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Agenda
e A quick overview of METAL

— Motivations E
— Travel Mapping

— Bringing my “roadgeek” side to work: using Travel m
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— Graph data derived from Travel Mapping project
— Highway Data Examiner

— METAL’s interactive algorithm visualization

e Enhancement: Traveler Data
e Using METAL graphs in an algorithms final project

e Wrapup/acknowledgements

These slides are at http://courses.teresco.org/metal/talk.pdf
and the big QR code above will take you there.


http://courses.teresco.org/metal/talk.pdf

e Variety of data sizes

Early Motivation

To find a good collection of data sets
for teaching graph (and other) algorithms.
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I want an example that’s better than this!

— small sets to be manageable for testing during development

— larger sets to be interesting and for performance analysis

e Data source

— freely and conveniently available data sets

— a motivating real-world connection

e Meaningful visualizations of results



Before I was a CS Geek - I was a Map Geek
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Each marked up with a highlighter to track travels.



And I Used Highway Photography to Document my Travels

eano Why Do You Have So Many Pictures of Road Signs?
@ 3 htrp://www.teresco.org,/pics/signs/ c ] (-'l' Google Q) [ -J E] Q-
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Search teresco.org )

Travel and Other Pictures Main Index

Google™

Custom Search

Why Do You Have So Many Pictures of Road Signs?

Why not? This page gathers up the many pictures of road signs I've taken over the years. I used to take things like state welcome signs
and others mainly as markers to make it easier to remember where other (non-sign) pictures were taken. I still do that, but now, a lot of
them are taken on purpose. Some of these have been included on AARoads, and various other highway photography web sites. If
you're looking for pictures of other things, follow the links to trip reports with the pictures below, or visit my travel and other pictures

page.

Most pictures before March 2001, were taken with a Sony Mavica FD-7 digital camera, though some are from scans of old film photos.
Later pictures are of higher quality, mostly taken with an Olympus Camedia C2100-UZ, then an Olympus Camedia C730 Ultra Zoom,

and most recently, a Fujifilm Finepix S9000.

This page describes each sign, organized by date. Click on the links to see the actual pictures. Many of the ones taken with the newer
cameras have 640x480 overview pictures as well as closeups captured from the larger originals. Where available, links are also
provided to the trip reports, containing trip details and a lot more pictures, from which the road sign pictures were gathered.

This page has outgrown its format pretty badly, now with over 18,000 links to images, all from one big page. [ hope to reorganize it
some time. There's some neat stuff here, but there's also a lot of junk. I am making one attempt to rate things: look for #'s in the

descriptions for those I think are somewhat more interesting, more *'s for more interesting images. [ haven't made it all the way i
through, yet.

b

(Knuth has road sign pictures, so why not me?)



And I Like to “Collect” Things

Jim Teresco
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As a “Roadgeek”, I Could Not Resist
The Clinched Highway Mapping Project

Clinched Highway Mapping - Tracking Cumulative Highway Travel

Clinched Highway M... > Highway Browser — ... »* | &P hup://cma...escojlist x terescoj's Travel Sta... » | [ | Highway Data Exami... = | 4+ | ~
|+ 1

| 1@ cmap.m-plex.com/index.php & | (9~ Google Q) & EB-

Clinched Highway Mapping

P

Tracking cumulative highway travel
Home Get Started Highway Browser Traveler Stats Updates Forum

Clinched Highway Mapping

This site allows travelers to map their cumulative travels over the major highways of North
America and Europe.

A free online summary is generated showing the progress made toward traveling the whole
length of the highways in a certain region or highway highway system. Get started....

Recently added highways:
(Click on the highway system name to show it on the map):

» Nebraska State Highways

» Kosovo Motorways (Autoudhét)
s Jamaica Motorways

s Albania Motorways (Autostrada)
# |nternational European Roads

You can track your travels on all the highways shown on this map:
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To Track Highway Segments I’ve Traveled

Clinched Highways of terescoj: United States of America

http://cmap.m-plex.com/



CHM — Travel Mapping
e Clinched Highway Mapping went dormant in 2014...

— my role there was as a data contributor and user, but not administrator
— the site exists, but 1s not actively maintained

— CHM users and contributors decided to build a replacement
e Summer 2015: Birth of the Travel Mapping project

— main site: http://travelmapping.net/
— GitHub organization: https://github.com/TravelMapping
— my role 1s as primary developer and project manager

— highway data is constantly improving and expanding: now nearly 35,000 commits to the highway data
repository by 20+ contributors

e Site users create and submit list of highway segments, e.g.,
https://github.com/TravelMapping/UserData/blob/master/list_files/teresco’j.list

e Enjoy the maps and statistics of your and others’ travels!

http://travelmapping.net/user/mapview.php?u=terescoj&rg=PA


http://travelmapping.net/
https://github.com/TravelMapping
https://github.com/TravelMapping/UserData/blob/master/list_files/terescoj.list
http://travelmapping.net/user/mapview.php?u=terescoj&rg=PA

Bringing my ‘“Roadgeek” Side to Work

The observations, questions, and 1deas that have led to the development of the tools that have evolved into today’s

Map-Based Educational Tools for Algorithm Learning (METAL)

e Hey, some of my data structures examples and labs are pretty boring...

e Could I use CHM (now TM) data for class examples and assignments?

e If I could do that, could I plot it on maps like CHM does?

e Can I do all this before the Dijkstra’s algorithm lab I am not really happy with that I need to assign next week?
e Hmmm, Dijkstra’s algorithm. I think I need graph data, not a bunch of individual routes.

e Who needs sleep for the next week? I can do this! I’ll create graphs and build a visualization tool too!

e All these years later, I'm still working on it!



METAL Graph Data

http://travelmapping.net/graphs/

METAL generates graphs from TM data for many countries, regions, highway systems, and local areas.

A selection from among the 1200+ graphs provided by METAL.:

Data set V| |E|
ABW-region: All Aruba highways 28 37
DC-region: All District of Columbia highways 93 90
YT-region: All Yukon highways 225 221
albuquerqueS0-area: All plotted routes within 50 miles of Albuquerque | 296 348
sienaS0-area: All plotted routes within 50 miles of Siena College 1198 1420
west-indies: All plotted routes in the West Indies 4649 59353
PA-region: All Pennsylvania highways 8575 | 10,053
usai-system: United States Interstate highway system 18,148 | 18,527
USA-national: All plotted NHS routes in the U.S. 71,392 | 76,535
USA-country: All plotted (state and national) highways in the U.S. 177,646 | 212,151
tm-master: All plotted highways Worldwide 421,966 | 499,353



http://travelmapping.net/graphs/

Visualizing the Results: Leaflet and OpenStreetMaps

e [ caflet provides a free application programmer interface (API) to overlay custom data on OpenStreetMap (and
other) map tiles

— APT’s Javascript classes and methods are fairly easy to learn and use
— Formerly used Google Maps, but free non-commercial use terminated

e METAL’s Highway Data Examiner (HDX) overlays TM/METAL data
— Graph of plotted highways within 50 miles of Albuquerque:

HDX: albuquerque50-area.tmg (Highway Graph File)

how Data Tables = Show Hidden Markers

Select AV Load Data Opti

| 281 waypoints, 327 connections: |

+ v
- Waypoints
# Coordinates Waypoint Name
0 35.815,-106.584 NM4@FR134
1 35.805,-106.680 NM4@EntDr
o 2 35.771,-106.691 NM4@MooBlv...
3 35.766,-106.938 US550@BIAQ...
4 35.738,-106.712 NM4@MadRd
'»’_"‘_. 5 35.724,-106.941 US550@BIA9...
D 6 35.716,-106.760 NM485@CR37...
* 7 35.696,-106.934 US550@BIA2
8 35.685,-106.655 NM290@PonL...
9 35.668,-106.743 NM4/NM485
10 35.650,-106.674 NM290@BriR...
1 35.632,-106.071 NM599@AIrR...
12 35.629,-106.329 NM22@CocHw...
13 35.626,-106.724 NM4/NM290

Wilderness > 14 35.617,-106.072 NM599@2
Cibola Study Area / Senill, Leaflet | © OpenStreetMap




A Shortest Path Result

HDX can also visualize the results of programs that use METAL data.

HDX: siena-to-austin.pth (Waypoint Path File)

Hide Table Hide Panel Y Rapids Sarnia A —— Manchestes
Mapnik - Madison o) . tansing~ Flint London <“,‘/‘\" .p_',,_:‘: Show Algorithm Visualization &
— - ' - Den’o" Chatham Ol‘(—‘:]”ld' Rﬂ'[ﬂn
Algorithm Vizualization Control Panel Kalamazoo Ann'Arbor
Rockford Route
Show Load Options Chicago 58‘;‘:\: Tl
Algorithm to Visualize: Select an Algorithm Aurora : o START, USo@iidin
US9 (US9/NY155
Start Fast T} La Salle e NY155 1-87(5)/NY155
Pseudocode [Pecria = 2 1-87 1-87@4
It Pitspucgh 87 87(2)/NY5
1 &7 NY5 NYS5/NY155
Saint joseph e D“Vl‘/“;;"'{}j'faiumbus NY155 NY155@WasAveExt
| & NY155 US20/NY155
Topeka Kantss ity Columbia US20 (US20_E/NY146_W
| US20,NY146 US20_W/NY146_E
StiLouls US20 US20/NY158
i 0S20 US20/NY397
Wichita Evansyiie US20 US20/NY406
Roanoke "lus20 [US20/US20HisBri @I-88
Springfield US20,US20HisBri NY7/US20/US20HisBri
US20,US20HisBri US20/US20HisBri@DuaChul
créilor US20,US20HisBri NY395/US20/US20HisBri
Toka O ) US20,US20HisBri INY30/US20/US20HisBri
AN - US20,US20HisBri (US20/NY30A/NY 162/US20H
R hattadaola fayettevile. | |US20,US20HisBri (US20/US20HisBri@ScoRd
fornen . SR US20,US20HisBri NY145/US20/US20HisBri
on US20,US20HisBri NY10/US20/US20HisBri
Zlorence Wimi095520,US20HisBri [US20/US20HisBri@CR54_E
& ons US20,US20HisBri NY 166/US20/US20HisBri
" /4); g w\BT ngtiam Atlanta T US20,US20HisBri US20/US20HisBri@CR54_W
: 59 US20,US20HisBri US20_E/NY80_E/US20HisBr
Balas & ; ) L5l US20,US20HisBri NY167/US20/US20HisBri
bl e US20,US20HisBri (US20_E/NY28_S/US20HisBr
Jackson Montgomery T US20HisBri,US20,NY28 US20_W/NY28_N/US20HisE
Waco g US20,US20HisBri US20_E/NY51_N/US20HisB; ]
US20HisBri,US20,NY51 US20_W/NY51_S/US20HisB
Kileen 4 Mok US20,US20HisBri US20/US20HisBri@EastSt , |+
| A\@'}Sﬁ/ -
& Beaumont Baton Rouge Tallahassee
l Google Hsdston JackSOnVEs o0 e® Untitled —

e Orleans

Shortest path from Siena College to Austin, Texas, generated using “Dijkstra’s Road Trip” reference solution,

displayed in HDX as a “pth” file.



The Latest: METAL’s Interactive Algorithm Visualization

e Interactive visualizations of algorithms rather than just the data and results
e The focus of a 2018 SIGCSE paper
e Implemented in HDX

EJ @ Trace Pseudocode

_Resume | Fast

Algorithm Visualization Status
#332 via DE24,DE30 added to Priority Queue

Pq ~ new Priority Queue
pq.add (start,null, 0)

while not tree.contains (end)

if pg.isEmpty

error: no path

(to,via,d) « pqg.remove ()

if tree.contains(to)

discard (to,via) // on removal

else

tree.add(to,via,d)

for each e=(to,v) // neighbors

if tree.contains(v)

discard (v,e) // on discovery|

el'se on

pg.add(v,e,d+len(e))

Visiting #325 DE24_E/DE30_N found via DE30
Undiscovered: 608 V, 753 E

Priority Queue (size 18, max 18, avg 11.5) v limit display to
entries

325548475320 2485322 413->421 325->332 235-240
DE24 US113 US9 ... DE23..tZoa DE24,DE30 DE30
12.944 11.653 11.526 8.865 8777 8.709

Spanning Tree: 38 V, 37 E
Discarded on discovery: 7 E

Discarded on removal: 6 E

37 Shortest Paths Found So Far
Di Arrive From Via

0.000 (START)

1266  |DE30../US9 [DE30

1539  [DE30../US9 |US9,DE404 s
1873  |DE30../US9 |US9,DE404

Blackwater

Reset AV

Load Data Options

Show Data Tables

SoSMaYROiAts; 814 Ocean City

&
R

|

Waypoints

Coordinates Waypoint Name

39.605,-75.745 US40/DE896...

38.647,-75.297 DE30/DE24A...
- 39.559,-75.653 US13@BroSt
3

38.656,-75.253 DE24AltZoa...

39.619,-75.695 US40@PorRd...

38.639,-75.315 DE24AltZoa...
39.606,-75.785 US40@MD/DE
38.653,-75.368 US113/DE24...

38.525,-75.357

DE26_E/DES...

38.543,-75.258 DE26/US113

=)

38.503,-75.567 DE30@BiSta...

38.632,-75.296 DE30@MouJo...

N

38.502,-75.557

__
_

DE404TrkGe...

US9@KayeRd
US9/uUs
US13@SaltB...

US113@DelA...
M Leaflet | © OpenStreetMap

13 38.664,-75.379

S

38.604,-75.515

o

38.570,-75.563

38.513,-75.557

38.503,-75.237

©

Ii

39.455,-75.675



Key METAL Project Components

We have seen METAL’s main components.
1. Large set of graphs for a variety of highway systems generated from TM highway data

e rcal world connection and visualization on maps

e wide variety of sizes
2. HDX to visualize graphs
e graph data as provided by METAL

e also can visualize data in other formats generated by programs that use the graphs, such as shortest paths,
sets of points, and lists of points

3. Interactive algorithm visualizations within HDX

e Our experience: the scalability matters: small graphs to see the details and larger to see big picture behavior
(think: BFS vs. DES)



Use It!

e METAL has been used recently in undergraduate Algorithms courses and Data Structures courses

e See http://courses.teresco.org/metal /using.html for examples including

— an introductory assignment early in data structures
— an introductory assignment early in algorithms

— usage in a “Best Of” data structure

— convex hull class example

— assignment to analyze convex hulls

— Dijkstra’s Road Trip

e METAL data and HDX are publicly available (take a flyer)
e Instructor resources available on request

¢ Please contact me if you want to give it a try!


http://courses.teresco.org/metal/using.html

New Feature: Graphs with Traveler Information
Spring 2019: Implemented an 1dea that had been tossed around for a while.

e Idea: take advantage of the traveler data from the TM project
e TM users indicate which highway segments they have traveled

e Those segments correspond directly to the edges in METAL graphs

HDX: rmu25-area-traveled.tmg (Highway Graph File)

Select AV Load Data Options | @ Show Data Tables 8 Show Markers

Nﬂ 7 T
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\-|>
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'\ Pine Townshiip S focinoo )
B a\"\ Waypoints
W . J
U 830 \\ Aliquippa | + g | \ i # Coordinates Waypoint Name
PSS ¥

R

% North Park
[ g
4 Edge Number: 320 Ropewell Towrs j 0 40.716,-80.300 PA18/PAB5@...
Endpoints: PA18/US30 <-> US30@ParkRd Hamptorfowv
Distance: 2.96 mi : 4 1 40.700,-80.279 PA51/PAB5@...
34 Travelers (mouse over for list) 7 \
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PN Py
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‘/4 < R North Fayatta
2 : d Tmmh$ N 9 40.705,-80.278 PAB8@AdaSt...
®
+/\( + 5 10 40.731,-80.240 PAB8@BigKn...
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New Feature: Graphs with Traveler Information

e Augmented the collapsed format graphs to a new format called traveled

e Header includes the number of unique travelers across all graph edges

T™MG 2.0 traveled
786 871 148

This 1s from rmu25-area-traveled. tmg, indicating 148 unique travelers.

e Each graph edge includes a hexadecimal string with enough bits to represent each traveler

653 0640 PA978 0000000000004000400100000040000000840
345 254 1-376,U0S22,U0S30 11FBC75BDSEDEDBSOE /FFOBEECEFS587B227B8FD

We can see not too many ‘1’ bits on the segment of Route 978, but many more on the segment that carries
I-376, US 22, and US 30 through the Pittsburgh area.

e Traveler usernames are included in the last line to allow mapping of bits to users, if desired



Spring 2019 Project

e Part of a final project for Analysis of Algorithms

http://courses.teresco.orqg/cs385_sl9/probsets/ac/

e Each individual or group was required to use METAL data in some form for at least one algorithm studied

e Projects included

— simple variations on searches: most visited/traveled, least visited/traveled
— variations on Dijkstra’s/Prim’s/graph traversals that gave weight to heavily- or lightly-traveled segments

— convex hull of the places visited by a particular traveler

e Presented as a session in Siena’s year-end “Academic Showcase” and was heavily attended!


http://courses.teresco.org/cs385_s19/probsets/ac/

Current Work, Plans, and Ideas for the Future

e Continue to add new data sets and improve the quality of existing sets
e More examples/assignments/labs/teaching modules built around METAL’s data and visualizations

e Expanded and improved interactive algorithm visualization

— including traveler information
— recursion

— parallel algorithms

— more complex algorithms

— student algorithm “implementations”

e More studies measuring the effectiveness of METAL



Interested?

http://courses.teresco.org/metal/

& GJ courses.teresco.org/metal/ e w Search

Map-based Educational Tools for

Algorithm Learning (METAL)

led by Dr. James D. Teresco
Home Using Graph Data Publications Acknowledgements

Motivation

"An algorithm must be seen to be believed, and the best way to learn what an algorithm
is all about is to try it."

- Donald E. Knuth, The Art of Computer Programming, Volume 1 (1997), p. 4.

Nearly any topic in a course working with data will be more interesting for students if the
data has connections to the real world and if they can visualize the data and results in a
meaningful way. When using graph data, such as in a data structures or algorithms class,
it needs to be small enough to be manageable, but large enough to be interesting. This
might consist of a small road system, airline flight schedules, or even the layout of a
campus or building. The Map-based Educational Tools for Algorithm Learning (METAL)
project provides data and visualization capabilities for this purpose. METAL's graph data
sets range in size from a few vertices and edges to several hundred thousand. Its data is
derived from the Travel Mapping (TM) Project, and represents highway systems from
around the world. Its map-based visualization capabilities are built with Leaflet Maps.
METAL's interactive code-level algorithm visualization capabilities with debugger-like
controls are intended to aid student understanding of graph and other algorithms.
Students can implement graph algorithms themselves and display, in map form, the
results of computations using those algorithms when applied to METAL data.

Wouldn't it be more fun and interesting to work with this graph
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http://courses.teresco.org/metal/
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