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Agenda

Introduction & Resources

Motivation

e What is our distance?

 What should be our distance?

Tutorial

e Distribution of distances in a unit square
 Distribution of distances in the continental U.S.
* BayesialLab & GIS Mapping

e Spatial Learning & Optimization
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Resources

Webinar Materials Available in the BayesiaLab Community
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Motivation
Spreading Virus
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Motivation

N
Not considering transmission via
contaminated surfaces, etc.

)

Qualitative transmission
“decay curve”
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Motivation

* How far apart are uniformly
distributed points in a unit square?

 How many are in “spitting distance”?

BayesialLab.com
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* How far apart are O
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Motivation

How far apart are these points?

Length=1
Frequency

- Distance
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Motivation

How far apart are these points?

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

=1

Length
Frequency

Length=1 ' ' Distance
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Motivation

How far apart are these points?

Cases to be
concerned about?

Frequency

Distance
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Motivation

CALCUTTA STATISTICAL ASSOCIATION
BULLETIN

RESEARCH NOTES
EXPECTED TRAVEL AMONG RANDOM POINTS

. B. Ghosh, “On the distribution of random distances in
..o a rectangle,” Science and Culture, vol. 8 (9), p. 388,
Calcutta University 1943

Large-scale surveys in a geographical region frequently involve
P of erdering the ion of the sample-units in the time-
schedule of the survey lrom considerations of cost and convenience.

Sigee coutof trevaidg derable portion of survey * B. Ghosh, “On random distance between two

a
costs, it is important to find a path connecting a number of randomly
located sample-points (representing the sample.units) within a region, »” .
which has a minimum length among all the paths connecting these S d C 8 (11) p 464
<l Lom » o oyt ey ol i comcing rectangles,” Science and Culture, vol. , P. ,
. preparation of an estimate of the cost ol the survey,
the expected distance to be covered in the survey would be useful,
The problem of obtaining the expected length of the shortest path 1943- [3]
joining a system of n random points in a two-dimensional region has
been 1 by P. C. Mahalanobis (1940, p. 516), R. |. Jessen

sid : ! “ . . .
il viptais of e e e * B. Ghosh, “Random distance within a rectangle and
through n random points in any regionis ( Jn - 1/ Jn), with .

L:jdicaung the method of calculating this exprl:ss,;an: his mlul:ouui‘: between tWo recta ngles’ " B u I |et| n Of the Ca |Cutta
wever, erroneous, as the expected length of the shortest path should

naturally depend upon the area of the re, d its shape, 5 H H

Nes vaed Mabalanobit's resuh after multpiying 1t wit o aoitenn Mathematical Society, vol. 43, pp. 17-24, 1951.

mined constant. Macks has obtained a lower bound lor this expected ’ ’ ’

ength as v AJ2 ( o - 1/ Jn ), A being the area of the region.

Another point should be noted in connexion of this problem. * Ghosh, M. N. “Expected Travel Among Random Points

::;er [Iocam;ig :ihe n random points in a map of the region, it is very

ifficult to find out aclually the shortest path connect th 3 . . . . . . .
ualssthe aumber 8 very small, which is sekdom (he case. for 8 in a Region.” Calcutta Statistical Association Bulletin
large-scale survey. In this note, besides deriving an upper limit of

th ted length of the sh, t h, a hod has been indi d .

to determine casly an altcenative path (o be calld the -path) which 2.2 (1949): 83-87.

will be shown te be of about equivalent length to the shortest path,
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Motivation

Video on Computing the Mean Distance

Method 2: Exact answer with integrals Substitute
n/4  1/cosO
(0,1) (1,1) 4f 5 f f(r,0)rdrd®
0 0

n/4 1/cos@

8 j f Vrtcos?0+r2sin?0(1—rcos0)(1—rsin0)rdrd O
0 0

/4 1/cos0
8 f f r(l1—rcosO)(1—rsin®)rdrd®

0 0

/4 1/cosO
> 8f f =1 cos0—r>sinO++" cos Bsin O dr d 0
0

0

0
sidelength=1  (1,0)

/4 3 3
sec’0 sec 0tan0
8 — d
*!' 12 20 9

https://youtu.be/i4VgXRRXi68
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Motivation

How far apart are these points?

Analytical Solution }

2A(17-4+7) 0<l<1

"= 2 (—I2—4tan‘1(\/lz—1)+4\/|2—1+75—2) 1<I<y2
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Modeling Objectives
Simple
Practical

Fast
“Reasonable”
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Bayesian Networks
Simplification
Kllean: 0.500 Dev: 0.287
Value: 0.500
10.00% <=0.1
. : 10.00% <=0.2
* Breaking the unit square | ‘oo o3
10.00% <=05 y
. . 10.00% <=0.6
into a 10x10 grid. 10.00% <07
10.00% <=0.9
10.00% >0.9
L J
------ --l
X
..E.. L 1 1] L 1 1] L1 1] L 11} .=: L[]} u um L] L] ....= :n(lnelans 8288 DBV: 0287
i 'k P |- — i
§ "sen" "smn"  "mam "umn HE T "amml w 10:000/: <;0:2
10.00% <=03
10.00% <=0.4
10.00% <=05
10.00% <=0.6
10.00% <=07

10.00% <=0.8
10.00%

BayesialLab.com forum.bayesia.us/category/covid sk




Bayesian Networks to the Rescue

A New Math for Social Distancing

X distribution of _ X distribution of

origin points destination points
x2

d calculates the
Euclidian distance

Y distribution of Y distribution of
origin points destination points
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Bayesian Networks to the Rescue

A New Math for Social Distancing

[B4] Mode Editor *
States Probability Distribution Properties Classes Values State Names Reference State Filtered State  Comment Rendering Properties

Probabiistic Deterministic Tree Equation Updating

<=0.1 <=0.2 <=0.3 <=0.4 <=0.5 <=0.6 <=0.7 <=0.8 <=0.9 =0.9
10‘000| 10.000 10.000| 10.000 10.000 10,000 10.000 10.000 ].0.000| 10,000

X distribution of

origin points _ J
Y

Uniform distribution across 10 states, 0-1

‘ Complete || Mormalize || Randomize

Lo | e |
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Bayesian Networks to the Rescue

A New Math for Social Distancing e :
Node Selection: |d = Rename
State Names Reference State Filtered State Comment Rendering Properties
States Probability Distribution Properties Classes Values
Node type
Continuous -~
| ] [ B |
15
Min Max Add Before
0,000 0,100 Add After
0,100 0,200
0,200 0,300 Delete
Node d has 15 0.3 0.0
0,400 0,500 Aggregates
states to capture 0.500 0.0 —
the ra nge Of O tO \] 2 0.700 0.800 Generate Names
0,800 0,900
<=1 0.900 1.000| | Generate Intervals
<=L1 1.000 1,100
<=12 1.100 1,200
<=1L3 1.200 1.300
<=14 1.300 1.400
=14 1,400 1.500
OK Cancel
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Bayesian Networks to the Rescue

A New Math for Social Distancing

[E7] Mode Editor x
Node Selection: |d  ~ | | Rename
States Probability Distribution ' Properties Classes Values State Names Reference State Fitered State  Comment Rendering Properties
Probabilstic Deterministic Tree Equation Updating
x1 ¥1 x2 <=0.1 <=0.2 <=0.3 <=0.4 <=0.5 <=0.6 <=0.7 <=0.3 <=0.9 <=1 <=1.1 <=1.2 <=13 <=1.4 »14
0.000] 0,000, X . . . . . . . . 0.000 0.000] A
0,300 0.000, X I I X I I X I X 0,000, 0,000
53.900| 0.000] . . . A 0.000 0.000|
48,000 51,800 X I I X I I X I X 0.000, 0.000]
0.000, 0.000]
0.000, 0.000]
0,000, 0,000
0.000 0.000|
0,000, 0,000
0.000 0.000|
0.000, 0.000]
0,000, 0,000
0.000 0.000|
0,000, 0,000
0.000 0.000|
0.000, 0.000]
0,000, 0,000
0,000, 0,000
0,000, 0,000
0.000 0.000|
0.000, 0.000]
0,000, 0.000]
0.000, 0.000]
0,000, 0,000
0.000 0.000|
0.000, 0.000]
0.000, 0.000]
0.000, 0.000]
0,000, 0,000
0.000 0.000|
0.000, 0.000]
" 0.000, 0.000]
0.000] .000] X . X X I X 0.000, 0.000]
2.700] 0.000) X I I X I X 0,000, 0,000
51 @ﬁ' i aﬁ‘ X X X 0.000] 0.000|
T nnal 24 annl o onal oooal ¥
Complete Normalize Randomize
oK Cancel
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Bayesian Networks to the Rescue

[2#] Node Editor

Euclidian Distance

Node Rename

A New Math for Social Distancing R e ot | e

States Probability Dig Properties Classes

- Pr Deterministic Tree Equation  Updat O
[E7] Mode Editor
Equation Type: (@) Deterministic () Probabilistic
States Probability Distribution ' Properties Classes Values State Names Reference State te  Cor 7 d 7 —
Probabilistic Deterministic Tree Equation Updating * Lo
x1 y1 x2 v2 <=0.1 <=0.2 <=0.3 <=0.4
| 0 Mo oo SQRT((?X2?-?2X12)A2+(2y2?2-2y12)A2)
41,500 57,500 0,300/
0.000 4.100 53.900]
0.000 0.000 48,0004 Please validate formula!
o1 0.00i 0.000 0,000/
= 0.0 0.000) .00
0.0 0.000 0,000/
[ 0.000 0,000/
0 0.000 0,000/
0.000 0,000/ Y
3 900 .20 Samples: 1000 | Smoothing: 0 Fixed Seed: 31|z‘ Validate
10.%0 75.400 10,700
0000 700 5-100] Discrete Proba Distributions Ald
0.000 0.000 29.300] Continuous Proba Distributions x2
0.000 0.000 0,000/ i i X
=02 0.000) 0.000) .00 Spedal Functions
- Arithmethic Functions ¥
0.000 0.000 0,000/ i i} vz
2.000 2.000 0.000 Transformation Functions
0.000 0000, 0.000| Conversion Functions
0.000 0.000 0.000) Trigonometric Functions
0.000 47.100 52,700
000 23200 24500 Relational Operators
0.000! 1.600 62.300 Boolean Operators w
0.000 0.000 6,500/
s 0.000 0.000 0,000/
=0 0.000) 0.000) .00
0.000 0.000 0,000/
0.000 0.000 0,000/ 0.000 0,000 5200
0.000 0.000 0,000/ 0.000 0,000/
0.000 0.000 0,000/ 0.000 0,000/
0.000 0.000 46.500) 53.500 0,000/
0.000 0.000 32.500) 65.200 0,000/
0.000 0.000 8,000/ 73.200 0,000/
0.000 0.000 0,000/ 24,600 2,700/
0.000 0.000 0,000/ 0.200 51.600]
- ool nonnl nnnnl nnoal nnnl 3aann!
Complete Normalize Randomize
oK Cancel
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|E Bayesialab - C:\Users\StefanConrady\OneDrive - Bayesia USA\Presentations\2020-04-30 Spatial Dynamics\Distances.xbl - x
Network Data Edit View Learning Inference Analysis Monitor Tools Window Help

ADRBEMeS YVINFarll QAAX /" XJD @ F@ /R ANAN M 0@ e OO0NIQT
Ry RwRSVvE

Distances.xbl * ==
Joint Probability: 100.00%
Log-oss: 0
Total Value: 2.521
Mean Value: 0.504 rFy
x1 x2 d
Mean: 0.500 Dev: 0.287 Mean: 0.500 Dev: 0.287 Mean: 0.521 Dev: 0.250
Value: 0.500 Value: 0.500 Value: 0.521
10.00% <=0.1 10.00% <=0.1 2.88% <=0.1
10.00% <=0.2 10.00% <=0.2 7.63% <=0.2
10.00% <=0.3 10.00% <=0.3 10.97% <=03
10.00% <=0.4 10.00% <=0.4 12.99% <=04
10.00% <=0.5 10.00% <=05 13.85% <=05
N /N 10.00% <=0.6 10.00% <=0.6 13.65% <=06
( ) ( ) 10.00% <=0.7 10.00% <=0.7 12.49% <=0.7
“ _ 10.00% <=0.8 10.00% <=08 10.54% <=08
10.00% <=0.9 10.00% <=0.9 7.86% <=09
10.00% >0.9 10.00% >0.9 4.62% <=1
x1 x2 1.76% <=11
] ) ) Y 0.59% <=12
flean: 0.500 Dev: 0.287 Yiean: 0.500 Dev: 0.287 0.14% <=13
Value: 0500 Value: 0500 0.01% =14
10.00% <=0.1 10.00% <=0.1 0.00% >1.4
( ) 10.00% <=02 10.00% <=02 /
10.00% <=0.3 10.00% <=03
10.00% <=0.4 10.00% <=0.4
d 10.00% <=0.5 10.00% <=0.5
10.00% <=0.6 10.00% <=0.6
10.00% <=0.7 10.00% <=0.7
10.00% <=0.8 10.00% <=08
' ™ 10.00% <=0.9 10.00% <=0.9
( ) ( ) 10.00% >0.9 10.00% >0.9
~.. ~
v1 y2
~=5e oo

Distances.x... | |4




|E Bayesialab - C:\Users\StefanConrady\OneDrive - Bayesia USA\Presentations\2020-04-30 Spatial Dynamics\Distances.xbl - x
Network Data Edit View Learning Inference Analysis Monitor Tools Window Help
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Distances.xbl * ==
Joint Probability: 100.00%
Log-oss: 0
Total Value: 2.521
Mean Value: 0.504 rFy
x1 X2 d
Mean: 0.500 Dev: 0.287 Mean: 0.500 Dev: 0.287 Mean: 0.521 Dev: 0.250
Value: 0.500 Value: 0.500 Value: 0.521
10.00% <=0.1 10.00% <=0.1 2.88% <=0.1
10.00% <=0.2 10.00% <=0.2 7.63% <=0.2
10.00% <=0.3 10.00% <=0.3 10.97% <=0.3
10.00% <=04 10.00% <=04 12.99% <=04
10.00% <=0.5 10.00% <=05 13.85% <=0.5
77N N 10.00% <=06 10.00% <=0.6 13.65% <=06
( ) ( ) 10.00% <=0.7 10.00% <=0.7 12.49% <=0.7
“ / 10.00% <=0.8 10.00% <=0.8 10.54% <=0.8
10.00% <=0.9 10.00% <=0.9 7.86% <=0.9
10.00% >0.9 10.00% >0.9 4.62% =1
x1 x2 1.76% Fix Probabilities
KA] an g?i% Fixx Mean
ean: 0.500 Dev: 0.287 ean: 0.500 Dev: 0.287 :
Value: 0.500 Value: 0.500 0.01% Hard Evidence
10.00% <=0.1 10.00% <=0.1 0.00%| |
( ) 10.00% <=02 10.00% <=02 Likefinood Evidence
10.00% <=0.3 10.00% <=0.3 N
10.00% <=0.4 10.00% <=0.4 Probabilistic Evidence
d 10.00% <=0.5 10.00% <=0.5 Mumerical Evidence
10.00% <=0.6 10.00% <=0.6
1000, pary 10:00% pary ll obreon
.00% <=0. .00% <=0
' N 10.00% <=0.9 10.00% <=0.9 Intervention
( ) ( ) 10.00% >0.9 10.00% >0.9
\. / \/ Absolute Bars
Relative Bars
y1 y2 . Relative Curve

Absolute Variations

Relative Variations

®  Show Probabilities

Show Expected Log-Loss

Copy

Delete

“~&5 e




Bayesian Networks to the Rescue

Analytical Solution J

A New Math for Social Distancing

f )

d
Mean: 0.521 Dev: 0.250
Value: 0.521

2.88%
7.63%
10.97%,
12.99% |
13.85% | ’
13.65% |
12.49% |
10.54%

7.86% .
4.62%
1.76% |
0.59%
0.14%
0.01%
0.00%

Co~NOOOPWN -

i, =Rt o= 60 KD K0 K0 B AN D)
Pwih=

VAAANANNANMNAANANNMNANNMNAA

e 1 1 1 1 V1 1 1 R I I I R T 1|
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Bayesian Networks to the Rescue

A New Math for Social Distancing

f )

d
Mean: 0.521 Dev: 0.250 ]

Value: 0.521 The only formula needed:

2.88% — Euclidian distance
763%, __
10.97% /

12.99%

13.85% |
13.65%
12.49%
10.54%

d =% —%)2+ (¥, - V2)?
7.86%

4.62%
1.76%
0.59%
0.14%
0.01%
0.00%

Co~NOOOPWN -

i, =Rt o= 60 KD K0 K0 B AN D)
Pwih=

VAAAMANNANAANANNMNANNMNAA

e 1 1 1 1 V1 1 1 R I I I R T 1|
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Motivation
How far apart are these 5;060peoints? 550 mé[éanp@ap/&
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|E Map INTPTLAT
Mean: 37.495 Dev 4932
.... Value: 37.495
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|E Bayesialab - C:\Users\StefanConrady\OneDrive - Bayesia USA\Presentations'\2020-04-30 Spatial Dynamics\Associated graph 3.xbl
Network Data Tools Window Help

Open Data Source Text File
iate Data ? Database

Generate Data _
Recent Data Source »

iate Dictienary

«port Dictionary

lence Scenario File
Data Set

Prior Samples

Charts




[##] Open Data Set
Lok in: 2020-04-30
- |=] Census Tract.xt
—| 1l L ongitude Latitude Population.csv

cent Items @ test.csv

B3] 7IP_long_lat.csv
Desktop

=

Documents

File name:

Metwork Files of type:  Text Files (.csv, . bet)




|E| Data Import - C:\Users\StefanConrady\OneDrive - Bayesia USA\Presentations\2020-04-30 Spatial Dynamics\Lengitude_Latitude_Popula...

Data Structure Definition
Encoding ons
Title Line

windows-1252 .
[[] End of Line Characte

25 a Unigue One

[ Consider Different Cansecut
as a Unique One

[[] Double Quotes

[ simple Quotes

[] transpose

Longitude Population

Finish
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Definition of Variable Types
Type Multiple Typing Information
D All Discrete Number of Rows 100.00%

() Continuous Set All Continuous LW
Continuous

SetMissing Values Threshold
na Yeues e Others

Unused
(C) Raw Identifier Missing Values

. Fitered Values
(O Unused

Longitude  Population
-67.062328

-67.008913

-67,103562

-117,372457
-117,302851
-117.320673
-117,259304
-117,173618
-117,250024

Previous
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Data Selection and Filtering
Missing Value Processing
Filter

Infer

ctural EM
Entropy-Based 5
Entropy -

Latitude = Long
-67.062328
-67.008913
-67.103562
-117.372457
-117.302851
-117.320673

44.819713

mputa

lect All Continuous

Previous

Information
Number of Rows 100.00%
Dist 0.00%
Continuous

Others

Unused

Missing Values

Filtered Values

Select All Discrete

Finish
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Discretization and Aggregation
Multiple Discretization
Type Equal Distance
Intervals

[ Log Transformation

Longitude Population

lect All Continuous ect All Discrete

Previous Finish
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ADEEERASS vEIRFa/A2l AQAAXK AV @ J@ /B OANAN 0@ OO\ IO
AaQevRwRSVE
Associated graph 2.xbl * ==
i:g\i::?zbﬂity: 100.00%
e a
Longitude Latitude
{\/ﬂelzar;: —%11?;1‘% Dev: 13.742 {\//I:ﬁr;: %;j%% Dev: 4.932
a =91, . .
5.46% <=-121.754 0.49% <=25.799
3.29% <=-118.873 2.21% <=27.036
—~ 7.40% <=-115.991 1.88% <=28.274
( 1.12% <=-113.11 1.96% <=29.511
~ 2.93% <=-110.229 5.48% <=30.749
; 0.46% <=-107.347 1.89% <=31.986
Latitude 2.37% <=-104.466 5.96% <=33.224
0.67% <=-101.585 11.46% <=34.461
0.84% <=-98.703 5.94% <=35,699
6.93% <=-95.822 5.79% <=36.936
6.50% <=-92.941 5.85% <=38.174
4.34% <=-90.06 8.25% <=39.411
8.01% <=-87.178 10.63% <=40.649
N 8.05% <=-84.297 13.38% <=41.886
( ) 11.32% <=-81.416 9.35% <=43 124
N~ 8.97% <=-78.534 3.07% <=44.361
Longitude 6.99% <=-75.653 2.95% <=45.599
10.51% <=_72.772 1.11% <=46.836
3.63% <=-69.89 2.00% <=48.074
0.20% >-69.89 0.33% >48.074
“~=H & |u.u| .

[ Assodated .. |
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YRR BEReD Y EN¥aAll AAAXXJU @ J@/RSANIN 0@ OON T

AaQevRwRSVE

Associated graph 8.xbl *

N
y1

Joint Probability: 100.00%
Log-oss: 0

Cases: 32,370

Total Value: -54.253
Mean Value: -27.127

=

x1

Mean: -91.748 Dev: 13.742

Value: -91.748
5.46% <=-121.754
3.29% <=-118.873
7.40% <=-115.991
1.12% <=-113.11
2.93% <=-110.229
0.46% <=-107.347
2.37% <=-104.466
0.67% <=-101.585
0.84% <=-98.703
6.93% <=-95.822
6.50% <=-92.941
4.34% <=-90.06
8.01% <=-87.178
8.05% <=-84.297

11.32% <=-81.416
8.97% <=-78.534
6.99% <=-75.653
10.51% <=-72.772

3.63% <=-69.89
0.20% >-69.89

1
ean: 37.495 Dev: 4.932

Value: 37.495
0.49% <=25.799
2.21% <=27.036
1.88% <=28.274
1.96% <=29.511
5.48% <=30.749
1.89% <=31.986
5.96% <=33.224
11.46% <=34.461
5.94% <=35.699
5.79% <=36.936
5.85% <=38.174
8.25% <=39.411
10.63% <=40.649
13.38% <=41.886
9.35% <=43.124
3.07% <=44.361
2.95% <=45.599
1.11% <=46.836
2.00% <=48.074
0.33% >48.074

=K

B

[ Assodated .. |
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ADEERRAS VINFaAN AAAXR A/ XJY @ JO /RS8N M 0000\ IOMm

Delete
Exclude

Set as Target Node
Meonitor

Charts

Imputation
Probabilities ¥
x1 Select

Connect

Alignment

v v v

Properties

E‘ @ |2.o|.

8| Associated .| @
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ADEBERES YIN¥arsll AAQAR /" AVU @ JO/ B ONS OO IO

Copy Selection

Paste Format

1 Delete Selection
y Delete All Arcs
Delete all Unfixed Arcs

Delete all Unconnected Nedes
Exclude all Unconnected Modes

Edit Structural Coefficient
Edit Costs

Edit Classes

Edit Constants

Edit Forbidden Arcs

Edit Structural Priors

Edit Temporal Indices

Edit Virtual Numbers of States

Edit Reference States

Edit Filtered States

Edit Local Structural Coefficients

Edit Number of Uniferm Prior Samples
Edit Experts

Parameter Estimation with Trees

b @8 TP e QUi © an@aE 4

Use Time Variable

Properties >

Save as Image...

] |2.n| .




BayesiaLab - Associated graph 8.xbl - x
Network Data Edit View Learning Inference Tools Window Help

ADEERRAS VINFaAN AAAXR A/ XJY @ JO /RS8N M 0000\ IOMm

yi

Do you want to remove the association between:
-Associated graph 8.xbl
-C:\Users\StefanConrady\OneDrive - Bayesia USA\P i 2020-04-30 Spatial Dy ics\Longitude_Latitude_Population.csv

[N ]

x1

E‘ @ |2.o|.

8| Associated .| @
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ADEERRAS VIN¥KeAM AAAXR A/ XJY @ JO /RS8N M 080N IOMW

yi yi[1]

x1 x1[1]

BEIK)

&
(03 [ ssociated .. |
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ADEERRAS VINFaAN AAAXR A/ XJY @ JO /RS8N M 0000\ IOMm

y1 y2

x1 x2

~ale B
8| Associated .| @
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ADEERRAS VINFaAN AAAXR A/ XJY @ JO /RS8N M 0000\ IOMm

y1 y2
N1
x1 x2
BE o

8| Associated .| @
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ADEERRAS VINFaAN AAAXR A/ XJY @ JO /RS8N M 0000\ IOMm

y1 y2
d|
x1 x2
BE [

8| Associated .| @
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ADEERRAS VINFaAN AAAXR A/ XJY @ JO /RS8N M 0000\ IOMm

[B# rode Editar

X

e

States Probability Distrbution Properties Classes Values State Names Reference State Filtered State Comment Rendering Properties
Node type

0 1

y1 Discrete Min Max Add Before
faee ‘ g T

True | 0.500] 1.000]

Delete
Generatentenals x
N

d Minimum | 0| Maximum | 3,500 | Generate Names
Oy — oo |
. (C) Mumbered Names Prefixed by :

x1

B E==N

SlE‘ [ X |1n|
| Associated .| @
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ADEERRAS YINFaA AAAXR A/ XJY @ JO/EPOND M- 00 e 00\ IOTM

[B# rode Editar

X

States Probabilty Distribution Properties Classes Values StateNames Reference State Filtered State  Comment Rendering Properties

Node type
[ B [ B T e
] 3500
y1 Discrete Min Max Add Before
o0t 000
175.000 350.000]
350.000] 525,000, Delete
525,000 700.000]
700.000] 375.000] Aggregates
375.000) 1050.000
1050.000 1225.000
d 1225.000 1400.000 " GenerateRames |
1400.000 1575.000
1575.000 1750.000| | Generate Intervals
1750.000 1925.000
1525.000 2100.000
2100.000 2275.000
2275.000 2450.000
2450.000 2625.000
2625.000 2300.000
X‘I 2800.000 2075,000
2575.000 3150.000
3150.000 3325.000
3325.000 3500.000

SlE‘ Q! |1n|
[ Assodated .| @
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ARDEERRES VIR aA AAAXR/XJY @ J@/BESBOND M08 00N IO

y1 y2

x1 x2

~ale B
8| Associated .| @
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ADEERRAS YINFaA AAAXR A/ XJY @ JO/EPOND M- 00 e 00\ IOTM

[£#] Node Editor X
States Probability Distribution  properties Classes Values State Names Reference State Filtered State  Comment Rendering Properties
Probabilistic Deterministic Tree Equation Updating
y1 y2 x1 <=175 <=350 <=525 <=700 <=875 <=1050 <=1225 <=1400 <=1575 <=1750 <=1925 <=2100 <=2275 <=2450 <=2625 <=2800 <=2975 <=3150 <=3325 »3325
-
<=-121.754
<=-118.373 v
Complete H Normalize: H Randomize

EE‘.' |1n|

[ Assodated .|
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Network Data Edit View Learning Inference Tools Window Help

DR EERMEeS Y ENFa Al AAAX S XJIU @ FO/RSPANAR M- 00 e OO0\ T

Associated graph 8.xbl

ISR

( 2d?=SQRT(((?x27-2x12)"54.6)A2+((?y2?-2y12)'69)2) }

States Probability Distribution ' properties Classes Values State Nam endering Properties
Probabiistic Deterministic Tree Equation  Updating
Equation Type: (@) Deterministic () Prababilistic
pd? = V
SQRT(((722-2x 17)754.8)~2+{(?y 222y 12)765) ~2)| s \
\

d= J<54A.6- (% —%)) +(69- (¥, - y,))°

/ |\

A
/ \
Sam:es: - :Jznﬁ Smoothing: 0 [ Fixed Seed: 313 Validate ) / \ / \
o s / \ | \
In the Continental US: In the Continental US:
A1°(Longitude) ~ 54.6 miles A1°(Latitude) ~ 69 miles

oK Cancel

J

V4

Using the great-circle distance 4=2r a“sm(\/hav(‘f’? — 1) + cos(p1) cos(p2) hav(Ay — ’\1))
formula would be a more precise

way to calculate the distance: =2r a.rcsin(\/sin2 (g) + cos(p1) cos(p2) sin? (/\2 ! ))

>

2

=K

[
[ Assodated .. |
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ADEERRAS VIN¥KeAM AAAXR A/ XJY @ JO /RS8N M 080N IOMW

x1 x2

SlE‘ Q! |nn|
8| Associated .| @
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- - - -
ALDHEEBEMBS VB0 & Ml AQAQAX XSV @ J@//BR®ANQAN 0@ CONPOM
R NuB2VvE
Associated graph 2.xbl * ==
Joint Probability: 100.00%
Log-oss: 0
Total Value: 998,580
Mean Value: 199.716 a
x1 KA] d
Mean: -91.793 Dev: 15.679 ean: 37.495 Dev: 4.997 Mean: 1107.087 Dev: 696.795
Value:-91.748 Value: 37 495 Value: 1107.087
5.46% <=-121.754 0.49% <=25.799 3.40% <=175
3.29% <=-118.873 2.21% <=27.036 8.22% <=350
7.40% <=-115.991 1.88% <=28.274 11.29% <=525
1.12% <=-113.11 1.96% <=29.511 12.36% <=700
2.93% <=-110.229 5.48% <=30.749 11.24% <=875
0.46% <=-107.347 1.89% <=31.986 9.32% <=1050
/\ 2.37% <=-104 466 5.96% <=33.224 7.55% <=1225
0.67% <=-101.585 11.46% <=34.461 6.23% <=1400
0.84% <=-98.703 5.94% <=35.699 4.98% <=1575
6.93% <=-95.822 5.79% <=36.936 4.40% <=1750
6.50% <=-92.941 5.85% <=38.174 4.36% <=1925
4.34% <=-90.06 8.25% <=39.411 4.39% <=2100
8.01% <=-87.178 10.63% <=40.649 4.01% <=2275
8.05% <=-84.297 13.38% <=41.886 3.54% <=2450
11.32% <=-81.416 9.35% <=43.124 2.53% <=2625
8.97% <=-78.534 3.07% <=44.361 1.57% <=2800
6.99% <=-75.653 2.95% <=45.599 0.53% <=2975
10.51% <=-72.772 1.11% <=46.836 0.07% <=3150
3.63% <=-69.89 2.00% <=48.074 0.00% <=3325
0.20% >-69.89 0.33% >48.074 0.00% >3325
\../
x1
~5 e Joo]
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ADHEBEMRE S B¢ MM AaAQX "I @0/ BPANQAN 0@ o[\ PO
Ry RwRSVvE

Associated graph 2.xbl * ==
Joint Probability: 100.00%
Log-oss: 0
Total Value: 998,580
Mean Value: 199.716 a
x1 KA] d
Mean: -91.793 Dev: 15.679 ean: 37.495 Dev: 4.997 Mean: 1107.087 Dev: 696.795
Value:-91.748 Value: 37 495 Value: 1107.087
5.46% <=-121.754 0.49% <=25.799 3.40% <=175
3.29% <=-118.873 2.21% <=27.036 8.22% <=350
7.40% <=-115.991 1.88% <=28.274 11.29% <=525
1.12% <=-113.11 1.96% <=29.511 12.36% <=700
2.93% <=-110.229 5.48% <=30.749 11.24% <=875
0.46% <=-107.347 1.89% <=31.986 9.32% <=1050
N 2.37% <=-104 466 5.96% <=33.224 7.55% <=1225
( ) 0.67% <=-101.585 11.46% <=34.461 6.23% <=1400
“~ 0.84% <=-98.703 5.94% <=35.699 4.98% <=1575
6.93% <=-95.822 5.79% <=36.936 4.40% <=1750
y1 y2 6.50% <=-92.941 5.85% <=38.174 4.36% =1425
4.34% <=-90.06 8.25% <=39.411 4.39% Fix Probabilities
8.01% <=-87.178 10.63% <=40.649 4.01% o Mean
8.05% <=-84.297 13.38% <=41.886 3.54%
( ) 11.32% <=-81.416 9.35% <=43.124 2.53% Hard Evidence
8.97% <=-78.534 3.07% <=44.361 1.57% P [
6.99% <=-75.653 2.95% <=45.599 0.53% frelihood Bridence
d 10.51% <=-72.772 1.11% <=46.836 0.07% Probabilistic Evidence
3.63% <=-69.89 2.00% <=48.074 0.00% Numerical Evidence
0.20% >-69.89 0.33% >48.074 0.00%
f‘ ®  Observation —
( ) Intervention
\' / Absolute Bars
x1 x2 Relative Bars
|® Relative Curve
Absolute Variations
Relative Variations
®  Show Probabilities
Show Expected Log-Loss
Copy
Delete
~E e o
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Monitor  Tools. Window Help

= o= L > - i -
ALDRBEMaD vAINVFa Al AAQAX " XJOU @ FO/RPANAN 0@ CO0NBOT
EET TR XAl | |
P P =l =
||IJ:|:§ Prot??‘bility: 100.00%
|E Target Mean Analysis Al
Hode: d
x Dev: 4.997 Mean: 1107.087 Dev: 696.795
¥ Value: 1107.087
<=25.799 3.40% <=175
<=27.036 8.22% <=350
Versolel: <=28.274 11.29% <=525
d Mean Yy <=29.511 12.36% <=700
mm <=30.749 11.24% <=875
1000 <=31.986 9.32% <=1050
\ <=33.224 7.55% <=1225
1e00 -, >— <=34 461 6.23% <=1400
71 b <=35.699 4.98% <=1575
LCRRY <=36.936 4.40% <=1750
h <=38.174 4.36% <=1925
y1 y2 o0 \ <=39.411 4.39% <=2100
\ E <=40.649 4.01% <=2275
A6 - <=41.886 3.54% <=2450
'\‘ = <=43.124 2.53% <=2625
s <=44.361 1.57% <=2800
o <=45.599 0.53% <=2975
d <=46.836 0.07% <=3150
1200 <=48.074 0.00% <=3325
>48.074 0.00% >3325

Expected value of distance

as a function of longjtude
and latitude

1100

1000 N %
000
800 ¢

Normalized *ariable Means

Close Save
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i [ 3 1 A - 3 i
ADEREEMEBD VBN e/l QAAQAX AJU @ J@/BRSPANIAN 0@ OCONTBOTM
Ay HwRSVOE o
RSt e ey o [ [
Joint Probablity: 100.00%
Log-oss: 0
Total Value: 998,530
Mean Value: 199,716 s
3 N
x1 KAI d
Mean: -91.793 Dev: 15.679 ean: 37.495 Dev: 4.997 Mean: 1107.087 Dev: 696.795
\alua: -01 748 (~10 440\ \/alua® 37 495 (43 N7H) Value: 1107.087 (+208 432)
[ progress... X 3.40%| <=175
8.22% <=350
11.29%| <=525
Scores [ Al Curves 12.36% <=700
g: :_em:m:e 11.24% <=875
: et 9.32%| <=1050
85 & ingdom
B o> | W7 BB <=1225
&0 [ Kingdom 4 6.23% <=1400
[77 M Kingdlom 5 s
: HEH o
™ W Kingdom 7 B
. mmaons || 4.36% <=1925
y1
| 4.39% <=2100
4 4.01% <=2275
al 3.54%| <=2450
@ 253%, <=2625
5 1.57% <=2800
an 0.53% <=2975
d 0.07% <=3150
5 0.00% <=3325
] . 0.00% >3325
15
10
x1 i
" 3 4 5 6 9 o
Generations
= @ [ Kingdom 7 - Generation 3 - Score 15.4031932 |20|

O i |
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Network Data Edit View Learning Inference Analy dow Help

ARDRBERAES VAN¥ar il AAARS AV @ J@/BeaNAN MO0@c o O
AeRwReVvEH

Bssociated graph 8b1 [E=E
Joint Probability: 100.00%
Log-oss: 0
Total Value: 998.580
Mean Value: 199.716 rFy
N )
x1 KA] d
Mean: -91.793 Dev: 15.679 ean: 37.495 Dev: 4.997 Mean: 1107.087 Dev: 696.795
Value: -91.748 (-10.440) Value: 37.495 (+3.075) Value: 1107.087 (+208.432)
546% <=-121.754 <=25.799 3.40% <=175
<=-118.873 <=27.036 8.22% <=350
<=28.274 11.29% <=525
[£#] Optimization Report of d (Associated graph 8) - m] x <=29.511 12.36% <=700
<=30.749 11.24% <=875
Heaaq <=31.986 9.32% <=1050
) A A <=33.224 7.55% <=1225
(R == <=34.461 6.23% <=1400
/ e - <=35.699 4.98% <=1575
<=36.936 4.40% | <=1750
y1 y2 Initial State <=38.174 4.36% <=1925
ValueiMean [ Joint Probability <=39.411 4.39% <=2100
1,107.0866 100.0000% <=40.649 4.01% <=2275
- <=41.886 3.54% <=2450
<=43.124 253% <=2625
<=44 361 1.57% <=2800
Synthesis <=45.599 0.53% <=2975
d = — - <=46.836 0.07% <=3150
Initial Value 917479 37,4946 <=48.074 0.00% <=3325
Best Solution| -52.8088 (8.9391)| 41.1792 (3.6846) 48074 000% >335
\] Min 517479 (0.0000) | 33.8663 (-3.6283)
Max  |-74.2079 (17.5401)| 424677 (4.9731)
7 :
Tome
x1 X2 [Ge=1
“‘o =] . |2.u| =
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ARRBEMEaD Y AN AAAXR S XJU @ J@/BRSANAN MO0@ecSONTQT
RN IVHEH
Associated graph 8.xbl * [r - S
Joint Probability: 1.51%
Leog-Loss: 6.05
Total Value: 773.473
Mean Value: 154,695 Fy
Y 7
X1 KAI d
Mean: -82.856 Dev: 0.000 ean: 41.267 Dev: 0.000 Mean: 869.356 Dev: 640.079
Value: -82.809 (+8.939) Value: 41.179 (+3.685) Value: 869.356 (—237.732
0.00% <=-121.754 0.00% <=25.799 7.38% @ <=175
0.00% <=-118.873 0.00% <=27.036 12.53% <=350
0.00% <=-115.991 0.00% <=28.274 16.11% <=525
0.00% <=-113.11 0.00% <=29.511 17.18% <=700
0.00% <=-110.229 0.00% <=30.749 13.07% <=875
0.00% <=-107.347 0.00% <=31.986 6.97% <=1050
0.00% <=-104 466 0.00% <=33.224 3.44% <=1225
0.00% <=-101.585 0.00% <=34 461 2.21% <=1400
0.00% <=-98.703 0.00% <=35.699 1.65% <=1575
0.00% <=-95.822 0.00% <=36.936 2.33% <=1750
0.00% <=-92.941 0.00% <=38.174 4.51% <=1925
0.00% <=-90.06 0.00% <=39411 5.56% <=2100
0.00% <=-87.178 0.00% <=40.649 5.16% <=2275
0.00% <=-84.297 ‘ > =4 1.82% <=2450
> 0.00% <=43.124 0.10% <=2625
0.00% <=-78.534 0.00% <=44.361 0.00% <=2800
0.00% <=-75.653 0.00% <=45.599 0.00% <=2975
0.00% <=-72.772 0.00% <=46.836 0.00% <=3150
0.00% <=-69.89 0.00% <=48.074 0.00% <=3325
0.00% >-69.89 0.00% >48.074 0.00% >3325
Select an evidence set
Index Comment
0|GA Score: 154031932
1|GA Score: 18,177061
2|GA Score: 138420802
3|GA Score: 20,7291169
4/GA Score: 20,7884891
5|GA Score: 20,8185179
6|GA Score: 216674384
7|GA Score: 229615237
8/GA Score: 23,.87380395
9|GA Score; 244250777
10 Rows [] Indude Not Observable
“~=H & GA Score: 15.4031932 |2.0 =

[0
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Distances2.xbl ==
Joint Probability: 100.00%
Log-oss: 0
Total Value: 2.521
Mean Value: 0.504 F Y
x1 m d
Mean: 0.500 Dev: 0.288 ean: 0500 Dev. 0.288 Mean: 0.521 Dev: 0.250
Value: 0.500 Value: 0.500 Value: 0.521
5.00% <=0.05 5.00% <=0.05 2.88% <=01
5.00% ==0.1 5.00% =<=0.1 7.83% <=02
5.00% ==0.15 5.00% <=0.15 10.97% <=03
5.00% ==0.2 5.00% <=0.2 13.00% <=04
5.00% <=0.25 5.00% <=0.25 13.85% <=05
5.00% ==03 5.00% <=0.3 13.65% <=06
5.00% <=0.35 5.00% <=0.35 12.50% <=07
7N 5.00% <04 5.00% <=04 10.53% <08
( 5.00% ==045 5.00% <=045 787% <=089
5.00% <=05 5.00% <=05 4.62% <=1
\ 5.00% <=055 5.00% <=055 1.76% <=11
5.00% ==08 5.00% <=0.6 0.60% <=12
x1 5.00% <=065 5.00% <=0.65 0.14% <=13
5.00% ==0.7 5.00% ==0.7 0.01% <=14
5.00% ==0.75 5.00% <=0.75 0.00% =14
5.00% ==08 5.00% <=0.8
5.00% <=085 5.00% <=0.85
5.00% ==08 5.00% <=09
5.00% <=0.85 5.00% <=095
5.00% =0.95 5.00% =095
x2 KAQ
Mean: 0.500 Dev: 0.288 ean: 0500 Dev: 0.288
d Value: 0.500 Value: 0.500
5.00% <=0.08 5.00% <=0.05
5.00% <=0.1 5.00% <=0.1
5.00% <=0.15 5.00% <=0.15
Y 5.00% <=0.2 5.00% <=0.2
( ) 5.00% <=0.26 5.00% <=0.25
5.00% <=0.3 5.00% <=0.3
5.00% <=0.35 5.00% <=0.35
~ 5.00% =04 5.00% =04
5.00% <=045 5.00% <=045
y1 5.00% <=0.5 5.00% <=05
5.00% <=0.56 5.00% <=0.55
5.00% <=0.6 5.00% <=0.6
5.00% <=0.65 5.00% <=0.65
5.00% <=0.7 5.00% <=0.7
5.00% <=0.75 5.00% <=0.75
5.00% <=0.8 5.00% <=0.8
5.00% <=0.85 5.00% <=0.85
5.00% <=0.9 5.00% <=09
5.00% <=0.95 5.00% <=0.95
5.00% =0.95 5.00% >0.95
1
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i " A N o i
ALDHEEBERaS B« MM aaqQX " 50 @ J@/R®ANAN 0@ ONPOT
AaQeRunevE
Distances2.xbl ==
Joint Probability: 65.61%
Log-oss: 0.61
T:glal %S:lue: 2.550
Mean Value: 0.510 -~
x| 1
Mean: 0 ean: 0.500 Dev: 0.304
Value: 0 Walue: 0.500 (-0.000)
556% <=0.05 5 56% <=0.05 3.18% <=01
556% <=0.1 5 56% <=0.1 746% <=02
556% <=0.15 5 56% <=015 9.98% <=03
556% <=02 5 56% <=02 11.03% <=04
556% <=025 5 56% <=025 11.05% <=05
556% <=03 5 56% <=03 13.00% <=0§
556% <=035 5 56% <=0.35 1351% <=07
7N /N 556% <=04 5 56% <=04 11.99% <=08
( ) ( ) 556% <=045 5 56% <=045 9.39% <=09
0.00% <=05 0.00% <=05 5.80% <=1
~ -~ 0.00% <=055 0.00% <=055 2.45% <=11
5.56% <=05 5 56% <=06 0.91% <=12
x1 x2 556% <=085 5 56% <=065 0.21% <=13
556% <=07 5 56% <=07 0.02% <=14
556% <=075 5 56% <=075 0.00% =14
556% <=08 5 56% <=08
556% <=085 5 56% <=085
556% <=09 5 56% <=09
556% <=095 5 56% <=095
( ) 5 56% =095 5 58% 095
x2 KAQ
d \h’fje‘an % Velan %g%% Dev: 0.304
alue: alue: U,
5.56% <=0.05 556% <=005
5.56% <=0.1 556% <=0.1
5.56% <=0.15 556% <=0.15
Ve ™~ 556% <=02 556% <=02
( ) ( ) 5.56% <=0.25 556% <=0.25
5.56% <=03 556% <=03
5.56% <=035 556% <=0.35
~7 ~ 5.56% =04 5 55% <=04
5.56% <=045 556% <=045
y1 y2 0.00% <=05 0.00% <=05
0.00% <=055 0.00% <=055
5.56% <=05 556% <=06
5.56% <=0865 556% <=065
5.56% <=07 556% <=07
5.56% <=0.75 556% <=075
5.56% <=08 556% <=08
5.56% <=085 556% <=085
5.56% <=03 556% <=09
5.56% <=095 556% <=095
5.56% >0.95 556% >0.95
~&5 e oo
[ Distences2... | @
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ALDEBERSD B« MM aaqQX " 50 @ J@/R®ANAN 0@ ONPOT
AaQeRunevE
Distances2.xbl * ==
Joint Probability: 12.96%
Log-Loss: 2,95
Total Value: 2.571
Mean Value: 0.514 rFy
X1 | d
Mean: 0.500 Dev: 0.316 Fmean: 0500 Dev: 0.318 Mean: 0.571 Dev: 0.274
Value: 0500 Walue: 0.500 Value: 0571
8.33%[ <=005 8 33%|7 <=0.05 440% <=01
8.33%( <=0.1 8 33%|7 <=0.1 349% <=02
8.33% <=0.15 8.33% <=0.15 9.54% <=03
0.00% <=02 0.00% <=02 13.17% <=04
0.00% <=025 0.00% <=025 10.44% <=05
0.00% <=03 0.00% <=03 14 41% <=06
N ~~ 8.33%[ <=035 8 33%|7 <=035 1341% <=07
8.33%(% <=04 8 33%|7 <=04 719% <=08
( ( ) 8.33% <=045 8.33% <=045 1015% <=09
0.00% <=05 0.00% <=05 8.08% <=1
~ -~ 0.00% <=055 0.00% <=055 371% <=11
8.33%[ <=05 8 33%|7 <=06 119% <=12
x1 x2 8.33%[ <=0 65 8 33%|7 <=0 65 0.73% <=13
8.33% <=07 8.33% <=07 0.09% <=14
0.00% <=075 0.00% <=075 0.00% >14
0.00% <=08 0.00% <=08
0.00%| <=085 0.00%| <=085
8.33%[7 <=09 8.33%(7 <=09
8.33%[ <=095 8.33%( <=0.95
( ) 8.33% >0.95 8.33% >0.95
x2 KAQ
Mean 0500 Dev: 0.316 ean: 0500 Dev: 0.318
d Value: 0.500 Value: 0.500
8.33%|7 <=0.05 833%™ <=0.05
8.33%|7 <=0.1 8.33% <=0.1
8.33% <=0.15 8.33% <=0.15
Ve ™~ 0.00% <=02 0.00% <=02
( ) ( ) 0.00% <=0.25 0.00% <=0.25
0.00%| <=03 0.00% <=0.3
8.33% <=0.35 8.33% <=0.35
~ =~ B33%[ <=4 833% <=04
8.33% <=045 8.33% <=045
y1 y2 0.00% <=05 0.00% <=05
0.00%| <=055 0.00% <=0.55
8.33%|7 <=05 8.33% <=06
8.33%[7 <=065 8.33% <=065
8.33% <=07 8.33% <=0.7
0.00% <=0.75 0.00% <=0.75
0.00% <=08 0.00% <=08
0.00%| <=085 0.00% <=0.85
5.33%[7 <=09 8.33% <=09
5.33%[ <=0.95 £.33%( <=0.95
8.33% >0.85 8.33% >0.85
o
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B e \ 1 e A . A . T
ADESERSS BN ¢ MM aaqQX " 50 @ J@/R®ANAN 0@ ONPOT
AaQeRunevE
Distances2.xbl ==
Joint Probability: 6.25%
Log-Loss: 4
Total Value: 2.423
Mean Value: 0.485 -~
X1 | d
Mean: 0.475 Dev: 0.287 ean: 0475 Dev:. 0.287 Mean: 0.523 Dev: 0.248
Value: 0475 (+0.000) Value' 0475 (-0.000) Value: 0523 (+0.001)
10.00% | <=005 10.00% | <=0.05 271% <=01
0.00% <=0.1 0.00% <=0.1 737% <=02
10.00% <=0.15 10.00% <=0.15 117% <=03
0.00%| <=02 0.00%| <=07 12.94% <=04
10.00% <=025 10.00% <=025 13.86% <=05
0.00%| <=03 0.00%| <=03 13.86% <=06
10.00% <=035 10.00% <=035 1240% <=07
N N 0.00%| <=04 0.00%| <=04 10.76% <=08
( ( ) 10.00% <=045 10.00% <=045 787% <=09
0.00% <=05 0.00% <=05 4.74% <=1
~ -~ 10.00% [ <=055 10.00% ™ <=055 1.86% <=11
0.00%| <=06 0.00%| <=06 053% <=12
x1 x2 10.00% <=065 10.00% <=065 013% <=13
0.00%| <=07 0.00%| <=07 0.00% <=14
10.00% <=075 10.00% <=075 0.00% >14
0.00%| <=08 0.00%| <=08
10.00% <=085 10.00% <=0.85
0.00%| <=09 0.00%| <=09
10.00% <=095 10.00% <=0.95
( ) 0.00% >0.95 0.00% >0.95
x2 2
Mean 0475 Dev: 0 287 ean: 0475 Dev; 0.287
d Value: 0475 (-0.000) value: 0475 (-0.025)
10.00% <=0.05 10.00% | <=0.05
0.00%| <=0.1 0.00%| <=0.1
10.00% <=0.15 10.00% ™ <=0.15
Ve ™~ 0.00% <=02 0.00% <=02
) ( ) 10.00% <=0.25 10.00% ™ <=0.25
0.00%| <=03 0.00%| <=03
10.00% <=0.35 10.00% <=0.35
~~ ~ 0.00%| <=04 0.00% <=04
10.00% <=045 10.00% <=0.45
y1 y2 0.00% <=05 0.00% <=05
10.00% <=055 10.00% <=0.55
0.00%| <=06 0.00%| <=06
10.00% <=0.65 10.00% <=0.65
0.00%| <=07 0.00%| <=07
10.00% <=075 10.00% <=0.75
0.00% <=08 0.00% <=03
10.00% <=0.85 10.00% <=0.85
0.00%| <=09 0.00%| <=09
10.00% <=0.95 10.00% <=0.95
0.00% ~0.95 0.00% >0.95
~5 e Jos)
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ALDEBERSD B« NN AaaAaQAX "0V @ J0/BRPOANQAN 0@ O[NNI
AaeyRwRSVE
Distances2xbl * ==
Joint Probability: 100.00%
Log-Loss: 0
T:glal %S:Iue: 2.521
Mean Value: 0.504 F Y
x1 m d
Mean: 0457 Dev: 0.316 ean: 0526 Dev. 0.298 Mean: 0.555 Dev: 0.267
Value: 0457 Value: 0.528 Value: 0.555
9.35% <=0.05 1.36% <=0.05 345% <=01
7.63% ==0.1 556% =<=0.1 7.29% <=02
9.37% ==0.15 578% <=0.15 9.24% <=03
3.64% ==0.2 597% <=0.2 10.61% <=04
7.20% <=0.25 580% <=0.25 11.87% <=05
2.83% ==03 6.81% <=0.3 13.19% <=06
1.70% <=0.35 535% <=0.35 12.91% <=07
7N ) 459% <04 8 53% <=04 11.30% <08
( ) ( ) 254% <=045 052% <=045 9.85% <03
4.38% <=05 062% <=05 6.29% <=1
~ - 1.63% <055 1.45% <=055 2.76% <=1
8.66% ==08 7.98% <=0.6 1.12% <=12
x1 x2 7.79% <=065 242% <=0.65 0.29% <=13
5.84% ==0.7 212% ==0.7 0.02% <=14
1.31% ==0.75 7 56% <=0.75 0.00% =14
2.1% ==08 9.82% <=0.8
0.59% <=085 2.18% <=0.85
7.73% ==08 7.65% <=09
1.568% <=0.85 6.25% <=095
( ) 9.53% 085 6.24% 095
x2 KAQ
Mean: 0457 Dev: 0.316 ean: 0526 Dev. 0.298
d Value: 0.457 Value: 0.528
9.35% <=0.05 1.36% <=0.05
7.63% <=0.1 5.56% <=0.1
9.37% <=0.15 5.78% <=0.15
Y ™~ 354% <=0.2 5 97% <=02
( ) ( ) 7.20% <=0.25 5.80% <=0.25
2.83% <=0.3 6.81% <=0.3
1.70% <=0.35 5.35% <=0.35
~ ~ 4.59% =04 8.53% <=04
2.54% <=045 0.52% <=0.45
y1 y2 4.38% <=05 062% <=05
1.63% <=0.55 1.46% <=0.55
8.66% <=0.6 7.98% <=0.6
T7.79% <=0.65 242% <=0.65
5.84% <=0.7 2.12% <=0.7
1.31% <=0.75 7.56% <=0.75
2.11% <=0.8 9.82% <=0.8
0.59% <=0.85 2.18% <=0.85
T7.73% <=0.9 7.65% <=049
1.58% <=0.95 6.25% <=0.95
9.53% =0.85 6.24% =0.95
- E‘ o |°'°| il
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Simulation of Distancing Scenarios

Comparison of Patterns

1
KJlean: 0.526 Dev: 0.298
526

<=0.05
<=0.1
<=0.15
<=0.2
<=0.25
<=0.3
<=0.35
<=04
<=0.45
<=05
<=0.55
<=06
<=0.65
<=07
<=0.75
<=0.8
<=0.85
<=09
<=0.95
>0.95

~
x1 x1 x1 x1 x1 Value: 0.
Mean: 0.500 Dev: 0.288 Mean: 0.500 Dev: 0.304 Mean: 0.500 Dev: 0.316 Mean: 0.475 Dev: 0.287 Mean: 1.36%
Value: 0.500 Value: 0.500 Value: 0.500 Value: 0.475 Value: 5.56%
5.00% 1 <=0.05 5.56% [ <=0.05 8.33% [ <=0.05 10.00% |— <=0.05
5.00% <=0.1 5.56% <=0.1 8.33% <=0.1 0.00% <=0.1
5.00% <=0.15 S.SG%E <=0.15 8.33%:: <=0.15 10.00%:" <=0.15
5.00% <=0.2 5.56% ° <=0.2 0.00%| <=0.2 0.00% <=0.2
5.00% <=0.25 5.56% = <=0.25 0.00%| <=0.25 10.00%| <=0.25
5.00% <=0.3 5.56% - <=0.3 0.00% <=0.3 0.00%, <=0.3
5.00% <=0.35 5.56% 2 <=0.35 8.33% = <=0.35 10.00%[ | <=0.35
5.00% <=04 5.56% ° <=0.4 8.33% & <=0.4 0.00% <=04
5.00% <=0.45 5.56% 1 <=0.45 8.33% T <=0.45 10.00% - <=0.45
5.00% <=0.5 0.00% | <=0.5 0.00% | <=05 0.00% <=05
5.00% <=0.55 0.00% <=0.55 0.00% <=0.55 10.00% = <=0.55
5.00% <=0.6 5.56% - <=0.6 8.33% & <=0.6 0.00% <=0.6
5.00% <=0.65 5.56% <=0.65 833% <=0.65 10).00%I <=0.65
5.00% <=0.7 5.56% <=0.7 8 33%' <=0.7 0.00% <=0.7
5.00% <=0.75 5.56% <=0.75 D.DD%I <=0.75 10.00%| <=0.75
5.00% <=0.8 5.56% <=0.8 0.00%| <=0.8 0.00% <=0.8
5.00% <=0.85 5.56% <=0.85 0.00% <=0.85 10.00%I <=0.85
5.00% <=0.9 5.56% <=0.9 8.33% & <=0.9 0.00% <=0.9
5.00% <=0.95 5.56% ° <=0.95 8.33% <=0.95 10.00%[ <=0.95
5.00% >0.95 5.56% o >0.95 8.33% — >0.95 0.00% >0.95
L J
d d d d d
Mean: 0.521 Dev: 0.250 Mean: 0.550 Dev: 0.262 Mean: 0.571 Dev: 0.274 Mean: 0.523 Dev: 0248 Mean: 0.555 Dev: 0.267
Value: 0.521 Value: 0.550 Value: 0.571 Value: 0.523 (+0.001) Value: 0.555
2.88% <=0.1 3.18% | <=0.1 4.40% <=0.1 271% <=0.1 3.45% <=0.1
763% <=0.2 746% <=0.2 3.49% <=0.2 T37% — == <=0.2 729% <=0.2
10.97% <=0.3 9.98% <=0.3 9.54% <=0.3 1.17% <=0.3 9.24% <=0.3
13.00% | <=0.4 11.03% | <=0.4 13.17% <=0.4 12.94% <=04 10.61% <=0.4
13.85% <=0.5 11.05% | <=0.5 10.44% <=0.5 13.86% , <=0.5 11.87% , <=0.5
13.65% <=06 13.00% <=0.6 14.41% <=0.6 13.86% <=06 13.19% <=0.6
12.50% <=0.7 13.51% <=0.7 13.41% <=0.7 12.40% <=0.7 12.91% <=0.7
10.53% <=0.8 11.99% <=0.8 7.19% <=0.8 10.76% <=08 11.30% <=0.8
7.87% <=09 9.39% <=0.9 10.15% <=0.9 7.87% <=09 9.65% <=09
4.62% <=1 5.80% <=1 8.08% <=1 4.74% <=1 6.29% <=1
1.76% <=11 2.46% <=11 3,71%: <=11 1,66%: <=11 2.76% <=11
0.60% <=12 0.91% <=1.2 1.19% <=12 0.53% <=12 1.12% <=12
0.14% <=1.3 0.21% <=1.3 0.73% <=1.3 0.13% <=13 0.29% <=1.3
0.01% <=14 0.02% <=14 0.09% <=1.4 0.00% <=14 0.02% <=14
0.00% >1.4 0.00% >1.4 0.00% >1.4 0.00% >1.4 0.00% >14
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Google Maps JavaScript API

= Google APls Q o 0 a2 : §
API APIs & Services Dashboard ENABLE APIS AND SERVICES
«»  Dashboard Enabled APIs and services

Some APls and services are enabled automatically

EE

Library
1hour | 6hours | 12 hours | 1day | 2days 4days 7days | 14 days | 30 days
o Credentials

Traffic Errors Median latency
Requests/sec Percent of requests Milliseconds
1 | 3,000
2.5 0.05
2 ‘ ~| 0.04 2,000
1.5 0.03
1 ‘ ‘ | 0.02 ‘ 1,000 _J |
| | —_—
05 | i [ 0.01 . _ . . .I
May 16 May 17, 8:23 AM May 16 May 17, 8:23 AM May 16 May 17, 8:23 AM
API v Requests Errors Error ratio Latency, median Latency, 98%
[E pistance Matrix API 33,688 3 0.01% 396 ms 986 ms Disable &
[ Maps JavaScript API 29 o 0% - - Disable ﬂ ]
<l Directions API - — - - —  Disable %%
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= Google APIs

BayesiaLab Setup

< APl key ( REGENERATE KEY i DELETE

[E| Preferences

- —— This APl key can be used in this project and with any API that supports it. To use this key in your application,
|E‘P' e pass it with the key=API_KEY parameter.
Preferences API Key | By e =l Sl o i (e |
&-General Creation date May 15, 2018, 2:42:14 PM

--Language

-License Server Created by stefan.conrady@bayesia.us (you)
[#-Display

--Console
[H-Menus API key

~-Directories |r:|

- Sounds
[#-Editing Mame
[#-Discretization .
f1-Dats For testing and development API key

~-Reporting
f)-Automatic Layout urposes, you can use the :
il Inference burp Y Long-term, you should obtain
f#l-Learning default API key.
1 Anlysis your own Google API key so
[=-Toals q

-Statistcal Tools you are not subject to any
T API call limitations.
Import | Default Values | | Apply |
ok |

BayesialLab.com forum.bayesia.us/category/covid



GIS Mapping with BayesiaLab and the Google API

@Data Import
Define Variable Type
The Basics s
() Not Distributed Columns with Missing Values
() Discrete All not Distributed
» Bayesialab can display observed or inferred values with ® Contuous
() weight All Continuous
coordinates on a Google map.
() Reow Identifier
* Longitude and latitude are used as coordinates.

Longitude (2) Latitude (2)  City (2) State (2)

* 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.

BayesialLab.com forum.bayesia.us/category/covid



GIS Mapping with BayesiaLab and the Google API

Tools Window Help r GIS Mapping X
Multi-Run > Map Settings
. Map Type |Roads v
Resampling >
o ) ) Latitude | INTPTLAT v
Missing Values Analysis :
Longitude |INTPTLONG HE"
Multi-Quadrant Analysis Shape

@ Fixed [CIRCLE + \

Evidence Instantiation
(O Discrete | 16+_Mean travel time to work

Assessment
ic B . Metworks > Size
Dynamlc dyEsIan OrKs @ =] 100
GIS Mapping (O Discrete |16+ _Mean travel time to work

() Continuous | 16+_Mean travel time to work
Design of Experiments >

WebSimulator Editor et B > Four attributes can be displayed
Compare N (O Discrete | 16+_Mean travel time to work per Observations:

(@ Continuous | 16+_Mean travel time to work «

Min Mid vax [ o Shape
. Size

(@) Fixed 1

() Disgete | 16+_Mean travel time to work . CO I O r

(C) Continuous | 16+_Mean travel time to work H
* Opacity
\ D
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BayesialLab.com

Example: Mapping Commuting Time

| 7] map - [m] *
GIS Mapping > Canada ra
el |
. . Map Settings MANITOBA
Commuting Time by County | reme e .
KATCHEWAN NEWFOUN AND
Latitude | INTFTLAT v AND LABRADGR
| I Bayesisa - asscised s 14t Longitude | INTPTLONG iv aNTARID QUEBEC
| Hrtweek Dota Edit Wiew Inderence Amalyin Monbor Tooki Window Help =
JoES XPhhAl FRAARLLO0 o480 NEN Heeson 00 A4 Shape
oo O @ Fixed |CIRCLE  + o
MOHTANA . (N
(O Discrete | 16+_Mean travel time to work . e® Ot JMontizal | T
Lok -‘7""“4 NEAN oA SCOTIA
Size WYOMING
(®) Fixed 100 | AR P
(C Discrete | 16+_Mean travel time to work 5 ifed Htatas
i G800, AL
. (0 Continuous | 16+_Mean travel time to work
Enas
B INTPTLAT ) ¢
“ Color FONA NEw Mrxicd
Ofixed [N : :
16+_Mean travel time to X . B e
T work . Oiscrete |16+ Mean travel time to work R e
e (]
(®) Continuous | 16+_Mean travel time to work 35 e _ ‘
Gulf of
INTPTLONG % Mexico
Min Mid max [ 5 Mexico
Cuba
Oparity Wexico City Dominiean
(@) Fixed 1 e §
; N " Guatemala
(O Discrete | 16+_Mean travel time to work T Honduras - e +
(O Continuous | 16+_Mean travel time to work Bicerinis -
/ Caracas
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Spatial Learning and Optimization

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.

BayesiaLab.com forum.bayesia.us/category/covid



Drive Time Bands

Computing the “Cost” for One Origin and One Destination

* “Search the Map” = slow, but accurate

BayesialLab.com forum.bayesia.us/category/covid



Drive Time Bands

Computing the Cost for One Origin and Many Destinations

* “Search the Map” = slow, but accurate

4-Hour Rings: | EEE 8-Hour Ring:
Computation Time ~30 seconds wammw.  Computation Time ~10 minutes

BayesialLab.com forum.bayesia.us/category/covid



Drive Time Bands

Computing the Cost

* “Search the Map” = slow, but accurate

* Great-Circle Distance Computation

d=2r arcsin(\/hav(cpg — 1) + cos(p1) cos(p2) hav(Ay — )\1))

— 2rarcsin ( \/ sin? (

L ; L ) + cos((py ) cos(¢ps ) sin’ (A2 ; A ))

Easy and fast to
calculate.

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

Travel time may be
more relevant that
distance.

BayesialLab.com

forum.bayesia.us/category/covid



Drive Time Bands

Idea: “Create a Look-Up Table for All Origin-Destination Pairs”

e 29,788 ZIP Codes in the U.S.
* A complete distance matrix would contain 887,324,944 cells.
e Current computation speed with Google Distance Matrix API: 2 requests/sec.

e Estimated computation time: ~14 years.

74/@ progimafe|

BayesialLab.com forum.bayesia.us/category/covid



Drive Time Bands

Idea

* Approximation through
machine learning.

Proposed Approach

e Utilize database of actual
point-to-point travel data. <

e Learn a Bayesian network
from this dataset.

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

BayesialLab.com forum.bayesia.us/category/covid



Drive Time Bands

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 Naive Learning.
* Evaluate Target Performance.
* Associate new data set with points to be evaluated.

* Generate map.

BayesialLab.com forum.bayesia.us/category/covid



|E| Data Import

Separators
[mab [ Semicolon
[]Space [] Other

Missing Values

Encoding

UTF-8

Filtered Values

Fv
NjA

Learning/Te:

Options

[[] End of Line Character

0 Consider Identical Consecutive separatars
as a Unique One

0O Consider Different Consecutive Separators
as a Unique One

[] bouble Quote as String Delimiters
[ Single Quote as String Delimiters

[[] Transpose

Longitude (2) Latitude (2)  City (2) Zipcode (2)

Finish




|E Data Import

() Continuous

() Weight

Longitude
-89.6
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8
-89.8

<

Action

Columns with Missing Values

All not Distributed

All Discrete

All Continuous

Latitude

37.44
37.44
37.44
37.44
37.44
37.44
37.44
37.44
37.44
37.44
37.44
37.44
37.44
37.44

Information
Number of Rows 95710 | | 100.00%
Not Distributed

Continuous
Others
Values

Filtered Values

Latitude (2)  City
38.46

41,52

29.62

40.76

44.07

35.8

46.41

36.85
41.9

36.4
36.47

Previous > Finish

State (2)

Time (h)
15.24694444 | A
5.313611111
13.18111111
20.87638889
2588611111
1167916667

24, 59388889
2759416667




|E Data Import
Data Selection and Filtering
Missing Value Processing Information
Filter Mumnber of Rows

Mot Distributed
Discrete
Continuous
Others
Missing Values

T Filtered Values

ic Imputati
ic Imputation
ctural EM
Static Imputation

ynamic Imputation

95710

Longitude =  Latitude + Ci 5 Longitu... = Latitude... - City

-89.8 577 . 38.46
-89.8 577 . 41.52
-89.8 577 . 29.62
-89.8 577 40.76
-89.8 577 . 44.07
L4

ect All Discrete

Previous

Finish

100.00%

Time (h) =

15.246554444 | A

5.313611111

13.18111111

20.87638889

2588611111 | v
>




|E| Data Import

Discretization and Aggregation

Minimum
Threshold Value
Previous

Density Function

Load Discretization:

10000 20000 30000 40000 50000 GODOD 70000 20000 00000

Longitude (2) Latitude (2)  City (2) State (2) Tipcode (2)
38.46
41,52
29,52
40.76

Longitude Latitude
-89.8 37.44
-89.8 37.44
-89.8 37.44
-89.8 37.44
<
lect Al Continuous ect All Discrete

Previous Finish




|E| Data Import

Discretization and Aggregation

lect Al Continuous ect All Discrete

Previous Finish




[£#] BayesialLab - Associated graph 5.xbl [m| X
Metwork Data Edit View Learning Inference Analysis Menitor Tools Window Help
DOES XDOans PRPRPAHUNVY =0 7ROREAN HOGO*QGENEON LPLPuENXN[F%VE
i Associated graph Sxbl * o | |
Joint Probability: 100.00%
Log-Loss: 0
Cases: 95,710
Total Value: -89.271
Mean Value: -17.854 A
TN TN Time (h) Latitude Longitude 52) Latitude (2)
( ) |( ) Mean: 18133 Dev: 11.532 Mean: 38.133 Dev: 4 636 Mean:-91.911 Dev: 15.538 Mean: 38.136 Dev: 4.629
“ N Walue: 18.133 Walue: 38.133 Value:-91.911 Value: 38.136
— — 7.99% <=4 1.89% ==27. 3 2.20% <=-122.475 2.64% <=28.545
. . 12.80% ==§ 0.88% ==28.98 1.28% ==-122.085 4.84% ==31.14
Longitude Longitude (2) 15.18% ==12 487% ==31.14 2.42% ==-121.285 3.05% ==32 51
TN 14.65% <=16 3.08% ==32.46 1.16% <=-119.675 1.62% ==32.81
{ ) 12.07% ==20 1.19% ==32.735 7.33% ==-116.945 2.34% ==33.41
\__, 9.36% ==24 2.47% ==33.31 1.30% ==-115.215 0.74% ==33.495
6.68% ==28 1.09% ==33.495 0.50% ==-114.5895 8.71% ==34.255
Time (h) 6.25% ==32 8.42% ==34.285 2.91% ==-110.135 7.78% ==36.925
~~ e S (i =5 | sz | o =32
== <=- <=
(\ ) (\ ) X 0.35% ==40.485 6.01% ==-897.41 2.43% ==37.275
- — b o Dev: 15,505 0.95% <=40.59 4.95% <=-05 765 0.56% <=37.425
. . Mean: -91.781 Dev. 6.91% <=40.895 1.68% «=-05.34 7.97% <=38.695
Latitude Latitude (2) 2.05% 2122475 1.89% ==41.305 5.38% «=-02.185 16.01% ==40.59
119% 13701 251% <=4171 11.16% <=-87 545 6.27% <=40.875
079% 17988 3.69% <=42.065 9.48% <=-B4.155 1.68% <=41.045
738% <=116.67 6.38% ==43.07 0.80% ==-83.98 0.26% ==41.065
0'asm 115865 2.44% <=43.94 8.78% <=-80.825 4.95% =471
107% 112178 2.99% <=44,99 1.09% <=-80.445 3.49% <=42.065
255 110135 1.25% <=45 655 225% <=-50.06 £.86% <=43155
3735 = 105675 0.91% <=46.095 14.14% <=74.315 4.69% <=44.955
240% <=10198 0.35% <=46.285 1483% «=-73.865 6.55% >44.955
530% Dyt 1.73% <=47.29 2.02% «=-7322
1.32% ==-05.51 0.38% <=47 42 370% <=-G9.87
05a% G534 1.49% =47.42 0.95% =-59.87
6.89% ==-81.705
6.89% ==-88.3
2.70% ==-87.665
1.21% ==-87.325
617% ==-B4.765
4.61% <=-83.675
8.38% ==-80.445
2.08% ==-80.1
14.63% <=-74.22
4.63% ==-73.865
213% ==-73.22
3.91% <=-69.87
0.94% =-G9.87
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12 Associated graph Sxbl =

1

Joint Probability: 100.00%
Log-Loss: 0
Cases: 95,710
Total Value: -89.271
Mean Value: -17.854
5 L Time (h
{ \n N Mean:(1)8133 Dev: 11.532
L . ) Walue: 18.133
— - 7.99% @® <=4
12.80% ==g
Longjitude Longitude (2) 15.18% =10
2 14.65% ==16
@ 12.07% ==20
9.36% ==24
S 668% <=28
Time (h) 6.25% ::32
( \) ..\) 15.01% 32
9 9 Longitude
- - Wemn: 61762 Dev: 15,505
Latitude Latitude (2) T ST
419% ==-121.01
0.79% ==-119.68
7.38% <=-116.87
0.85% ==-115.665
1.07% ==-112.175
2,55% ==-110.135
213% ==-105.675
2.40% ==-101.98
9,38% <=-05.045
1.32% ==-05 51
0.69% ==-95.34
£.89% ==-81705 |
£.89% ==-88.3
2.70% ==-87.665
1.21% ==-87.325
6.17% ==-B4.755
461% <=-B3.675
8.38% <=-B0.445
2.08% ==-801
14.63% <=-74.22
463% ==.73.865
213% ==-73.22
3.91% <=-69.87
0.94% =-B0.87
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|E| Target Evaluation of Time (h)

Overall Predsion: 65.0601%
Overall Reliability: 65.5115%

Mean Precision: 64.6153%
Mean Reliability: 65.6798%

Overall Relative Gini Index: 89, 2850% Mean Relative Gini Index: 90, 2438%
Overall Relative Lift Index: 87.5530% Mean Relative Lift Index: 88.1161%

Overall ROC Index: 94.6425%
Overall Calibration Index: 95.4383%
Overall Log-Loss: 0.8014

R:0.9699

R2: 0.9407

Confusion Matrix

Occurrences  Reliability  Precision

Mean ROC Index: 95.1219%
Mean Calibration Index: 95.4809%
Mean Binary Log-Loss: 0.1538
RMSE: 2.8221

NRMSE: 5.3598%

Value

<=4 (7077)
<=8 (15147)
<=12 (15069)

<=4 (7648)

<=8 (12254) <=12 (14528) <=16 (14024) <

1525 167

<=16 (13525)

<=20 (10240)

<=24(9154)

<=23 (5812) 0 0 2 4
<=32 (5718) 0 0 0 0

<

=4 «=6 ==12 <=1 <=20
Gains Curve
9% of Time (h) = 32
100

<=24 <=25 =<=32 »32

Lift Curve ROC Curve Calibration Curve

Gini Inclex: 84 66% - Relative Gini Index: 99.61%

90+
80
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50
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0

30 40 50 60 70 80 a0 100
% total
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X
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i
]
i
B
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|E| Bayesialab - C\Users\StefanConrady\OneDrive - Bayesia USA\Studies\GIS\Demo'\Asseciated graph 5xbl O X
Metwork Data Edit View Learning Inference Tools Window Help
DOMS sLB0rR PRAPARLLO0 c=20rHO0SEE LHOGOOE\EOQ
] o |
|E| Associate Data
Define Data Structure
Separators Encoding Options
[Jmab  []Semicolon [] Comma [ Title Line
UTF-8 - )
[Jspace [ Other D [[] End of Line Character |:|
* .. 0 Congider Identical Consecutive separators
- Missing Values Filtered Values as a Unigue One
H -
LO n |t u d e S, . MR & VF 2 0O Consider Different Consecutive Separators
te . NR Fv as a Unique One
¢ % NC v NjA v| | Remove
[~] Bouble Guote as String Delimiters
. Lhe *e Sampling Learning/Test [ Single Quote as String Delimiters
. ;
o | Define Sample | | Define Learning/Test Sets | T
.t TI me (h , [] Append to Internal Database
.
Data
Latitude Longitude Latitude (2)  Longitude (2)
42,06 -72.67 35.99 -86.9
. 42,25 -72.24 35.99 -86.9
Latitude 42.19 -73.35 35,99 359
42.3 -71.71 35.99 -86.9
42,32 -71.8 35.99 -86.9
42,43 -71.46 35.99 -86.9
42,12 -71.54 35.99 -86.9
42,39 -71.22 35.99 -86.9
42,41 -71.16 35.99 -86.9
41,82 -71.16 35.99 -86.9
41,87 -71.55 35.99 -86.9
41,89 -71.39 35.99 -85.9
Previous Save Finish
| @ [00| s B
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Metwork Data Edit View Learning Inference Tools Window Help
DOES XDDCFPR PLAHELNOO a2 RNORER LHOGOOEVEOT
7 =N
|E|Associate Data
Define Variable Type
Type Action Information
O | Unmatched Coumns | Number of Rows | 1000/ | 100.00%
O Dsaete | it Mssing Values Not Distributed o/| o0.00%
.., Discrete o/| 0.00%
. e, Q= | Al = | Continuous 4| [100.00%
Longitude O weight | Al Discrete | || others o[ o00%
" Learning/Test | All Continuous ‘ Missing Values 0 0.00%
O Row Identifer Filtered Values o/| 0.00%
e Data
.._." Latitude longitude  Latitude (2)  Longitude (2)
Latitude
Cancel || Previoss || Next | save | Fnsh
E=| ol 00| e
o] Dl [ e =
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Metwork Data Edit View Learning Inference Tools Window Help
DOES XDDCFPR PLAHELNOO a2 RNORER LHOGOOEVEOT
7 =N
|E|Associate Data
Define Variable Type
Type Action Information
O | Unmatched Coumns | Number of Rows | 1000/ | 100.00%
O Dsaete | it Mssing Values Not Distributed o/| o0.00%
.., Discrete o/| 0.00%
. e, Q= | Al = | Continuous 4| [100.00%
Longitude O weight | Al Discrete | || others o[ o00%
" Learning/Test | All Continuous ‘ Missing Values 0 0.00%
O Row Identifer Filtered Values o/| 0.00%
e Data
.._." Latitude longitude  Latitude (2)  Longitude (2)
Latitude
Cancel || Previoss || Next | save | Fnsh
E=| ol 00| e
o] Dl [ e =
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Metwork Data Edit View Learning Inference Tools Window Help

DOES XDDCFPR PLAHELNOO a2 RNORER LHOGOOEVEOT

ik = |
[8#] Associate Data X
Associate Nodes
Database Modes (0) Metwork Nodes (1) Assodiated Nodes (4)

LI
-..‘.
Longitude )
. .
...... ’ B
. -
Time (h)
Information (2)
i Rows with value greater than 48.94 will be deleted!
. & Rows with value less than -124.12 will be deleted!
Latitude
Database'sMiima | Database'sMaxima | | Networkslimits | | Remove FiteredValues | | Add or Set Fittered States
| Cancel || Previos || Mext | save | Fnsh |
o 00| dhe
o] Dl [ e =
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] o |
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Longitude .- Longitude (2)
e et
{ [« -
..o" S~ Rename
.‘
._.." . Copy
Time  oee )
~  Set as Target Node
Monitor
Latitude charts Latitude (2)
Imputation
Select >
Connect L4
Alignment >
Properties >
wiEAK [00| s B
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DOES XHBOAH APAELY  Miifn DPRYEVN FOOOON NEON LRAvENF %V D
" Associated graph S.xbl * Resampling * o [ S
Missing Values Analysis Joint Probability: 100.00%
Log-Loss: 0
Multi-CQuadrant Analysis Cases: 937
Total Value: -89.271
Evidence Instantiation Mean Value: -17.854 ]
Assessment Time (h) Latitude Latitude (2
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. . 3
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GIS Mapping 15.18% <=12 4.87% <=31.14 3.05% ==32.51 2.4
\ 14.65% <=16 3.08% <=32.46 1.62% ==32.81 1.1
~__ D OHE perents sha” 12.07% <20 119% <=32.735 2.34% =33 41 73
9.36% <=24 247% ==33.31 0.74% <=33.485 1.3
. . . . 6.68% <=28 1.08% <=33.4495 8.71% ==34.255 0.5
Lonqitude WebSimulator Editor ;|t de (2) £.25% =32 8.41% <=34.255 7.78% <=35.025 29
~ 15.01% =32 T.74% <=35085 4.23% <=36.59 24
Compare ¥ 3215% <=40.445 2.29% ==36.845 1.2
Longitude 0.35% <=40.495 2.43% ==37.275 6.0
" . 0.95% ==40.59 0.56% ==37.425 49
N’ Mean: -91.830 Dev. 15,431 6.51% <=40.355 7.07% <=38.695 16
2.05% =122 475 3.88% <=41.395 16.01% <=4059 53
. 419% «=121.01 251% ==41.71 B8.27% ==40.875 111
Time (h) 079% = 11968 3.69% <=42.065 1.68% <=41.045 9.4
- - 7.38% <=-116.87 6.38% ==43.07 0.26% ==41.065 08
/ N N Vas rees 2.44% <=4394 4.95% =41 71 87
107 1132175 2.95% <=44.09 3.49% =42 085 10
\ \ 255 110135 1.25% <=45 555 6.86% <=43155 22
~_ . S 213% <=-105.675 0.91% <=46.095 4.69% <=44.955 141
— — a0 10108 0.35% <=16.285 £.50% >44.985 48
. . 9.38% <=-95.045 1.73% ==471.29 20
Latitude Latitude (2) 132% <9551 0.38% <=47.42 37
0% 3534 1.45% =47.42 08
6.80% <=-G1.705 —
6.89% <=-88.3
2.70% <=-87.665
1.21% <=-87.325
6.17% <=-B4.755
4.61% <=-83.675
8.38% <=-80.445
2.08% =<=-80.1
14.63% <=-74.22
4.63% <=-T3.865
2.13% <=-73.22
3.91% <=-G9.87
0.94% >-60.87
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TN
\

Jaint Probability: 100.00%
Log-loss: 0

Cases: 997

Total Value: -89.271
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Longitude

'
\\,_,/

Latitude

©)
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N

Time (h)

GIS Mapping
Map Settings
/‘_"\ Map Type Roads ~
) Latitude | Latitude w
S A Longitude |Longitude -

Shape
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Size
(®) Fixed 100
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\
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Min Mid Max -
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Cancel
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Latitude

Mean: 38.161 Dev: 4.613
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1.89% ==27.31
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4.87% ==31.14
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Value: 38.136
2.64% <=28.545
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Drive Time Bands

Computing the Cost

e “Search the Map” =>» slow, but accurate
e Great-Circle Distance Computation =>» fast, but inaccurate
* Learn & Infer =» fast and good approximation
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Spatial Learning and Optimization

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.
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Hub Location Problem
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Hub Location Problem

Workflow

* Encode theoretical model of problem domain.
* Define Nodes

e Observed

* Unobserved

* Functions
* Load data for origins and destinations.

e Perform Function Optimization.
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Map of Analytic Modeling & Reasoning

Model Source

Where?

Causal Model
Causal Inference

Attribution

Prediction Optimization

Description Explanation

Simulation

 Association/Correlation | Model Purpose Causation
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Hub Location

Theoretical Model of
Problem Domain

Longijtude in

Radians

Latitude in

Radians

Origins

phi1

Function Nod
Grand Total

Computed,
unobserved
node

To be
c. manipulated

Computed,
unobserved
node

To be
manipulated

@b Latitude (Degreey

émbdaii

[ ‘Destinations
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Hub Location O

lambda1

Theoretical Model of

Problem Domain

(

\_

d=2r arcsin(\/hav(cpg — 1) + cos(p1) cos(p2) hav(As — )\1))

— Ay — A
= 2rarcsin sin® (%) + cos(yp1) cos(p2) sin? (%)

BayesialLab.com forum.bayesia.us/ca
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[&#] Node Editor

Mode Selection: | Distance 1 w Rename
Values State Names Reference State Filtered State Comment
States Probability Distribution Properties Classes

Probabilistic  Deterministic  Tree Eguation

Equation Type: (@) Deterministic  (_) Probabilistic

YDistance 17 =
2*3955%Asin{sqrt{(Sin{{?phi2?-?phi1?)/2)) 2 +Cos(?phi1?) *Cos(?phi2?) *(Sin({?lambda 27 -?lambda 17)/2)) ~ 2J)

erated!

1000 | Smoothing: 0| [«]Fixed Seed: 31 Valid:

Discrete Proba Distributions  m | [Distance 1
Continuous Proba Distributior | [lambdal
Special Functions phi1
Arithmethic Functions lambda2
Transformation Functions phiz
Conversion Functions
Trigonometric Functions
Relational Operators w




Hub Location O e 0

lambda1 ambda2 lambda3

Theoretical Model of

PrObIem Domain Hub Longitude (Degrees)

[#] Node Editor X

............... \)

Total Distance istance

Mode Selection:  Total Distance R Rename

Egquation Properties Classes Comment
#Total Distance? =

MeanValue(?Distance 17)-+MeanValue(?Distance 27)

Please validate formula!

Samples: 1 Fixed Seed: 314 Validate
Discrete Proba Distri » | [Distance 1

Continuous Proba Di Distance 2
Spedial Functions phi3
Inference Functions
Arithmethic Function
Transformation Func
Conversion Functior
Trigonometric Funct ¥

< ? Hub Latitude (Degrees)
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Node to be

Hub Location ¢
Theoretical Model of
PrObIem Domain Hub Longitude (Degrees)

p

D et |

istance ista i ce
Value to be
minimized

phi1
Node to be

optimized

Hub Latitude (Degrees)
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Hub Location Problem
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BayesialLab Trial

Try BayesialLab Today!

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

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

med
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Webinar Series

Reasoning Under Uncertainty

e 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
e April 30 Part 4 — Representing Spatial and Temporal Dynamics
* t.b.d. Part b — “Test & Treat” vs. Presumptive Treatment Policy

Program Subject to Change — Check for Updates
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BayesialLab Self-S

Introductory Course & Advanced Course Availai

60-Day License to BayesiaLab Education Editib |

20+ Hours of Screen/Lecture Recordings

300-Page Training Manual

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

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



8th Annual BayesiaLab Conference
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BayesialLab.com

8" Annual BayesiaLab Conference

October 8-9, 2020

The Exchange Tower

lvey Donald K. Johnson Centre
130 King Street West

Toronto, ON MbX 1K6, Canada

Registration is now open:
bayesia.com/bayesialab-conference-2020
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stefan.conrady@bayesia.us
jouffe@bayesia.com

linkedin.com/in/stefanconrady n

linkedin.com/in/lioneljouffe

BayesianNetwork

facebook.com/bayesia
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