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Overview

e What is a trail?

e How do we get trail data?
— Characterize trail as network data

e Trails and Loom
- Visualization
- Networks from trails
- Finding similar trails
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What is a Trail?

e A trail is a trace of the movement of something
over time

e For example, the movement of an attachment
through a series of email communications creates
a trail

e What are some other examples of trails?

- People moving from place to place - geospatial trails
- Twitter hashtags
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Geospatial Trails

e Usually geospatial trails represent agents
travelling in continuous space and time.

e Network data: discrete node and discrete time.
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Geospatial Trails

Time |Location
2017, June 7, 9 am Green St.
Aggregate 017, june 7, 10 am  Design District

—)
Slice  2017,June 7,11 am  Chinatown
Gate

2017, June 7, 12am 16 th st.
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Trails visualization

.
e ORA Over-time visualizer

- Benefit: Can see changes in network structure over

time

- Drawback: For sparse trail data, not very effective
e ORA GIS Visualizer

- Benefit: Can see the spatial distribution of trails

- Drawback: Lose the temporal information
e Loom

- Benefit: Can see the temporal distribution and the
places travelled to

- Drawback: Spatial distances, where they exist, are not
preserved
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What we'll do

I
Import a trail dataset with spatial information

Visualization
- Understand the benefits and drawbacks of different
visualizations of trail data
e ORA Over-time visualizer
e ORA GIS visualizer
e Loom
Finding Similar trails
- Use Loom to cluster trails

Obtain networks from trails

Carnegie Mellon

Import a dynamic meta-network

e Same as importing a regular meta-network
- Drag-and-drop
- File->Open Meta Network

e Import TrailsDataset.xml
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Importing

eve Trail Data ene ORA 3.09.9.87
< zEn= 8 &~ » File Edit Preferences Data Management Generate Networks Analysis Simulations Visualizations System Help
i = 282 -
fwvorites Hame Date Modified F Ald Bl A4
= e e Ty R ———— |
O Doy » 55t I Name  TrailsDataser
& Creative C..
5 Filename ... Dropbax/Data for Trail Training & Case Studies /Trail Data/TrailsDatases.:
# Applications
B Recents [ Cenerate Reports_ | 5, Vaustize | B MessureCharts | I VewTra
32 Dropbox Keyframes and deltas time stamped by: « Date Period
0B Docurerts Nodeset  Agent [ nodes displayby Node ID
[ eskop

B Arorop Statistics:

Keyframe count: 109

Deltacount: 0

Earliest date:  1903-01-01 00:00:00
Latest date:  2012-01-01 00:00:00

e‘s.s Find:

2 2020 ]
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The Data

e Our trail:
— Locations are our nodes
- Agents are what is moving between them

e Lets explore the data
- In ORA
- Networks over time visualizer
- Geospatial visualizer
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ORA Main Window

ORA3.0.9.0.87

File Edit Preferences Data

381831 =

33
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;

12 1957/01/01 00:00:00
£22 1958/01/01 00:00:00
232 1959/01/01 00:00:00
122 1960/01/01 00:00:00
132 1961/01/01 00:00:00
223 1962/01/01 00:00:00
332 1963/01/01 00:00:00
31 1964/01/01 00:00.00
822 1965/01/01 00:00:00
222 1966/01/01 00:00:00
112 1967/01/01 00:00:00
232 1968/01/01 00:00:00
222 1969/01/01 00:00:00
32 1970/01/01 00:00:00
12 1971/01/01 00:00:00
232 1972/01/01 00:00:00
122 1973/01/01 00:00:00
£321974/01/01 00.00:00
232 1975/01/01 00:00:00
332 1976/01/01 00:00:00
£221977/01/01 00.00:00

sos Agent: size 4

ssa Location - size &

‘T
232 1978/01/01 00:00:00
222 1979/01/01 00:00:00
552 1980/01/01 00:00:00
£33 1981/01/01 00:00:00
332 1982/01/01 00:00:00
£11 1983/01/01 00:00:00
£221984/01/01 00.00:00
232 1985/01/01 00:00:00
112 1986/01/01 00:00:00
332 1987/01/01 00:00.00
222 1988/01/01 00:00:00
E 1989/01/01 00:00:00

AavvvYTYYTYTTYTYTTYTVYYYTVYTYOVYOYY

=
2

Analysis

Network: Agent x Location

Convert Links Trim _Nodes Row Nedes Column Nodes Display Options

System  Help

), ad B o And B Showmarches |5
Q NewYork  Portland | | Oakland  Montreal
The Commissioner 1 0 0 0
Mr. O'trien 0 1 0 0
Vince Lombardi [ 0 1 0
Lord Stanley 0 0 0 1

Rows: 0/ 4 Selected, 4 / 4 Visible

Columns: 0 / 4 Selected, 4 / 4 Visible
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Networks Over Time Visualizer

Al 2
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ORA3.09.9.87

(]
File Edit Preferences DataManagement Generate Networks Analysis Simulations

Name  TrailsDataset
Filename /UsersMihovil /Dropbax/D

(6 GenerateReports.. || 't
Keyframes and deltas time 5|
Nodeset Agent [ |

Sttistics:

Earliest date:  1903-01-01 00:00:00
Latestdate:  2012-01-01 00:00:00

View Network Distance over
Vector Maps

{TrailsDataset.xml 3 Load...
& Network Drill Down... =
= Node Cloud. =
© GeoSpatial Networks...
Region Viewer...

ls.
View Trails in GIS...
View Networks >
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Hide links with value: [ Less

File View Actions Tools Layouts Meta-Nodes
Fl B Bl 2 rowe(T) &) @ D Fontsize 116 o Nodesize 16 3 LinkWidth 4
B -ss0:

Networks Over Time Visualizer

1903/01/01 00:00:00 - ORA Network Visualizer
Node Appearance _Link Appearance Display _Help
@A~

Hide Components Sized Less Than 0 2

+ ofLegend + t
ind File _Select
Ll -
Y Timeslices  Clustering @ tocaton
. - Phase Duration Aot Locarion
NI~ Display Phase duration: 1.5 sec
|l Tampa Bay
Auto-Layout
Detroit
T ‘ord Stanley i
Mr. O'Brien
Play Stop .
Vince Lombardi
Boston
The Commissioner
7 Nodes, 4 Links Current Time: Thu Jan 01 00:00:0 _ Hyperbolic:0  © Zoom: -6 - — p— +
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Geospatial Visualizer

ORA3.09.9.87

°
File Edit Preferences Data Management Generate Neworks Analysis Simulations [[TFTEESYORY System Help "

2 View Measures Over Time...
3 View Networks Over Time...
$3 View Networks Over Time in 3D.
View Network Distance over Time...

Name  TrailsDataset

Filename /Users/Mihovil/Dropbox/D  Yector Maps JTrailsDataset.xml 2 Load..
& Network Drill Down...
fr Node Cloud s

L Generate Reports. 2

Keyframes and deltas time s/ ock
Nodeser | Agem B | Roc:oslnmmmmmm

Sttistics:

i 109

Deltacount: 0 iZ
Earliest date:  1903-01-01 00:00:00
Latestdate:  2012-01-01 00:00:00
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Geospatial Visualizer

File _Edi

ferences Data Management Generate Networks Analysis Simulations  Visualizations System Help

LT EEEE Y YBE I
Meta-Network Manag 0| 1:f- Dynamic-Meta-Network: TrailsDataset #
> 1ot e Name sDataset
Filename /Users /Mihovil/Dropbox/Data for Trail Training & Case Studies/Trail Data/TrailsDataset.xml ond..
(@ Generate Reports... | “t Visualize | I Measure Charts.. I View Trails...
Keyframes and deltas time stamped by: + Dite  Period
| Nodeset  Agent | nodes displayby NodelD 3
| - sttistics:
ke Choose a Network

o |

Carnegie Mellon

2% Geospatial Visualizer (older
versions of ORA)

oo e Traits - Ora-GIS Visualizer
File Modify Network Analyze Network Tools Map Options _Shapefiles Options Help

r'l G+ Q& T & O FomSize 10 MinimumNodeSize 1

Hide links with value:  Less Than B oo

File Layers Options
ora-ais # o
Dynamic Network Layer

Maximum Node Size 1 O Link Width 1

7 Location
7 WThe Commissioner
7 WLord Stanley
4ot TS Stanley (57 1) Edmoato: 7 WM. O'Brien
v
v
v

¥ i st ap e s Bvince Lombards

~The Commissioner x Loc

#= ~iLord sunley FriJan 92 009090 E5T 1915; (0 Vaneraver, ) ~The Commissioner trail
M) My O'frien Mon Jan-01 000000 EST 1974; (L) Locd Stanley Monlin 01 OG04 EST 1917; (L) Seatthe;
e = P U Locd Stanley ! ic o, ! 00:00:0¢|
M e Orien Sat Jan 01 0000:00 EST 1977: (L) Poetland: Pe e
s 5 o
7

ki o7 1
4 1ford santey Sun Jan 01 0000

e B S T i e 5
91 0UD0Rg EST 701 1; 1) Loed Staney Fr Jan O

d Staniey Tha Jan 01 0000:00 EST 2004; (¥) Vince Lombardi Wed Jan 0300:00:00 E5T 2003; (L Tal

T (0 e, e S 0100

0 EST 2006 (T) The Comanissioner Wedflan 01 009000 EST 20013
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Geospatial Visualizer

Trails - Ora-GIS Visualizer
Options_ Help
deSize 1 @ MaximumNodeSize 1 @ LinkWidth 1 : ‘v

ene
File Modify Network _Analyze Network _ Toolgffff s
Bing Aerial
"D kR b A e OpenStreetMap
| Hide links with value: ~_Less Than Samen e .
L Stamen WaterColor  File Layers Options |
Dynamic Network Layer
7 Location
7 WThe Commissiones
7 Blord Suniey
7 B, OBtien
+ WVince Lombardi
" The Commissioner x Loc
¢ " The Commissioner trail

1917 (1 seatie.

Layers

Wadbide Postave 5
A Lot il Move Up Move Down

A SRR 1954: (L) Houston;
935; 1 Vot
o Staniey Thu Jan 01 0000:00 EST 2004; (¥) Vince Lombardi Wed Jan 000:00:00 E5T 2003; (L1 Tal

2003
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Geospatial Visualizer

() A— . . D _ Trails - Ora-GiS Visualizer
File Modify Network Analyze Network Tools Map Options Shapefiles Options Help
‘ u + L @ G 9 Q Font Size 10 © Minimum Node Size 1 © Maximum NodeSize 1 - LinkWidth 1 = =

‘»munuumm: Less Than B o0

Dynamic Network Layer
7 Lecation
4 WThe Commissioner
7 WLord Stanley

7 mMr. O'srien
&
v
v

MVince Lombardi
~The Commissioner x Loc
~The Commissioner trail

IS Layers

Move Up Move Down

18




<Your Name>

e for
IS et

15

Qarnegie[\lel lon

File Edit Preferences Data Management Generate Neworks Analysis Simulations [JFTEESYOEY
L &

Loom

ORA 3.08.9.87
System _Help

3 View Networks Over Time...
$3 View Networks Over Time in 3D...

View Network Distance over Time...
Filename /Users/Mihovil/Dropbox/D  Yector Maps

Name  TrailsDataset

2 serwork Drill Down.. [TrailsDataset xml 2 oad..
L) Generate Reports. s b Node Cloud. 2y
Color Gr
Keyframes and deltas time s 1 ock
© GeoSpatial Networks..

Nodeset _Agent

Statistics:
Keyframe count: 109 w—
Deltacount: 0 View Networks .

Earliest date:  1903-01-01 00:00:00
Latestdate:  2012-01-01 00:00:00
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Loom

ORA3.09.9.87

File Edit Preferences Data Management Generate Networks Analysis Simulations Visualizations System Help

ETTm—TTTE . om

Name  TrailsDataset

Filename /Users/ Mihovil/Dropbox/Data for Trail Training & Case Stud:

(S Cenermeneports.. || h, viuaize || K Measure Chl @

Keyframes and deltas time stamped by: = Oute  Perod

Nodeset Agent | nodes displayby  Node D
Satistics:
Keyframe count: 109
Dehacount: 0
Earliest date:  1903-01-01 00:00.00
Latest date: 2012-01-01 00:00:00
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e0e Loom | Agent x Location,trail
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Trails and Loom

o
e Visualization over time is hard
— State of the art revolves around animation

- Loom allows us to visualize trails over time in a static,
understandable environment

e Trails may have similar patterns, but these are
difficult to observe
— Loom allows us to cluster similar trails together

e We can get networks from trails, for example,
who is connected by the given attachment?

— Loom allows us to easily export such networks to ORA

22
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e Finding Similar trails
- Use Loom to cluster trails
e Obtain networks from trails

What we'll do

"
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Why cl

e Why are we interested in
trails and trail clustering?

- Gain information by
analyzing agents across
space and time together.

- Interested in grouping
agents that display same
behavior across time. E.g.
visit the same locations
across time.

uster?

New Yo..Boston  Chicago Detrolt  Philade...Edmon... Calgary  Phtsbu... Newark Derwer Dallas.
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using PFSA

Depth =2
pl Ttll ﬂ.-lz 0 0
S P2 0 0 Moy 1oy Depth =
7 = — pth=3
P P3 u M3, T3, 0 0
2 0 0 Ty My

el S0 State Probability Vector  State Transition matrix
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Clustering of Trails using PFSA

e Each trail is now represented by a numerical feature vector,
the state probability vector of the derived PFSA (the model
of the generative process).

e To look at joint spatiotemporal behavior we now cluster the
agent trails based on their feature vectors.

e This is done using a two step process.

— A coarse clustering step : Trails are initially grouped
coarsely according to the locations visited, irrespective
of the frequency of the visits.

— A cluster refining step : The coarse clusters are each
then clustered using agglomerative clustering to derive
groups of trails which visit “similar” locations with
“similar” frequencies.

$08
GASY3,
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Refining the Coarse Clustering

Depth = 1

Cluster

Trail pattern depth: Y | b
Cluster quality: 1.0

Clear Compute

27
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Viewing time sequences

Each cluster contains trails with similar patterns in the sequences

of locations visited
Thus extract the longest common subsequence amongst all the

L]
New York St Louts  San Franc...

trails belonging to a cluster.

BANANA
ATANA

ANA AANA

Longest common Longest common
string subsequence
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What we’ll do

\\ H ”

e Obtain networks from trails

s
lSl
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Generating Networks from Trails

e We can better understand how different cities
relate via championships by getting networks out
of them

What we'll do

e Generate the networks

e View them in ORA

e Use ORA Network Visualizer




<Your Name>

Carnegie Mellon

nsttute for
ISTE#

Exporting the Matrices

e0e
[ options  Clustering _Events
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What we now have

e ORA uses all of the trails and
outputs a single meta-network

Meta-Network Manager #

> Jol- TrailsDataset - Colocation - An edge is created

e ea between the trophies if they ever
‘i oo existed at the same place at the
o+ ronstion same time

- Visit Matrix - An edge is created
between city and trophy if the city
ever won that trophy

- Transition - An edge is created
between cities if a trophy ever
traveled from one to the other in
consecutive years

32
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Colocation

Agent x Location_trail

The Commissioner

Vince Lombardi
Mr. O'Brien

powsred by OR&NetScanes, CASQS Carter @ CMU
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Visit
Cleveland. 1) Cincinnati
@ Atlanta
Indianapolis
b Oakland O
@ Washington
New Orleans.Kansas City. .
@ Baltimore
San Francisco g, @ Milwaukee
Green Bay g, The Commissioner Los Angel
geles
Vince Lombardi e _.' @ Minneapol® Pordand
Phoenix @ @ Miami
@5t Lols - ) Rochester
Pittsburgh @y o york @ Mr. O'Brien
Dallas. ® Boston
Syracuse
Denver Tolonto. Chlcago. . [
Tampa Bay @, Anaheim g, @ Iﬁa%"’eﬁ';ﬁﬁa @ San Antonio
@ Houston
Lord Stanle Seattle
Newark g '@ @
Raleigh.
Calgaw.
Quebec
Montreal @ Ottawa. @
Edmonton Vancouver
c‘s's .Vn:loria. @
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e We discussed what a trail was - a trace of the
movement of something through a network over

time

e We used an example dataset and looked at trail
data three different ways - in the Networks Over
Time visualizer, the GIS visualizer and Loom

e We talked about how to find similar trails in Loom

e We looked at how we can get new, interested
networks out of our trail data




