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Today:
- Overview of techniques to visualize trees & graphs

- Their strengths & weaknesses
- Areas for future research



What's in a graph?
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What questions might we ask? X

« How does the brain organize itself to achieve a
function?

 How does knowledge disseminate in online
communities?

 How are two graphs similar?

-  Which entities in a social network might be
terrorists?
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Graph Drawing X

The primary concern of graph drawing is
the spatial arrangement of nodes and links

Often (but not always) the goal is
to effectively depict the graph structure:

« Connectivity patterns
« Partitions / Clusters

w

e

. Outlers ;%:
NY=



Putting things into perspective

Color Code:

node size ~ number of papers
node color ~ number of citations
line width ~ number of times co-authored




Putting things into perspective
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Putting things into perspective x

(a) FM?: 11 Minutes




Outline

Tree visualization
Graph visualization
- node-link diagrams

- matrices

Recent research topics
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4 Major tree visualizations x

Indented lists

Node-link trees m

Layered diagrams

Treemaps -] | *
1 =N
-




Indented List

{j My Music
E My Pickures
N | My Webs

: : Wl &
{j web cache
@ compuker
@ ark.
ire
Hurnrmingbird Meighborhood
_ 1 Friendster
Globe
irnagery

misc

Places all items along
vertically spaced rows

Indentation used to
show parent/child
relationships

Commonly used as a
component in an
interface

Breadth and depth
contend for space

Often requires a great
deal of scrolling
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Interaction can help

THE ORTHOZOOM SCROLLER

OrthoZoom, Appert et al., CHI 2006

http://www.lri.fr/~appert/website/orthozoom/orthozoom.html
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Dispatch: this knave's tongue begins to double.,
Sound ., rumpe larum 1o the combatants!
Adarum. They fight, and PETER strikes him down
HORMER

lold, Peter, hold! T confess, [ confess treason.,

¢ thank God, and the

Wne mine cnemy in this presend
vailed in right!

FOIT QU
has gualt:
LLIu.I Lo us
= truth and innocence of this poor fellow,
Which he had thought to have murder'd wrongzfully,
Come, fellow, fo us for thy reward.
Sound a flou , unt

SCENE IV. A street.

':'L[": GO |('|£"s I'ER and his Servingmen, inmourning cloaks

g htest day a cloud;
VErmorne succeeds
s wrathful nipping co
Joys abound, as seasons fleet
irs, what's o'clock?
Servants
‘en, my lord.,

as appointed me
o watch the coming of my punish'd duchess:
Uneath may .~.l11: q:udut'q: tl'u: ilmt\- tree

daughing at thy :
thy proud chariot-wheel
ride in tnumph through th
dut, soft! I think she comes: and 'l prepare
Ay tear-stain'd eyes tosee her mi
sheet, lI:'H.| a taperburning in her hand;
riff.and Officers

rour grace, we'll take her from the sherniff,

o, stir not, for your lives; let her pass by,
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Node-Link Trees B

Nodes are distributed in
space, connected by straight
or curved lines.

Typical approach is to use
2D space to break apart

breadth and depth.
Reingold-Tilford algorithm

achieves linear time *




Node-Link Trees

Radial layout places the
root in the center.

The radius encodes the
depth.



Other node-Link trees
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Chronolagical Hierarchical

http://treevis.net

ThreadArcs,
Kerr,
2003

PhylloTrees,
Neumann et al.,
Eurovis 2006
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Layered diagrams x

Signify tree structure using
O Layering

O Adjacency

O Alignment

Involves recursive sub-division of space
We can apply the same set of approaches as in
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Layered diagrams x

wh
—6
—,
“““Iltn_ lib data
-

Infovis 2000

Icicle Trees SunBurst, Stasko et al., *



Treemaps X

Encode hierarchy using spatial enclosure

Space-filling technique

Health Care Financial

Capital Goods:

Communication

http://www.cs.umd.edu/hcil/treemap-history/ w



Treemaps

Benefits
Provides a single view of an entire tree

Easier to spot large/small nodes

Problems
Difficult to accurately read depth
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Hybrids X

Elastic Hierarchies, Zhao et al., Infovis 2005
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The issue of scale



Hyperbolic Space




Hyperbolic Tree Browser

Hyberbowlic tree browser, Lamping et al., CHI 1995



Aggregation

SpaceTlree, Grosjean et al., Infovis 2002
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Degree-of-interest trees x

DOITree 5.8 Organization Chart )

14 nodes
Total time: 0.701 o
John Doe
222-222-2221
john {@eagle com "

CEO o ".
Chairman N
Bidg. ARm. 1 4.‘
o *"

-3
Peter Snow ' 22"2‘2’&

222.222.2223
peter(@eagle.com _.._Fm Mgr
Chief, Operations
Chief of Operations
Bldg. ARm. 3

Manager2 ManaoerS

222.222-2225
james @eagle.com
Manager1
Menager
Bidg. ARm._6

e — e e ————————}

Susan Hall C. Taylor J. Meyer M. Gaines L. Marks
Oper. Junior Secretary © Specialist Junior

SEraE NG H. Brown I W. Yates I




Degree-of-interest trees

frikaans
Arabic
8 item

DITUITH
TIT37a Interlingua
talian

nnada
mahili

n




Degree-of-interest trees

Commute
The Millenium Breakfast
Cultural Eras =8 Brunch

Meals
item: A . 4 Dinmer

oeasohs = Lunch
hdeetings
Humanities ) Sleep
Afternoon

deolagy . D awn

Philozophy

aople Science Times of

Technology

Description =
Qualities g
e zsurement

Temestrial Political =a
Sacred = Intangible

Animal =g

hfechanical

all blocks on a level fit within bounds.
Attempt to center child blocks beneath parents.

Cull “"un-interesting” nodes on a per block basis until *
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Graph Visualization X

Two representations:
- Node-link diagrams

- Matrices

Major Node-Link Layouts
Scalability issues and solutions

Matrix-based representations
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See the tree in this graph? x

Many graphs are tree-like or
have useful spanning trees

Spanning trees lead to

arbitrary roots
Fast tree layouts allow graph

layouts to be recalculated at
interactive rates *




See the tree in this graph? x

Ginori
(¢]

Lamberteschi
Lambe(l)’teschi [¢}

Albizzi
Guadagni Pazzi

09 Q > Giréori
Tornabuoni Salviati Guagagnl
[6) o Albizzi
Medici Bischeri Tornabuoni  © .
Q o [] .. Pazi
Salviati O
Barbadori Medici o

(o] o

animates to

e Barbadori = Acciaiuoli

Ridolfi
[¢]
Strozzi
[}

Animated Graphs with Radial Layout, Yee et al., Infovis 2001 *

Acciaiuoli
(9]

Peruzzi
Bischeri - © Castellani
(o] (o]

Castellani
o)

Strozzi Ridolfi 7i
o © Pegl

http://www.youtube.com/watch?v=0PX5iGro_IA



See the tree in this g

yle Williams
tthew Smith
Fatrick Brown

ail Davis

_ RileyWilson

CA

Adrian Jone

io Brown

Cameron Williams (
IL

Devin Brown

ie Wilson

Carter Brown

IL

__Ella Miller
g

__Isabella Davis
FL

son Williams

TreePlus, Lee et al., VAST 2006

raph

Mot currently visible
Adjacent nodes
for Victoria Miller

- e
_’:izuth Wilson

Bryan Jones
-
OR

o Jennifer Miller
MY

Landon Brown
GA

Currently visible
Adjacent nodes

| Katherine Miller
PA

. Riley Wilson
CA




7

Hierarchical graph layout X

Sugiyama-style or
layered graph
drawing

Layout of a Direct
Acyclic Graph

Hierarchical layering
based on descent




Hierarchical graph layout X
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Optimization techniques x

Treat layout as an optimization problem

- Define layout using an energy model and/or a set of constraints:
equations the layout should try to obey

- Use optimization algorithms to solve

Regularly used for undirected graphs
- Force-Directed Layout most common

We can introduce directional constraints
- DiG-ColLa (Di-Graph Constrained Optimization Layout) [Dwyer 05] *

- Iterative constraint relaxation
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“Aesthetic” constraints B

J(
8
pif

Minimize edge crossings
Minimize area

Minimize line bends
Minimize line slopes
Maximize smallest angle between edges

but, can’t do it all. *

Maximize symmetry

min # crossings max symmetries



Force-directed layout x

Nodes = charged particles F = G*m *m, / (x; - X;)?
with air resistance F =-b * v,
Edges = springs F=-k*(x-x-L)

Repeatedly calculate forces, update node positions
- Naive approach O(N?)
- Speed up to O(N log N) using quadtree or k-d tree

- Numerical integration of forces at each time step *
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Filtered Networks

Rankings

Betweenness Centeality 3] // N "w'm* atits

The number of shortest paths between pairs of fridi Tribe | NS m \
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LRt Indonesia Country
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Jamaat-E-Islami Terrorist Group
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J Venezuela Country =
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Country g v B ran' ’ T

igni v : : (Frameer)
Xi11] Dignity for Colombia Terrorist Group / P N N \
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Social Action, Perer et al., Infovis 2006
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Constraint Optimization layout x

Minimize stress function
stress(X) = i W;; ([IXi-X]] - djj)?
O X: node positions, d: optimal edge length,
O w: normalization constants

O Use global (majorization) or localized (gradient descent)
optimization

— Says: Try to place nodes d; apart

Add hierarchy ordering constraints

Ep(Y) = Zgijyee (Vi- Y- 65)°
O y: node y-coordinates
O §: edge direction (e.g., 1 for i=j, 0 for undirected)
- Says: If i points to j, it should have a lower y-value
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Constraint Optimization layout x

Sugiyama layout (dot)
Preserve tree structure

DiG-CoLa method
Preserve edge lengths




Constraint-based layout

cola.js

Constraint-Based Layout in the Browser

http://marvl.infotech.monash.edu/webcola/
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Interaction Techniques for
Selecting and Manipulating Subgraphs
In Network Visualizations

Presented at IEEE InfoVis 2009

’ Michael J. McGuffin
Ecole de technologie supérieure
Montréal, Canada, http://profs.logti.etsmtl.ca/mmcguffin/

Igor Jurisica
Ontario Cancer Institute, PMH/UHN

Toronto, Canada, http://mwww.cs.toronto.edu/~juris/




Layout Interaction Techniques X

11 yT%75 Node [

. |Select Only fKi:

AR Cﬂm” OB EIR S
0

. '| i
o

HotBox, McGuffin et al., Infovis 2009
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Edge Interaction Techniques x

Multitouch Edge Interaction, Schmidt et al., ITS 2010
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Edge Bundling i
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Hierarchical Edge Bundling

Use the hierarchy to
bundle edges

Holten, Infovis 2006




Bundle-based
exploration

Recorded trajectories
Bundling and unbundling
exploration

MoleView, Hurter et al., Infovis 2011
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Interactive Bundling

Interactive Bundling

Curvature in Networks, Henry Riche et al., AVI 2012



The issue of scale



Solutions

Extracting network motifs
Taking advantage of node attributes
to layout/filter
to aggregate
Degree-of-Interest graphs

Use the alternative representation
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Motifs O Q LX E/Q >{Q )%

(b) (d) (e)

Motifs, von Landsberger et al., VAST 2009



Motifs of higher order

(b) 65% simplified

Motifs, Dunne et al., CHI 2013



Attribute-driven layout X

Large node-link diagrams get messy!

Is there additional structure we can exploit?

Idea: Use data attributes to perform layout

e.g., scatter plot based on node values

Dynamic queries and/or brushing can be used to explore
connectivity *
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Attribute-driven layout X

£ MNetwork Visualization by Semantic Substrates (N¥55)
File Edit View Tools Help

Supreme 1982 1987 1992 1998 REGIONS

36 @ [ Supreme
13 [ [ ] Circuit
CITES
0 M [ | Supreme to Supreme
0 M [ |Supreme to Circuit

12 N Circuit to Supreme
2l Circuit to Circuit

RANGES
[] Supreme

L

1978 -- 2002

Circuit

% DNET
Circuit 1982 1987 1992 1998 Copyright (C) 2006 Univ. of Manyand *

Semantic Substrates, Shneiderman et al., Infovis 2006



Attribute-driven layout

GraphDice, Bezerianos et al., Eurovis 2010



GraphDice: A System for Exploring
Multivariate Social Networks

A. Bezerianos

F. Chevalier INRIA

E. E{agic:es*{ic Ecole Centrale Paris
. EImqyvi iversi

)-D. Fekete Purdue University

GraphDice, Bezerianos et al., Eurovis 2010

Y w

WI%"



2, ASK-Graphview
Fie Edt Vew About
sl & 209 4| Q Edomsize [ (3] NodeSie

i

ALA AL \ A ]
LA A thisid h

eﬁmﬁons @)

e& rlands the in of language ¢ities (5)

“nﬂnrhmh drugs (3)

@ riands the holland is of what (§)

glacts @) ‘ - @etherlands currency (3)
“ ‘. y nd:
@dhemnds the of government famous (3)

netherand: . winy(“) etherlands the of in dutch clothing (8)
arimals the [k ‘ ‘ olland history netherlands dutch of (3)

@pulture netherlands (4)
~ e of ther erk d
rlands the in of food population ()

gnimals the ()

> 366 337 308 2 224

nethedands the holland is of what (8). SIZE: 46; WEIGHT: 162. DEGREE: 7. (3) (#653), SCALE: 0.0465359763667764. MRVS:

ASK-GraphView, Abello et al., Infovis 2006




Attribute-driven aggregation

PivotGraph Roll-up

Node and Link Diagram




PivotG

File View Scale

X-Axis:

Gender e f

Flip XY Clear

Invs. Out Degree
® 0o

®:

@® oo

Select:

Gender

(All Values) ¥ l

Legacy

(All Values) ¥ '
Department
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(All Values) y f

ra

Location A

Location B
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Location D
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Location
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Legacy

Department

Level
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PivotGraph




GraphTrail, Dunne et al., CHI 2012
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Degree-of-Interest Graphs

Search

Search
’ £IS3Y LITTLEFIELD; AL, SI5SY LITTLEFIELD; DAVID LITTLEFIELD;

Thu, Jan 16, '75
ATIONAL FEDERATION THE BLIND; v. FEDERAL TRADE

ERAL COMMUNICATIONS COMMISSIDN Initial focal node > e y Thu, D

(circled)

. PALMORE, v. URITED €TA
v. JORNESON.

Fri, Jul 1,

Mon, J:

Wed, Jun 21, 8%

L L 5 ks
. TURNER BROADCASTING . C Fri, Feb

L., APPELLEES v, DISTRICT COLUMBIA

wed, No

A LERMAN ANGELO v. BOARD ELECTIONS THE

UCATION ASSN, v. FERRY LOCAL !
Sun, Jan 2

Thu, May 4, '73

Nodes that also
matched search term

Tue, Mar
Tue, Jul 1
WEST WIROINIA STATE BOARD EDUCATION v.
Fri, Jun 2,
Number of invisible ; ght YOET, Thi, Apr 3
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TATE FLORIDA

. LEHMAN, v, CITY &
N Interesting direction
for expansion ’

er Federal Count

Search, Show Context, Expand, Perer et al., Infovis 2009
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Use the Alternative



Matrices B




Matrices £

one year of email between ~500 researchers
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Matrix \VAS

x Require learning

v No overlap
v No crossings

x Use a lot of space

v’ Dense graphs
x Sparse graphs

Comparison Study, Ghoniem et al., Information Visualization Journal 2005

Node-Link

v Familiar

x Node overlap
x Link crossing

v' More compact

x Dense graphs

v’ Sparse graphs
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Learning phase

clusters #




Matrix + Node-Link
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MatrixExplorer, Henry et al., Infovis 2006






Navigation Techniques

Melange, EImgqvist et al., CHI 2008
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Hierarchical Aggregation X

B By o Emmw mom

x”ﬂﬂu& Hltmm m

MatrixZoom, van Ham, Infovis 2003 *
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Attribute-driven Aggregation X
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Honeycomb, van Ham et al., Interact 2009



Merging Node-Link Diagrams and Matrices




Supporting Community Analysis

while Exploring Large Matrices




Active research topics

Network Comparison
Heterogeneous Networks
Dynamic Networks



Comparing Networks

n
File View Population Help
| 4
) I I l ] Il__... o L_ L ....I__.| e |IL- Illu. ¥
101 244105 72112 62|35 &82-2 110 0 24
Edge Edge-vertex Vertes Edge In Ot
- =
L e count ratio count density degree degree —‘
B Column "TRUST' | B T T 243 3.919 62 6.425E-2h, R [+ ]
ce il 244 4692 52) 9.163E-2ly,,. ... . . .
cott o, 151 4.314) 35| 0127w .. . . (1 —
ot i, 1549 6113 26 02450l . |
cat o, 159 6.115| 26| 0.2454b, b, » it e | .
o B AT 122 4.692 26| o188 4. . Mawli .. .
;oo 10.0 . laa 82 3.68 26| 0.152hla.. [
TRUST: &/l rows |count= 883 , 1 I I 1 167 6.958) 24| 0.303 t.i.u.. i |i| ill J N
- go-3| ...l |31_ 5-95‘5_ 22_ 0-284_ el w LT L
R M| "SI TS 85 3.864| 22) RED] T || [T
Bar height |Linear v | poo-10 ,,, 0000, 134 6.381) | 0319 1 1okeme hoovdn,. .
o - g0-68], st 101 4.81 2 024 L._,. . Il..1. 1o .
Bin width |Linear M T T 120 5714 2| 0286, L, 01, , iehaade b
Close go-43 .| 48 24 20) 0126§ , . l... .
bgo-44 e . 51| 2.55 20| 01341, . 1| T
ego-114 cit 81 4.05| 20| 0.213fh bove.
ego-98 P | I . |3T_ ?-2”_ 19_ 0'401_IL‘|I"I 1M |I|||||| 1
ego-176 s 80 4.211| 19 0.231 41, Dbt
ego-21| . o 39 2.294) 17| 0143 . s X
ego-41| Lol . BE 5.059 17 0316 L. L1 |
ego-345( 16 0.941| 17| 5.882E-2(] .| )
ego-156 [1iaas 64 4 16 0.262],1,, , 11 =
Tilmtrust/1 nets - all radius 1.5 ego nets

ManyNets, Freire et al., CHI 2010
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Comparing Weigthed Networks X

Comparison Matrix, Alper et al., CHI 2013
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Heterogeneous Networks

|"'_Q~ georgia

= - _] } = University of Georgia Research Foundation
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| ™ connection mode




Heterogeneous Networks X

Interactive Link Legends

cherichia-coli-cft073
reptococcus-pyogenes

osophila-melanogaster

Destination

Curvature in Networks, Henry Riche et al., AVI 2012



Dynamic graphs

Stabilization:

6
28
16
9

History:

Jul-2011
Sep-2011
Aug-2011
Sep-2011
Jul-2011
Sen-2011

Name

Query_0
Query_1
Query_2
Query_3

Difference visualization on timeline:
V' Removed elements visible

! Added elements visible

! Remaining elements vis
Time Control:

Sep-2011

@@ ® o L,

] Loop Month v

Sep]Zfll Oct-2011

Graph Diaries, Bach et al., TVCG 2013

ible
Speed:

Fast

Slow

Nov-2011




Dynamic graphs

@ Cell Color Encoding

- Edge Weight (light to blue)
Edge Weight Diverging (re...
Time (blue to orange)

None (all same gray)

Cell Shape

Edge Weight 1 (small to la...
Edge Weight 2 (small to la
None (equal size)

Adapt Weight
Logarithmic scale
Diverging scale

Topological Order
Name Ordering

Inverse Filter
Time Range
)

Edge weight

'Illll-ul

Cell Opacity.

™ Show Self Edges

| & Show Non-Self Edges
Animation Speed.

Time Slices Slow
(3. 24

Cubix, Bach et al., CHI 2014



Dynamic graphs
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Cell Color Encoding

=) Edge Weight (light to blue)
Edge Weight Diverging (re..
Time (blue to orange)

None (all same gray)

Cell Shape

*) Edge Weight 1 (small to la...

“\

Edge Weight 2 (small to la
None (equal size)

(VI Adapt Weight

Logarithmic scale

Diverging scale

Topological Order

Name Ordering

e

Inverse Filter
Time Range

0
Edge weight

o .

Cell Opacity
F

™ Show Self Edges
¥ Show Non-Self Edges

Animation Speed %

ol S

.

Time Slices s '3 E 3 Slow F

(24)



Summary X

Fast algorithms exists for tree visualizations

While most familiar representations, node-link diagrams
EVERNERVASSIES

- Several can be fixed by interaction techniques

- Others require using different visualization paradigms,

such as matrices
Graph visualization is still an active research topic!! *



