The kinds of tasks that can be 

assigned to each staff of a given 
skillset

Outputs Produced

Individualized staff schedules. 
This model enables an understanding 
of the impact of short- and 
medium-term overtime on medium- 
and long-term availability and 
performance of staff, by skill, and 
resulting system performance.

12
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Advanced combinatorial optimization to
plan and allocate physical resources

Create prospective physical resource 
assignment for operational planning 
purposes, given predicted patient 
progression.

Inputs Required

The demand curve comes from the 
response team staffing & resource 
production and allocation models.
The allocation constraints are 
specified by the care facilities 
administrators, and include:
● Physical constraints (room sizes 

and types, equipment 
moveability, etc.)

● Care constraints, e.g. suitability 
of equipment to severe diseases

● Sanitary constraints

Outputs Produced

● Physical resource assignment 
today

● Predicted resource assignment 
in coming days

● Plan to best change assignment 
when and if needed.

13
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Machine Learning and Optimization Models
To Plan Optimal Response — Summary

14

Case Load
Forecasting

Forecast new cases 
(transitions from 
susceptible (S) to 
infected (I)) in time 
and space, stratified 
by population 
characteristic (e.g. 
patient age) over a 
forecasting horizon 
(e.g. 1 month ahead)

Test Response 
Prediction

Predict probability 
that a given individual 
will test positive to 
COVID-19, given:
● Symptoms
● Travel history
● Medical history
● Social behavior 

and exposure
● Telco cellphone 

pings 
(micro-travel)

Response 
Team Staffing

Based on expected 
workload (1 + 2), determine 
staffing level over planning 
horizon (e.g. 1 month)
● Necessary equipment 

(respirators, beds, 
etc.)

● # of doctors, nurses, 
support personnel

Staffing curves are all 
probabilistic to reflect 
disease progression 
uncertainty

Resource 
Planning

Strategic planning, 
ensuring that enough 
resources are ordered 
and available ahead of 
expected utilization

Operational planning, 
deploying individual 
clinical resources to 
specific cases given 
predicted patient 
progression.

Response 
Resource & Team 

Scheduling

Prepare manufacturing 
and shipping schedules 
& select destinations for 
key resources; Based on 
staffing curves, 
construct schedules for 
individual Health Care 
professionals, 
accounting for known 
performance 
degradation as a 
function of individual 
workload history

1 2 3 4 5
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Task Orchestrator is only made possible through the 
implementation of our top-tier capabilities

AI-powered Forecasting and 
Operations Research approaches to 
enable smarter decision making

15
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Supported by the infrastructure and tools enabling faster training of models and rapid deployment

Element AI is uniquely positioned given that it combines best in class forecasting with 
optimization capabilities enabling decision-makers to make timely decisions that create impact

● We adjust existing plans when conditions evolve, to 
reduce operational impact 

● We use ML inside the optimization process reducing 
processing time of the system

● End-to-end integration with forecasting model 
outputs generating more relevant output

● We have developed an extensive library of Classical, 
Machine Learning, and Deep Learning Time Series 
including State of the Art  (SOTA) N-BEATS 

● Powerful backtesting capability
● Generalization enables us to perform meaningful 

forecasting quickly, reducing the need of an industry 
specific expert
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N-BEATS
State of the Art (“SOTA”) univariate time series forecasting 
(i.e. making predictions based on past data over a period 
of time) by EAI researchers, in collaboration with Yoshua 
Bengio

Benefits

SOTA results on cross-industry univariate datasets

Interpretable version available

Developed at EAI. Continuously improved by EAI

Transfer learning

N-BEATS outperformance over

-3% -13%

Architecture: deep 
architecture with 
simple building 
blocks 
Training: on multiple 
Time Series at once
→ opens the door to 
transfer learning 
→ less SME input 
required
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The Element AI Team has a proven research record in
combining forecasting and optimization in scheduling and healthcare

Click on image for access to paper

https://link.springer.com/chapter/10.1007/978-3-319-07046-9_32
https://link.springer.com/chapter/10.1007/978-3-319-07046-9_32
https://www.sciencedirect.com/science/article/abs/pii/S0377221714004561
https://www.sciencedirect.com/science/article/abs/pii/S0377221714004561
https://www.tandfonline.com/doi/full/10.1080/20476965.2019.1666036?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/20476965.2019.1666036?scroll=top&needAccess=true
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Element AI closely collaborates with the 
ANALOG chair, whose research focuses on 
integrating healthcare planning & delivery, 
including complex scheduling of:
● care workers (nurses & doctors)
● material resources (operating rooms, 

intensive care units)

The HANALOG chair pushes
healthcare logistics 

COLLABORATING ON BRIDGING CARE PLANNING AND DELIVERY

19

Louis-Martin Rousseau, PhD
Professor, Polytechnique Montréal
Fellow, Element AI
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Key Team Member Profiles

Nicolas Chapados, PhD
Chief Science Officer

Element AI co-founder. Extensive 
research expertise in time series 
forecasting in high-variance, 
low-data regimes, and 
integration of probabilistic 
forecasts with optimization 
models to improve decision 
making and overall system 
performance. Also co-founder of 
Imagia, applying AI to clinical 
disease detection & diagnosis.

Pierre-André Noël, PhD
Applied Research Scientist

Extensive research expertise on 
the dynamics of epidemiological 
models, including propagation 
on finite and infinite networks, 
and applications to cases such 
as the West Nile virus.

20

L.-M. Rousseau, PhD
Element AI Fellow

Holds the Canada Research 
Chair on healthcare analytics 
and logistics at Polytechnique 
Montréal. Extensive research 
accomplishments in methods 
for large-scale optimal schedule 
construction in complex and 
stochastic environments. 
Co-founder of Planora, a system 
to optimize schedules in 
healthcare and other fields.

Philippe Grangier, PhD
Applied Research Scientist

Extensive optimization and 
operations research background 
with expertise in integrated 
supply chain failure mode 
analysis. Research 
accomplishments include task 
scheduling and dynamic priority 
assignment in large-scale 
stochastic environments.
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Thank you.
FOR MORE INFORMATION
Contact the Element AI Team

simon-pierre.diamond@elementai.com
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