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A hacker who studied ontology

Was famed for his sense of frivolity.
When his program inferred

That Clyde ISA Bird

He blamed, not his code, but zoology.

Henry Kautz

https://www.cs.rochester.edu/~kautz/misc/limericks.html
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Current focus topics:

ontology modeling

ontology design patterns

ontology and data alignment

data and information integration

use of formal semantics

semantic web languages

logical foundations

efficient reasoning algorithms

data security

applications in the sciences and elsewhere
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EarthCube

EarthCube:
NSF Program, multiple projects, long run-time

Goal: Developing a Community-Driven Data and Knowledge
Environment for the Geosciences

“concepts and approaches to create integrated data management
infrastructures across the Geosciences.”

“EarthCube aims to create a well-connected and facile environment
to share data and knowledge in an open, transparent, and inclusive
manner, thus accelerating our ability to understand and predict the
Earth system.”
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EarthCube requires

Information integration
Interoperability

conceptual
modeling

Intelligent
search

data-model
Intercomparison

data publishing
support

Semantic Web studies

 Information integration
 Interoperabillity

e conceptual
modeling ‘

* Intelligent .Q
search

e data-model
Intercomparison

e data publishing
support

Pascal Hitzler, WSU; Krzysztof Janowicz, UCSB



EarthCube Challenges %ase Lab

The EarthCube “Data Architecture” must be

e modular

 extensible

e scalable

e sustainable

» sliceable (i.e. you can adopt part of it without adopting all)
 simple enough for easy adoption

« complex enough to solve real problems

« elastic, in that it allows partners to decide how much they want
to share

« respectful of individual modeling choices

WRIGHT STATE
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EarthCube GeolLink project %ase Lab

Targeting data sharing and discovery in the Earth Sciences.

LDEO: Robert Arko, Suzanne Carbotte, Kerstin Lehnert, Peng Ji

WHOI: Cynthia Chandler, Peter Wiebe, Lisa Raymond,
Adam Shepherd, Audrey Mickle

UCSB: Mark Schildhauer, Krzysztof Janowicz, Matt Jones,

Yingjie Hu
Ocean Leadership: Douglas Fils
Marymount Univ: Thomas Narock

WSU: Pascal Hitzler, Michelle Cheatham, Adila Krisnadhi, Nazifa
Karima, Brooke McCurdy

UMBC: Tim Finin

Featured in a January 2015 Science article.
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GeoLink setup %ase Lab

User Interface

additional application-specific modeling

Integrating schema (GeoLink Patterns)
7 7 7 X N DN

mappings
/ /
R2R BCO-DMO IEDA LTER |IODP
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Ontological Commitments %ase Lab

a.k.a.

modeling choices you may regret later
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Ontological Commitments %ase Lab

http://data.kit.edu/person/pascalhitzler
owl:sameAs

http://data.wright.edu/person/pascalhitzler
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Ontological Commitments %ase Lab

http://data.kit.edu/person/pascalhitzler

http://data.wright.edu/person/pascalhitzler

what does it mean that both may have the same ORCID ID?
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From Linked MDB %ase Lab

hasName

hasActor
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Problem!

Sesame
Street hasName

hasActor

hasActg plays @

plays
Show
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Multiple perspectives

a:hasWife C a:hasSpouse

symmetric(a:hasSpouse) symmetric(b:hasSpouse)
Ja:hasSpouse.a:Female C a:Male b:hasSpouse(b:mike, b:david)
Ja:hasSpouse.a:Male C a:Female b:Male(b:david)
a:hasWife(a:john, a:mary) b:Male(b:mike jﬁ
b:Male(azjohn) b:Female(b:anna)

b:Female(a:mary)
a:Malema:Female C L
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Ontology Design Patterns %ase |_ab

“An ontology design pattern is a reusable successful solution to a
recurrent modeling problem.”

So-called content patterns usually encode specific abstract
notions, such as process, event, agent, etc.

Patterns provide modular, reusable, replaceable, pieces.

By agreeing on reuse of generic patterns (but leaving the
relationships between the patterns to a specific assembly for a
special purpose), we can have reuse while preserving
heterogeneity.
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Raw trajectory data Geographic information

Semantic — 7 L=
Trajectories | l v N
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[Hu, Janowicz, Carral, Scheider, Kuhn, Berg-Cross, Hitzler, Dean, COSIT2013]
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Semantic Trajectories %ase |_ab

---------

-D ' I
y ssnivevice .t i .

-
- === === LY

subclass S
: ‘
Source atTime
(source ) o .

hasCreator
""— hasLocation —»| Position
P
hasFix \\ | .+
/ hasAttribute 3 _
S i \ POI: hasSpatlalFGmprmt
Tf;;;{;w startsFrom !
endsAt [Amih“tej " POI-Place :

\ hasAttribute

hﬂEEEQmEﬂt——h(Segment S
isTraversedBy _.., MutmnF’ Muwnngject :
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Semantics in OWL

Fir C datTime. OWL-Time: Temporal Thing dhasLocation. Position

M dhasFiz™ .Semantic Trajectory (1)
Segment C dstartsFrom. Fiz T dendsAt. Fix (2)
T C< 1startsFrom. T (3)
T C< lendsAt. T (4)
Segment C dhasSegment .Semantic Trajectory (5)

startsFrom™ o endsAt C hasNext (6)
hasNext C hasSuccessor (7)

hasSuccessor o hasSuccessor C hasSuccessor (8)
hasNext™ C hasPrevious (9)

hasSuccessor C hasPredecesor (10)

WRIGHT STATE
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Semantics in OWL

Fiz M —dendsAt.Segment C StartingFiz (11)
Fix M —~dstartsFrom.Segment C EndingFix (12)
Segment [ dstartsFrom.StartingFiz C StartingSeqment (13)
Segment [ dendsAt. EndingFizr C EndingSeqgment (14)
Semantic Trajectory C FhasSeqgment. Segment (15)
hasSeqment o startsFrom C hasFiz (16)
hasSeqment o endsAt C hasFix (17)
dhasSegment.Segment C Semantic Trajectory (18)
dhasSeqment .Semantic Trajectory C Seqment (19)
dhasFiz.Segment C Semantic Trajectory (20)
dhasFiz— .Semantic Trajectory C Fix (21)
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Ocean Science Cruise

(draft)

=hAgent= |

e <Event=
#port_stop_departure ]
[ . ’ )
AgentRoleType nasCruiseScheduler, & 1‘{ .
| lin agent-role) hasCruiseOperator s & | | #port_stop_arrival
"‘-1_““ J:anl-"' fé}? [ IS — -
i e . "
R““'EE"'""?QH H;‘tra—:, <pmznl h.Jh-‘-"-.‘l.rIL‘nu.:’;‘- .rﬁ
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"“-.H:’: O PE (B~ | hasattribute
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~ - ibTrﬂu'Erﬁt'dE':f'i [ ~ Segment
Cruise ﬂs?’.rﬂf-el_t | (in trajectary) |
[-::Furdir'-g.ﬁ.ward} - B )
shscocatedWitnProgram TTm—— l
- I “ 7 CruiseTrajecto ]— —— e e | < TFRC|RCTOMY > |
“:?p;"‘ ~ | isDescribedBy : ) rdfs:subClassof
'II:I*:";I_: T, I &
ql&.l"' T | #
|' = A rdfs:subClassOf =Place=
ruiselnfaormation JETL [ — nTarmacion IECT .
- | CruiseinformationObject |— InformationOb [
hasCruiselD - A
~ A , rdfs:subClassOf /
hasCruiseType L "'.." hasWebpage, /
nasCananicalMame, {UFS'JLLAISC' !
i : KnownAs
CruiseType: ST RNOWINAS, h
{ #transit, #operation, _..r; hasDascription Fort
#maintenance, #other} @
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Cruise trajectory (draft) %ase Lab

POl:hasSpatialFootprint

atPort f
7 "
.-P"ﬂff
____hasLocation ™
hasAllribute
_
_hasFix Bt
_— [#portStopArrival,
Semantic #portStopDeparture}
Trajectory
A hasSegment

has [ rajectory

- isTraversedBy ___

‘ Cruise |< — participatesin | <Vessel> ]




Cruise trajectory %ase Lab

Cruise(x) A hasTrajectory(x,y)

A hasSegment(y, z) A isTraversedBy(z, v)
— participatesIn(v, z)

-~ | - "
Y T ______)...| Position \
~ _____haslLocation ™

.__H---

— hasAftribute
-F-FF-FF ) --\-\-\-\'-.
hasFix T
o / / .
L {#portStopArrival,
Semantic startskrom " r #poriStopDeparture}
Trajectory
A hasSegment
has [ rajectory
- isTraversedBy ___

‘ Cruise |< — participatesin | <Vessel> ]



Cruise trajectory %ase Lab

Cruise(x) A hasTrajectory(x,y)

A hasSegment(y, z) A isTraversedBy(z, v)
— participatesIn(v, z)

Cruise = dcruise.Self
cruise o hasTrajectory o hasSegment o isTraversedBy

C hasParticipant

hasParticipant = participatesIn—
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Cruise trajectory %ase Lab

| e

.-H_J.:-'"' I
- POl:hasSpatialFootprint

atTli.rne atPort |
| e |
hasMNext II ,ﬂff ‘
Y | ~ _ | Positi
_ ____hasLocation™ }
- - -H-r'lasmtrihute_
__hasFix i | T
{#portStopArrival,
r #portStopDeparture}
Fix(x) A hasAttribute(z, #portStopArrival)
A atPort(x, y) A hasSpatialFootprint(y, 2)
A hasLocation(z,w) — locatedIn(w, z) -
:I[ <Vessel> ]




Cruise trajectory %ase Lab

Fix(x) A hasAttribute(x, #portStopArrival)
A atPort(x, y) A hasSpatialFootprint(y, z)

A hasLocation(z,w) — locatedIn(w, z)

Fix A dhasTrajectory.{#portStopArrival} = Jfixps.Self

hasLocation™ o fixps o atPort o hasSpatialFootprint
C locatedIn
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Oceanographic Cruise %ase Lab
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I Trajectory
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Roles (Cruise as Event)

rdfs:subClassOf
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'
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1
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|
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Cruise Trajectories

N
. A
hasLocation M

o
hasSegment

isTraversedBy

hasFix hasSpatialFootprint

startsFrom

— ——
=igieaninle | prace |
\ endsAt —

nextFix

hasAttribute

atTime atPort \rcis:subCIaSSOf
- T ]

[.time:TemporalEntity } IL Port |
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Information Objects

_ isDescribedB _ , _ | hasCruiseType ,
Cruise CruiselnformationObject ] )[ CruiseType J
+ AR

7

hasRelatedCruiselD,
hasCanonicalName,
hasDescription

g

rdf:PlainLiteral xsd:anyURI [FundingAward

maintenance

[ Program
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Patterns as interchange format ‘tbase Lab

Aggregated data can be “pulled back” along the same
mappings, if desired.

Since the patterns are very generic, there is no loss of
information by using them as interchange format.

GeoLink Patterns

/ / A \ AN N

mappings

/ / J \ N AN

R2R BCO-DMO IEDA LTER |ODP
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Modeling process draft %ase Lab

1. 6-10 people with diverse backgrounds, including domain
experts, data experts, ontology modeling experts

2. focus on one key notion, e.g. “cruise”

3. work out a set of competency questions to which the pattern
shall contribute, e.g. “list all PIs of cruises going near ocean
station Papa”

4. collaboratively, draft sketch of ODP, while making sure that the
Intended axiomatization is understood by the modeling experts

5. test sketch against competency questions and available data

WRIGHT STATE
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Modeling process draft %ase Lab

Offline, modeling experts lead

1. cleaning up sketch

2. detailed checking on related available patterns

3. rethinking class and property names

4. fixing axiomatization in OWL or other KR languages

5. possibly provision of mappings/alignment to other patterns,
controlled vocabularies, etc.

WRIGHT STATE
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ODP paper standard layout ‘ﬁ)aSe Lab

1. Motivating the general need for the pattern, including a
discussion of what is considered in-scope and what is
considered out-of-scope.

2. Intuitive presentation of graph sketch.

3. Formal presentation of OWL axiomatization, including
discussion of KR aspects.

4. Presentation of use cases and pointers to available data for
population.

5. Discussion of related modeling work.

WRIGHT STATE
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Ways forward

 Establish a flexible conceptual architecture using data and
ontological modeling.

A principled use of patterns, including
— the development of atheory of patterns and
— the provision of a critical amount of central patterns
may provide a primary path forward.

WRIGHT STATE
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Some central questions %ase Lab

« ODPs as subject of study

 Understanding generic versus specific modeling in patterns.
 Developing pattern languages and tools

 Understanding and formalizing relationships between patterns,
and making systematic use of it: ecosystems of patterns

 Evaluating the added value of patterns for ontology-based tasks
or applications, e.g. ontology alignment, linked data
visualization, information integration, ...

WRIGHT STATE
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Thanko! #ase Lab

www.oceanlink.org
www.geo-link.org
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