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@ Covid-19 is highly contagious
and is spreading fast.

@ Most current models do not
integreate both number of
infection and population
movements.

@ Understanding patterns in global
spread is essential for identifying
effective policies and other
methods for disruption.
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Approach

@ Create a dynamic graph that
connects countries, states,
counties (nodes) by their

population movement (edges) I L e
. 7 Q ?
over time. X0 o © 4 0
. Q 9
@ Develop a model that explains +* 9 e~
Covid-19 spread as a function of ®
. Q ) Q
node attributes and edge
attributes over time. 5

o Create a visualization app.

@ Develop pattern discovery and
anomaly detection methods for
the graph.
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Evaluation and Results: Data

@ Data was combined from over  No action
. * Recommend canceling
10 sources and daily updates * Require cancelling
automated. ° T.
B Canada -
@ Over 25 node attributes o
describing Covid-19 cases, local o R | i Moarie

mobility, geographical and 'm" ;

meterological features, and
policy decisions, mostly daily.

o MUItlple sources Of populatlon Figure: Public events policies and major population
movement approximations. flow on 2020-02-15
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Evaluation and Results: Data

Restrictions on gatherings and significant
population movement on 2020-04-10

None

>1000 people
100-1000
10-100

<10

No data
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Sources

Johns Hopkins COVID-19 data repository

US Census Bureau International Population Database
Google geocoding

Weathersource.com

Google mobility database

Oxford policy database

US T100 Airflow database

Mao airflow predictions

Google country data

FCC FIPS codes encoding

US Census Geocoder

Filipp Shelobolin (CMU) COVID-19 Dynamic Graph August 3, 2020



Evaluation and Results: Model

Goal: predict infection rate as function of features.

Features we are most interested in:

. _ flow[country, C]-infection_rate[country]
° IIH(C) - Zcountry;ﬁC population[C]

_ flow[C,country]-infection_rate[C]
° Z-Ol”-“(C) - Zcountry;éC population[C]

- __ # susceptible _ # infected
Define 5 = population » © T population’

05 _

ot

0 < B1Zin + Bol <1, so fit with beta regression.
Very high train and test error, bad predictions.

then our model is:

S(B1Zin + Bal)

Model is too simple, but shows effects of Z;,.
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Evaluation and Results: Visualization

o Features: map,
simulation of closing
additional airports,
simple graphs, variable ‘
list. P8

@ Allows for running
simulation and viewing
results. Py gF

@ In the future: better Figure: Coronavirus cases (left) vs. simulated Coronavirus cases

pairing with model to (right) on May 1st after 1-week closure of airports. Note how
United Kingdom has fewer cases due to high passenger flow from

convey more France.

information, and a better

model.
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Evaluation and Results: Visualization

COVID-19 visualization tool Map Simulation Parameters ~ Graphs  Variables

start end country

HEERIATE ST 2020-03-01 20200601  France

R e 2020-0301  2020-06-01  Germany

2020-03-01

Parameter end date

2020-06-01

select country or state

Germany -

Select variable to change

Close airports -

Run simulation
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Evaluation and Results: Visualization

COVID-19 visualization tool  Wag mulation Paramete! aphs  Variables

Data is updated at midnight.
Map type
® Data

simul

Difference

Select mapping date

[15 Apr 2020}

Select variable to graph

Confirmed -

Confirmed

Ha

Leatet | © OpenSireetiap contibutors, CC-BY-SA

Figure: A map of Coronavirus cases on April 15th 2020 generated using the visualization tool. Variable and

mapping data can be chosen in the top left panel. Key in the bottom left.
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Evaluation and Results: Pattern Detection

o Working on implementing
Attribute Evolution Rule Miner
(AER-Miner)!, a new method
that mines patterns from
dynamic graphs.

antecedent consequent

(x)

&)
&)

@ Will be implemented into
visualization.

lFournier-Viger, P., He, G., Lin, J. C.-W., Gomes, H. M. (2020). Mining Attribute Evolution Rules in Dynamic Attributed
Graphs. Proc. 22nd Intern. Conf. on Data Warehousing and Knowledge Discovery (DAWAK 2020), Springer.
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Conclusions

@ Population movement matters
(likely, but still need to do a
deeper analysis of the extent
methodology is accurate). Close
airports early!

@ Our dynamic graph
representation effectively shows
trends in attributes, but is very
computationally expensive.

@ Next steps: AER-miner to show
more complicated patterns.
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Thank you for your time

Questions?
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