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Motivation

Common task in data analysis and many kinds of
information intensive work:

Compare, evaluate and interpret
related pieces of information
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GAME...



Do you know this guy?
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In case you
wanna have
a tattoo...
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Spot the
differences

Comparison Task




What‘s the Problem?

Finding, comparing and interpreting information
is error-prone and tedious

— Support human
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Overview

PART 1: What to link?
Defining Common Relations

PART 2: How to link?

Representing Relation on View Level

PART 3: When to link?
Cases in which Linking is Beneficial



Overview

PART 1: What to link?
Defining Common Relations



Part I: What to Link?

1. Entities/Elements (what is linked?)
— data items, clusters, datasets...

2. Cardinality (how many are linked?)
— binary or n-ary (n>2)

3. Domain (where do the links stem from?)
— data, view, interaction
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About Ourselves: Hans-Jorg Schulz

MSc+PhD in Rostock (Topic: Graph Visualization)

Currently researcher at the University of Rostock
working on visualization of heterogeneous data
(funded by the German Research Foundation DFG)

What he does when the DFG is not looking:

tree visualization survey: http://treevis.net

visualization design spaces

visualization for the biological domain



Overview

PART 2: How to link?

Representing Relation on View Level
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Though during the Revolutionary War the city escaped
enemy occupation, the capture of nearby Newport
disrupted industry and kept the population on alert.
Troops were quartered for various campaigns and
Brown University's University Hall was used as a
barracks and military hospital [%]

After departing from Newport, French troops sent by
King Louis XVI and commanded by the Comte de
Rochambeau passed through Providence on their way
to join the attack against British forces. The march
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Part II: How to Link?

1. Similarity (Gestalt principle, Wertheimer 1923)

2. Proximity (Gestalt principle, Wertheimer 1923)

3. Connectedness (Palmer&Rock 1994)



About Ourselves: Alex [ex

PhD from Graz University of Technology

Post-doctoral Researcher at VCG@Harvard

Research Topics:
Visualizations with applications in molecular biology

Visual linking



Overview

PART 3: When to link?
Cases in which Linking is Beneficial



Part III: When to link?

Display 1 Display 2
Application 1 Application 2 Application 3
[ View 1 ] [ View 2 ] [ View 3 View 4 ]
[ ﬁ User 1] [ﬂ User 2] O User 3
£
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About Ourselves: Marc Streit

PhD from Graz University of Technology
Assistant Professor at Johannes Kepler University Linz

Visiting Researcher at Harvard Medical School

Research Topics:

Visual Analysis of Heterogeneous Data
Focus: Biomolecular Data

Visual Linking

Caleydo (www.caleydo.org)



Overview

PART 1: What to link?
Relations on Data, View, and Interaction Level

PART 2: How to link?

Representing Relation on View Level

PART 3: When to link?
Application Areas that Benefit from Linking



2:15-3:15
3:15-3:40
3:40-4:15
4:15-4:50
4:50 - 5:50

Part
Part

Schedule

: What to Link?

|: How to Link?

Coffe break

Part

Part

: How to Link?

I: When to link?
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WHAT*S YOUR
BACKGROUND?



WHAT*S NEXT:
WHAT TO LINK BY HANSI

-
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PART I;
WHAT TO LINK?

Speaker: Hans-Jorg Schulz
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Linking What Belongs Together

Fulfilling the criterion of being expressive, we
want to link “stuff” that it is

Related, Associated, Connected, Affiliated,...

“When two objects, qualities, classes, or
attributes, viewed together by the mind, are seen
under some connexion, that connexion is called a
relation.”  —Augustus De Morgan (1858)



Linking What Belongs Together

Disclaimer: There appear to be cases in which the
opposite is useful/done.

The EIRTEE*-Scenario

D

*Everything-Is-Related-To-Everything-Else
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Relations

Definition:
Relations assign true/false to a k-tuple.

Aspects to consider:

* the cardinality k

* the elements of the tuple

* the domain in which the relation is defined



Relations: Cardinality

Cases:

* k=0: tautology (TRUE) + contradiction (FALSE)
* k=1:unary (property)
* k=2: binary (is not necessarily a 1:1 relation!)

JIINIL NN

* k>2: n-ary with n>2

TV dobede
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Relations: Elements

We define relations over (some part of) data.
We assume a simple hierarchical data model:
 {attrib,,...,attrib,} = data item
* {item,,...,item;} = data cluster
* {clustery,...,cluster, } = data set
* {set,,...,set} = data landscape

The tuple elements are drawn from these levels.
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Relations: Elements

A set of elements is defined by a granularity and a scope.

While the granularity defines the level of detail of the
relation, scope defines its extent.

For example, relations can be established between data
clusters (granularity), which are drawn either from an
individual data set or from multiple data sets of a data
landscape (scope).

Relation Scope level > Relation Granularity
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Relations: Domain

While the relation is defined over the data
domain, it may stem from any of the following:

* Data Domain
* View Domain

* |nteraction Domain

To identify the original Relationship Domain can sometimes
be hard: Is data related because it is jointly interacted with,
or is it jointly interacted with because it is related?
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Relations put Together

* Cardinality * Domain
*  binary * Data
* n-ary with n>2 * View

* Interaction

* Elements = Granularity + Scope

Data attributes
Data items
Data clusters
Data sets

Data landscape



Relationships: Other Aspects

Inherent vs. Derived
Transitivity, Directionality, Strength

Multiple relationships
Example: coauthorship, citation, co-citation,...

Running between different

» Data tuples, Data tables, Data bases
* Graphical objects, Views, Applications



Relationships: Interrelations

Under certain circumstances, it is possible to
transform relationships. For example:

* n-ary relations on data item level
- binary relations on data cluster level

7

N

2

\

N\

y

=[]
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Relationships: Interrelations

Under certain circumstances, it is possible to
transform relationships. For example:

* n-ary relations on data item level
- binary relations on data cluster level

* relations derived from interaction domain
— relations from data domain, if interaction
logs are considered as additional data set
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Relationships: Examples

1 ARGOls Data Attributes Data set binary

2 Graphs Data ltems Data set binary

3 Hypergraphs Data ltems Data set n-ary

4 Clustered Data ltems Data set n-ary
Data

5 Matchmaker Data Clusters Data set binary
/VisBricks

6 StratomeX Data Clusters Landscape binary

7 StratomexX: Data Data Sets Landscape binary
DVI

8 Spatial View Attributes Data set binary
Treemaps

9 Stack'n‘Flip  Interaction Data sets Landscape binary
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Example #1: ARGOIs

(Domain: Data, Elements: Attributes in Data Set, Cardinality: binary)

* Relationship: two attributes are related,
iff they belong to the same data tuple

* Common visual representation: ParCoords

Image taken from Tominski+Schulz (2012)
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Example #1: ARGOIs

(Domain: Data, Elements: Attributes in Data Set, Cardinality: binary)

Attribute Relation Graphs of Interest
ARGOIs
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Example #1: ARGOIs

(Domain: Data, Elements: Attributes in Data Set, Cardinality: binary)

Straight-line planarity required!
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Example #2: Graphs

(Domain: Data, Elements: Items in Data Set, Cardinality: binary)

* Relationship: two items are related, iff
there exists an edge between them

* Common visual
representation:
Node-Link-Diagram

Image taken from
Hadlak, Schulz, Schumann (2011)
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Example #3: Hypergraphs

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

* Relationship: a number of items are related,
iff there exists a hyperedge between them

:
[Madison||Elizabeth]s

* Common visual
representation:
Euler-Diagram

Image taken from
Riche+Dwyer (2010)
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Example #3: Hypergraphs

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

* Recall interrelationships

* Hypergraphs can be transformed into regular
graphs

'S
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Example #4: Clustered Data

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

* Relationship: a number of items are related,
iff they belong to the same cluster

* Common visual
representation:
Scatterplot

o 6 o o o o o o
N 0 M s W N =2 D

Image taken from
Luboschik et al. (2010)

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex 51



Example #4: Clustered Data

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

Clustering is the division of data into groups of
similar objects.

given: a (dis-)similarity measure/matrix

* np-dimensional, numerical data: Euclidean
istance

* network data: Graph-theoretic Distance
* strings of text: Edit Distance

sought: a grouping of the data w.r.t. that
measure



Example #4: Clustered Data

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

* What makes a good grouping?

Compact: elements in cluster are similar
Separated: clusters are different

Balanced: cluster membership is equally
probable

Parsimonious: much fewer clusters than
data objects

Source: Cosma Shalizi (2009)



Example #4: Clustered Data

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

* Directionality of the clustering:
*  Top-down: divisive
*  Bottom-up: agglomerative
* Linkage metrics:
* Single Linkage: nearest neighbor
*  Complete Linkage: farthest neighbor

* Average Linkage: all neighbors



Example #4: Clustered Data

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

Complete Single Average

140}

100} | |
| |
120} 1 gl =2 _ 1
1
I 80 H

100} ne i ) [ 2'1211]
60 || _ lEm J

80 60
60 | 40 1 \ i f
40 |

40 it

20 H S0l
20 H 1
tends to construct J§
tends to construct

small, evenly sized
clusters
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. Images taken from
chains of clusters Jonathan Taylor (2010)




Example #4: Clustered Data

(Domain: Data, Elements: Items in Data Set, Cardinality: n-ary)

* Consensus Clustering

* NP complete
* Heuristics:

* Quantitative/metric-based: CSPA
Cluster-based Similarity Partitioning Algorithm

» Structural/graph-based: HGPA
Hyper-Graph Partitioning Algorithm



Example #5: Matchmaker/VisBricks

(Domain: Data, Elements: Clusters in Data Set, Cardinality: binary)

* Relationship: two clusters are related, iff
they share data items

 Common visual representation: Ribbons

Image taken from Lex et al. (2011)

—— Image taken from Lex et al. (2010) B
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Example #5: Matchmaker/VisBricks

(Domain: Data, Elements: Clusters in Data Set, Cardinality: binary)

Matchmaker: Clusters of the whole data set

Root 7 ) Cirr

pd
Z
=
I
Q
IO
// >
I
Q
(@}
w
I
w
w

Image taken from Lex et al. (2010)




Example #5: Matchmaker/VisBricks

(Domain: Data, Elements: Clusters in Data Set, Cardinality: binary)

VisBricks: Clusters of dimensional subsets

Image taken from Lex et al. (2011)




Example #6: StratomeX

(Domain: Data, Elements: Clusters in Landscape, Cardinality: binary)

* Relationship: two clusters are related, iff
they contain data with the same keys (IDs)

 Common visual — %' -
representation: L =
Ribbons g A8 b=l / /vl

Image taken from
Lex et al. (2012)
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Example #6: StratomeX

(Domain: Data, Elements: Clusters in Landscape, Cardinality: binary)

e StratomeX: Clusters of different data sets

s

Image taken from Lex et al. (2012)
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Example #7: StratomeX DVI

(Domain: Data, Elements: Data Sets in Landscape, Cardinality: binary)

* Relationship: two data sets are related, iff
they contain data with the same keys (IDs)

* Common visual
representation: === |JT \.
Graph E

&
s ‘pasaisni)

aaaaaaaa

HEEEEEE
:::::::
uuuuu

ttttttttt

Image taken from

lexetal. (2012) Lo
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Example #8: Spatial Treemaps

(Domain: View, Elements: Attributes of Data Items, Cardinality: binary)

* Relationship: two spatial positions are related,
iff they both belong to the same data item

* Common visual representation:
Strokes and/or Color

™ Images taken from Wood+Dykes (2008)




Example #8: Spatial Treemaps

(Domain: View, Elements: Attributes of Data Items, Cardinality: binary)

Lines \m MLW w S e

> \\Vming “Nebraska

[ ] oo
l Nevada o '
| Colorado
| Kansas
Mississippi \Q
| / NG
t Te
LO H [+] ]
. T arolina
Arizona Mexico  Oklahoma \aha Geergia
Al ma
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Example #8: Spatial Treemaps

(Domain: View, Elements: Attributes of Data Items, Cardinality: binary)

Color

Images taken from Wood+Dykes (2008)
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Example #8: Spatial Treemaps

(Domain: View, Elements: Attributes of Data Items, Cardinality: binary)

Color+Lines

Images taken from Wood+Dykes (2008)
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Example #9: Stack’n’Flip

(Domain: Interaction, Elements: Data Sets in
Landscape, Cardinality: binary)

Relationship: two data sets are related,
iff they are used in sequence

Common visual
representation:
Graph
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Example #9: Stack’n’Flip

(Domain: Interaction, Elements: Data Sets in
Landscape, Cardinality: binary)

Tissue

Samples ((View tissue ) (1. Determine patients )
(Inspect lab results )
o Lah Results Anamnesis (\view anamnesis ) (2 Browse patients )
PRSI (Record treatment decision | ;
( Determine patients ) (3. Viewtissue )
MR Images Paltri::ts' ((Browse patients ) (4. Discard patients )
] ('select patients ) B
(Discard patients J ('
TR (Unspectimages ) (5. Cluster expression data )
( Compare images ) + (5a. Inspectimages
((segment tumor ) ((6. Inspect expression data
Diseases (‘Search disease ) (6a. Segmenttumor
ICD-10
: 2 (View disease description | (7. Explore related pathways ) +
(Cluster expressiondata | (7a. Compare images
[ Proteiq mMRNA Gene (Inspect expression data ] (8. View gene information )
Expression ’ Expression (Filter expression data )
(Find gene )
(\View gene information ) (8. select patients )
Protein DB Gene DB (Explore related pathways |
(NCBI) (NCBI) (10. View anamnesis )
Pathways -
(KEGG BioCarta) (Find pattwway ) v _
| (Investigate related articles ) (11. Record treatment decision |
Publications
PubMed H
FUbMED Images taken from Streit et al. (2012)
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Example #9: Stack’n’Flip

(Domain: Interaction, Elements: Data Sets in
Landscape, Cardinality: binary)

Image taken from Streit et al. (2012)

¥ Inspect expression data
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Edge-based Traveling

Using Relations for Interaction
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What to do with a relation?

* Represent in data space:
e.g., multidimensional data = graph
— use standard graph visualization

* Represent in view space:

This is what “Part 2: How to Link” is all about!
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PART II:;
HOW TO LINK?

Speaker: Alexander Lex
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Schedule

3:15-3:40 First half

3:40 - 4:15 Coffe break

4:15-4:50 Second half

4:50 - 5:50 When to link? By Marc Streit
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Contents

1. Discussion of objectives, definitions
2. Establishing quality criteria
3. Brief introduction to most linking techniques

4. Detailed discussion of selected linking
techniques

5. Details on techniques that employ
connectedness



Linking Objective

Express a relationship between n entities, which is
not obvious from the visual encoding.

Supplementary relationships, e.g., based on

brushing
clustering
derived relationship

Consequence:

must work in supplement to the primary visual
encoding, the base representation (BR).
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Base Representation (BR)...

... 1S a visualization or an image which is
meaningful by itself

... may be adapted to enable linking

N Base Representation
e with supplemented links
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How To Link?

Linking of information based on perceptual
grouping principles.

Gestalt principles [Wertheimer, 1923] and recent
extensions

Good resource for grouping principles and other
issues of perception:

http://www.csc.ncsu.edu/faculty/healey/PP/index.html

By Christopher G. Healey
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Quality Attributes for Links (1/2)

Scalability for # items

How many items can be linked for one relation?

Scalability for # relations

How many relationships can be shown at the same time?

Perception issues
Can the links be perceived easily or “preattentively”?

Can all entities belonging to a relationship be easily
identified?
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Quality Attributes for Links (2/2)

Occlusion issues

Is the base representation preserved?

Compatibility to base representation?

Is the choice of visual encoding for a link suitable for
the encoding of the base representation?

Practical/Implementation issues?
Easy to implement?

Efficient to implement?
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Quality Attributes Online

http://connecting-the-dots.caleydo.org
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Critique: Visual Encoding Conventions

Good, suitable, feature inherent!

Limiting, but good technique
might address the problem.

Limiting, but may work under
certain circumstances.

Severely limiting, no (known)
solution.
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Three Major Classes of Links

Proximity
Similarity

Connectedness



Proximity

Grouping/linking by placing entities in close
proximity




Similarity

Co-modulation of a visual-variable

color, shape, size, value, orientation, texture, ...

Adding a glyph, label, frame, background

Color Shape Value Glyph



Similarity

Modulate everything else

Blurring, darkening, desaturating, etc.

Blur Darkening
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Connectedness and Common Region

Connected items with a line or curve

Surround items with a outline, surface, volume

Connectedness Surface Outline

Common Region



The “obscure” grouping principles

“Obscure” in terms of applicability for linking

Common fate
motion in the same direction

Good Continuation
arrange items on a line / curve

in consequences similar to position couet e
but more limited




The “obscure” grouping principles

Flicker
Works well for a few items
Grabs your attention

Often perceived annoying




PROXIMIT

ST YT Ay v 2
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Proximity

Scalability for # items: very good

Scalability for # relations: very good
Perception: very good
Occlusion issues: not really

Practical/implementation issues: not really
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Proximity: Compatibility to BR

Problematic because:

position is ,the best” visual variable 2
in very many cases used as a primary encoding

adding relationships (e.g. by brushing) triggers
significant rearrangement

difficult to keep up mental map
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Proximity Uses

Is used only when position is variable
e.g., in graphs using a node-link layout

e.g., when using projection/MDS methods: to emphasize
individual dimensions

e.g., sorting in a table



Proximity in Graphs

GraphDice

System to see relationships between large
guantities of node attributes in graphs

[Brezerianos et al., 2010]

:::::::::
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Topical distances between
depratments in a 2D projection
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Proximity - Sorting

Table-Lens sorted according to Bi-partite graph with tabular
one dimension. display for node attributes.

Min Xings Left | | Min Xings Right

[Rao and Card, 1994] [Schulz et al., 2008]
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Proximity Reccomendation

Use proximity if your primary visual encoding
doesn‘t use position.

Proximity is also often combined with other
visual encodings for links.
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Similarity - Color

Scalability for # items: very good

Scalability for # relations: limited (7-8 colors can
be easily distinguished)

Occlusion issues: not really
Compatibility to BR: good if color is ,,free”

Practical/implementation issues: not really

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex 99



Color — Perception Issues (1/2)

Preattentive properties: Very good for 1-2
simultaneous, serial search for more




olor — Perception Issues (2/2)

Slower in a cluttered environment

Size of colored
object relevant.

co - Google Maps.

pedia.org/wiki/Providence,_Rhode_Island

First Baptist Churchin &3
America, founded 1638,
present buiding occupied in
1776, is the oldest Baptist
congregation in America

The area which is now Providence was first settled in June 1636 by
Roger Williams, and was one of the original Thirteen Colonies of
the United States [1%) Although the west bank of the Providence
River was later claimed by both the English and the Dutch, the
actual inhabitants and true masters of the region were the

Tribe of the Nation led by
Ousamequin.I""] Williams secured permission to settle from the
Pokanoket and gave the city its present name.['2) Williams®
Providence soon became a refuge for persecuted religious
dissenters, as he himself had been exiled from Massachusetts (13
Providence’s growth would be slow during the next quarter-century
—the subsuming of its territory into surrounding towns, difficulty of
farming the land, and differing of local traditions and land conflicts
all slowed development.['*

In the mid-1770s, the British government levied taxes that impeded
Providence's maritime, [{Siilllland agricultural industries, the
mainstay of the city’s economy. One example was the Sugar Act,
which was a tax levied against Providence's distilleries
that adversely affected its trade in rum and slaves.
These taxes caused Providence to join the other
colonies in renouncing allegiance to the British Crown.
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious Gaspée Affair of
1772113
Though during the Revolutionary War the city escaped
enemy occupation, the capture of nearby Newport
disrupted industry and kept the population on alert.
Troops were quartered for various campaigns and
Brown University’s University Hall was used as a
barracks and military hospital. 1'%
After departing from Newport, French troops sent by
King Louis XVI and commanded by the Comte de
Rochambeau passed through Providence on their way
to join the attack against British forces. The march
from Newport to Providence was the beginning of a
campaign led jointly by [BEHBHE George Washington in
a decisive march that ended with the defeat of General
Cormwallis in the Siege of Yorktown at Yorktown,
Virginia and the Battle of the Chesapeake.
Following the war, Providence was the country’s ninth-
largest city.°0N12] with 7,614 people. The economy
shifted from maritime endeavors to manufacturing,
particularly| tools, silverware, jewelry and
textiles. By the tum of the twentieth century,
—_— Providence boasted some of the largest manufacturing
olants in the countrv includina Brown & Sharoe

w e

C' | © maps.google.com % -\‘
Web Images Videos Maps News Shopping Gmail more - Signin &
GO()SIC maps  mexico Search Map#

Print Send @ Link
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Report a problem
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Color Reccomendation

Use color if
position is already used
you expect large numbers of elements

you expect a limited number of simultaneous
relationships

Be careful if

the BR is cluttered
its important that no entity is overlooked
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Value / Saturation / Transparency

Value / Saturation / Transparency
Similar to color
Lower # of relations

Influences visibility

Often used for binary selections/filters
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Color/Value Modulation Examples

A
N\ s
N -
// - 7 £ EE 22 E; ;
R -=
0.1685512 15947089 s . —_ :4/ \Z = \(
Velécit; \-/éiln;city.il VL_IM'V . E \x!’ 5 N 2
[Hauser et al., 2002]
(a)
(b)
[Doleisch , 2007] [Johansson et al., 2007]
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Other Modulation-Based Similarity

Shape
Less easily perceived than color.
Better for larger # of relations, but doesn’t work preattentively.
Less flexible — requires a scatterplot-like setup
e.g.: exchange symbol used in a scatterplot
Requires a minimum size of a mark
Size
Problematic for larger # of relations.
May lead to occlusions.
e.g.: make line in PC plot thicker
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Other Modulation-Based Similarity

Orientation
Special requirements on the mark and on the BR

-> |limitations of shape apply

Texture
Special requirements on the mark

Minimum size of mark
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Similarity based on Supplementation

Glyph, label

Same problems as for shape
Scalability for # relations: very good

Scalability for # items: bad, introduces additional
clutter

Frame & background

Often combined with color to counter-balance
small/thin features of mark
otherwise binary only



Similarity based on Modulating
Everything Else

Blurring, darkening the surrounding

Perception: good
Scalability # items: very good
Scalability # relations: practically only 1 possible

Compatibility to BR: BR may become hard/impossible
to read

Practical issues: blur sometimes difficult to implement
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Modulating Everything Else:
Reccomendation, Example

Don‘t use unless the sole objective is to guide
attention toward one (set of) items

[Zhai et al., 1997]
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CONNECTEDNESS AND
COMMON REGION



A Connectedness

Scalability for # items: ok, special measures for
many

Scalability for # relations: if # items is
non-trivial
Occlusion issues: if no special

measures are taken



A Little Experiment...

II 90 6+ 01
90 e+ 01

Proximity Color Size Shape
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L Connectedness

Perception issues:
Connections can be perceived preattentively
Very strong grouping principle o X
Good at pointing at outliers o=

Practical Issues:
Basic implementation trivial & fast

Counter-balancing for the mentioned issues comes at
a cost
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N Common Region

Very similar to Connectedness

At what point is a line an area?

More ,,ink“ necessary
Reduces possible # items and # relations
Increases saliency

Alternative if edges already used

Can be used with transparency to preserve BR
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Connectedness Varieties

Bubble Sets Line Sets Kelp Diagrams

&

e L I

Image by [Dinkla et al., 2011] [Alper et al., 2011] [Dinkla et al., 2012]
Technique by [Collins et al.,2009]

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex 115



[Collins et al., 2009]

APOPTOSIS

Bubble Sets

Extrinsic Pathway CASP| | —————
Death Ligand Adaptor 1AP
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O

Ecl |
FLIP

CASP9

[Partl et al., 2012]
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Bubble Sets

How it works:

Approach: connect nodes through virtual edges (route around
obstacles) and compute a contour from this initial polyline

- . l =

i
| i*?!
: %

| LB 1
B E l [Collin

£l

s et al., 2009]
HAH ] i‘

fi

Positive (red) and negative (blue)
energy fields, which guide the
construction of the contour
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“Advanced” Euler Diagrams

Compact Rectangular Euler Diagrams
Euler Diagrams with Duplicates

b o)

Jayden

Abigail Christopher

iel
Danie!
Iexande .

Sophia !
Michael

@)

4 o D

erance o AR i

Jayden Christopher

|Elizabeth|

[Riche & Dwyer, 2010]
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Compact Rectangular Euler Diagrams

How it works:

start with an edge representation, use a force directed layout
and transform from edges to shapes
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Compact Rectangular Euler Diagrams

How it works:

end stop: perpendicular
to center line,
length=min(width,height)

spline knots divide
lines into thirds

center is barycenter
of group centers

[Riche & Dwyer, 2010]
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Addressing Scalability, Occlusion
Issues

Scalability:

Using abstraction

Bundling

Occlusion
Modifying the BR
Routing



Bundling - HEB

Hierarchical Edge Bundling (HEB)

Can be used for links within a tree.

[Holten, 2006]
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Bundling - HEB

How it works:

P,=LCA(Py,Py)

[Holten, 2006]

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex 123



Bundling - HEB

The underlying structure

S S .
M /N /PP
A\ "B “
S

™
/II‘/

I\

\t////ll

N

ik
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Bundling - FEB

Force-Directed Edge Bundling

[Holten & van Wijk, 2009]
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Bundling - FEB

How it works: Edge Comaptibility

(b)

[Holten & van Wijk, 2009]
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Other Bundling Approaches

Skeleton-based edge  Agglomerative bundling
bundling

minimizing ink (collapsing
based on Clustering edges in proximity)

s 4 Inl". 2
¥ 2 - L —
( o

[Gansner et al., 2011]

[Esroy et al., 2011]
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Case Study Context-Preserving Visual Links

ROUTING

Material based on InfoVis 2011 Talk by Markus Steinberger
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Again a little experiment ;) ...
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—the subsuming of its territory into surrounding towns, difficulty of ) T vy il Connectlcut
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America, founded 1638,
present building occupied in
1776, is the oldest Baptist In the mid-1770s, the British government levied taxes that impeded
congregation in America Providence's maritime, fishing and agricultural industries, the
mainstay of the city’s economy. One example was the Sugar Act,

all slowed development (3]

which was a tax levied against Providence's distilleries Bnlidgew'ater Ny
that adversely affected its trade in rum and slaves. ~_|tebanon ; Township' Edison”
These taxes caused Providence to join the other [ _,....—Readmg..\ .
colonies in renouncing allegiance to the British Crown. f4 ';  Norristown

In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious Gaspée Affair of
1772.1%

' M 3 ol s s Nonmemq >
in the mid century &7 Though during the Revolutionary War the city escaped ; Wy overAl S ~0eean

enemy occupation, the capture of nearby Newport
disrupted industry and kept the population on alert.
Troops were quartered for various campaigns and
Brown University's University Hall was used as a
barracks and military hospital [%]

Lancaster i s

\iles 5Wigwood
Capeiay)

After departing from Newport, French troops sent by
King Louis XVI and commanded by the Comte de
Rochambeau passed through Providence on their way
to join the attack against British forces. The march
from Newport to Providence was the beginning of a
campaign led jointly by General George Washington in
a decisive march that ended with the defeat of General
Cornwallis in the Siege of Yorktown at Yorktown,
Virginia and the Battle of the Chesapeake.

W
Following the war, Providence was the country’s ninth- SUffolk N°'1°"§ ‘
largest city.?PI13] with 7,614 people. The economy :

Smithfieid 0’ '

RE— Eiizabeth
N D | b shifted from maritime endeavors to manufacturing, C
NPS map of the W3R Route 53 particularly machinery, tools, silverware, jewelry and
textiles. By the turn of the twentieth century,
Providence boasted some of the largest manufacturing
h ! olants in the countrv includina Brown & Sharne 2
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congregation in America
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mainstay of the city's economy. One example was the Sugar Act,
which was a tax levied against Providence's distilleries
that adversely affected its trade in rum and slaves.
These taxes caused Providence to join the other
colonies in renouncing allegiance to the British Crown.
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious Gaspée Affair of
1772.1%

Though during the Revolutionary War the city escaped
enemy occupation, the capture of nearby Newport
disrupted industry and kept the populatlon on alert.
Troops were quartered for various campaigns and

Brown Umversnys University Hall was used as a
barracks and military hospital [%]
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from Newport to P e was the beg gofa
campaign led jointly by Generall George Washington in
a decisive march that ended with the defeat of General
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mainstay of the city's economy. One example was the Sugar Act,
which was a tax levied against Providence's distilleries
that adversely affected its trade in rum and slaves.
These taxes caused Providence to join the other
colonies in renouncing allegiance to the British Crown.
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious Gaspée Affair of
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in the mid-nineteenth century &1 Though during the Revolutionary War the city escaped

enemy occupation, the capture of nearby Newport
disrupted industry and kept the population on alert.
Troops were quartered for various campaigns and
Brown University's University Hall was used as a
barracks and military hospital [%]

After departing from Newport, French troops sent by
King Louis XVI and commanded by the Comte de
Rochambeau passed through Providence on their way
to join the attack against British forces. The march
from Newport to Providence was the beginning of a
campaign led jointly by [BEREIEI George Washington in
a decisive march that ended with the defeat of General
Cornwallis in the Siege of Yorktown at Yorktown,
Virginia and the Battle of the Chesapeake.
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largest city.®PI12] with 7,614 people. The economy

f—— e shifted from maritime endeavors to manufacturing,
NPS map of the W3R Route & particularly [iSBHINERS tools, silverware, jewelry and
textiles. By the turn of the twentieth century,
Providence boasted some of the largest manufacturing
h I olants in the countrv includina Brown & Sharne %

Pokanoket Tribe of the Wampanoag Nation led by Massasoit 2

& Print (2 Send = Link

Smithfield o™
) X

Ni
> g Virginia

S
s_urfolkkNorfo_lk» p
! = 3 »
& o Ellé:t;e(ﬁ
o ') ) \

r@;{mg w

Won:est_sr

Report a problem

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J

. Schulz, A. Lex

13




-:’ mexico - Google Maps

pedia.org/wiki/Providence,_Rhode_Island w A || € © C © mapsgooglecom w A
The area which is now Providence was first settled in June 1636 by 3 Web Images Videos Maps MNews Shopping Gmail more ~ Signin %
Roger Williams, and was one of the original Thirteen Colonies of
the United States.['% Although the west bank of the Providence . 4

Search Maj

River was later claimed by both the English and the Dutch, the Google maps ISR P
actual inhabitants and true masters of the region were the
Pokanoket Tribe of the Wampanoag Nation led by Massasoit Print \ [ Send \ @= Link

Ousamequin '] Williams secured permission to settle from the
Pokanoket and gave the city its present name.['2] Williams'
Providence soon became a refuge for persecuted religious
dissenters, as he himself had been exiled from Massachusetts.[1%]
Providence’s growth would be slow during the next quarter-century v { H
—the subsuming of its territory into surrounding towns, difficulty of ) : vy Il
farming the land, and differing of local traditions and land conflicts : -
all slowed development [13]

1
ortham) ol
B \p‘m'zgﬁeid Wom%tér:m ‘

ghkeepsiel 3
' - Connecticu

First Baptist Churchin &3
America, founded 1638,
present building occupied in
1776, is the oldest Baptist
congregation in America

In the mid-1770s, the British government levied taxes that impeded

Providence’s maritime, nd agricultural industries, the

mainstay of the city's economyyOne example was the Sugar Act,
which was a tax leviedhagainst Providence's distilleries
that adversely affected itS\rade in rum and slaves.

B,l"idgewatei' Nt
“Township' Edison

‘|Ugbar®n
o

A
These taxes caused Providénge to join the other = _,...—Rgeﬁgg..\ ) 4
colonies in renouncing allegian® to the British Crown. : N town O D S50
In response to enforcement of un| lar trad i Lancaster 4 ‘ Philadelphia ©
: . . e N o " JomsRiver;

i

American Revolution in the notorious GasPée Affair of

1772.1%
Though during the Revolutionary Waithe city escaped

lfylg - .

~ T B e

\ QBaltimore |
) N * L . °V

L Northfield © O/Atlantic City

Provi in the mid-ni >
ery

. 0 Y .
enemy occupation, the capture of nearby Newport picoumbialie /' | o d
g disrupted industry and kept the poplilation on alert. gshington’” lD 2 Md'
| /‘—“:/Y: Troops were quartered for various cAmpaigns and e & Jl fa.ware
Brown University's University Hall was used as a OC;M

barracks and military hospital [%]

Pines

X

After departing from Newport, Frefich troops sent by
King Louis XVI and commanded By the Comte de

Rochambeau p d through Prpvidence on their way
to join the attack against Britishiforces. The march
from Newport to Providence wag the beginning of a

campaign led jointly by George Washington in
a decisive march that ended pWith the defeat of General
Cornwallis in the Siege of Ygrktown at Yorktown,

Virginia and the Battle of tjfe Chesapeake.

Eanll

Routes of
‘Washington and
ingsi
B’ e
NPS map of the W3R Route &

F ing the war, Providénce was the country's ninth-
largest city.?PI13] with 7/614 people. The economy
shifted from maritime Ahdeavors to manufacturing,
tools, silverware, jewelry and
textiles. By the turn of the twentieth century,
Providence boasted some of the largest manufacturing
olants in the countrv includina Brown & Sharne

LLLJ

Report a problem

v

What is the problem?

13

5



’ mexico - Google Maps

pedia.org/wiki/Providence, Rhode_Island w A || € © C © mapsgooglecom w A
The area which is now Providence was first settled in June 1636 by 3 Web Images Videos Maps MNews Shopping Gmail more ~ Signin %
Roger Williams, and was one of the original Thirteen Colonies of
the United States.['% Although the west bank of the Providence . 4
Search Maj
River was later claimed by both the English and the Dutch, the Google maps ISR P

actual inhabitants and true masters of the region were the
Pokanoket Tribe of the Wampanoag Nation led by Massasoit » i3 Print \ = Send \ @= Link
Ousamequin '] Williams secured permission to settle from the f g G " o

Pokanoket and gave the city its present name.['2] Williams' / 3

Providence soon became a refuge for persecuted religious
dissenters, as he himself had been exiled from Massachusetts.[1%] )
Providence’s growth would be slow during the next quarter-century * ¢ ' R 3""“9"9:
—the subsuming of its territory into surrounding towns, difficulty of -zl VA v \

7
First Baptist Churchin -~ &7 farming the land, and differing of local traditions and land conflicts 2 % A s o) D‘"b“'y
America, founded 1638, all sl d devel, + [13]

present building occupied in F » v 09 ﬁ f ,’ ,(\ + ‘Bndgepod ——-*
1776, is the oldest Baptist In the mid-1770s, the British rmment levied taxes that impe@ ] _— g Yonkm o e~
congregation in America - e . . . il S S —

Providence’s maritime, and agricultural industries, the
mainstay of the city’s economy. One example was the Sugar Act,
which was a tax levied against Providence's distilleries !

Bl"idgewater e
that adversely affected its trade in rum and slaves. ‘febanon “Township' Edison
These taxes caused Providence to join the other || _,_.—Readmg..\

colonies in renouncing allegiance to the British Crown. W c Nomistown

In response to enforcement of unpopular trade laws, ) Lancaster

Providence residents spilled the first blood of the
American Revolution in the notorious Gaspée Affair of
1772.11%

Though during the Revolutionary War the city escaped
enemy occupation, the capture of nearby Newport
disrupted industry and kept the populatlon on alert.
Troops were quartered for various campaigns and

Brown Umversn;/s University Hall was used as a
barracks and military hospital [%]

Provi in the mid-ni century &

After departing from Newport, French troops sent by
King Louis XVI and commanded by the Comte de
Rochambeau p d through Providence on their way
to join the attack against British forces. The march
from Newport to Providence was the beginning of a
campaign led jointly by

George Washington in
a decisive march that ended wil e defeat of General

N
Foll the war, Providence pfas the country's ninth- Sufiolk
largest city.?PI13] with 7.614/people. The economy :
Gl SRRy shifted from maritime el ‘\h!fkie'i
NPS map of the W3R Route 53 particularly kil Devi

Edenton . H B
textiles. By the turn of the twentieth century, .

: - Whg Nags|Head)
Plymoutn IS 5

Providence boasted some of the largest manufacturing ool -
m ’ nlants in the countrv including Brown & Sharne h e|—|_|
m ] L100km,

Report a problem
A

Context-Preserving Visual Links




Design Goals: Optimal link routes...

1

minimal length ° o
08 o

minimal occluded
information

. visually distinguishable

unnecessary link-segments
are avoided (bundling)
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System Overview
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Important Content

Bottom-Up Visual Saliency
[1tti 98]

Based on human visual
system

What stands out in images

lgnores high-level cognitive
system
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Saliency for a complex scene

.chlEar " - B Hierarchical Heat Map 2 & - .Rajul Hierarchy 8

aL%e : \ - , (TS . 1L B
... 5 o= - . v X:Aus Cur 02
o 8 3 a3 ’ §

Ceneral

@
-~

ALDOB | Mt1_000035
ALDOA | MiM_000034
xperiments

i2) Data Meta & e , Parallel Coordinates &

HNumber of genes 4630
Number of experiments 39
Loaded from file /home/mstreit;

Human readable ID type GENE_S
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Color Similarity

Non-fixed link color:
choose distinguishable color

Otherwise: compute color
similarity for every region

Requires base representation
as image
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Highlight Regions

Avoid highlight regions and
their surrounding

Realized by using blurred
version of highlight regiong



Other Link Sets

To support multiple linksets,
we require a fixed priority
among the linksets

Add high priority links as
regions to avoid




Combined Penalties
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System Overview
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Multiple source shortest
path problem

Penalty map for crossing
different regions

Discretized version

Modified version of
Dijkstra‘s Algorithm

L 1
o=

'Igu:n s
A
Inhsrlro-
hI:-:n atrude-E.

ate

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex

147



Technique applied to Caleydo

& Tool Bar % fierarchical Heat Map &2 % Scatterplot &

= 0| &) Radial Hierarchy %

ey o I

T
& by

X-Axis: Cirr_02
General

@ Info &

v Genes

Experiments

%% % % % % %% Y %
Bucket, active embedded view:
Glycolysis / Cluconeogenesis
(KEGG)

Z parallel Coordinates %

& Data Meta &

Number of genes: 4630
NUmbEr OF ex] erimen[s: 39 v Cir Cirr Corr Cor G Cir MO8 HOB HIB MIB M3B M8 M8 HCCHCCHCCHCCHOCHOCHOCHCCHCCHCCHCCHOCHOCHCTHUMMUMMUMMUNMUMMUMNNL NNL NNL NNL NN
P A A0 O U U U B A A A OO U L I O A A L L OO DN DL AR AR B AL A

Loaded from file: /home/mstreit; | %484

Human readable ID type: GENE_S




Evaluation: Hypothesis

Visual links lead to a better performance than
conventional highlights.

Context-preserving visual links do not have a
negative impact on performance.

Context-preserving visual links have a positive
impact on user satisfaction.
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Task: Visual Search

Count number of highlight
regions (5 to 12)

Correctness and speed
Variety of visualizations
Eye-Tracker

Context information not
required for task
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Frame/color based
highlighting

Straight Visual Links

Three Techniques

o

pedia.org/wiki/Providence, Rhode_Island %

The area which is now Providence was first settled in June 1636 by
Roger Williams, and was one of the original Thirteen Colonies of
the United States [%] Although the west bank of the Providence
River was later claimed by both the English and the Dutch, the
actual inhabitants and true masters of the region were the
Pokanoket Tribe of the Wampanoag Nation led by Massasoit
Ousamequin.[""] Williams secured permission to settle from the
Pokanoket and gave the city its present name.['2 Williams'
Providence soon became a refuge for persecuted religious
dissenters, as he himself had been exiled from Massachusetts [
Providence’s growth would be slow during the next quarter-century
—the subsuming of its territory into surrounding towns, dificulty of
FirstBaptist Churchin -~ &3 farming the land, and differing of local traditions and land conflicts

america {fourded) 535 all slowed development.'3)
present building occupied in

1776, is the oldest Baptist
‘congregation in America

In the mid-1770s, the British government levied taxes that impeded
Providence’s maritime, fishing and agricultural industries, the
mainstay of the city's economy. One example was the Sugar Act,
which was a tax levied against Providence’s distilleries
that adversely affected its trade in rum and slaves.
These taxes caused Providence to join the other
colonies in renouncing allegiance to the British Crown.
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious

1772113

A

Though during the Revolutionary War the city escape
enemy occupation, the capture of nearby Newport

disrupted industry and kept the population on alert.
Troops were quartered for various campaigns and
Brown University's University Hall was used as a
barracks and military hospital [13]

After departing from Newport, French troops
King Louis XVI and commanded by the
Rochambeau passed throug|

to join the attack against British forces. The march
from Newport to Providence was the beginning of a
campaign led jointly by General George Washington in
a decisive march that ended with the defeat of General
Cornwallis in the Siege of Yorktown at Yorktown,
Virginia and the Battle of the Chesapeake.

Following the war, Providence was the country’s ninth-
largest city.®P)13] with 7,614 people. The economy
shifted from maritime endeavors to manufacturing,
particularly machinery, tools, silverware, jewelry and
textiles. By the tun of the twentieth century,
Providence boasted some of the largest manufacturing
olants in the countrv including Brown & Share

€ C' © maps.google.com

Web Images Videos Maps News Shopping Gmail more ~
GOOS]C maps  mexico Search Map#
kd & Print [ Send & Link
g < m-mma a 0
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lIsland|

Report a problem
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which was a tax levied against Providence’s distilleies
that adversely affected its trade in rum and slaves.
These taxes caused Providence to join the other
colonies in renouncing allegiance to the Biitish Crown
In response to enforcement of unpopular trade laws,
Providence residents spilled the first blood of the
American Revolution in the notorious
1772131
Though during the Revolutionary War the city esca
enemy occupation, the capture of nearby Newport
disrupted industry and kept the population on alert.
Troops were quartered for various campaigns and
Brown University’s University Hall was used as a
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a decisive march that ended with the defeat of General
Comwallis in the Siege of Yorktown at Yorktown,

campaign led jointly by General George Washington in
a decisive march that ended with the defeat of General
Comwallis in the Siege of Yorktown at Yorktown,
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Results

* Context-preserving visual links have a positive
impact on user satisfaction. ¢
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Mental Background Visual Visual Usefulness Overall
demand™ visibility clutter™  attractiveness Preference
OHELECL
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Context-Preserving Visual Links
Summary

Context-preserving visual links ...

...avoid occlusion of important content in the BR

...can be adjusted to visually stand out from the
BR

...do not harm performance when compared to
non-routed visual links
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Connectedness Reccomendation

Use connectedness if:

You need the additional ink to make the links stand
out from the BR

You want to show many different relationships (e.g. as
in a graph)

You can not easily modulate the visual rep of the
items

You want to make sure that nothing is overlooked
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Connectedness Reccomendation

Be careful if:
You only have a handful of classes but a high # items

You need a very fast implementation

Making connectedness run efficiently is often not trivial!
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WHAT*S NEXT:
WHEN TO LINK? BY
MARC

- &
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Speaker: Marc Streit
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Heterogeneity of Linking

Display 1

7
Application 1
[ View 1 ] [ View 2
\,

Application 2
] [ View 3

ﬂ

@& )

2 )




Clarification

Part Ill orthogonal to Part | and |l

Could be linking on data/view/interaction level

Could be any linking technique



View vs. Visualization

Visualization [Kosara 2008]

Visual representation that
is based on (non-visual) data
produces an image

is readable and recognizable

View [Card, Mackinlay and Shneiderman 1999]

Physical display space (most often 2D) where a visual
structure is rendered
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Single Visualization

Showing a single relationship in the data

1,100
1,000
900
g0 @
700
600
500
400
300
200

100

0

Sep 02 Sep 09 Sep 16 Sep 23 Sep 30 Oct 07

D3.js Line Chart Example
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Composite Visualization Views (CVV)

Create new visualizations by combining different

visualizations

X

jux

Juxtaposition
(Integrated Views)

®

sup|

R,

Superimposition

Overloading

®nst

Nesting
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[Javed and Elmqvist 2012]

Composite Visualization Views (CVV)

- i} '7"'
B ! L+ Im! [
™ - e bl 1 I
/ / /.
[] I | / /.
L 7 1 / /
Y
JAN /
/ AV /
[....\ / /
] Z /. ]
] Y. / A /
/ /
/. /
/. 1
/
]
1
f q h a 3] [ d e f q h
(b) Integrated views. (¢c) Superimposed views.
- W
i L] e}
| gy |
k{1l 5
2 3abcdefghd4 5 6 7 8 1 2 3 4 5 6 7 8
(e) Nested views.
165

1
(d) Overloaded views.
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Display 1
Application 1 Application 2
[ View 1 ] View 2 View 3
ﬂ User 1 User 2
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Application 3

View 4

User 3
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Composite Vis: Superimposition

Overlay of two or more visual spaces on top of
each other

1:1 spatial linking

0-

1 2 3 4 5 6 7 8
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02

sup

Superimposition Superlmpo Sithn Example

With several data series

100,000

10,000

1,000

100

10

Linear Power Log Thu May 10 2012 14:02:00

03 PM 06 PM 09 PM Thu 10 03 AM 08 AM 09 AM 12 PM
2xx 17532 dxx 24 5xx 26

D3.js Interactive Line Graph Example
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®.]= Base Representation with

Superimposition Supplemented Llnks

Color Shape Value Glyph



o= =

Superimposition Example: Graphical Overlays

On a date, when you are kissing a man who has bad breath, how do you handle it?

| don't say anything for
fear of hurting hes
foolings. but I try to o

| continue kissing
him and endure it

| stop the kissing
ond tell m why

| quickly find & breath

mint or peece of gum
ond offer it to hem

[Kong and Agrawala 2012]

Chart type: Bar :
Chart: | 00193 :

Overlay type: [Redundantencodings :
@ Data labels
© Line joining bars

Parameters

@ Static o Interactive

@ Inside © Outside
Font size: 8

Dverlays data labels inside or outside each
mark.

2nd InfoVis Session on Wednesday

More examples: http://vis.berkeleyiedu/papers/grover
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ld=_]  Visual Comparison Inspired

Superimposition .
by Natural Behavior
==

@ Foldable Visualization

}ﬁsualization Space

¢ (&2 Data Table (12x200) ’ —
: —
: —

& Sub Table (4x19)
¢ & Sub Table (6x28)
|'& Sub Table (5x26)

View Hierarchy

NAVIGATE
%) Rotate: Zoom In/Out

@ Drag: Move World

%) Double Click: Center View

&

ARRANGE and CREATE
Qj Drag: Arrange View

¢
X

[ | +&) Drag: Create New View )

' X
COMPARE 7SS S el S
[+_| +@ Hold/Drag: Fold View v X ..‘ /

1st InfoVis session on Thursday [ -

Iu-sm ||

FoldableVis [Tominski et al. 2012]
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Composite Vis: Overloading

One visualization rendered inside another
visualization

Host / client visualization

Same spatial mapping

No 1:1 spatial linkling

H H H H . ’ .*1"..:" ".:".: H H H

Bl i

® —
"
1 2 3abcdefgh4 5 6 7 8
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o.=[El ,
Overtoating Overloading Examples

i @ | |
®- B Fate
ooy '~ DI *
o, . ’
‘o, fo
sl VOF
C ol e Y A b
L]
cosA L > Lo 1 ° /A 4 ]
o ° o Jf9 ° | o
g @ o 7Rl ’f,%
/o o :( ~ o
— o 7N | N 5
) 1o ) =
Ty o |
’ A
‘ g e i IREE
g A oo
o o o o _:},— #
o ° 9 %wo ‘I
° 3 - : J
000 | 0O S N
° = '0 5 & >zz'r*§"
f [ -—Si-SatraranAfiica
P/ (4 \
AN \ 1 3
Q 3k =
° o " o o ) }s ; al%- as 55

HEB [Holten et al. 2006] [Collins et al. 2009]

[Fekete et al. 2003]
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Display 1

Application 1 Application 2

[ View 1 ] [ View 2 ] View 3

ﬂ User 1 User 2
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Application 3

View 4

User 3
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Composite Vis: Juxtaposition

Show visualizations in a side-by-side fashion

Very prominent paradigm

o[-
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Juxtaposition Manual COIIlpaI'iSOIl

Cognitive work
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jux

Juxtaposition Multiple Coordinated Views

Actions in one view can be related to other view

Premise: View and interact with data through
different representations

Coordination on diff. levels

[Colins and Carpendale 2007]
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Juxtaposition Llnkln g & Brushlng

Linking: Coordination between views

Brushing: Select groups of data points

Geometric functions such as:

Rectangles, angles, free-form, lassos, etc.

Can be composite (AND, OR)

Can be continuous (smooth brush)

B [Doleisch et al. 2004] [Hauser et al. 2002]
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X

jux

Coordination on Difterent Levels

Juxtaposition

Most Common Types
Brushing

Navigational slaving (transformation, rotation)

Instead: coordinate on all levels of Vis Pipeline

Enhance Map Render Transform
Abstract /_>\
Vi Original Data, —v\—b Subset, v—> Visualization ——> Image, \\
\ \ Object, \ \
\ \ \
\ \ \ !
| | | I
| ] | !
v ,' ,' Abstract ,’ /v /I
isinal Dat: cubs ! age
? Original Data, |4/ Subset, —> Vlsual'uatlon > Image, / II
v \ Object, v \
v vl Vo i
] / 11 R I ® T, 1 ! T
T JE, JE fM’,’ ! M, ! [
’,__\_I____\ I,__\_l____\ I,__u____\ e —— N
Notify  E C Subspace : i M C Subspace : 1 R C Subspace : 1 T C Subspace :
! | ! | ! | ! |
Event ] V' Subset, Filter, : : Mapping : ! Rendering : I GUI Controls :

Enhance '

________

techniques

________

Algorithms

________________

Coordination Space
VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex

[Boukhelifa et al. 2003]



jux

Juxtaposition MCV Type |

Different visualization techniques showing the same data

- [BIX] ¢ specity th 20 Histogram 3D View 3]
1 c '
Nods propert Properyvalus o i 49.0040
Mass_Fra 3 m
. 0 c
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— 0.00000
W0 eruenrg
7 Orgnet Ave ] Prvcils Conporert
Scale Aigoment
y ¥ s
Scaleto sty
- Scale global
cecton ® Scale ixed
sl Seaing ¥ Show Scale
View tode Setection Made
o
o o igle |
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g 30 View
p Stfe | Color | Border
g o ot
1 Otnograghic Projection
§ Points
Resolution
Geometry o ;
o Alpha Coeffcient Lockstab
Soo les Mass Fraction CO — G e
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Chonnels 0 - Time Context ® Scaloto stab - Aerows | lfted ovaseh -
focus alpha Q
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SimVis [Doleisch 2004]



2B i B
Juxtaposition MCYV Type 2: Small Multiples

Same visualization technique j“. M M A ud e
showing different data ‘M s A AA

: O\er\jlevx [TUfte 1993]
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Juxtaposition Guidelines for Using MCV

Rules on how to use multiple views
- see [Baldonado et al. 2000]

Cost-Benefit Tradeoffs

Cognitive aspect
The time and effort required to learn the system
The load on the user’s working memory
The effort required for comparison

The effort required for context switching

System aspect
Computational requirements

Display space requirements
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Composite Vis: Integrated Views

Visual composition is the same as for
juxtaposition

Adds explicit visual links

B Rl/A B = =
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Integrated Views Semantic Substrates

[Shneiderman and Aris, 2006]

T “| Graph results in a too complex

Supreme 1582 1987 1992 1998 REGIONS
Xm Supren

“« ... .t | . | visualization to interpret
\te o | == | User-defined semantic subsets

N .= Visual links connecting

| «i) 4 | identical items across

visualizations

Single visualization
Single relationship
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Integrated Views Vi SLiIlk

[Collins and Carpendale 2007]

Multiple relationships / datasets
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Integrated Views ConneCted Charts

[Viau and McGuffin 2012] e spactancyshl”
4
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Integrated Views ConneCted Charts

[Viau and McGuffin 2012]

Program Usage I:’rogram Usage/GPU Temp CPU Temperature
i i . \__

0.8 | K § : % : }— . : 0.8
0.6 | ———1— § f M‘/ 0.6
0.4 | = 0.4

0.2 ] 7 h\

0.0 goo [T i . 0.0

’ L Il

|
I
N Network Usage [ Hard Disk Usage
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Microsoft patent [Hollerer et al. 2007]

1

Further Integrated
View Examples

Interconnected Pathways [Streit et al. 2007]



Combined Vis: Nesting

Client visualizations nested inside host

visualization

®nst | DD =

Single or multi view?

Depends on perspective
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®nst E 8|

Nesting Example 1: Nodetrix

[Henry et al. 2007]

El(‘l\ et al

C'MU- Roth et al.

ﬁ

Shneirderman et al. %

~{
Plaisant et al. H_-, ' % E

Single or composite visualization?
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Nesting Example 2: VisBricks

[Lex et al. 2011]

- .
e =

Jo ~ o .
e e e «
- .

L o e
P S

T N A e S

L b b
e e

"' |
=0

Single or composite visualization?
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Example 3: Jigsaw List View

|Edit View Bookmarks Lists Options ™Y
$) (Addall ) ( Clear ) ( Showall ) [ peson 3! ( Addall ) ( Clear ) ( Showall ions ) | date $] ( Addall ) ( Clear ) ( Showall connections ) | place $) ( Addall ) ( Clear )
“Em siX=E=E= «~EBEa & XEES “«Eaw &[X ®E== “Ea & XEES

1101163145009 R . . | abutting Olmstead
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[Stasko et al. 2008]

Single or composite visualization?
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Household Debt as a % of Disposable Income
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Jigsaw

[Stasko et al. 2007]
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[Partl et al. 2012]
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2] Inspect expression data

[Streit et al. 2012]

Caleydo

| APOPTOSIS

Extrinsic Pathway
Death Ligand

[Lex et al. 2012]




Super Application?

Super Application that can visualize everything
Not Feasible! Solution: use existing applications
Downsides:

not integrated

no highlighting, linking, etc.

Can we solve this?
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8. I2]=

Juxtaposition

Snap-Together Visualizations

[North and Shneiderman 2000]

Linking & brushing across multiple applications
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|Transportation

[Wholesale Trade




Tibshbbasbbnst

Manuela Waldner

[Waldner, Gl 2010] — best paper award

VISUAL LINKING
ACROSS APPLICATIONS
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industry leaders, government leaders, research leaders and Canada’s most accomplished students to showcase Canada’s
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Visual Links Across Applications

Applications
Application Application
B C

b

Visual Links Manager
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Triggering Selections

Determined by individual application

ICanada find |

University of Ottawa
Ottawa, Ontario, Canada

May 315! to June 2"

e with the collaboration among three leading re
- 2010, and Computer and Robot Vision 2010),
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Visual Links Across Applications

Canada M Applications
Application Application
B C

application name
selectionID
bounding rectangles

XMLHttpRequest

Visual Links Manager

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex



Visual Links Across Applications

Applications

Application Application

T selectionID T XMLHttpRequest

Visual Links Manager

VisWeek Tutorial



Selection Mapping

Applications evaluate incoming selection ID
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Visual Links Across Applications

Applications

Application Application
B C
application name
bounding rectangles XMLHttpRequest

Visual Links Manager

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex



Visual Links Across Applications

Selection regions are collected and sent to
renderer

Applications
Application Application Application
A B C

Visual Links Manager

selection regions
per container Ice RPC

Visual Links Renderer




Design of Visual Links Across Apps

F

........
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Design of Visual Links
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Design of Visual Links
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Application Integration

Application support
Direct support
Software extensions (plug-ins)
Mashup application
OCR



Direct Application Support
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Software Extension

Mozilla Firefox web browser add-on
Access to DOM of HTML-document

Temporarily enclosing selection ID with <span>-tag
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Mashup Application

HTML-page utilizing JavaScript
and Google Maps API

Google Maps - Mozilla Firefox
File Edit View History Bookmarks Tools Help

@ | [@]| http:/localhost:8080/visdi v . [*g~

Geographic location associated

nnnnnnnn
Territories

with selection ID

HHHHHH

Reports bounding rectangle
around screen coordinates

aaaaaa

Ontario

@ center map to external selection

Done

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex



Usage Scenario: Biomedical Analysis

File Data View Window Admin Help
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Soon Available:
Routed Visual Links Across Apps

Light-weight app that renders on top of desktop

Real-time, OS-independent
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What’s missing:
Linking beyond Strings
Data
Abstractions

Selections
Intermediate processing results

Meta-data

Groups (clusters)

Interaction

—> As discussed in Part |



Domain specific coordination project
for systems biology

Broad Institute

http://www.genomespace.org

Allows to move data(sets) smoothly between
applications

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex 220



Domain specific coordination project
for systems biology

Institute of Systems Biology
http://gaggle.systemsbiology.net/

Also integrates analytical tools such as R
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Allows to exchange:

Name list

Clusters/groups

Tuple: a collection of name/value pairs
Matrix (rows and columns)

Network: a collection of nodes and edges
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Firefox toolbar for the Gaggle
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(4
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y } - { DAVID -
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v’ genes in EGRIN network: NameList(7) m
selected genes in EGRIN network: NameList(0)

Entrez Gene

1 Entrez Protein
1. Select data to be broadcast | 1o srens
athway
MRMAtlas
Peptide Atlas
STAMP

More...
Add Custom...

2. Select target application
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Obvious

[Fekete et al. 2011]

Meta-Toolkit to Encapsulate Information
Visualization Toolkits

http://code.google.com/p/obvious

Deep integration between frameworks

Unifies Prefuse, the InfoVis Toolkit, partly Improvise,
JUNG and other data management libraries



Display 1

Application 1

[ Visualization 1 ] [ Visualization 2 ]

Application 2
[ Visualization 3 ]

Display 2

Application 3

[ Visualization 4 ]
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Collaborative Information Analysis




Collaborative Information Analysis
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Collaborative Information Analysis

Separation

Individual information extraction

Discussion of individual contributions




Collaborative Visual Analysis
Interdisciplinary analysis problems

Single domain expert may not be enough
— Need for collaboration

Biologis

[Streit et al. 2009]
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Collaborative Brushing and Linking

[Isenberg and Fisher 2009]

Co-located Visual Analytics of
Document Collections

- — -

—

[ i—m 3
SR el S " —

I ——-— s <——— —
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LARK: Coordinating Co-located
Collaboration with InfoVis

[Tobiasz et al. 2009]

MCV on large multi-touch displays

Explicitly indicating coordination points on

data, representation, presentation, and view level
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[Waldner et al. 2011]

—— - - -

LINKING
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Collaborative Info-Linking Approach

Collaborative environment that provides:
Unmodified single-user application support
Sufficient screen space
Multi-pointer support

User-specific visual links
across applications

Protecting workspaces

Storing and sharing
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Large displays
Casually aligned multi-projector displays

Compiz extension for tiled displays [waldner et al., E07/1PT 2008]

Warping and blending of overlapping projections in
the window manager = application transparent




Linking Infrastructure

Application 1 Application 2 Application 3
Selection ) )
string + Selectllon Bounding
bounding string rectangles

rectangles
) 4 9

Y

Management Application

Bounding
:lzz: Pointer ID rectangles +
user color
Window Manager
Multi-pointer Links rendering Wirlplnc? e
plug-in plug-in ending
plug-in
T Xlnput2 events
MPX

VisWeek Tutorial: Connecting the Dots — M. Streit, H.-J. Schulz, A. Lex



Collaborative Info Linking Video




Collaborative Information Linking
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can take at least a whole week to visit them all. Disney World has 4 theme parks,
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One-Shot Linking

Light-weight linking from unmodified
applications

‘Text selection > keyboard shortcut = selection
buffer

Places to go /
Orlando Airport .
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oldest inhabited town in US

Daytona Beach famous beach
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Observational Experiment

18 participants (16 males, 2 females) - pairs

Analysis of migration from Africa to Europe

Observations, video / audio recording,
guestionnaires, interview




Results

Usage of information linking depends on work style
Individual information retrieval = links to locate info

Joint discussion = one set of links only

Mixed-focus collaboration: most frequently




Results

Distractions and conflicts
In general distraction was assessed as low
Input conflicts on shared windows, changes to window layout

Could be resolved by social protocols, but subjectively
annoying

Territoriality

Window ownership based on initial window layout

Movement of shared windows rare



Open
Issues

What about visual clutter when more users are interacting?

How to handle discontinuous multi-display/projector setups?
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Virtual Reality

Visual links in immersive environments

Biological Network Analysis in VR [Dickerson et al 2002]
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Connecting the Dots

TUTORIAL SUMMARY
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Summary Part I — What to Link

Relations differ in their:
Cardinality
Elements (Granularity + Scope)

Domain
Relations can be derived or inherent

Examples given show what’s already been done

— and what’s still left to explore!
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Summary Part III — When to Link

4 \ .
Display 1 Display 2
Application 1 Application 2 Application 3
[ View 1 ] [ View 2 ] [ View 3 ] [ View 4 ]
\. J
[ ﬂ User 1] [ﬂ User 2] ™ Users
£
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