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The Knowledge Evolution
Problem



Modelling Domain Knowledge with Ontologies
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Usage of Ontologies in Applications.
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The Knowledge Evolution Problem

m

How can we capture How do ontology Do ontology
the impact on the engineers understand management
materialisation? the impact of ontology frameworks match the

changes? need in practice?



Quantify:
How can we

ontology changes on the
materialisation?

of



What is materialisation?
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Unexpected Consequences of Changes

equwalentCIas

Disorder

Heart Failure

subCIassOf

subClassOf subClassOf

mayCause

Factor V Leiden

isA

Fondaparinux

subClassOf

Blood Thiner
Medication

-7

~—-—————_—

11



Manage
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Pernisch et al. (2021). Beware of the hierarchy - An analysis of ontology evolution and the materialisation impact for biomedical
ontologies. Journal of Web Semantics. https://doi.org/10.1016/j.websem.2021.100658. 13



Size-based Impact o, ;5 A

le+00

~1e—01

o

le-02

Impact

le-03

le-04

A
|M,NM,|

100 1000 10000
Structural Changes (5, |

XETD WD XD

NCIT e DOID
GO e FYPO

UBER 4 RSO 4 PTO
PWO 4 ASV

Pernisch et al. (2021). Beware of the hierarchy - An analysis of ontology evolution and the materialisation impact for biomedical
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Change-based Impact Yij

Pernisch et al. (2021). Beware of the hierarchy - An analysis of ontology evolution and the materialisation impact for biomedical
ontologies. Journal of Web Semantics. https://doi.org/10.1016/j.websem.2021.100658. 15
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We defined materialisation
Impact measures at
scale.



The Knowledge Evolution Problem

m

How can we capture How do ontology

the impact on the engineers understand

materialisation? the impact of ontology
changes?

Change-based impact
Size-based impact

Do ontology
management
frameworks match the
need in practice?
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Analyse;
How do ontology engineers

of ontology
evolution on the materialisation?



Can measures help engineers while applying changes?
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Implementation of
Materialisation
Impact

XETD XD D

- Requirements elicitation
through online questionnaire

- ldentified 10 requirements:

List of changes
Consistency

Measures and their change
Export functionality

Usage of colors

Pernisch et al. (2022). Visualising the effects of ontology
changes and studying their understanding with

Chlmp. Journal of Web Semantics.
https://doi.org/10.1016/j.websem.2022.100715. 21



Implementation of
Materialisation
Impact

Chimp (Change Impact): DNE®X
Changes

& Added axiom: <AnnotationAssertion(rdfs:label <EggCheeseMix> "EggChe:
Previous Changes
b @ Added axiom: <Declaration(Class(<EggCheeseMix>))>
¥ Added axiom: <SubClassOf(<\VegetableTopping> <PieFilling>)>
I Removed axiom: <EquivalentClasses(<PieFilling> <PizzaTopping> )>
¢ Added axiom: <EquivalentClasses(<PieFilling> <PizzaTopping> )>
@ Added axiom: <SubClassOf(<DeepPanBase> <PieBase>)>

Impact

Reasoner active and the ontology is consistent

Size-based Impact ~ 0.016529

We divide the number of changed inferred
axioms by the unchanged inferred axioms. The
unchanged inferred axioms can therefore be
seen as the size of the materialization. This

Listview VCha'rtview |

Primitive Metrics Absolute~  All Changes ~
Number of Axioms 814 +13
Number of Classes 104 +4
Number of Individuals 5
Number of Properties 8
Number of Object Properties 8
Number of Annotations 11
Number of Inverse Relations 6
Number of Equivalent Class Relations 15
Number of Inheritance Relations 266 +7

Composite Metrics Absolute v  All Changes ¥

Annotation Richness

Average Population
Class Property Ratio 13 +40.50

Inheritance Richness

Inverse Property Ratio 0.75
Object Property Ratio 1
Property Class Ratio

Relationship Richness
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User Study

- Pizzaontology and 2 tasks to apply
changes, one task with and the other
without Chimp

- 36 Participants performed tasks
locally on their own machine while
following an online questionnaire

Pernisch et al. (2022). Visualising the effects of ontology changes and
studying their understanding with Chlmp. Journal of Web Semantics.
https://doi.org/10.1016/j.websem.2022.100715.
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Within-subject Study Design
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XETD XTTD XD

Participant Numbers

Recorded Used Gl G2 G3 G4
Task 1 53 36 5 13 7 11
Task 2 37 25 4 7 6 8

Pernisch et al. (2022). Visualising the effects of ontology changes and studying their understanding with Chimp. Journal of Web
Semantics. https://doi.org/10.1016/j.websem.2022.100715. 25



P cuaniy P svose P Mansse 2
Is Chimp helpful in thinking about consequences?

B No B Maybe B Yes

count

[..] will this change how you [..] would you use a tool like Do you consider the
think about changes in the Chlmp in the future? consequences on other
future? applications?

Pernisch et al. (2022). Visualising the effects of ontology changes and studying their understanding with Chimp. Journal of Web
Semantics. https://doi.org/10.1016/j.websem.2022.100715. 26



P auantiy P snovee P manage 4
Are the materialization impact measures useful for

ontology engineers?

B Change-based impact W Size-based impact
30

25
20

15

count

10

(1) Extremely useless (2) Useless (3) Useful (4) Extremely useful

Pernisch et al. (2022). Visualising the effects of ontology changes and studying their understanding with Chimp. Journal of Web

Semantics. https://doi.org/10.1016/j.websem.2022.100715. 27



Chimp is a to
communicate the impact of
changes on the ontology and
materialisation.



The Knowledge Evolution Problem

m

How can we capture How do ontology Do ontology

the impact on the engineers understand management

materialisation? the impact of ontology frameworks match the
changes? need in practice?

Change-based impact

Size-based impact Chimp plugin and

measures were useful
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Manage:

Do ontology management frameworks
match the ?



Ontology evolution within organisations

Scientific Domain Product Englneers

Ontology

Ontology Engineers Application
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Investigation of Theoretical Frameworks

]

s 11

‘?‘;a ’ Ontology

KOntology Engineers

/ Scientific Domain Product Engineers \

Applicationj

What are known requirements for the process
of ontology evolution?

Do these requirements encompass what the
process is in practice? Do we need more
requirements?

How do state-of-the-art ontology evolution
frameworks comply to these requirements?

Can we unify state-of-the-art frameworks and
bridge the gap between practice and theory?

32
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Ontology Evolution Framework

Planning Analysis : Implementation Integration
| j o e e e — T : 3
Wardh Change Change i Semantics Changes Change N Change

arcnand Capturing "| Representation | :: "|  of Change "l Propagation -+ | Implementation "Il Validation

Zablith Detecting Need / Change Change Assessing | Managing -
| for Evolution Suggestion ¥ Validation \ / Change Impact | \ Changes A%
3 I 5 '\ \ o\

Khatak : Change Change F Semantics i [ Change Implementation >, Changes

- § Request / Representation [ | / of Change ></K and Verification e ropagati

§ i\ ] V: [\ 3

Dieaie/ _  Cranee  [ULJJ]  Change | ] Jchanee LT G| :

Detecting Change Change Assessir Managing 1 Czlén
Need for i o Change '
Suggestion| Validatior Change! Change [ion

Impact
Propagatio
n

Zablith, F., Antoniou, G., d'Aquin, M., Flouris, G., Kondylakis, H., Motta, E., ... & Sabou, M. (2015). Ontology evolution: a
process-centric survey. The knowledge engineering review, 30(1), 45-75. 33



P cunity P arayse Y vamsa g
Requirements for Ontology Evolution

R1 Ontology evolution facilitates identification of change
— requirements from several sources.

R1.1 End-user behaviour R1.2 Domain

ﬂiﬁ]RZ Ontology evolution has to enable the handling of the
given ontology changes.

ﬂEﬁ] R2.1 Formal specification []Eﬁ] R2.2 Task separation ﬂiﬁ] R2.3 Validation after impl.

Cg R3 Ontology evolution ensures the consistency of the
changed ontology and dependent artefacts.

£3 R3.1 Choice of resolution g8 R3.2 Minimize impact &4 R3.3 Impact notification

before imp.
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Example: SciBite

Suggesting Changes

Validating Changes

Assessing Impact

Managing and Applying Changes

Propagating and
Publishing Changes

Monitoring Changes
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customers. Also fro
logged in a Git ti
that ontology,

he OEs. These gfe
et for the next updafe for

i
XX\QI

¢

1.2 Domain

i
xxs«l

R1.1 End-user behaviour

35



XETD XD XD

Example: SciBite

R1.1,1.2

x%X4<

Suggesting Changes
Suggestions are reviewed only by the OE

Validating Changes
who will apply ie changes. They decide

v

‘2 R3.1 Resolution

Assessing Impact

Managing and Applying Changes

Propagating and .
Publishing Changes [F4]R2.2 Task separation

Monitoring Changes
36



XETD XD XD

Example: SciBite
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Validating Changes

Assessing Impact

Managing and Applying Changes

Propagating and
Publishing Changes
Z|R2.3

Monitoring Changes
37




XETD XD XD

Ontology Engineering
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Ontology evolution focuses on
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M. Poveda-Villalén, A. Fernandez-lzquierdo, M. Fernandez-Lopez, and R. Garcia-Castro. 2022. LOT: An industrial oriented
ontology engineering framework. Engineering Applications of Artificial Intelligence 111 (May 2022), 104755. 38



P auentiy P anaivse P vereoe 2
Continuous Development and Operations

OCRS

Ontology evolution is a
collaborative endeavour between
development and operations.

OCR5.1 Propagation

e
\

OCRS5.2 Monitoring

OCR5.3 Cycle

P. Arentoft Nielsen, T. J. Winkler, and J. Narbjerg. 2017. Closing the IT Development-operations Gap: The DevOps Knowledge
Sharing Framework. In Joint Proceedings of the BIR 2017 pre-BIR Forum, Workshops and Doctoral Consortium. CEUR. 39



Requirement Mapping to Case Studies

Suggesting Changes

XETD XD XD

jR41 OCRS5.3

Validating Changes

Assessing Impact

Managing and Applying Changes

Propagating and Publishing Changes

Monitoring Changes

7|R2.2
OCRS.1
#|R2.3 76.jR4.3 OCR5.2

Unsatisfied requirements

Zr2.1  £BR3.2
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Wardhana

Zablith

Khattak

Djedidi

Leenheer

Stojanovic

Comparison of Frameworks

't Implementation

© Integration

Changes

Propagation

. Planning Analysis
: T w9 9w w3 wWwv£$%X%X@40 0w |
Change Change | Semantics Changes Change Change
Capturing "| Representation "|  of Change Propagation "| Implementation Validation
Detecting Need Change s Change . Assessing Managing
for Evolution Suggestion Validation Change Impact Changes
Change Change Semantics Change Implementation
Request Representation of Change and Verification
Change Change L, Change Changes
Specification 9 Analysis Resolution Application
Chénge Planning Change Changes
Changel Request §ahd Analysis Implementation Verification
Change Change Semantics Changes _| Implementation
Capturing | Representation of Change Propagation of changes
Q Q
: , 2R3 2 R33 . ,
R1.1, R1.2 74 R2.1 X . F|R2.2 F4|R2.3
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Comparison to Requirements

R1

/’ R2

Ed| 2.1, 2.2,2.3

a2 r

3.1,3.2,3.3

R4

oC 41,4.2,43

R5

E41 E9 B

Case Study Stojanovic Leenheer

=3 1.1,1.2

>
>
N

N

AN

N

<% Xxx XL XN %%
AN

N
AN

N

AN

N

WX X% % Xl SN xS
< >} X : X A XN 2N\ \

<
<
<

Wardhana



Requirement-based Evolution Framework for
Ontologies

/" Planning /" Analysis
Detecting Assessing
Need for |— Chang.e — Change —»| Change
Suggestion | i | Validation
Change ¥ Impact

Change .
Change . Change Managing
L] [ ] ﬁ * Y Y <
Monitoring Proparalgatlo Validation Changes
\_ Integration Implementation

____________________________________________________________________________________________________________
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We between
theoretical frameworks and
ontology evolution in practice.



The Knowledge Evolution Problem

m

How can we capture How do ontology Do ontology

the impact on the engineers understand management

materialisation? the impact of ontology frameworks match the
changes? need in practice?

Chlmp plugin and Gap between theory
measures were useful and practice

Change-based impact
Size-based impact

45



Open Challenges

m

Change impact and its
analysis on other
applications

Change ownership

Communication
between engineers and
product owners

Handling of change
impact

Extending the existing
framework

Tool support and
availability

Extend of process
automation

46



Knowledge Evolution, and their Impact on Downstream
Applications

Input: ontologies, knowledge graphs,
databases, documents

Applications: reasoning, embeddings,
stream reasoning, machine learning

47



Conclusion:

Analytical and empiri

ontology evolution a
methodology for ma

cal study of
gle

naging it



Questions?
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Thank you for your attention.

Dr. Romana Pernisch
Vrije Universiteit Amsterdam, Netherlands
website: pernisch.ch
email: r.pernisch@vu.nl
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Ongoing and Future Work

m

Survey of ontology and KG Analysis of concept

measures and their usage
in research.

Impact of changes on ML
applications.

changes in a robot
environment.

Visualisations for
ontology change
summarisation.

Extension of existing

management
frameworks.

53



Embeddings

How can we capture
the impact on
embeddings?

Link prediction
performance change,

Embedding
Resemblance Indicator.

Analysis of synthetic
changes and their impact
on embeddings.

Change in link prediction
performance very small,
ERI captures the change in
embedding structure.

Manage

Compute embeddings
incrementally to
minimize the impact of
changes?

MaCLKGE: performance of
link prediction same as
recalculations.
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