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Introduction



Modularity
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Large ontologies with 100,000s of axioms

Challenges

• Loading, navigation

• Understanding the logical structure (comprehension)
• Efficient automated reasoning
• Efficient re-use
• Versioning   and more …

Modularity helps:
Module extraction           and                         Decomposition

Understanding and/or structuring an ontology

Compute the modular structure of an ontology

This is work in progress.
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e.g.



Decomposition
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Understanding and/or structuring an ontology

Compute the modular structure of an ontology

This is work in progress.

Uli Sattler, Thomas Schneider DL: Modularity 35

Existing approaches

• Signature splitting [Parikh ’99]

• Signature Δ-decomposition [Konev et al. ’10]

•                                                            [Cuenca Grau et al. ’06]

• Atomic decomposition [Del Vescovo et al. ’11]

• Structure-based partitioning  
[Stuckenschmidt & Klein ’04, Amato et al. ’15]

Partitions based on E-connections
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[Kutz et al. 2004]

[Cuenca Grau et al. 2006]

e.g.:

Fracture ⊑ Disorder

Fracture ⊑ Disorder ⊓ ∃affects . Bone
Bone ⊑ BodyStructure

Fracture ⊑ Disorder ⊓ ∃affects . Bone

Bone ⊑ BodyStructure
affects

Aim: Automatic and efficient partitioning of an ontology;
parts are connected via “semantic links” in the style of E-connections
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E-connections . . .
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• combine (heterogeneous) logical theories via link relations
• semantics via partitioned interpretations
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• is the unique maximal E-connection equivalent to O
(with link relations from O’s role names)

• can be computed in polytime for O in DLs up to SHOIQ(D)

• its components are logically encapsulating
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An E-partition of an ontology O . . .
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E-Partitions in a Nutshell
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Our Aims
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Where we started

Understand algorithm?
Fix bugs in original implementation?

Where we got

found a simpler algorithm that runs in linear time
simplified notation and proofs
extended the approach to (almost) OWL
identified potential for extension beyond OWL  
               and limits

Work in progress!



E-Connections and

E-Partitions for OWL
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Indexing the Vocabulary
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Let I be an arbitrary index set.

(and many more cases)
e.g., ◆(9r.D) = i if ◆(r) = (i, j) and ◆(D) = j
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e.g., ◆(C v D) = i if ◆(C) = ◆(D) = i
<latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="Co3+d4l3wdznQrxitrYO73Owpr4="></latexit><latexit sha1_base64="Co3+d4l3wdznQrxitrYO73Owpr4="></latexit><latexit sha1_base64="Z+nW4W2mbBK5Hm4k2KgK7/LLb68="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit><latexit sha1_base64="Ou//3z0WUeS9DMaIEAYt8Z8RbOY="></latexit>

Two views on an ontology:

9r.D is ◆-wellformed
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Let S be an arbitrary index set.
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Index function ◆
<latexit sha1_base64="YCHY9Pht03tHbMQoaDD2nWPYw+s="></latexit><latexit sha1_base64="YCHY9Pht03tHbMQoaDD2nWPYw+s="></latexit><latexit sha1_base64="YCHY9Pht03tHbMQoaDD2nWPYw+s="></latexit><latexit sha1_base64="YCHY9Pht03tHbMQoaDD2nWPYw+s="></latexit>

• is extended to axioms:
<latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="Vq0omXbtq+gUIEgELnm8E9a53dQ="></latexit><latexit sha1_base64="Vq0omXbtq+gUIEgELnm8E9a53dQ="></latexit><latexit sha1_base64="ve0qtDqYQ3gzJnbv7sMKOczATbw="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit><latexit sha1_base64="yhHhFOlrXcZ0Gsdb3gfJ3i1UrrQ="></latexit>

• and thus determines a partitioning of ontologies
<latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="8gVPDySFMDNn2LHXdS4l0j+NHGQ="></latexit><latexit sha1_base64="8gVPDySFMDNn2LHXdS4l0j+NHGQ="></latexit><latexit sha1_base64="dAhY4FEQ47apbSOl31/znYDArfg="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit><latexit sha1_base64="qBGlk2V33GXInHHcP3lDMPzqPaA="></latexit>

• as a monolithic ontology
• as a ◆-ontology – an E-connection!

<latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="mncexS5eCgtQ6/4Yp6ky9kZ4qtM="></latexit><latexit sha1_base64="mncexS5eCgtQ6/4Yp6ky9kZ4qtM="></latexit><latexit sha1_base64="STj0FtzN6i0EL+Ep8zQO4yB28eY="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit><latexit sha1_base64="23t7JB3UNZAs2t8hKhHNAUgR9+M="></latexit>

• (concept names) A 7! index ◆(A) 2 S

(role names) r 7! pair of indices ◆(r)

• is extended to complex concepts:
<latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="nMCY0Qupt0EQSHLziUUeSiPT2p4="></latexit><latexit sha1_base64="nMCY0Qupt0EQSHLziUUeSiPT2p4="></latexit><latexit sha1_base64="38hcvHbIgMjOW6r03cxlZAt+GrY="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit><latexit sha1_base64="8BQ8Kc2tw8vVLnoH8qsBk3P8cAA="></latexit>
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ι-interpretations

Two views on semantics:

• Standard semantics, denoted I |= O

• Semantics w.r.t. indexing ◆, denoted I |=◆
O

<latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="xYoLtKes46v+8aR/wBDWC5zrFws="></latexit><latexit sha1_base64="xYoLtKes46v+8aR/wBDWC5zrFws="></latexit><latexit sha1_base64="9UZqGBmj4/pEsn/c6q2L7MfQk+4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit><latexit sha1_base64="rMGMbqlqI/81r/o0OPb62u4xxF4="></latexit>

Semantics of E-Connections
<latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="gyYSft/Tu70cHYH6KRxqaWVGJWA="></latexit><latexit sha1_base64="gyYSft/Tu70cHYH6KRxqaWVGJWA="></latexit><latexit sha1_base64="MDaBiVi6YkyRQ5gGdb4gS+nIfdM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="gyYSft/Tu70cHYH6KRxqaWVGJWA="></latexit><latexit sha1_base64="gyYSft/Tu70cHYH6KRxqaWVGJWA="></latexit><latexit sha1_base64="MDaBiVi6YkyRQ5gGdb4gS+nIfdM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit><latexit sha1_base64="LamjL0pRDdoH5j+abxXSPhO+PDM="></latexit>

• Domain �I is partitioned into (�I
i )i2S

• Concept names A with ◆(A) = i are interpreted within �I
i ,

analogously for role names

• Extension to complex concepts as usual
except negation: (¬C)I,◆ = �I

◆(C) \ CI,◆
<latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="d4Rf3u8tkexZgnBpjSu5mnblgmo="></latexit><latexit sha1_base64="d4Rf3u8tkexZgnBpjSu5mnblgmo="></latexit><latexit sha1_base64="Szbgbt2W9Tgs7gRgLkqFoYrv7rw="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit><latexit sha1_base64="TyMvzLtPlmfdcfHVhQveVPDHvoE="></latexit>
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Important relationships between O and O:
<latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="7EQVSt7TmhLlKNk7MCtZ944sTsg="></latexit><latexit sha1_base64="7EQVSt7TmhLlKNk7MCtZ944sTsg="></latexit><latexit sha1_base64="Uq0ACXCEMvOhT+MzE7dfSpPPWys="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit><latexit sha1_base64="9k4yT0PYIBd6szawYhSCIkCgaxE="></latexit>

Apparently, compatibility and equivalence do not imply each other!

• O and O are compatible, written O ⇠ O, if O =
U

i2S Oi.

• O and O are equivalent, written O ⌘ O, if for all ◆-interpret. I:
<latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="J5ZZAK3ugXT9gTdMQECTbSjqGlQ="></latexit><latexit sha1_base64="J5ZZAK3ugXT9gTdMQECTbSjqGlQ="></latexit><latexit sha1_base64="a1BCWoSsjjZ9BCrFi4OEPrEMvQM="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit><latexit sha1_base64="8v93rB2fBw/qDHEw7gYoj7qqDuo="></latexit>

I |= O iff I |=◆
O

<latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="Sl3FWEiozFrhuyish6X9BT9uHVY="></latexit><latexit sha1_base64="Sl3FWEiozFrhuyish6X9BT9uHVY="></latexit><latexit sha1_base64="vyyzjRhauWaRPzP4laMjRnmciQo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit><latexit sha1_base64="Kqo3O0GOFxn/Rk3hhqA54FQ0sAo="></latexit>

Let O be an ontology and O = (Oi)i2S a ◆-ontology.
<latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="t9xVDS0NrhYt4bQERqlH5+dHDNM="></latexit><latexit sha1_base64="t9xVDS0NrhYt4bQERqlH5+dHDNM="></latexit><latexit sha1_base64="7tlM1s6ensOpBjEY4oRYu88oqiA="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit><latexit sha1_base64="/fuwUFly47CduqE16a6OvI6dx+8="></latexit>
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Domain-Independence

I |= O iff J |= O
<latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="VxunQc22v+ui97p6JqofTlP4r+Y="></latexit><latexit sha1_base64="VxunQc22v+ui97p6JqofTlP4r+Y="></latexit><latexit sha1_base64="ndJRudckYRImElszrHwTFElJaHQ="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit><latexit sha1_base64="K/2nNOHKOuI01jmuzzYM+OG+96s="></latexit>

Well-known notion from database theory relates compatibility & equivalence:

Nice characterization of all DI concepts

O is domain-independent (DI)
if for all interpretations I,J with XI = XJ for all terms X:

<latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="N/5vV58logKentOGvXXh55xXigE="></latexit><latexit sha1_base64="N/5vV58logKentOGvXXh55xXigE="></latexit><latexit sha1_base64="UARO4s3Yb2fwH5NO11SEhF6Ix3Q="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit><latexit sha1_base64="dYes6RxI9wcuzPSnZr9b06wcGz4="></latexit>

[Cuenca Grau et al. 2006]

Holds for all of OWL except the universal role.

allows to check DI in linear time; additionally gives:

I If C is not DI and I,J are as above with �J = �I ] S,
then CJ = CI [ S.

<latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="TLaUfZu1mNlY5CxbsB8j6xukxGU="></latexit><latexit sha1_base64="vSWFJuFQ+2TO6/V82Op9pIBwUag="></latexit><latexit sha1_base64="vSWFJuFQ+2TO6/V82Op9pIBwUag="></latexit><latexit sha1_base64="sTTiy/Ak5jZpFEJAyjQ1ARX6V50="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit><latexit sha1_base64="KUgFIplGGwCYXgK92vWyT1npLzI="></latexit>



�12

Domain-Independence

Previous characterization is crucial in the proof of the following:

Theorem.
1. If O is DI and O ⇠ O, then O ⇡ O.

2. If additionally O is consistent, then so is O.
<latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="N5/vQM9wUeP6eUF7h0lQmSpRBuw="></latexit><latexit sha1_base64="N5/vQM9wUeP6eUF7h0lQmSpRBuw="></latexit><latexit sha1_base64="Nz+GMJJEnAIl9IMWz3AEIYC3Kao="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit><latexit sha1_base64="OdtWkTfVkHlajyc4ODIXdPe+DlA="></latexit>

Consequence

For DI ontologies, 
it suffices to compute the minimal compatible E-connection.

I From now on, we assume that the input ontology O is DI.
<latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="q4S9QorPXrzcgSMOVhYGKkVkqRg="></latexit><latexit sha1_base64="q4S9QorPXrzcgSMOVhYGKkVkqRg="></latexit><latexit sha1_base64="8K+4PidcL3kDrPWANRqOCFwoy9Y="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit><latexit sha1_base64="70jEzxBbplu2Vpw7K3+Kl9mioNs="></latexit>
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A Simple Algorithm

Idea:

For input ontology O,

find index set S of maximal cardinality and index function ◆

such that all concepts and axioms in O are ◆-wellformed
<latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="N7TRLsDq0oIYlx+BCvXqWRPsmjo="></latexit><latexit sha1_base64="N7TRLsDq0oIYlx+BCvXqWRPsmjo="></latexit><latexit sha1_base64="IO0iFxppL9fAmyyEwZQzcKkUP/Q="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit><latexit sha1_base64="Uc0ox65jco3vgXpYxYRiZ6xvNoM="></latexit>

The Algorithm:

Both steps easy to implement in linear time.

1. Collect wellformedness constraints in an undirected graph G

• nodes: one per (complex) concept, 2 per role name
• edges = constraints

2. G’s connected components induce S, ◆, O
<latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="qR/BA9SiRZ4hvVvbq2FtLGq38J8="></latexit><latexit sha1_base64="o4OplU03ZX3Lmwry2N0b5EFjJ+8="></latexit><latexit sha1_base64="o4OplU03ZX3Lmwry2N0b5EFjJ+8="></latexit><latexit sha1_base64="DPBEEJInt9lCi3FQpELSP9EtExM="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit><latexit sha1_base64="bE+Za8LRfm70Wo0VaS7LWgFfzIY="></latexit>

Correctness and maximality are straightforward to show: 
algo mimics wellformedness definition!
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Example Decomposition: Pizza Ont.

pizza.owl

302

Food
hasIngredient

11
Country
Italy…

10
Spiciness

hasCountry
OfOrigin

has 
Spiciness
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Example Decomposition: PTO

Periodic Table Ontology by Robert Stevens

40267

DomainEntity
Top-level concepts 
forbid decomposition

Heuristics: 
delete top n levels

Alternatively, 
delete upper-level concepts
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Decomposition: PTO with 3 levels removed

38956

IndependentEntity
isMadeOf, forms, hasPart, isMemberOf, …

1217
Quality

hasMeasure
ment

hasPhysico  
ChemicalProperty,
hasCharge

Periodic Table Ontology by Robert Stevens

has 
Quantity

hasUnit

3   Measurement

24  
Quantity  
hasValue

67  
Unit



Outlook



Outlook
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• Systematic evaluation
• Heuristics for ontologies that don’t decompose well
• Extensions: TGDs, UNFO?

Coming soon:



The End
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Thank you.

Questions?

Fragen?

Questões?

Întrebări?

Vragen?

Вопросы?

Pytania?

Kysymyksiä?

¿Preguntas?

Vrae?

Ερωτήσεις;


