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Overview

Background: CB-based techniques provide
efficient classification for limited DL languages

such as ALCH but not ALCHI(D)

Goal: create an ALCHI(D) reasoner using a CB-
based ALCH reasoner (ConDOR) as a black box

Approach: transform inverse role axioms and (a
subset of) OWL2 datatypes and facets into ALCH
axioms and classify transformed ontology with
ConDOR

We can guarantee soundness and completeness
of classification results for | and a subset of D



Overall Procedure

* Three Stages:
Stage 1: Transform ALCHI(D) ontology O into an ALCHI ontology
O,st. OFACBitO,FACB
Stage2: Transform the ALCHI ontology (0 into an ALCH ontology
ps8t. O FACBiItO;, FALCB
Stage3: Classify the ALCH ontology O7 with ConDOR

Eliminate Datatypes

Encode Data Add

Ranges and Data Strengthening Eliminate Classify with

Properties Axioms Inverse Roles

ConDOR
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The supported datatype features are:

e datatypes owl:real

— facets
e owl:rational, xsd:decimal, xsd:integer

— comparison facets

e xsd:minlnclusive, xsd:maxInclusive, xsd:minExclusive,
xsd:maxExclusive

* datatype xsd:string

e datatype xsd:boolean



Stage 1: Eliminate Datatypes

Stepl: encode features and data ranges

— Encode features into roles and data ranges into
concepts

* Three types of atomic data ranges:
—d, e.g., real
— d[f], e.g., real[rational], real[>2]
—{v}, e.g., {1}

Encoding ¢ for atomic concepts/roles/features/data ranges

p(Tp) =T e(d[f]) =AanNAy  o(T)=T p(A)=A
p(d) = Aa p({v}) = A, p(R) =R  ¢(F) = Rp



Stage 1: Eliminate Datatypes

e Step 2: Add strengthening axioms to preserve the
subsumptions between atomic concepts in O.

— The strengthening axioms show the implicit
relationships among data ranges before encoding

— The purpose of strengthening axioms is to ensure
data-range-relationship-preserving property

=5 .Ir f -
For any ary,...,ar,,ary,...,ar,, € ADR4(O), if
3 ) . 13 3 m s

(M, ara) N (T, mar)))” = 0, then (T, @(ar:)) 1 (T, ~o(ar}))

is unsatisfiable

— The property is sufficient for preserving completeness



Stage 1: Example

Integer 1, 2

Ontology Before Encoding:

(DB EBy, Q2)B=CndF{l} 3)B=Cn EIF[(rem'[iHr] M real[> 0] M real[< 2])

(4) B, C By, (5)B,=CndrF.{2)

Normalize data range using|only the form > aireal|< 2| = real M —real[> 2];

So axiom (3) changes to : B = C 11 dF.(reallint] M real[> 0] M —real][> 2])

Ontology After Encoding:

(1) BiE Byyp (2°) Bi=CNdRp.A; (3) B=CNARp(Arear T Aipr 1 Asp M 0AS2)
(4) B,C By, (5°) Bp=CndRr.A



Types of Strengthening Axioms

Relationships among real[int], real[dec] and real[rat]
— €.8. Ainr C Adecr

Relationships among DRs of the form real[>a]
—eg A, C Ay

Relationships between {v} and real[int]/real[dec]/real[rat]
— &8 A C Ay

Relationships between {v} and real[>a]
— €8 AIC A0 A MNMALC L



Types of Strengthening Axioms

e Relationships among DRs of the form {v}
—e.g. AINMAC L

* Other relationships
— €.8. Arem‘ I_lAfm [ A}D A _'A:}Z [ (_'Al [ _'Az) C L




Strengthening Axioms for the Example

Normalized Ontology:

(1) ByE By, (2)By=CndF{l} (3%)B=CndF.(reallint] Mreal[> 0] M =real[> 2])
(4) B, C By, (5) Bp=CnidF{2}

Encoding: {1} — Ay, {2} = Ay, real[> 0] = A,eqr M Asg.
real[> 2] = Ayeq M Aso, reallint] — Ayeqr M Ajy

Strengthening axioms added based on our strengthening algorithm for real numbers:

(6) A) C Ajy (7) Ay C Ay

(8) A}Z ;A}[}

(D) Ayt MA MASsp M =AM (mA TT-A) E L

(10) A} C Ao (I11)A;MALC L
(12) A, C Ay (I3) A,MALE L
(14)A{MAC L
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Stage 2: Transform Inverse Role

* Polynomial elimination of inverses
— Calvanese et al[1],

— Tuned for tableau reasoning, Ding [2]

* We eliminate inverse role using normalized form
1A, C||B;, ACI.B, IrAC B, ACVr.B,rCsandr— =1’

tuned for consequence-based reasoning.

[1] Diego Calvanese, Giuseppe De Giacomo, Riccardo Rosati: A Note on Encoding Inverse
Roles and Functional Restrictions in ALC Knowledge Bases. Description Logics 1998

[2] Yu Ding's PhD Thesis, http://users.encs.concordia.ca/~haarslev/students/Yu_Ding.pdf
[3] Yu Ding, Volker Haarslev, Jiewen Wu: A New Mapping from ALCI to ALC. Description
Logics 2007



https://ch1prd0411.outlook.com/owa/redir.aspx?C=G4rBmXDGM0eqRw7yTn5zmru_Xui4VdAI2uEdeUmWZYOu8Feoe4WSLmw2OpmVRu4SGHqQEddrPc4.&URL=http://users.encs.concordia.ca/~haarslev/students/Yu_Ding.pdf

Stage 2: Transform Inverse Role

* Complement role hierarchy
—Addr*=r"ifr==r, r==r*

—Add Y C s ifr=r,s =s"and rCs

* Add axioms based on the equivalence
ACYrBo dr ACB



Proof of Soundness

* For datatypes, encoding ensure a
countermodel of o= Ac B can be converted to

a countermodel of o;=4cCB

* For inverse roles, soundness is obvious since
all strengthening axioms are implied by the
original ontology



Theoretical Proof of Completeness

* For both datatypes and inverse roles,

strengthening axioms enables conversion of

countermodels

— A countermodel for o, = 4 c B to a countermodel of
Op EAC Bto acountermodelof OACB

* Proving data-range preserving property: case-by-
case analysis of combinations of atomic data
ranges



Evaluation

Comparison of classification performance of ALCH I (D) ontologies

# Logical | # Axioms| # Axioms
Axioms |Added for| Added for |HermiT| Pellet |FaCT++|WSClassifier
Datatypes|Inverse Roles
Wine 181 2 7 1.160 | 0.430 | 0.005 0.400
ACGT 5065 3 366 9.603 |2.955 * 1.945
OBI 9899 2 257 3.166 |45.261 8 8.835
Galen-Heart) 10493 0 569 123.628| - — (2779 )
Full-Galen | 36986 68 7547 - . - 16.774
_ FMA-C ) 116532 9 1027 - — - | 32.74
Note: “-": of time or memory “*”: some datatypes are not supported

Highly cyclic
ontologies
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Conclusion and Discussion

e WSClassifier

— Transforms common OWL2 datatypes, facets and
inverse role axioms from ALCHID into ALCH

— Classifies using an ALCH reasoner
* Results

— Preserves soundness and completeness for ALCHI(D)

— Outperforms tableau-based reasoners on large and
highly cyclic ontologies.

e Future work

— Extensions to other datatypes and facets
— Further optimization



Thank you |



