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Aims of this Work

e |nvestigation of the Computational Complexity of reasoning over Temporal
Ontologies.

e Languages considered: Family of Extended-ER/UML models with entities,
relationships, attributes as main constructs.
e Kind of constraints considered:
— Isa between both entities and relationships;
— disjointness and covering between both entities and relationships;
— cardinality constraints for participation of entities in relationships;

— timestamping constraints for entities, relationships and attributes.
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Reasoning over Ontologies

Reasoning over Ontologies guarantees fundamental Quality principles of an
Ontology.

We are interested In:
1. Schema Consistency: Checking the consistency of the Ontology

2. Entity/Relationship Consistency: Checking the consistency of single
classes/relationships in the Ontology

3. Entity Subsumption: Checking whether new IsA constraints hold in the Ontology
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Outline of the Talk
o £Ryvr. A Temporal Data Model
e The logic S5 arcor
e Expressing Timestamping in ER vy Via S5 accor
e Reasoning with Timestamping: Complexity results

e Ongoing Work
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ERvr. The Proposed Temporal Conceptual Model

ER v Is atemporal extended Entity-Relationship model able to capture Validity
Time with the following features:

e |t is equipped with both a linear and a graphical syntax;
¢ |t has a model-theoretic semantics;

e |tis a full-fledged conceptual model with constructors for representing:

— Timestamping: &Ry distinguishes between temporal and atemporal
modeling constructs.

— Dynamic Constraints: Describe how an object can change its class
membership over time. Such constraints are often called transition constraints
and govern object migration.
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Known Complexity Results for ERvyr

e Undecidability. As far as £R v uses both timestamping and dynamic constructs.

— Theorem. Reasoning in £R v using both timestamping and evolution
constraints is undecidable. [Artale:AMAI-05]
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e Undecidability. As far as £R v uses both timestamping and dynamic constructs.

— Theorem. Reasoning in £R v using both timestamping and evolution
constraints is undecidable. [Artale:AMAI-05]

e Decidability. As far as £ER v does not use temporal constructs over relationships
and attributes.

— Theorem. Reasoning in £R v using both timestamping and evolution
constraints but just over Classes is complete for EXPTIME. [AFWZ:JELIA-02]
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Known Complexity Results for ERvyr

e Undecidability. As far as £R v uses both timestamping and dynamic constructs.

— Theorem. Reasoning in £R v using both timestamping and evolution
constraints is undecidable. [Artale:AMAI-05]

e Decidability. As far as £ER v does not use temporal constructs over relationships
and attributes.

— Theorem. Reasoning in £R v using both timestamping and evolution
constraints but just over Classes is complete for EXPTIME. [AFWZ:JELIA-02]

e Open Problem. What if £Ry+ uses only timestamping over Classes,

Relationships and Attribute—called ER 7

— Wait for the next slides!
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o At the syntactical level, £R 4 supports timestamping of entities, relationships,
and attributes using two different marks:

— S, for Snapshot constructs: Each of their instances has a global lifetime;

— T, for Temporary constructs: Each of their instances has a limited lifetime.
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The S5 4,co7 Temporal Description Logic [ALT:IJCAI-07]

S5 arcoz IS obtained by combining modal S5 and the description logic ALCOT.

oC | OC
R — REN|R |©R| OR

S5 accor Knowledge Bases are collection of general concept inclusions (GClIs)
CLCD.
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The S5 4rco7r Semantics

An S5 4r-co7 interpretation J is a pair (W, Z') with W a non-empty set of worlds and
7 a function assigning to each w € W an ALC QZ-interpretation
I(w) = (A, Tv);

e« CNT¥ C A

o (C)TW = A\ CTv

o (C M D)Zw .= CT® N DT

e (> nRCY™:={zecA|f{yeA|(z,y) € R andy € C**} > n}
e (COVIW:={xc A|TFveW:xec CH?}

e RNTY C A X A

o (RT)":={(y,z) € AXA|(z,y) € "}

e (ORI :={(x,y) EAXA|TveEW: (z,y) € R}

o (OR)IY :={(x,y) EA XA |VveEW:(x,y) € R"}
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Interpretation of S54,co7 Knowledge Bases
An interpretation Z is a model of an axiom C; C C, iff CT" C C7™, forallw € W.

e A knowledge base, X, is satisfiable if there is an interpretation that satisfies all
the axioms in 3 (in symbols, Z = ).

e A concept C'is consistent w.r.t. > if there is an interpretation for 3, Z, s.t.
Ctw £ (9, forsome w € W.

e A concepts C; subsumes a concept Cy w.r.t. X if C’;‘r"“’ C C’f"“’, for every model
of 3, Z,and every w € W.

A. Artale and D. Toman Decidable Reasoning over Timestamped CMs — DL'08 — 13.May.2008 — Dresden 9/17



A Semantics for Timestamps

PaySlipNumber(Integer)

Name(String) S T Salary(Integer)
S emp
Employee S \WorkS—for T

act

ProjectCode(Strin
j ( g) (17n)

OrganizationalUnit Manager T CS)\

Project
(1,1)
pTj
man
Department S | | InterestGroup | | AreaManager || TopManager /@
(1,1)

e 0cCH* - YveW.oc CHY
Employee L OEmployee

e reRTY - YveW.re R
Member T (OMember) M (= 1 Oorg OrgUnit) M (= 1 Ombr Employee)

[ (O c CI,w VAN <O, ai> e A:iz"w) Vv € W-(O, a"i,> c A:iz,'v
Project L dOProjectCode. T

A. Artale and D. Toman Decidable Reasoning over Timestamped CMs — DL'08 — 13.May.2008 — Dresden 10/17



A Semantics for Timestamps (Cont.)
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Reasoning in £R., 1 Is 2-EXPTIME-complete

Upper Bound: &Ry can be mapped into S5 4,cor Which is 2-EXPTIME
[ALT:1JCAIQ7].

Lower Bound: We reduce S5%7.. GCl's into ERy .
1. S5§i°cc Is a DL denoting the modal product S5 x ALC, i.e., roles are global.
2. 85%7.. is 2-EXPTIME-hard [ALT:IJCAIOQ7].
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Reasoning in £Ry,: Lower Bound
We restrict to primitive inclusions, i.e. A L C, with A primitive and C' as:

C—>A|-A|A UA,|VRA|3IRA|OA|CA
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Reasoning in £Ry,: Lower Bound
We restrict to primitive inclusions, i.e. A L C, with A primitive and C' as:

C—>A|-A|A UA,|VRA|3IRA|OA|CA

1. LetT be an S5%7.. KB. A concept C is is satisfiable w.r.t. T iff the atomic
concept Ac is satisfiable w.r.t. T';y U {Ac E Ar M C}, where:

Iy = {Ar C [e,coer(7Ci U Cs) M pen, (YP.Ar MYP~. Ap), Ar C OAr}
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Reasoning in £Ry,: Lower Bound
We restrict to primitive inclusions, i.e. A L C, with A primitive and C' as:

C—>A|-A|A UA,|VRA|3IRA|OA|CA

1. LetT be an S5%7.. KB. A concept C is is satisfiable w.r.t. T iff the atomic
concept Ac is satisfiable w.r.t. T';y U {Ac E Ar M C}, where:

Iy = {Ar C [e,coer(7Ci U Cs) M pen, (YP.Ar MYP~. Ap), Ar C OAr}

2. We convert I';y to NNF and then we apply the following rules:
e ALC NMCyinto AL C;and A L C5;
e ALC;UC;intoAL A;UUAsand A; L Cyand A, L Cs;
e AL dRCinto AL dR.A;and A, L C;
e ALVRCiInto AL VR.A,and A; L C,
e AL OCINto AL OA;,and A; L C;
e ALSOCINNOAL CA;and A; L C.
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Reasoning in £R.,,: Lower Bound (Cont.)
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Reasoning in €R, . Lower Bound (Cont.)
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Ongoing Work

e Re-gaining Dynamic Temporal Constraints by limiting the Conceptual Modelling
constraints. Good candidates:
— Avoid isa between relationships;
— Avoid covering between entities.

e Study the S5 (and full temporal) extension of DL-Lite to be applied over temporal
conceptual data models (preliminary results in [AKLWZ:Time-07]).
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e Study the S5 (and full temporal) extension of DL-Lite to be applied over temporal
conceptual data models (preliminary results in [AKLWZ:Time-07]).

e The DL S5 4r-coz do not enjoy the finite model propoerty: What if we want to
restrict the attention to finite models only?
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Ongoing Work

e Re-gaining Dynamic Temporal Constraints by limiting the Conceptual Modelling
constraints. Good candidates:

— Avoid isa between relationships;

— Avoid covering between entities.

e Study the S5 (and full temporal) extension of DL-Lite to be applied over temporal
conceptual data models (preliminary results in [AKLWZ:Time-07]).

e The DL S5 4r-coz do not enjoy the finite model propoerty: What if we want to
restrict the attention to finite models only?

e Study the problem of query answering w.r.t a Temporal Ontology.
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THANK YOU!
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