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‘tbaSe Lab

hasA
aSAge xsd:integer

Specific, straightforward data modeling is very
restrictive regarding data integration and reuse.
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hasUnit

hasAge

xsd:integer

Specific, straightforward data modeling is very
restrictive regarding data integration and reuse.
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Example from Linked MDB %ase Lab

hasName

hasActor
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Problem!

Sesame
Street hasName

hasActor

hasActo plays @

plays
Show

WRIGHT STATE

May2014 — EarthCube C4P PaleoBio Workshop — Pascal Hitzler 6



asCharacter @

hasName

asCharacter

- hasCastRole
Muppet
Show
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Better!

asCharacter

playedBy @

hasName
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hasCastRole
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Structured data: labeled graphs %ase Lab

e/person/101396:

Description of http://linked.rvdata.us/resour

From R2R:

dcterms:identifier® "101396"

“101396" rdf-type & foaf-Person & -
rdfs:label & "Saito, Mak" -
foaf:name & "Saito, Mak"
] L foaf:person &’ - db:participant/103662 £/
identifier foaf:person & - db:participant/105077 &
foaf:person - db:participant/105078 &

Gerson/10139D

o i
e

S ‘ .
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Structured data: labeled graphs %ase Lab

Description of http://linked.rvdata.us/resource/person/101396:

rdf-type & foaf-Person) -

rdfs:labelt= o, Mak
foaf:name & "Saito, Mak"

From R2R:

 *101396"
. . foaf-person - db:participant/103662 &’
Qoaf' Person> identifier foaf:person & - db:participant/105077 &

foaf:person - db:participant/105078 &

type
> : articipant/103662
<person/101396 foat:person ——C_partici D
l f foaf:person (participant/lOSO??)

label name

é foaf:person
g \Cparticipant/105078>

“Saito, Mak”

W
RIGHT STATE May2014 — EarthCube C4P PaleoBio Workshop — Pascal Hitzler 10



Structured data: labeled graphs %ase Lab

Description of http://linked.rvdata.us/resource/person/101396:

From R2R:
. ., dcterms:identifier2’ *101396"
101396 rdf-type & foaf-Person & -
rdfs:label & "Saito, Mak”

foaf:name & "Saito, Mak" -
] L foaf:person &’ - db:participant/103662 £/
Qoaf: Person> identifier foaf:person & - db:participant/105077 &
foaf:person - db:participant/105078 &

type

. articipant/103662
<person/101396 foaf:person P P >
l f foaf:person (participant/lOSO??)

label name

é foaf:person
P \Cparticipant/105078>

“Saito, Mak”
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Information representation %
choices aSe Lab

BCO-DMO:

Qoaf:Person)

R2R: type
Person_752 >
Q‘oaf:Person> \
ivenName
type name )
Gerson/101396> label
familyName

[T

label name
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Information representation

choices
BCO-DMO:

gd)ooccl):ﬂspcoD

R2R: ryme

[lepcov 752 >
(I)ooccl):HspGoD \
- v TiwevNoue

Cnapcov/101396> Lol
do Ay Noue
raf sk vocus
CMOLK ZOLWOD @
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Information representation %
choices aSe Lab

BCO-DMO:
Qoaf:Person)

AGU Abstracts (Tom Narock):

type
Person_752 >
Q‘oaf: Person> \
ivenName
type name o
<Person_34738> label
familyName
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Information representation

choices

R2R: ( 101396

|denUﬁer
Q‘oaf: Person>
type

articipant/103662
Gersonllom% foaf:person /Cp P >
l 7 foaf:person (participant/lOSO??)

label name

l foaf:person .
articipant/105078
“Saito, Mak’> \Cp P >
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Information representation %
choices aSe Lab

R2R: C “101396

r2f Track “Kilo MoanaD
type r2r: Vessel
Gerson/lolg% cruise/KMO405 >’ r2r:VesselName

7 (role/scientistChiefP

name r2r:Participant

r2rmodel:role
/
¢ foaf.person % N
articipant/105078
“Saito, Mak” D i >

WRIGHT STATE

|dent|f|er Vessel/33KB ; Track’KM0405
Q‘oaf:Person> /
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Information representation

choices

R2R: (“101396
|dent|f|er Vessel/33KB ; Track’KM0405
Qoaf:Person) /

r2r: Vessel r2r Track

type

Gerson/lOlB%

participant/105078>

(‘Saito, Mak’>
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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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OceanlLink patterns

Some central patterns:

 Cruise
 Trajectory

e Person
 Organization
 Roles of Agents
 Repository Object
 Data Set

« Document

We’'re not starting from zero of course.
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Raw trajectory data Geographic information

Semantic — 7 L=
Trajectories | l v N
4 omain knowledge

e e | |
_::’_,—" Lrraa | G I . ,":J- -«:':l_x —| N

e [ Dopatin [ L UL aee |
”__-'--_'—r"'——r._ —— = . . .
: . W U [ Device information

: | nom]
l“‘“"’“" o) [ [ m‘ e

- 1ocation . —],,{m“&mm !
- racker - " -
___,_---_;;:,"" It | — "y L ;
r-'—--———r———F-r —_— [
‘_..-"'--..- ii_ :
E_-

[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)
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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 ]
[ . ! )
-"['-';Eﬂtﬁﬁ'lE‘T:fID:'li‘ nasCruiseScheduler, & 1‘{ .
in agent-role . i : .
| 4 hasCruiseOperator r"éf." | #port_stop_arrival
>~ Py, /! 4:“:} (i
¥ r " [
R““'EE"'""?QH H;‘tra—:, <pmznl h.Jh-‘-"-.‘l.rIL‘nu.:’;‘- .rﬁ
= S Lol .
- - ':l.l':::_| }1‘- _’I"f l.,,tr 'i_ﬁlﬂ'ﬁﬂf-?:i---# I " hasaltribute
S l.:lr_, ,_-5212 e I
S Fi .ll_,:.l,‘:'|-1:";___ o ] I H..
-~ o isTraversad E*_.-'I [ Segmeant
AT [in trajectory) |
: Cruise ____a T Bject, |
<FundingAward=> . — Y
shscocatedWitnProgram TTm—— l
- I “ 7 CruiseTrajecto ]— —— e e | < TFRC|RCTOMY > |
Sy~ | isDescribedBy Y | rdfs:subClassof
i S = rdfs:subClass0of =Place=
: | CruiselnformationObject ]— ————— -)-| InformationDbject ;
hasCruiselD - A
- A , rdfs:subClassOf /
hasCruiseType L "'.." hasWebpage, /
nasCanonicalMame, {UFS'JLLAISC' /
. _ Enownas
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(z, #portStopArrival)
A atPort(zx, 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

WRIGHT STATE
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OceanLink Collaborators %ase Lab

Robert Arko, Columbia University

Suzanne Carbotte, Columbia University

Cynthia Chandler, Woods Hole Oceanographic Institution
Michelle Cheatham, Wright State University

Timothy Finin, University of Maryland, Baltimore County
Pascal Hitzler, Wright State University

Krzysztof Janowicz, University of California, Santa Barbara
Adila Krisnadhi, Wright State University

Thomas Narock, Marymount University

Lisa Raymond, Woods Hole Oceanographic Institution
Adam Shepherd, Woods Hole Oceanographic Institution
Peter Wiebe, Woods Hole Oceanographic Institution

The presented work is part of the NSF OceanLink project:
EarthCube Building Blocks, Leveraging Semantics and Linked Data
for Geoscience Data Sharing and Discovery
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Semantic Web journal

EiCs: Pascal Hitzler
Krzysztof Janowicz
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EarthCube requires

Information integration
Interoperability

conceptual
modeling

Intelligent
search

data-model
Intercomparison

data publishing
support

Semantic Web studies

 Information integration
 Interoperability

e conceptual
modeling ‘

 Intelligent .Q
search

e data-model
Intercomparison

e data publishing
support

Pascal Hitzler, WSU; Krzysztof Janowicz, UCSB
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