Find  Finalty

Vivien Reid

ildgrowth Walker

QCyofthe Camarum

R bsort

X The Edest Reborn

X Godies Sine

Y Jhought Easue

X% Kayas Wath
X Jefe,Hero of Dominaria
% Kaya, Orzhow Usurper

P

2, Hallowed Fourt
%

QHunted Witness

Glaca Fortress >

‘Adanto Vanguard

HistoryofBenalia

Thom Lieutenant
Conclave Trounal

Emmara,Soul of the AccordJ#

Legio's Landing

Trostan Discordrs

Flower // Fouish Venerated Loxodon

Sunpetal Grove 48 (Wtive Taker

Temple Garden 48 F inoreskatie Formation

March ofthe Multitdes o

Key to Lines

Ravenous Chupacabia

Merfolk Banchalker

Lanowar Eves

adelight Ranger

Incubation Drid

Skewer the Grtics g

Hostage Taker

Camage Tyrant

Assasins Taphy

Woodland Cemetery

Overgiown Tomb

Memorial o Foly Widerness Reclamation 1

Gowth spira £

Shister Sabotage £

Drowned Gtaconb ¥

Searc for ecant S

Watery Grave R
" Chemisters Insight

D Hydrod Krsis

Vs’ Contempt R o (1

Hinteland Harbor )

op

N\ etk Trcster

Niv Mizzet, Paun N\ Vist-Closked Herald

Memarilto Genius

Steam Vents

Siten Sormamer Ny

=== Esper Control === Sultai Midrange
Gruul Aggro e Temur Reclamation
wmm= Azorius Aggro === Mono-Blue Tempo
m=== Red-Green Aggro === Simic Reclamation
=== Mono-Red Aggro Mono-White Aggro

Rakdos Aggro Selesnya Tokens

SulfrFals
Termpest Djnn Xy

Exgansion /Explsion 8 hehof Orazca Chart s Course Ny

Curous Otsession Ny
Fiery Cannonade

Shivan Fie
Essence Cpture Ny

Spel Piece

Wizard Rtort

o Colison )/ olosss
o Unctimed Tertory
o G uildgne
o e, Sconof Ura
o Sargan Helie
o RetindingPhonix
o i Hrpaaner

o Grut spellbrester

o Growth Chamber Guardian

B. Jacobsen
M. Wallinger

S. Kobourov

o M. Nollenburg

MetroSets

B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg



Motivation: Set Visualization of Small Datasets

British Isles
United Kingdom

Great Britain

Scotland

England
Wales

Venn Diagrams Euler Diagrams EulerView
Simonetto et al. [2009]
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Motivation: Set Visualization of Small Datasets

Overlay-based Systems

e Geo-referenced data
e Node position as input

LineSets BubbleSets
Alper et al. [2011] Collins et al. [2009]

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg



Motivation: Set Visualization of Large Datasets

UpSet - Visualizing Intersecting Sets [ LULET R0 E R ET Il Movies Genres (17 sets, 4 attributes) ® Load Data About UpSet UpSet for R
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UpSet

Lex et al. [2014]
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Motivation: Set Visualization of Medium Datasets?
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Motivation: Set Visualization of Medium Datasets?

Metro Map Metaphor

REM O
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Motivation: Set Visualization of Medium Datasets?

Metro Map Metaphor

& e Sets are lines

REM, O

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 7



Motivation: Set Visualization of Medium Datasets?

& & Metro Map Metaphor
& & e Sets are lines
¥ > .
On *o.% e Elements are stations

REM, )
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Motivation: Set Visualization of Medium Datasets?

& & Metro Map Metaphor
& & e Sets are lines
¥ > .
o ‘o% e Elements are stations

e Overlapping sets are interchanges

REM, )
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Metro Map Metaphor: xkcd

SUBL/AYS

NORTH AMERICA

d
. VANCOUVER aame
) % ‘C
H ) T— 3¢
E e N, NONTREN.( \
) ‘
# % e % /
——" ‘---" e ~ s "'
> N S,
> -
N TORONTO o/
i %% /
SAN ] %4
. Q,
——, 13
&
-

PERMANENT LINK TO THIS COMIC: H

IMace URL (FOR HOTLINKING/EMBEDDING): HTTPS //iMGs. xKCD.cOM/COMICS/SUBWAYS.PNG
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Metro Map Metaphor: Handcrafted Examples

ROCK ‘N’ ROLL
METRO MAP..

‘7
Pt

P85 eI
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- s
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S LS
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ROCK’N’ROLL
METRO MAP

the infographic map
of the most influential

rock'n’roll bands

[ Le— Q) oo
[ O ===

[ Y. @ i
© o Q i
e

ROUTES THROUGH BREXIT

LONDON SECTORS

TrodaPoses b 0%,

http://www.albertoantoniazzi.com/

http://www.brexitmapping.com
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Metro Map Metaphor:

Handcrafted Examples
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Metro Map Metaphor: Handcrafted Examples
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Metro Map Metaphor: Handcrafted Examples
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Metro Map Metaphor: Handcrafted Examples

ROUTES THROUGH BREXIT

’
LONDON SECTORS i
<

-

— N [ e—. S
Y. -
— pr— Trothalones L 12

http://www.brexitmapping.com
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Metro Map Metaphor: Handcrafted Examples

ROUTES THROUGH BREXIT
LONDON SECTORS

Digital Strategy

3D
Printing e-Health

Recycling
Targets

Industrial
Strategy

Non-EU
Market

UK

Duty Air Passenger
Market

O, Free Duty

Skills Visa

Customs
Handling

Sustainable
Homes Safety Building

LTI

http://www.brexitmapping.com
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Our Contribution

MetroSets

Modular design

Multiple algorithms for each step
Available online

Easy to use

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 17



Design Goals

MetroSets
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Design G

oals

U-Bahn in Wien

$152S354
o
Stand September 2017 & Leopoldau
©2017 H. Prillinger Floridsdorf u1
: Us
http://www.aardvark.at/ubahn/ GroBfeldsiediung
. o Helligenstadt Neue Donau ‘Aderklaaer StraBie
—@ [0]G] N
Yo we us Rennbahnweg
&
Kagraner Platz
Krottenbachstrafle 3’
@ Spittelau w Kagran Hausfeld- Aspern
Gersthor &' JagerstraBe Traisengasse ‘Alte Donau strage Nord
o Nussdorfer Strafe, > N Kaisermiihlen-VIC
& Friedensbriicke g
d Wihringer StraBe-Volksoper, Donauinsel Aspernstraie
. ) i U2
Michelbeuern-AKH FoRger Linde % Progartenstatie Donauspita! Seestadt
TaborstraBe
Alser Stratie o Praterétem Hardeogase
Schottenring - Stadlau
Josefstadter Strage, Nestroy Messe-Prater
“Okendierstrage  Thaliastrate Schottentor . bracea
= Schweden> Krieau
g Ratha Pl
= Hiitteldorfer StraBe s athaus Stadion Donau-
5 H marina
Brﬁl'enseep Schwegler- Fnci Volks- Herren- s " LandstraBe
Soisias straBe eglergasse theater gasse tubentor Wien Mitte
West- Neubau- Stephans- Rochusgasse
bahnhof gasse platz .
Kardinal-Nagl-Platz
Gumpendorfer Strae i
Braunschweig- Lingenfeld: Museumsquartier Karls- Schiachthausgasse
f 9ga Schénbrunt gasse Pilgramgasse platz sm'i(:-
Uasa — Y — ) — A parl
° Ober  Unter Hietzing Meidling U2 O Rennweg Erdbég
StVeit  StVeit Hauptstrae glrtel gasse 5
. R Gasometer
Niederhofstratie stummen-
Zippererstrae
pohnnot Y i Sidtiroler Platz
syeves 9> Platz Oquartier Enkplatz
2,53 Belvedere
Tscherttegasse I Keplerplatz lSJl;nmerlng
Am Schépfwerk I
Alterlaa I TroststraBe
Erlaaer StraBe
aserstra I Altes Landgut
PerfektastraBe I ' E——
Slebenhirten O Us Oberlaa
Neulaa U1

MetroSets

B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg

19



Design Goals

Traditional Metro Map Design

e Qctolinear orientations
e Few line crossings
e Readable labels
e etc.
Octolinearity
MetroSets

B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg
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Design Goals

Traditional Metro Map Design Support Graph Properties
e Octolinear orientations e Planar path support
e Few line crossings e Balanced sparseness: avoid dense regions
e Readable labels e Conjointness: avoid lines that split and rejoin
e etc. e efc.
Octolinearity Conjointness

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 21



Initial Input

Modeled as a hypergraph

(0] o o
Grampa Martin Prince Milhouse Jacqueline Bouvier Marge
o
Ned Ralph
(@)
Kent Brockman O Bart,
Nelson
Fat Tony
O (o) (o)
Sideshow Bob Smithers Mr.Burns Krusty
(@) (0] (o)
Mo Carl Carlsson Homer Lenny
(@)
Barney
MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 22



Initial Input

Modeled as a hypergraph

(0] (@)
. Grampa Martin Prince Milhouse Jn('qnnli?ﬂum-i(
e Elements correspond to vertices
o
Ned Ralph
(@)
Kent Brockman o Bart,
Nelson
Fat Tony
O (@) (o)
Sideshow Bob Smithers Mr.Burns Krusty
(@) (0] (o)
Mo Carl Carlsson Homer Lenny
(@)
Barney
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Initial Input

Modeled as a hypergraph

e Elements correspond to vertices
e Sets correspond to hyperedges

(0]

Grampa

(®)

Ned

Kent Brockman

Fat Tony

Sideshow Bob

(@)

Mo

o

Barney

Martin Prince

Ralph

(0]

Nelson

O

Smithers

Carl Carlsson

o o

Milhouse Jacqueline Bouvier Marge

Bart,

(0}

Mr.Burns

(0]

Homer

Krusty

Lenny

MetroSets B. Jacobsen, M.
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Pipeline: Preprocessing

Temporarily remove unnecessary vertices

Milhouse

O

Martin Prince; Ralph; Bart

Fat Tony; Sideshow Bob

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 25



Step 1: Support Graph Construction

Path-Based Hypergraph Support

e Simple graph with same vertices
e Each hyperedge replaced by a path

Fat Tony; Sideshow Bob

lomer; Carl Carlson; Lenny

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 26



Step 2: Expansion and Insertion

Add removed vertices back in

Milhouse Jacqueline Bouvier Marge

Kent Brockman

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 27



Step 3: Initial Layout

Assign a position to each vertex

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 28



Step 4: Schematization and Post-Processing

Refine vertex positions and finalize map

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 29



The MetroSets Pipeline: Multiple Algorithms

Support Graph Re-expansion Initial Layout Schematization
e Consecutive Ones e First Viable e Itr. Refinement e [orce-Based
e TSP e Split Insert e Spring Embedder e Least-Squares

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 30



Quality Metrics

Octolinearity

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 31



Quality Metrics

Octolinearity Conjointness

MetroSets B. Jacobsen, M. Wallinger, S. Kobourov, and M. Néllenburg 32



Quality Metrics

NN

Octolinearity

f \
D—iw VS. 1 Oo—0—
\_ Edge Crossings W,
(" )
0o 0= vs, =0—0O—
\_ Line Crossings Y,

>~c>—<>—_-<

Conjointness

i

Monotonicity

\_ Gabriel Score Y,
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Quantitative Analysis

e Start with a large hypergraph of recipes and ingredients

0.00 047 0.00 0.22 0.00 0.90 0.00 0.18 0.00 0.00 0.00
0.01 0.00 0.02 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00

(6,714 vertices, 39,774 hyperedges) o
e Use a custom-built tool to extract random sub-hypergraphs fnsert—p_
e Extract hypergraphs with n vertices and h hyperedges, Layout

forn € 20, 25, ...160,h € 6,7, ... 19
e Total of 29 x 14 x 10 = 4060 hypergraphs
Quantify how choice of pipeline steps affects quality metrics S

0.00 0.85 0.00 0.00 0.00 0.00
0.05 0.00 0.04 0.02 0.00 0.04

0.00 0.00 0.00 0.00
0.58 0.94 0.00 0.00 0.04 0.84 0.87 0.
0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00

e Quantify how n and h affect runtime of default pipeline

ETIEO|E TI|ET|E TI|ET|ET|ET(ET
L © © © v

Support 0.00 0.06 0.00 0.00 0.32 0.00 0.10 0.00 0.00 0.00
0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.0 0.00 0.00
Layout,|S| 0.00 0.07 0.00 0.00 0.16 0.00 0.01 0.00 0.00 0.00
0.03 0.00 0.02 0.01 0.00 0.04 0.00 0.00 0.01 0.01
Layout,|V/| 0.00 0.01 038 0.00 0.02 0.00 0.00 0.36 0.13 0.03
0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00
ISLIV] 0.00 0.00 0.00 0.00 0.00 0.00
y 0.04 0.05 0.02 0.01 0.00 0.03 0.0l
|S|.Schem. p  [0.94 100 0.28 0.00 024 097 1.00 0.84 0.00 0.00
w? [0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.06 0.06
[V].Schem. p [0.60 100 0.66 0.00 0.00 0.66 0.93 1.00 0.00 0.00
w? [0.00 000 0.00 0.01 0.02 0.00 0.00 0.00 0.01 0.02
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Analysis of the Default Pipeline

Average Time in Seconds

6 8 10 12 14 16 18
Number of Hyperedges

160
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20

S8pON 10 JaquinN
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Analysis of the Default Pipeline

160
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¥ 10+ 140 § -
S pd o 3
O 81 120 g k1 8 3
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o =
s | 100 3 > 6l o,
€ o) = 12 T
= 80 —Zh [= 35
o 41 0 4 o)
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T 8 g 5] &
z 40 K 8 @
01, ; ; " y y 20 01 __ T y y T 6
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Discussion and Follow-up Work

Discussion

e Addifferent type of set visualization
e Works for medium-sized sets
e Easy to use and interact with

Follow-up paper: human-subjects experiment ‘z

e Compare LineSets, EulerView and MetroSets
e Time and error, covering the spectrum of static set-based tasks
e MetroSets performs as well or better than the rest

M. Wallinger, B. Jacobsen, S. Kobourov, and M. Néllenburg, "On the Readability of Abstract Set
Visualizations," IEEE Transactions on Visualization & Computer Graphics, 2021.
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Links and Acknowledgements

Live System: https://metrosets.ac.tuwien.ac.at/

Source Code: https://osf.io/nvd8e/
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