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Introduction & Resources

Motivation

• What is our distance?

• What should be our distance?

Tutorial

• Distribution of distances in a unit square

• Distribution of distances in the continental U.S.

• BayesiaLab & GIS Mapping

• Spatial Learning & Optimization

Agenda
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Introduction
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Webinar Materials Available in the BayesiaLab Community

• Slides

• Network Model

• Webinar Recording

• Q&A

Resources

BayesiaLab.com
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Resources

BayesiaLab.com

Question?
“Start a new topic”
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Reference Part 1Please see Part 1-3 of 
this webinar series
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Motivation

1m 2m
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Spreading Virus

Motivation
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Motivation

1m 2m

Qualitative transmission 
“decay curve”

Not considering transmission via 
contaminated surfaces, etc.
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Motivation
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• How far apart are uniformly 
distributed points in a unit square?

• How many are in “spitting distance”?

Motivation

5,000 points 
randomly drawn 
from a bivariate 

uniform distribution

Length=1
Le

ng
th

=1
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Motivation

• How far apart are 
the sampled 
points?
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How far apart are these points?

Motivation

5,000 Points

Length=1

Le
ng

th
=1
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eq
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Distance
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How far apart are these points?

Motivation

5,000 Points

Length=1

Le
ng
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=1

Fr
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d=0.3

Between these 5,000 points, approx. 
1,200 are less than 0.3 units apart.

Distance
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How far apart are these points?

Motivation
Fr

eq
ue

nc
y

Distance

Cases to be 
concerned about?
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• B. Ghosh, “On the distribution of random distances in 
a rectangle,” Science and Culture, vol. 8 (9), p. 388, 
1943. 

• B. Ghosh, “On random distance between two 
rectangles,” Science and Culture, vol. 8 (11), p. 464, 
1943. [3] 

• B. Ghosh, “Random distance within a rectangle and 
between two rectangles,” Bulletin of the Calcutta 
Mathematical Society, vol. 43, pp. 17-24, 1951. 

• Ghosh, M. N. “Expected Travel Among Random Points 
in a Region.” Calcutta Statistical Association Bulletin 
2.2 (1949): 83-87.

Motivation



19forum.bayesia.us/category/covidBayesiaLab.com

Video on Computing the Mean Distance

Motivation

https://youtu.be/i4VqXRRXi68
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How far apart are these points?

Motivation
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5,000 Points

Analytical Solution
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Simple
Practical
Fast
“Reasonable”

Modeling Objectives
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Simplification

• Breaking the unit square 
into a 10×10 grid.

Bayesian Networks

x

y

Too coarse for you?



23forum.bayesia.us/category/covidBayesiaLab.com

A New Math for Social Distancing

Bayesian Networks to the Rescue

X distribution of 
origin points

Y distribution of 
origin points

X distribution of 
destination points

Y distribution of 
destination points

d calculates the 
Euclidian distance

=

=
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A New Math for Social Distancing

Bayesian Networks to the Rescue

X distribution of 
origin points

Uniform distribution across 10 states, 0-1
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A New Math for Social Distancing

Bayesian Networks to the Rescue

Node d has 15 
states to capture 
the range of 0 to   2
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A New Math for Social Distancing

Bayesian Networks to the Rescue

CPT Size: 15×10×10×10×10=150,000 cells
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A New Math for Social Distancing

Bayesian Networks to the Rescue

?d? = 
SQRT((?x2?-?x1?)^2+(?y2?-?y1?)^2)

Euclidian Distance
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done!
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A New Math for Social Distancing

Bayesian Networks to the Rescue
Analytical Solution
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A New Math for Social Distancing

Bayesian Networks to the Rescue

2 2
2 1 2 1( ) ( )d x x y y= − + −

The only formula needed: 
Euclidian distance
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How far apart are these 5,000 points?

Motivation

Now what?
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How far apart are these 5,000 points?

Motivation
330 million people
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?d?=SQRT(((?x2?-?x1?)*54.6)^2+((?y2?-?y1?)*69)^2)

( ) ( )2 2
2 1 2 154.6 ( ) 69 ( )d x x y y= ⋅ − + ⋅ −

In the Continental US: 
Δ1°(Longitude) ≈ 54.6 miles

In the Continental US: 
Δ1°(Latitude) ≈ 69 miles

Using the great-circle distance 
formula would be a more precise 
way to calculate the distance: 
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Expected value of distance 
as a function of longitude 

and latitude
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How to distance?

Bayesian Network
?
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Comparison of Patterns

Simulation of Distancing Scenarios



GIS Mapping with BayesiaLab and the 
Google API
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API

• Each map display counts as one API call.

Google Maps JavaScript API
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BayesiaLab Setup

For testing and development 
purposes, you can use the 
default API key.

Long-term, you should obtain 
your own Google API key so 
you are not subject to any 
API call limitations.
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The Basics

• BayesiaLab can display observed or inferred values with 
coordinates on a Google map.

• Longitude and latitude are used as coordinates.

• Longitude and latitude must be defined as continuous 
variables and discretized during import, even though they will 
be used as undiscretized values for map display.

GIS Mapping with BayesiaLab and the Google API
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Basics

GIS Mapping with BayesiaLab and the Google API

Four attributes can be displayed 
per observations: 
• Shape
• Size
• Color
• Opacity
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Commuting Time by County

Example: Mapping Commuting Time



Bayesian Networks & BayesiaLab

Spatial Learning and Optimization
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Optimization Problems Under Consideration

1. One origin, one destination  Shortest Path Problem

2. One origin, many destinations  Drive Time Bands

3. Many origins, one destination  Store Location Problem

4. Many origins, one hub, many destinations  Hub Location Problem

5. Many origins, multiple hubs, many destinations  Multi-Hub Location Problem

Common Objective

• Minimize “cost function,” e.g., travel time, distance, fuel consumption, number of turns, 
etc.

• Further assumption: all “participants” have same objective.

Spatial Learning and Optimization
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Computing the “Cost” for One Origin and One Destination

• “Search the Map”  slow, but accurate

Drive Time Bands

Alternative Routes
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Computing the Cost for One Origin and Many Destinations

• “Search the Map”  slow, but accurate

Drive Time Bands

8-Hour Ring:
Computation Time ~10 minutes

4-Hour Rings:
Computation Time ~30 seconds
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Computing the Cost

• “Search the Map”  slow, but accurate

• Great-Circle Distance Computation

Drive Time Bands

• Easy and fast to 
calculate.

• “As the crow flies” may 
be an unrealistic 
assumption.

• Travel time may be 
more relevant that 
distance.
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Idea: “Create a Look-Up Table for All Origin-Destination Pairs”

• 29,788 ZIP Codes in the U.S.

• A complete distance matrix would contain 887,324,944 cells.

• Current computation speed with Google Distance Matrix API: 2 requests/sec.

• Estimated computation time: ~14 years.

Drive Time Bands

Approximate!
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Idea

• Approximation through 
machine learning.

Proposed Approach

• Utilize database of actual 
point-to-point travel data.

• Learn a Bayesian network 
from this dataset.

• Now we can infer the “cost” 
as a function of origin and 
destination.

Drive Time Bands
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Workflow in Detail

• Take a random sample (~100,000) of origin-
destination ZIP code pairs and calculate routes with 
the Google Distance Matrix API.

• Perform Augmented Naïve Learning.

• Evaluate Target Performance.

• Associate new data set with points to be evaluated.

• Generate map.

Drive Time Bands
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Computing the Cost

• “Search the Map”  slow, but accurate

• Great-Circle Distance Computation  fast, but inaccurate

• Learn & Infer  fast and good approximation

Drive Time Bands



Hub Location

Spatial Learning and Optimization
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Optimization Problems Under Consideration

1. One origin, one destination  Shortest Path Problem

2. One origin, many destinations  Drive Time Bands

3. Many origins, one destination  Store Location Problem

4. Many origins, one hub, many destinations  Hub Location Problem

5. Many origins, multiple hubs, many destinations  Multi-Hub Location Problem

General Objective

• Minimize “cost function,” e.g., travel time, distance, fuel consumption, number of turns, 
etc.

• Further assumption: all “participants” have same objective.

Spatial Learning and Optimization
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Map

Hub Location Problem

DestinationsDestinations

OriginsOrigins
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Workflow

• Encode theoretical model of problem domain.

• Define Nodes

• Observed

• Unobserved

• Functions

• Load data for origins and destinations.

• Perform Function Optimization.

Hub Location Problem
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Map of Analytic Modeling & Reasoning

BayesiaLab.com

Where?
Causal Model

Causal Inference

Where?
Causal Model

Causal Inference
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Theoretical Model of 
Problem Domain

Hub Location

O
rig

in
s

D
es

tin
at

io
ns

Latitude in 
Radians

Computed, 
unobserved 

node

H
ub

To be 
manipulated

To be 
manipulated

Computed, 
unobserved 

node

Function Node: 
Grand Total

Longitude in 
Radians
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Theoretical Model of 
Problem Domain

Hub Location
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Theoretical Model of 
Problem Domain

Hub Location



107forum.bayesia.us/category/covidBayesiaLab.com

Theoretical Model of 
Problem Domain

Hub Location

Node to be 
optimized

Node to be 
optimized

Value to be 
minimized



108forum.bayesia.us/category/covidBayesiaLab.com



109forum.bayesia.us/category/covidBayesiaLab.com



110forum.bayesia.us/category/covidBayesiaLab.com



111forum.bayesia.us/category/covidBayesiaLab.com



112forum.bayesia.us/category/covidBayesiaLab.com

Map

Hub Location Problem

DestinationsDestinations

OriginsOrigins

Optimal Hub Location
40.691, -86.687
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VR

In Conclusion…
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Try BayesiaLab Today!

• Download Demo Version:
www.bayesialab.com/trial-download 

• Apply for Unrestricted Evaluation Version:
www.bayesialab.com/evaluation  

BayesiaLab Trial
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Reasoning Under Uncertainty

• March 20 Part 1 — Differential Diagnosis of Diseases

• March 26 Part 2 — Pandemic Triage with Bayesian Networks

• April 9 Part 3 — Epidemic Modeling with Temporal Bayesian Networks

• April 30 Part 4 — Representing Spatial and Temporal Dynamics

• t.b.d. Part 5 — “Test & Treat” vs. Presumptive Treatment Policy

Webinar Series

Program Subject to Change — Check for Updates
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Introductory Course & Advanced Course Available

60-Day License to BayesiaLab Education Edition

20+ Hours of Screen/Lecture Recordings

300-Page Training Manual

bayesia.com/2020-intro-course-self-study

bayesia.com/2020-advanced-course-self-study

BayesiaLab Self-Study Course
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8th Annual BayesiaLab Conference ON SCHEDULE
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October 8–9, 2020

The Exchange Tower
Ivey Donald K. Johnson Centre
130 King Street West 
Toronto, ON M5X 1K6, Canada

Registration is now open:
bayesia.com/bayesialab-conference-2020

8th Annual BayesiaLab Conference
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Thank you and be safe!
stefan.conrady@bayesia.us
jouffe@bayesia.com

linkedin.com/in/stefanconrady
linkedin.com/in/lioneljouffe facebook.com/bayesia

BayesianNetwork


