Knowledge Extraction from Description Logic Ontologies
and the Applications in Industries

Jieying Chen

SIRIUS, University of Oslo, Norway

jieyingc@ifi.uio.no

05.04.2022 DIG Seminar :: Jieying Chen 1


mailto:jieyingc@ifi.uio.no

Background

* Ontologies are used to
* represent knowledge and data
* do reasoning tasks, like query answering

* Ontologies are being continuously developed and extended.

* Examples of biomedical ontologies:
* SNOMED CT : 340 000 axioms
* NCBI : 850 000 axioms
* MESH : 400 000 axioms
* NCIt: 75 000 axioms

: compute a subontology that is most relevant to users



Approaches

* Justifications (ESWC22)

* Ontology Modularity: Subsumption / Deductive Modules
* ELH ontologies (ISWC17)
« ELH" ontologies (JELIA19)
* ALCH ontologies (1JCAI20)

* Best Excerpt (ISWC17)



Justifications

Definition (Justification)

A justification for O E a is a subset M C O such that M [ « and for
any M" ¢ M, M’ £ a.
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Justifications

R
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Definition (Justification)

A justification for O E a is a subset M C O such that M [ « and for
any M’ ¢ M, M’ £ a.

Applications:
* diagnose ontologies =
* repair inconsistent ontologies

There might exist exponentially many justifications!

It is difficult to compute all justifications for expressive Description Logics.
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Approximation of all Justifications

e Lower-bound: of all justifications (C)

Jy v C={fcO|O\{f}Ea}

Our Algorithm runs in P time!



Approximation of all Justifications

Upper-bound: of all justifications (U)

* Naive approach

e Black-box approach
* inspired by the algorithm of computing all minimal hitting sets [Reiter, JAI1987]
e OWL 2 ontologies

* MUS-Membership approach
* Idea: check each axiom whether itis a of some justification
e MUS-MEM encoding:

* Transfer all axioms in O and the given inclusion a to
* For each CNF formula, check whether it is a using SAT-solver

* Works on ALC ontologies
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Motivation: ontology modularity

SNOMEDCT

The global

langu
‘healthcare

O

Heart tissue

(body structure)

Signature X = {Disease, Heart structure, Heart tissue (body structure)}
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Definition of Ontology Modules

s

Definition (Subsumption/Deductive Module)

A subset M C O is called a deductive module of O w.r.t. X iff M E «
for every O F a, Sig(a) C X.

A deductive module is a subset of an ontology that can preserve
subsumption queries.

@ M is called a minimal module iff M is minimal w.r.t. C.

@ exponentially many in the worst case
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Example of Ontology Modules

R s

Lety ={a; =ACXNYNZ, a; .=XLCB, a3 :=YLCB}
and X = {A,B, Z}.

@ Min-Mod(7, %) = {{a1, @}, {a1, a3}}
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Algorithms for Computing Minimal Deductive Modules

* ELH ontologies (conjunctions, existential restrictions, role inclusions)
e Glass-box algorithm (ISWC17)
* Black-box algorithm (GCAI18)

 ELH" ontologies (ELH + range restriction)
e Glass-box algorithm (JELIA19)

* ALCH ontologies (ELH + negation, universal restrictions)
 Hybrid algorithm (1JCAI20)



Evaluation

* Our algorithms are practical in real-world ontologies: Snomed CT etc.

e Size: minimal modules are much smaller than other modules

05.04.2022

TABLE — Modules of ontologies in the DL Classifications tract of OWL
reasoner evaluation for 100 random signatures containing 60 concept names
and all role names (min / max / med / stdev)

Size Min-Mod 0/1,179/179/119
Size AMEX-Mod 0/2,333/258/142
Size Locality-Based-Mod | 0/ 65,566/ 1,022/ 196
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Motivation of Ontology Excerpts

I

e

@ No control of module size J

@ The size of module can be quite large

Definition (k-Excerpt)

A k-excerpt of 7 w.r.t. X 1s a subset & of 7 such that
| & |<L k.
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Definition of Best k-Excerpts

R

e

Definition (Best k-Excerpt)

A best k-excerpt of 7~ w.r.t. X under u 1s a k-element subset & of 7~
such that

w7 ,2,E) =min{ u(7,%,8) | & is a k-excerpt of 7 }.

@ Measure quality of excerpts using Logical Difference

w7, %, 8) =| cWing (7, 8) |
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Do we need algorithms for Computing Best Excerpts?

v Excerpt quality varies !

00000

T
MeSH Ontology

00 [—
Excerpt Size = 100

00000

Frequency of Excerpts
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1430 1435
Logic Difference

qo)

\

more than 6.2 x 10180 excerpts !

@ We need an algorithm to compute best excerpts directly.
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Algorithm of Computing Best Excerpt

* Input: an ontology, a signature and k

Algorithm

@ Compute (X, X)-subsumption justifications for each concept
name X in signature

@ Encode best excerpt problem to partial Max-SAT problem

@ Compute a solution using partial Max-SAT solver and transform
the solution into best excerpts, e.g. Sat4j
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Evaluation

TABLE — Times for computing best excerpts encoding the input for and

running SAT4J
Snomed CT NCI
Time (s) | Minimal Maximal Median STDEV | Minimal Maximal Median STDEV
MaxSat 0.01 1.27 0.15 0.35 0.01 0.16 0.01 0.02
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Partial Max-SAT encoding is efficient !
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Comparision: Justification vs. Minimal Module vs

. Best Excerpt

@ Common : a subset of ontology
e Differences :
Best k-excerpts () | Min. Mod. (M) | Justifications
Input 0,2, k 0,X O, «a
Module Size <k uncertain
‘ complete complete
Answer to Query unguaranteed wirt O,% Wt O
@ Connection :
o &= Mg when k = | Mg|
where Mg is the smallest minimal module, and & is a best
k-excerpt of the ontology.
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Industrial Projects

05.04.2022

Digital Health

e Collaboration with Snomed International (KCAP19)

Energy

e Semantic projects with Aibel (with a master student)
e GeoDataPreparation with Equinor

Manufacturing

e Combine semantic technologies with machine
learning (1JCKG21)
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* 41 member countries and more than 5 000 individuals and
organizations all over the world

I MOtivatiOn e > 340 000 classes
e > 340 000 logical axioms
* Update and publish every six months

Ontology metrics: [2] [ F= ] [x]
Metrics

Axiom 1048856
Logical axiom count 349761
Declaration axioms count 349547
Class count 349428
Object property count 119
Annotation Property count 1

Class axioms

SubClassOf 243409

EquivalentClasses 106223
f 4 /’ GCl count 20

Hidden GCI Count 184

Object property axioms
SubObjectPropertyOf 118
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I Workflow
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Collaboration
with Aibel
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I Motivation

Managing Complex Requirements

. Types Cost Estimates
. Geometry Material Catalogs
+ Pressure classes Interchangeability
» Fire classes Efficiency
» Explosion ratings Digitalization
* Materials Reuse
* Certificates Data Exchange
SIS Master Data
—— Automation
. ++4+

aibel

Source: Christian M. Hansen (Aibel)
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I Material Master Data (MMD) for Piping Systems

Axioms 1840769
Logical axioms 535512
Declaration axioms 106.674
Class count 98.133
Object property count 135 —
Data property count 23 - z
Indrvidual count 20412
SubClassOf 505 376 —aed” /?
EquivalentClasses 745 —
DisjontClasses 27 ~—t 4
An 1198266 e - —

« \ e — — >

- o~
PDF dﬁments:. =

- Engineering standards
- Client specifications

Engineering
Domains

* Represent the contents of documents as an ontology
* PDF documents: Engineering standards, client specifications

* Hierarchy of types and requirements for type membership

* Make explicit the meaning of document contents

* Available to both humans and computers sibel
Source: Christian M. Hansen (Aibel), David Cameron (SIRIUS)
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Results
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Processing time: 30 mins fl)
-> less than 1 min o

Precision: 100% g
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Query time: 30s ->2s

Size: 1.8 m -> 100k
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Collaboration
with Boscr
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I User Case
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I Pipeline: generate KG for ML

(o - - - - - 1 Domaip P Core [ — ML
! Legend : Ontologies Ontology Ontology
| =—p: Information | \4
: flow : Mapping
| Semantic ! Data-to-DO Mapping = Reasoner/ === Data-to-ML Mapping
| OO i | Annotator
| connection 1
I
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