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Why?

* Numerous visualization methods for ontologies
* Many software tools implementing them

* No one-size-fits-all solution

* No de facto standard

e Last comprehensive survey > 10 years old [katifori et al. 2007]

- Updated survey on methods and tools visualizing OWL ontologies



Methodology

* Keyword: “ontology visualization” (incl. variation with “s”)

* Sources: Google, Google Scholar, ACM DL + all VOILA Proceedings
* Analyzed: Paper contents + related work + references

* Target: OWL visualization methods and tools (incl. related work)

* Tested: Most recent tool version (where available)

e Platform: Tested with Windows 10 and Ubuntu 14 PCs



Categorizations <
Methods: —

1. Dimensions (2D, 3D, etc.) - S~
2. Graphical Elements (glyphs) General Overview Detailed View

Inspection

3. Layout Method (tree, force, etc.)

A
Tools: . e o
1. Interaction Techniques (zooming, searching, etc.) .
2. OWL coverage (tested with OntoViBe) j '/
3. Large ontologies (tested with SUMO) D f e

[Burch & Lohmann 2015]



1.5D Visualization Method: Indented Lists

. _ . . Indented List
* Hierarchical relations (e.g. class hierarchy)

SuperClass
* One type of entity at a time (e.g. classes) Subtlasss
SubClassB1
* Graphical elements: text labels (+symbols, line fragments) SubClassB2
SubClassA
SUBCLASS EXPLORER 0
Asserted Hierarchy L IO
e Familiarity « Only hierarchies . B
* Visual clarity * Only one entity type at a time - v
* Ease of use * Often much scrolling o
e Easytoimplement <+ Multiple inheritance only via multiplication

[Entity Browser of Protégé]



2D Visualization Method: Node-link Diagrams

* Most frequently used ontology visualization method
* Labeled nodes are connected by (optionally labeled) links
* Nodes = entities (classes), links = relations between entities

[VOWL Example]



Node-link Diagrams vs. Indented Trees

List-checking tasks Overviews

Larger ontologies Smaller ontologies
Hierarchically organized Network structure

Few customization options Many customization options
Single inheritance Multiple inheritance

[Fu et al. 2013]



Node-link Diagrams vs. Indented Trees

Visualization

Conference Task

BioMed Task

Indented Tree

Graph

ful . Clear Cmerel’e%we

5 h f d ontrollable
‘b""ﬁgén"l;"“érﬁasf Familiar

aes Useful " |mE SB.".-’IHQ Complex

nmuS|mpI|5t|c “eIntuitive™

Accessible

Easy to use

Fast, .

Frustraung
Bu 5|F|ESS I|keﬂdvanced |||||||||||

"(EI;eatwe
Easyt Use AﬁEf:.-,ﬁ"'\',:r“g::';lmplls.tlrc

----- Cleanu.r Intuitiverun
---------- IStraight forward F F|E><'b|

El:lntrollahle []'ﬁ‘nm.lltlm1 gl e
ngaglng Coi
Powerful vreinee

Rdn'-'ant Dl Stractl ngnln"u, |[ erliwar
arlng Cnn nec Too tachnical Ineffective gy

E ® Flexible Effective
b Sovee Familjar Simplistic

um |Ex Unattractive

Or "“g"““’ﬁ’ni”i‘ ed .ﬁ.tdm,-ght forward

previli- Useful.l.dvanocd

Usable Frustrating  Business-like
GunsjtentCanusm g Time-consuming

Disconnested Ovemhelm |r|g BO r lnEﬂtlnt%‘g\’rﬁC I ea r

Unrefined

Annoying Incansistant
Dl Bosy®

tzhle

Distracting e Frustrating

Engagieyy  Itimidating Approachableﬂlean: storabie o et

A T e cmmmhme -consuming
Stressful - EaSY 0 useﬂfer’whelmmg,m

Gets in'the wayAnnoylng

Eﬁ'cmntcom Ié’""‘ 3 BI.IS}"
Organi zped IHEﬁBCtWB

Cuntm“ahlgnnfusmg

[Fu et al. 2013]



Categorization: Label-based vs. Layout-based

Label-based:
 UML-inspired: node label = name + other information (data properties)
* Name-label-only: node label = name & no other textual information

Layout-based:

. SuperClass SubClassB
* Force-directed < <
bjectPropertyAB
[SubGiassB |
o Tre e T ypropertyAB ZF
. SubClassA SubClassB1 SubClassB2
¢ Ra d I a I + stringDataPropertyB2:string
* Circle

UML-inspired visualizations: Similarities between SubClassB2

* .. Ontology Engineering and Software Engineering



Force-directed Layout

* Also called “spring embedded” layout
* Very common in ontology visualization
* Algorithm simulates a physical system

* Nodes with most connections are
arranged in the center

Pros | Cons

edge crossings & overlapping  Instability of most
nodes are avoided force-directed layouts

SubClassB1

0
.
-
+

SubClassB
el A
=
A

[Wikipedia]

SubClassB2



Tree Layout

SuperClass

SubClassB objectPropertyAB

SubClassB1

Pros _____ Cons

Stable layout

SubClassA

SubClassB2

Only hierarchical relations

* @ SuperClass |
/"/’ \\'\
p Jf.Na Z':'g‘_\
) SubclassB ] " SubclassA
A ..\"'-. vy
.v"'/l‘f-) L-‘:\\'\
" SubclassB1 ) SubclassB2

[OntoGraf plugin for Protégé]



Radial Layout

SubClassB2

SubClassB
SuperClass

"-.pbiectPropertyAB

5

ubClassB1

SubClassA |

SubclassB2

—1SubclassB

SubclassA

Can be more space efficient than tree
layout

Hierarchical structure can be less
noticable

[Graffoo]



Circle Layout

SuperClass

SubClassB2

SubClassB

owl:Thing ] %ubclassBZ

/ |

objectPropertyAB

» SubclassB

uperClass

e \ y

[SubclassA Fubclassm

Prs oo (Gratfool

Can nicely be combined with edge e Space consuming
bundling & sunburst diagrams * Long relation links
- Inverted radial tree layout * Rotated text

SubClassA

SubClassB1




Inverted Radial Tree Layout
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[bl.ocks.org]

[GLOW plugin for Protégé]



2D Visualization Methods: Euler Diagrams

Su
SubClassB1
SubClassB2
[A dsads : 7.108650569457126
4 >
ClassList ¢
perC
|

SubClassB

Animal

Zoom =

[SWOOP]



2D Visualization Methods: Treemaps

SubClassA SubClassB
. [ ] [ ] [ ]
Hierarchical relations
owl:Tl
ssssssssss
uuuuuuuu
® subclasss? Sa— ® SubclassBt | Cluster Squariﬁed

[Jambalaya]




2.5 Visualization Methods

* Only one experimental tool (Ontoviewer)

objectPropertyAB
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3D Visualization

* Only two experimental tools
(OntoSphere and OntoSELF)

SubClassB2

SubClassB

SubClassA

SubClassB1

-

[OntoSphere]

Explore from different angles Screens are 2D (require transformation)



Brief Digression: Visual Lies

* Visual lies are a general issue

e More anissue in 3D than in 2D Percentage of victories Percentage of victories
[WRONG] (RIGHT ]

600 -

550 -

531 St

Religions in the world Religions in the world

[ wRONG | [ RIGHT | .

450 =

NY Yankees Boston Red Sox NY Yankees Boston Red Sox

[Pew Research Center / National Geographic] [Major League Baseball / National Geographic]



4D Visualization

e Little explored

* Example: ontology
evolution

* Use animation to
depict the change of
ontologies

chgAttValue

B spiit (9) addA (285) ] addR (33)
addLeaf (169) substitute (2)
chgAttValue (2423)

delA (27)

Compact Diff Result

delLeal (3) [} celR (25) [l merge (60) [] move (188) || addinner (23)
B toObsolete (20) B a0dSubGraph (33)

[CODEX]



Ontology Evolution

* Time-to-time vs. time-to-space mappings

[Burch & Lohmann 2015]



Surveyed Tools

Large ontologies

Avalable Works Flugin for Loads Dnsplays readable

CmapTools Ontology Editor Yes No N/A

CropCircles Yes Yo SWOop No

FlexViz Yes No N/A

GLOW Yis No Protégé 4.x N/A

Graffoo Yes Yes No

GriOWL Mo No N/A

Jambalaya Yes Yo Protégé 3.x No

KC-Viz Yes Yes Neon Toolkat No

Enoocks Yos No N/A

Mult-view ontology visualization Mo No N/A

MNavigOWL Yes Yes Protégé 4.x No

OLSVis Yes Yes N/A

Ontodia Yes Yes Yes Yes
OntoGral Yes Ye Protégé 4.x Yes Yes
Ontology visualizer Yos No MNeon Toolkat N/A

OntoRama Mo No N/A

OntwoSELF Mo No N/A

OnwoSphere Yes No Protégé 3.x N/A

OntoStudio Yis Yes Yo Yes
OntoTrack Mo No N/A

OntoTrix Mo No N/A

Ontoviewer Mo No N/A

OntoViz Yes No Protégé 3.x N/A

OWL-VisMod Yis No N/A

OWlLeasyViz Yis No N/A

OWLGHEd Yos Yes No

OWLVLe Yes Yo Protégé 4.x No

Protéeé Entity Browser Yes Yes Protégé 4.x Yes Yes
S0OVA Yes Yes Protégé 4.x No

TGViz Yis Yes Protégeé 3.x Yo No
TopBrud Yos Yes Yo No
Triple20 No No N/A

WebVOWL Yos Yes No



OWL Coverage

Object Datatype Universaliexistential Equivalent Subclass Propernty
Classes  properties  properties  Instances Annotations restricions Cardinality Enumeration Intersection Union Complement  classes  Disjointness  relations  charactenstics

CmapTools Ontology X X X X X

Editwor

CropCircles X X

FlexViz X X X

GLOW X X X

Graffoo X X X X X X X X X X X X X X

GrOWL X X X X X X X X X X X X X X
Jambalaya X X X X X

KC-Viz X X X X

Knoocks X X X X X

Multi-view ontology X X

visnalization

NavigOWL X X X X X X X X X X X X
OLSVis X X X X

Ontodia X X X X X X X X X

OntoGraf X X X X X X X X X X

Ontology visualizer X X

OntoRama X X

OntoSELF X X

OntoSphere X X X X X X X

OntoStudio X X X X X X X X X
OntoTrack X X X X X X

OntoTrix X X X

Ontoviewer X X X

OntoViz X X X X X X X X X X X X
OWL-VisMod X X X X X X X X X X
OWLeasyViz X X X X

OWLGrEd X X X X X X X X X X X X X X X
OWLViz X X

Protéoé Entity X X X X X

Browser

SOVA X X X X X X X X X X X X X
TGViz X X X

TopBraid X X X X X X X X X X X X X X X
Triple20 X X X X X X X X X X NA N/A X X
WebWVOWL X X X X X X X X X X X X X



Interaction Techniques

Radar Graphical Entity History Pop-up Incremental Search and  Flter Filterentity  Fisheye Edge iD Drag and Textual  Visual
view FOOIM focus  (undo/redo)  window exploration highlight parts types distortion  bundling navigation Panning drop  Clstering  editing  editing
CmapTools Ontology X X X X X
Editor
CropCircles X
FlexViz X X X X X
GLOW
Graffoo X X X X X X
GrOWL X X X X X X X
Jambalaya X X X X X X X X X X
KC-Viz X X X X X X X X X X
Knoocks X X X X
Muli-view ontology X X
visualization
MNavigOWL X X X X X X
OLSVis X X X X X
Ontodia X X X X X X X X X X X
OntoGraf X X X X X X X X X
Ontology visualizer X X X X X X
OntoR.ama X X X
OntoSELF X X X
OntoSphere X X X X
OntoStudio X X X X X X X X
OntoTrack X X X X X X X X X
OntoTnx X X X X X X X X X
Ontoviewer X X X X X X
OntoViz X X X
OWL-VisMod
OWLeasyViz X X X X
OWLGrEd X X X X X X X X
OWLViz X X X X
Protégé Entity X X X X
Browser
SOVA X X X X X
TGViz X X X X X X X X
TopBraid X X X X X X X
Triple20 X X X X X X X X
Web VOWL X X X X X X



Retinal Properties

Color

Shape

Size

Saturation

Texture

CmapTools Ontology Editor

CropCircles
FlexViz
GLOW
Graffoo
GrOWL
Jambalaya
KC-Viz
Knoocks

Multi-view ontology visualization

NavigOWL
OLSVis
Ontodia
OntoGraf
Ontology visualizer
OntoRama
OntoSELF
OntoSphere
Ontodia
OntoTrack
OntoTrix
Ontoviewer
OntoViz
OWL-VisMod
OWLeasyViz
OWLGrEd
OWLViz
Protégé Entity Browser
SOVA

TGViz
TopBraid
Triple20
WebVOWL

o o

I I



Findings

* Mostly 2D

* Mostly node-link

* Focus on class hierarchy

* Visual indicators (color, size, shape, etc.) little used

e Little support of OWL 2

 Large ontologies can often not be parsed and visualized (clutter)

* Limited maturity and usability



Findings

* Tools are often experimental research prototypes

e Little time and resources for full implementation in research

 That affects:

* OWL coverage: only 2 tools implement all tested OWL concepts
(OWLGrEd and TopBraid)

* Performance: only 5 tools load large ontologies
(Ontodia, OntoGraf, Entity Browser, TGViz and TopBraid)

e Feature richness — only few feature-rich tools
(KC-Viz, Jambalaya, Ontodia & WebVOWL)



Findings

* Promising visualization methods not used (e.g. parallel coordinates)

* Few evaluations about the effectiveness and efficiency of the methods

Little work on visualizing ontology evolution and change

Offering complementing visualization (multiple coordinated views)

Different tasks and use cases demand different visualization methods

New ontology visualization methods and tools are often developed from scratch

— High demand for a universal and customizable ontology visualization framework



Questions?
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