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Semantic VWeb

OWWW: collection of distributed
interlinked documents encoded in html
JContent written in natural language
JComputers don’t understand their meaning

—IMachine readable annotations are added
and web-pages are linked by virtue of
similar content

JContent of VWeb-pages is encoded by special
vocabularies called “ontologies™



Ontologies

JA method for representing items of
knowledge (e.g.,ideas, facts, thinks) in a
way that defines the relationships (e.g.,
part-of, functional) and classifications of
concepts within a specified domain of
knowledge



Typical Components of Ontologies

O Terms denote important concepts (classes of
objects) of the domain

Je.g., professors, staff, students, courses,
departments

dRelationships between these terms: typically
class hierarchies

Ja class C to be a subclass of another class C' if
every object in C is also included in C'

Je.g., all professors are staff members
QProperties of relations, value restrictions



OWL

O OWL (Web Ontology Language) is a language
that can be used to describe the classes,
relations and their properties
Jmore expressive than XML, RDF and RDF-S

2 Allows to reason about the entities and check
whether or not all statements and definitions
are mutually consistent

hasCompanyName hasEmployeeName

string string



Dynamic Ontologies

JRepresent concepts that occur and
evolve in time

Ja company will be established, hire
personnel and develop products

Jrelation “employs” and its inverse are
ternary




OWL-Time Ontology

AOOWL-Time is an OWL ontology of
temporal concepts. It provides a
vocabulary for describing:

relations between temporal entities (instants,
intervals)

Jinformation about durations

Jprovides no means of representing
information that changes in time



Existing Approaches

O Temporal Description Logics, Temporal RDF,
Named Graphs, Reification, Versioning, N-ary,
4D-fluents approach

dLimitations:

JRequire extending OWL with new constructs

JQualitative information (using natural
language) cant be represented

INo Integration with spatial information
Limited OWL reasoning support

1Querying of spatio-temporal information is
also a problem (queries become complicated)




Proposed Solution [Batsakis 201 1]

ASOWL: A framework for handling spatio-
temporal information in OWL
IRepresentation of quantitative and qualitative

spatial and temporal information

Using a point or an equivalent, interval-based
representation

JConsistent with existing Semantic Web
standards (OVWVL, Pellet, Protége, etc.)

JSound, Complete and Tractable reasoning
embedded within the ontology

JQuerying using SOWL and TOQL query
languages



Time

O Temporal concepts by OWL-Time

dTime instants: “before”,“after”, “equals

9 ¢¢

9 ¢¢ ’

dintervals: one of the |3 Allen relation

Relation | |
Before(ij) «—p» «— 1
Meets(i.j) i iu >
Overlaps(i.j) i i >
Starts(i.j) 54 ; >
During(i,j) - i i >
Finishes(i.j )¢ : >;
Equals(i.j) H—u‘

Inverse Relation
After(j.1)
MetBy(j.1)
OverlappedBy(j.1)
StartedBy(j.1)
Contains(j,1)

FinishedBy(j.i)



Spatial Directional Relations

Cone-shaped Projection-based
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Spatial Topologic RCC-8 Relations
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XDCY XECY XTPP1Y XTPPY

SORO

XPOY XEQY XNTPP1Y XNTPPY



4D Fluents [Welty & Fikes 2006]

QClasses TimeSlice, Timelnterval are
introduced

ODynamic objects become instances of
TimeSlice

OTemporal properties of dynamic classes
become instances of Timelnterval

1 A time slice object is created each
time a (fluent) property changes



4-D fluents example

Timelnterval

tlmeShceOf' ; mterval interval | .tumeSIlceOf

employs
EmployeeTlmeShoe _::::::::@nyﬂmesme)
worksFor
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N-ary approach [Noy & Rector 2006]

ODynamic Properties are attached to
reified objects representing events

ODynamic properties are represented as
properties

QEvent objects

JAttached to specific static objects

_IConnect to Time Intervals




N-ary Relations example

/A
' Company \
interval

/
employs/’/'

Employee

\
\:\employs
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worksFor ¥/ Worksor
temporalEmployment
j/




SOWVL Spatial Representation

dStatic objects: Locations are properties of
objects

ADynamic (Moving) Objects: Locations are
properties of TimeSlices (4D-fluents) or
of the reified relation object (N-ary
approach)



Example with Spatial Relation

.;: location | ( Company ) | Product )
| AT Y

tsTimeSliceOf tsTimeSliceOfi (  TimeSlice ) 'tsTimeSliceOf

( locationTimeSlice  q------ {  CompanyTimeSlice ~ }------. »  ProductTimeSlice )
S locatedAt Produces ~~
\\tsTimeInterval 3 ' s

tsTimelnterval -~ E ;TR ! sy i A &

e H . productiame , | Price |

“t;f Timelnterval e mmmmmmeeenn L !
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SOWL Reasoning

0 Checks consistency, infers implied relations

dReasoning over a mix of qualitative and
quantitative information:
JExtract qualitative relations from quantitative ones

_JReasoning over qualitative information

O Assertions may be inconsistent or new
assertions may take exponential time to
compute

JRestrict to tractable sets decided by polynomial
algorithms such as “Path Consistency”



Path Consistency [VanBeek &
Cohen 1990]

dPath Consistency suggests composing and
intersecting relations until:

JA fixed point is reached (no additional
inferences can be made)

JAn empty relation is yielded implying
Inconsistent assertions

[ Path Consistency is tractable, sound and
complete for specific (tractable) sets of
temporal relations



Implementation of the Reasoner

dCompositions and intersections of

relations in SVWRL:

IBefore(x,y) AND Equals(y,z)> Before(x,z)

J(Before(x,y) OR Equals(x,y)) AND (After(x,y) OR
Equals(x,y))=> Equals(x,y)

OThey are defined based on the

composition of pairs of the basic (Allen
or spatial) relations

OdComposition tables for each type of
representation are known to exist



Intervals: Composition Table

B A D Di 0 Oi M | M| S Si : Fi
B B B,AD,Di,0,0iMMiS | B,0,MD,S B B BOMDS | B [BOM,| B B |BOM,| B
Si/FFiEq DS DS
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Point Relations: Composition Table

Relations < >
< < <,=,>
— < >
> <,=,> >




Topologic : Composition Table

DC EC PO TPP NTPP TPPi NTPPi EQ
DC DC,EC,PO, DC,EC,PO, DC,EC,PO, DC,EC,PO, DC,EC,PO, DC DC DC
TPP,NTPP, TPP,NTPP TPP,NTPP TPP,NTPP TPP,NTPP
TPPi,NTPPi,
EQ
EC DC,EC,PO, | DC,EC,PO,TPP DC,EC,PO, EC,PO, PO,TPP,NTPP DC,EC DC EC
TPPi,NTPPi TPPi,EQ TPP,NTPP TPP,NTPP
PO DC,EC,PO, DC,EC,PO, DC,EC,PO,TPP, | PO,TPP,NTPP | PO,TPP,NTPP | DC,EC,PO, | DC,EC,PO, PO
TPPi,NTPPi TPPi,NTPPi NTPP,TPPi, TPPi,NTPPi | TPPi,NTPPi
NTPPi,EQ
TPP DC DC,EC DC,EC,PO, TPP,NTPP NTPP DC,EC,PO, | DC,ECPO, TPP
TPP,NTPP TPP,NTPP | TPPi,NTPPi
NTPP DC DC DC,EC,PO, NTPP NTPP DC,EC,PO, | DC,ECPO NTPP
TPP,NTPP TPP,NTPP | TPP,NTPP,
TPPi,NTPPi
EQ
TPPi DC,EC,PO, EC,PO, PO, TPPi, EQ,PO,TPPi, | PO,TPP,NTPP | TPPi,NTPPi NTPPi TPPi
TPPi,NTPPi TPPi,NTPPi NTPPi TPP
NTPPi DC,EC,PO, PO, TPPi, PO, TPPi, PO, TPPi, PO,TPP,NTPP NTPPi NTPPi NTPPi
TPPi,NTPPi NTPPi NTPPi NTPPi EQ,TPPi,NTPPi
EQ DC EC PO TPP NTPP TPPi NTPPi EQ




Directional: Composition Table

N NE E SE S SW W NW 0
N N N,NE N,NE,E N,NE,E,SE N,NE,E,SE W,NW, NW,N,W NW,N N
S, SW,w SW,N
NW,0
NE NEN NE NE,E E,NE,SE ENE, N,NE,E,SES, N,NE, N,NE,NW NE
SES W, NW,W
W,NW,0
E NEEN NE,E E SEE SEE,S S,SW,SE N,NEE, NNW, E
E, SES, SW NE,E
W,NW,0
SE ESE, E,SENE SEE SE SESS S,SE.SW S,SESW N,NE,E,SE,S, SE
NEN SWW,NW,0
S N,NE,E,SE,S E,S,NE,SE SEE,S SES S S,SW S,W,SW W,S,NW, S
SWW SW
NW,0
SwW W,SwW N,NE,E,SE,S S,SW S,SW,SE SW,S SW SW,w W,NW,SW SW
N,NW SW,w SEE
NW,0
W N,W,NW N,NW,NE N,NE,E,SE,S S.SESW W,S,SW W,SW W W,NW W
W SW,W W
NW,0
NW N,NW N,NW,NE N,NW,NE,E N,NE,E,SES,SW,W, W,NW,SW,S W,NW, NW,W NW NW
NW,0 SW
0 N NE E SE S SW W NW 0




Cardinality Restrictions

dCardinality restrictions and preservation
of property semantics (i.e., symmetric,
transitive) need special attention

2 Are applied on the reified object rather
than on the objects on which they were
meant to be defined originally

Can no longer be handled by ordinary
reasoners such as Pellet



Interpreting their Meaning

3 15t Interpretation: Restrictions are imposed
over the whole lifetime of an object thus
restricting related objects for their entire
lifetime
A person cannot work for two companies during

his lifetime

12" Interpretation: Restrictions are imposed
only on time intervals for which the
property holds true

A person cannot work for two employers during
summer



Querying in SOWL

AOSPARQL queries become complicated

OThe user must be familiar with the
underlying spatio-temporal representation

OThe SOWL Query Language extends
SPARQL with spatial and temporal
operators

ASOWL queries are translated to SPARQL



SOWL Query Language
AOSPARQL like Syntax

SELECT <variable>
WHERE <conditions>

3 Conditions may involve Spatial and
Temporal Operators
J AT operators
J Allen operators
J Topological and Directional



SOWL Temporal Queries

ASPARQL-like query language supporting
temporal operators

SELECT x, ?y...
WHERE { ’x property ?y...
AT (date)...}

O Additional operators are introduced to
SPARQL

AT, ALWAYS AT, SOMETIMES AT
JAllen operators



Temporal Operators

JAT: search for time instants for which
fluent properties hold true

QALWAYS AT, SOMETIMES AT: search for
overlapping temporal intervals

JAllen’s operators: BEFORE, AFTER,
MEETS, METBY, OVERLAPS,
OVERLAPPEDBY, DURING, CONTAINS,
STARTS, STARTEDBY, ENDS, ENDEDBY

and EQUALS



AT Temporal Operator Example

SELECT x, ?y
WHERE

{?’x employees ?y
AT “2-5-2007" }

OThe reasoner is invoked when querying
for specific temporal invervals



Allen Operator Example

SELECT x,%y

WHERE

{?x has-employee ?y
BEFORE

company | has-employee ?y }
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SPARQL Translation

SELECT ?x ?y WHERE { { ?_timeSlice_ 0 ex1:tsTimeSliceOf ?x.

?_timeSlice_o ex1:tsTimelnterval ?_interval_o. ?_timeSlice_o0 ex1:Employs ?_timeSlice_1.
?_timeSlice_1 ex1:tsTimeSliceOf ?y.?_timeSlice_1 ex1:tsTimelInterval ?_interval_o.
?_atTimelnstant_o time:inXSDDateTime "2007-02-05T00:00:00" " *xsd:dateTime.
?_interval_o time:hasBeginning ?_instant_1.?_interval_o time:hasEnd ?_instant_ 2.
{?_instant_1 time:before ?_atTimelnstant_o. ?_instant_2 time:after ?_atTimelnstant_o.}
UNION

{?_instant_1 ex2:equals ?_atTimelnstant_o0.}

UNION

{?_instant_2 ex2:equals ?_atTimelInstant_o.}

¥

union {

?x ex1:Employs ?y.

optional { ?_temporalVar rdf:type ex1:TimeSlice. ?x rdf:type ex1:TimeSlice }

filter( !bound(?_temporalVar) )

3}



Allen Operator Example

SELECT x, ?y

WHERE

{?x has-employee ?y
BEFORE

company | has-employee ?y }
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SOWL Spatial Queries

JAIl 8 topologic (RCC-8) and 9 Directional
operators are supported

dCan be combined with temporal
operators

select ’x, ly
where {?y North-of x AT “date”’}



CHRONOS Tab for Protege
[Preventis 2012]

dFor crafting, editing temporal ontologies in
Protege

OdHandles temporal ontologies as static ones
3 Interface consistent with that of Protege

OThe user need not be familiar with the
peculiarities of the representation

ASupports reasoning, restriction checking

JAvailable at http://www.intelligence.tuc.gr/
prototypes.php



CHRONOS User Interface

‘ [~ | ® TestOntology (hitp: A semarticweb orgiontologiesi201

21 0fMestOntology .ovwl)

[ Active Ontology [ Etiies | Classes | Object Properties | Data Properties | Incividuals

property hierarchy: hasEmployee

=

»-@Thing

W
Y

¥; -tDpObJectProperty

mmafter
mhefore
mdayOfWeek

-muduring
-~ #hasBeginning
~#MhasDateTimeDescription
-~ #@hasDurationDescription

m=hasEmployee
mhasEnd
WinDateTime

~Winside

WintervalAfter

-~ msintervalMeets
-~ mdintervalMetBy
~mmoverlaps

mEparticipatesin

Data property hierarchy: nEEE
= =] |

»--mstopDataProperty

Y- Y¥-Y

‘@ company (2)
‘©DayofWeek (7)

@ Employee (3)
©TemporalUnit (7)
@ Thing (15)

OWLViz | DLQuery | OntoGraf | Chronos |

hasEmployee

rObject Property
rinfo
Selected:  hasEmployee
LRI
http: fhveewy semanticvweh orgfontologies 201 21 0/TestOntol
ogy.owlkhasEmployee
Select an object property
and then press "Convert" to
convert it to temporal.
rCharacteristics rDescription
["] Functional 5 Comparty
Domain:
Inverse functional
Employee
[] Transttive Range:
| Symmetric
O Asymmetric Equivalent properties:
[ Reflexive
Super properties:
[ rreflexive
worksFor
Inverse properties:
Disjoint properties:
rGraphical Representation
Company Employee
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Conclusion

ASOWL spatio-temporal information handling
building-upon existing standards and tools

O Extends 4D-fluents and N-ary relations for
representing evolution of qualitative (in
addition to quantitative) temporal
information in OWL ontologies

Reasoning support over qualitative and
quantitative relations

adQuerying support by extending SPARQL
with additional temporal and spatial
operators



Future Work

O Addressing scalability issues, optimization
of reasoning and querying

OSupport for qualitative distance

) ¢¢

information (“further”,“near”)
OOptimizations for large scale applications

JExtension for 3Dimensions



Thank you

Questions ?



