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GOALS FOR TODAY

® | earn the definition of a network (including node, edge)
® | earn the definition of a tree

® | earn common visual encoding techniques for network
data (i.e., node-link diagram, adjacency matrix), and the
advantages of each one.



Networks
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> Networks (grapns

Link (edge, tie, relationship) .. , ,
Network = entities and relationships

Node (vertex, entity) between them
(item)

> [rees

AN

Tree = undirected, connected, acyclic network

Munzner, 2014 5



https://www.cs.ubc.ca/~tmm/vadbook/

Networks

® A network G consists of a set of nodes N and a set of edges E

® An edge e, ,, € E connects two nodes n1,n2 € N

®Eg.,G=1{1,2,3,4}, E={(1,2),(1,3),(2,3),(3,4),(4,1)}

-

Note all the same network,
just different layouts!
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Modified from slide by Frank van Ham 6



A bunch of definitions

Isolate
0.3
Maln connected
O component

An undirected graph A directed graph Welighted Unconnected Node degrees
root
parent
A cycle An acyclic graph A connected acyclic A rooted tree Node depths
graph, a.k.a. a tree or hierarchy

Modified from slide by Frank van Ham 7



Arrange Networks and Trees

® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Adjacency Matrix l
Derived Table H EE

H B
« NETWORKS | « TREES

® Enclosure

Containment Marks HEEBE

« TREES

“Treemap”



® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Primary concern is the spatial layout of nodes ang

~

edges, a.k.a. graph drawing Note all the same network, | 1 C\ /)
. Jjustdifferent layouts! Ny
® The goal is often to effectively depict the graph 2
4
structure for topology-based tasks: 2
- . 1 g
- connectivity, path-following ) 3
- network distance
- clustering 4

- ordering (e.g., hierarchy level)

® But not always topology-based tasks. E.g.,
understanding attributes, statistics, metrics

Slide based on Miriah Meyer, Frank van Ham 3



Marks & Channels

Node
@

Color

Edge

Color

000 OH A
Size Shape

Thickness  Style

Direction
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An Extended Evaluation of the Readability of Tapered, Animated, and
Textured Directed-Edge Representations in Node-Link Graphs

Danny Holten* Petra Isenberg’ Jarke J. van Wijk* Jean-Daniel Fekete®
Eindhoven University of Technology INRIA Eindhoven University of Technology INRIA

Figure 1: All directed-edge representations used in our initial (a to j), follow-up (b, k, I), and current study (b, |, m, n, 0). (a) standard arrow — S,
(b) tapered — T, (c) dark-to-light — DL (a.k.a intensity — |), (d) light-to-dark — LD, (e) green-to-red — GR, (f) curvature — C, (g) tapered-intensity —
Tl, (h) tapered-curvature — TG, (i) intensity-curvature — IC, (j) tapered-intensity-curvature — TIC, (k) biased curvature — Cy, () animated — A, (m)

animated compressed — A, (n) glyph — G, and (o) glyph compressed — G..

Holten et al., 2011



https://doi.org/10.1109/PACIFICVIS.2011.5742390

Hall of Fame?

or
Hall of Shame?
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® Node-Link Diagrams
Connection Marks i1 —
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https://doi.org/10.1177%2F2053951715572916

® Node-Link Diagrams

Connection Marks

« NETWORKS § « TREES

subset of the election network, coloured by partitioning it via
the first eigenvalue of the symmetrised adjacency matrix

orange and green links show negative and positive relations

between entities. Sudhahar et al., 2015 14



https://doi.org/10.1177%2F2053951715572916

Dashboard of the
COVID-19 Virus
Outbreak in

Singapore
2020-01-21 -03-12

Upcode, 2020 15



https://co.vid19.sg/

ashboard of the
COVID-19 Virus
Outbreak in

N/
Case 28

Singapore )
2020-01-21 -03-12
it

Case 34

°n " w’

Case 40

Case 20

Case 18
b e
P
p Case 11 W
n Case 14
éese21 SN
w
Case 4
e
wr
Case
8
Lavender cluster case: Tour Group From
sa.a-gx © Y‘:Y;:a‘:;—;o;a: 24 Cavawase 24
Road
4 “
= Case 8
Wwr
Case 25
e
Case 33
it
’ 2P
The re
Case 38 w
2PN Case 83
wr

Case 31 oM

Case 90

Case 1

f -
¥ Case 78

wr
Case™2 -
‘n s Case3 A
wr
wr 2 - s =
Case 5 Ca%e 10 - >~ ey 85 o/
Case 1 »
SmgEporeans evacuted fom Wunan on § = g
v eauany “wr
Case 22
-
- wr
- Case7
o "
» see =
Cases mpored From Overseas . )
Sngaporeans evacualed from Wukan oo 0
W Enuan -
Case 16 ‘n
‘o Case 17
N/
n Case 45
n Case 26
A Case?2
«wr e
Case @
Case 13
- .
Wwr
Case 44
o -
wr
Case 138
-
9P w
“«wr Case 7
S Case 68
Wwr
~ . Case 70
Case 151 e )
n w
Case
7N Case 82
Case 638

o

Case 80

Grace Assemdy

=
(]
a

9

B Case 58

W' csess U

Case 57

AE,E 6-
el ol
wr
Cese 53 S
«wr
Case 61
o
wr
Case 81

W
2
W
Case 73

Upcode, 2020

16


https://co.vid19.sg/

In-class exercise



Drawing a Node-Link Visualization

Nodes: [ID Type
1 A
2 B
3 A
4 A
5 B

Edges: Source Target Weight
1 2 1
1 3 7
2 3 4
3 4 2
4 1 2
5 1 1



Drawing a Node-Link Visualization

Nodes: ID Type

- - — 1 A
":H’EICJht [D|D;’ Degree Size 2 B
Weight _____m 3 A
4 A
. z 5 B
¥ ® Edges: Source Target Weight
1
1 2
3 1 3
2 3
4 3 4
i : 4 1
Let’s re-create this in NodeXL... 5 1

- Y



http://nodexlgraphgallery.org/Pages/RegistrationBasic.aspx

Node-Link Visualizations

® understandable visual mapping

Pros:

® can show overall structure, clusters, paths

® flexible, many variations

Link
Cons:
® automatic layout algorithm deficiencies Node
(item)

-time consuming to run
-non-deterministic results
-heuristics with sometimes poor results

® not good for dense graphs - hairball problem!

Slide based on Miriah Meyer 20
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Projection Transitions

Lagrange v

Mike Bostock



Quantitative Tasks Spatlal LayOUt

More accurate Position

Quantitative Ordinal Nominal

Position Position Position

engt Density Color Hue
Angle Color Saturation Texture
Slope » XX Color Hue Connection
Area » Texture Containment
Volume Connection Density
Density Containment Color Saturation
Color Saturation Length S Shape
Color Hue Angle - By Length
, Slope s e Angle
Volume Area N < ~ Slope
@ @ Volume . e Area
= ' | Volume
Density

Less accurate

Mackinlay, 1986

25


https://doi.org/10.1145/22949.22950

® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Primary concern is the spatial layout of nodes ang

~

edges, a.k.a. graph drawing Note all the same network, | C\ /)3
L just different layouts! Ny
® The goal is often to effectively depict the graph 2
4
structure for topology-based tasks: 2
- . 1 g
- connectivity, path-following ) 3
- network distance
- clustering 4

- ordering (e.g., hierarchy level)

® But not always topology-based tasks. E.g.,
understanding attributes, statistics, metrics

Slide based on Miriah Meyer, Frank van Ham 27



In-class activity:
planarity
https://treksit.com

~15 min


https://treksit.com/

D3 Force-Directed Layout

Mike Bostock 29



https://observablehq.com/@d3/force-directed-graph

Force-Directed Algorithms

%g_ A%

Kobourov, 2012 30



https://arxiv.org/pdf/1201.3011.pdf

peshi=)

[ hecamoseBCE0 sharp ot X

IOt BCE0) evder Minl

C | localhast:8080/euler html - C [ localhost 8080/ sharp hitm] N = |‘ P

¥

P

v [EM 'Watsan Gragh Lagout X |

o [EM Watson Gragh Lagout X \_

o [EM Watsan Gragh Lapout x '\

C |} graph-Lyyout-dev.skcloudd.ibm.com/fror C ) graph-lyyout-dev.siclouddibm.com/ froatend /s dr = ‘ ~ C |} graph-Lyyout-dev.slcloudd.ibm.com/frontend/# =
grap grap grap

|BIVI Watson Graph Layout = s |BM Watson Graph Layout 1 o 8 4 |BIV Watson Graph Layout = - |

Layoat

Parametees

Layoet

Layoet

Paamaetescs

Paameters




[ o) o

" %~ IBM Watson Graph Layout X

[ —
ww

fm

-

] graph-layout-dev.sl.cloud9.ibm.com/frontend/

&

e |-

3
mm
< o

Layout

(o] B |

\

" [ localhost:8080/euler.html X \

Lo d
S /7 o
A —

- g
™

euler.html|

1 localhost:8080/

&

® _ .,
® o0
® o “ L ooooo =
o ooo ooooooooo ® oooo i
O. ® o ° ” @ ’ ... C..
$ ooo oo oo o oooo oooc
ooo oocoo ooooooooooo = ooooooooooo”ooo
® o o © .. ® o0 ® L] °® .. P
ceo oo et . G e o o°
® e *, $ % ° <N 4 . o®
o ©® .. oo ¢ Py . .Q. ... >
¢ e . * o % ¢ o A *° o
*o7 ® ° o %o ®*,% e ooo
] 2 ° & PY ®
ooo o Tee Qo $ o/ Pe o oooo ° o oooooo
o ® .., °° L.* moo“om. . ooo | e *
@ L) P ...0. ® C... .... .
* ®e ce oo’ N, - ® 00000000
o 00000 o %000 ® 0 oo% ® °®
% ” 00 ® o e ° ® Jl ®
o © oo PY VAN
® @ o ° .. e
000 ° . 000 > S e® o o
®e o0, %o ToR ¢ ooo = 000000 = oo
.‘. ® ....”.. ¢ o, .. .“.‘ pe
®
oo ¢ o°



Algorithm Comparisons

Graph B

Hachul & Jiinger, 2006



https://doi.org/10.1007/11618058_22

How to compare?

User performance,
controlled experiments
Huang et al., 2007, etc.

Simple rules or heuristics
Davidson & Harel, 1996

Computational evaluations,
Global and local readability metrics

Purchase et al., 2002
Dunne et al., 2015

Sugiyama, 2002, p. 14

BASIC RULES
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https://books.google.com/books?id=H06j5GJKITIC&printsec=frontcover#v=onepage&q&f=false
https://doi.org/10.1109/APVIS.2007.329282
https://doi.org/10.1145/234535.234538
https://doi.org/10.1057%2Fpalgrave.ivs.9500013
https://doi.org/10.1147/JRD.2015.2411412

Benchmark datasets
AT&T

gl o Graph Layout Benchmark Datasets

Co-Phylogenetic Trees — . . . .
The following is a list of benchmark datasets for testing graph layout algorithms. The list was collected at the

Complete Graphs Northeastern University Visualization Lab, and is maintained by the same. Our colleciton methodology targeted layout
World Maps algorithms specifically - we do acknowledge the existence of other repositories that target other network-related
Graphviz Examples purposes more in detail. The collection and supplemental matenal is also accessible at https://osf.io/j7ucv/

KnownCR

e Click on the names of the collections to expand them and access information about their contents and a list of papers
Militarized Interstate

Disputes (MID) using them.

North DAG
? ) If you find our work useful for your research, consider citing our paper as well as the linked "Origin Paper” for each

RandDAG dataset used:
Rome-Lib
Scotch Graph Collection @Misc{DiBartolomeo2023CollectionBenchmarkDatasets,

o author = {Di~Bartolomeo, Sara and Puerta, Eduardo and Wilson, Connor and Crnovrsanin, Tarik and Dt
SteinLib howpublished = {Under submission to Graph Drawing Posters},
Storylines (Movie Plots) title = {A collection of benchmark datasets for evaluating graph layout algorithms},
WebCompute year - {2023}, _ _ ‘ _

url = {https://visdunneright.github.10/gd benchmark sets/},

Established Network
Repositories

Matrix Market

Contributing: Please open an issue here: https://github.com/VisDunneRight/gd_benchmark_sets.
Alternatively, reach out to dibartolomeo.sara@gmail.com

MNetwork Repository

Pajek
SNAP (Stanford Network Benchmark datasets
Analysis Platform) These are collections of graphs that have been frequently used in graph drawing papers. By clicking on each collection name, you can see additional
SuiteSparse Matrix information. We also provide an analysis of the contents of each collection, and a list of papers that use them, their sources, and various types of
Collection information.
Name MNode Distr. Min nodes Max nodes Features
Aggregate collections AT&T I N 10 e
Airlines, Migrations, and Air
Traffic Biological Pathways (KEGG) ey . 47 I 292 [ clusters
Assorted Collaboration Co-Phylogenetic Trees l_ & 13 X 773 [ trees ]
Network -
Complete Graphs il 5 I 80 BB seneic o crosing umber

Blogposts, Tweets, and

World Maps categorica es e weight .
Forums e mm By o 514 '"‘"' =D &= Di Bartolomeo et al., 2023

Ceade Derandancy (Sramhc


https://visdunneright.github.io/gd_benchmark_sets/

Rooted trees / layered graph drawing
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Back-and-Forth Sweeps
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® Node-Link Diagrams

Connection Marks

Scale Problems...

® Quickly run out of space!

® Tree breadth often grows exponentially
® | ayout algorithms are slow and heuristics
® Slow rendering

® Solutions:

- scrolling or panning

- filtering or zooming

- aggregation & simplification

- faster but tricker rendering approaches Slide based on Miriah Meyer 39



"‘ Graph Viewer Test X

C www.yasiv.com/graphs#HB/blckhole

Yasiv ~ontact More Visualizations... ¥

GodylDunne

cEBY Qa6

vivagraph.js | Tweet

Choose Graph:

> ? J ] €
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I Pause layout

Layout Settings

© Spring Coeff:
© Spring Length:
© Gravity Coeff:
© Drag Coeff:

© Theta Coeff:

Reset to default

HB/bilckhole

Nodes: 2121
Edges: 6370
Image:

0.0008

30
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Use mouse wheel to zoom in/zoom out



http://www.yasiv.com/graphs#HB/blckhole
http://www.yasiv.com/graphs#HB/blckhole

Arrange Networks and Trees

® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Adjacency Matrix l
Derived Table H EE

H B
« NETWORKS | « TREES

® Enclosure

Containment Marks HEEBE

« TREES

“Treemap”

41



® Adjacency Matrix l

Derived Table H HBE
B B

« NETWORKS 0 « TREES EE B
H

Alternate to node-link visualization for dense & weighted networks

A B C D E

A
B C B

C

D
D E

E

Slide based on Miriah Meyer 42



Adjacency Matrix

Node-Link
A
“-s?“':‘l'::h
\ \‘*:"\;‘ <
B RN
"2\
f o

Matrix

Henry & Fekete (2006) %3



http://msr-waypoint.com/en-us/um/people/nath/docs/Henry_infovis06.pdf

® Adjacency Matrix _

Derived Table H HBE
T
|
Pros:

® great for dense graphs
® visually scalable
® can spot clusters
Cons:
® row order affects what you can see
® abstract visualization

® hard to follow paths

Slide by Miriah Meyer 44



Les Miserables Co-occurrence
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Proiiglilr'g This matrix diagram visualizes
Combeferre character co-occurrences in

El'\?é\cél-:'—:%sf [ " u Victor Hugo's Les Misérables.

Marius [ B B | | ] B

Gggréascuhe% B - Each colored cell represents

Jol .
Grantairg two characters that appeared in
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Use the drop-down menu to
reorder the matrix and explore
the data.
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Source: The Stanford GraphBase.

https://bost.ocks.orqg/mike/miserables



https://bost.ocks.org/mike/miserables/

WDA-LS clustered co-occurrence

Use the drop-down menu to reorder the matrix and explore the data.

When ordered by cluster, rows and columns are clustered by affinity values using hierarchical agglomerative clustering.
Distance measure: Euclidean.
Linkage technique: Single.

Rows and columns are then arranged using leaf reordering using the algorithm from: Sakai, Ryo, et al. "Dendsort! modular leaf ordering methods for dendrogram representations in R." F1000Research 5 (2014).
Cell labels show count and color shows normalized affinity.

Cody Dunne and Tim Stutts, IBM Watson Health Cognitive Visualization Lab

Dataset: [ genesigenes Mediine (example) v || Edge List |

Order: | by Cluster » |

The guery was for genes related to the genes S0X9, TCF7LI, SMADY, PIK3CA, KRAS in Medline,

o =2 &8 w o
[
=T
5 5 = g
LN = LN e o
ipd3 33 4 - T26
apc 10 1
kraz 10 1
nras 0 0
hras 0 0
2 2 0
rafi 3 1
alk 0 0
ns2 0 0
s051 0 0
hspbd 0O 0
ptpn11 0 0
col8a 4 0
o4 0 0
ifng 0 0
myc 18 1
mih1 0 1
smadd 13 1
smad2 21 1
smad3 20 0
smad7 5 0
smadl 17 0
fgfb1 23 0
inhbe 12 0
tgfbr2 5 0
ridkn?a 13 1



wda-ls matrix

HiGlass :: About Examples Docs ()

HiGlass is a tool for exploring genomic contact matrices and tracks. Please take a look at the examples and
documentation for a description of the ways that it can be configured to explore and compare contact
matrices. To load private data, HiGlass can be run locally within a Docker container. The HiC data in the
examples below is from Rao et al. (2014) [2].

A preprint of the paper describing HiGlass is available on bioRxiv [1].

Single View
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(c) MatLink

Henry & Fekete, 2007
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https://www.microsoft.com/en-us/research/publication/matlink-enhanced-matrix-visualization-analyzing-social-networks/

NodeTrix
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http://ieeexplore.ieee.org/document/4376154/#full-text-section

MapTrix
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(a) Bundled Flow Map (b) OD Map (c) MapTrix

https://vimeo.com/182970812
https://vimeo.com/278433529 Yang et al. 2016:m ”



http://dx.doi.org/10.1109/TVCG.2016.2598885
https://vis.yalongyang.com/maptrix/index.html
https://vimeo.com/278433529
https://vimeo.com/182970812

> Networks (grapns

Link (edge, tie, relationship) ~ Network = entities and relationships
between them

Node (vertex, entity)
(item)

> [rees

AN

Tree = undirected, connected, acyclic network
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Arrange Networks and Trees

® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Adjacency Matrix l
Derived Table H EE

H B
« NETWORKS | « TREES

® Enclosure

Containment Marks HEEBE

« TREES

“Treemap”
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: \ (= Hyperbolic
trees

\ Tarsiiformes  _

~— Haplorrhini

Strepsirrhini Primates

https://glouwa.github.io/d3-hypertree-examples/demo/
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https://glouwa.github.io/d3-hypertree-examples/demo/

Cone Trees

Robertson et al., 1991 54



https://doi.org/10.1145/108844.108883
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http://www.cs.umd.edu/hcil/treemap-history/
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https://doi.org/10.1177%2F1473871611424815

Rainbow: Diverging:
3D: 39% 3D: 71% (A +31%)
2D: 62% How many diseased 2D: 91% (A +29%)

regions found?

Borkin et al., 2011 59
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https://aditeyapandey.github.io/CerebroVisProject/

Visual Search the VC database: Deep Learning GPU Serverlg X

GO Deep Learning Systems w/ TitanX/ K80/K40 GPUs.

complexity

Latest Projects: Indexing 1000 projects

Filter by:

Art (74)
Biology (60)
Business Networks (50)
Computer Systems (39)
Food Webs (16)
Internet (35)
Knowledge Networks (141)

: Multi-Domain Representation (70)
—— 4 : ‘ " Music (47)
Others (77)
Pattern Recognition (53)
Political Networks (34)
Semantic Networks (44)
Social Networks (135)
Transportation Networks (70)
World Wide Web (55)

See All (1000)

visual
complexity

m Lima, 2005 62
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http://www.visualcomplexity.com/vc/

>~ -
_Check out other surveys! ) treevis.net - A Visual Bibliography of Tree Visualization 2.0 by Hans-Jorg Schulz

v.04-OCT-2016

Dimensionality Representation Alignment Fulltext Search Techniques Shown

DOEBER O&EE

‘reevis.net; Schulz, 2011 63



https://treevis.net/
https://doi.org/10.1109/MCG.2011.103

For Next Time

neu-ds-4200-f23.github.io/schedule/

Look at the upcoming assignments and deadlines

® Textbook, Readings, & Reading Quizzes—Variable days

® In-Class Activities—If due, they are due 11:59pm the
Week 6: Networks and Trees; Spatial, 3D, and SciVis
same day as class |
Tue, Oct 10 Fri, Oct 13
Networks and Trees Spatial, 3D, and scientific visualization
Everyday Required Supp“es: Required Readings: Required Readings:
® 5+ COlOrS Of pen or ma rker 1 VAD Chapter 9—Arrange Networks and Trees 1 VAD Chapter 8—Arrange Spatial Data
®  White paper  AS—Altar interactive charts due at 11:59pm |
¢ La ptOp and Charger Week 7: Midterm
Tue, Oct 17 Fri, Oct 20
' : id d Stud '
Use Slack for general questions, email codydunne-and- Hidterm QEA and Study Session HIPIERIT AN
. .o Week 8: Storytelling, Validation
tas@ccs.neu.edu for questions specific to you.
Tue, Oct 24 Fri, Oct 27
Storytelling, how to give a talk Validation and evaluation
Required Readings: Required Readings:
1 Storytelling: The Next Step for Visualization by Robert 1 VAD Chapter 4—Analysis: Four Levels for Validation

— _



https://neu-ds-4200-f23.github.io/schedule/
mailto:codydunne-and-tas@ccs.neu.edu
mailto:codydunne-and-tas@ccs.neu.edu
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