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DISCLAIMER

Ontology, Foundational Ontology “an explicit specification of a conceptualization” (Gruber)
Conceptual model, Domain Ontology

Ontology-Driven Conceptual Model “the configuration of conceptual elements and the navigation

between them” (Parush)

“any model that is formed after a conceptualization or generalization process” (Wiki)

“ahigh-level, abstract representation that helps people understand and communicate the
essential aspects of a system, idea, or domain” (ChatGPT)

ACM SIGMOD SEMINAR 20 FEB 2025
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MARRIAGE
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<<formal>>
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N N > <<kind>>
0..* 0..* Person
_ o N\ {complete,
<<{Instantiation>> <<instantiationp > disjoint}
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<<relator>> <<mediation>> > <<role>> <<subkind>> <<subkind>>
Conjugal Relationship | 1..* 2..% Spouse Man Woman
/\ /\ /\ £\
{incomplete,
overlapping}
: Spouse Type
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1 1
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Conceptual Modeling:
‘Topics, Themes, and
‘Technology Trends

5,300 papers from 35 related journals and conferences
(ER, CAiSE, ICIS, AMCIS, EMISAJ, DKE, ...)

1976--2022
natural language processing (LDA)

quantitative + qualitative analysis
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business process design and
execution

business modeling and mining

process analysis

modeling languages

empirical evaluations

data models

ontology

software engineering
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onceptual Modeling: Topics,
'Themes, and Technology Trends
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Representation and
communication

Conceptual
modeling
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Application |
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settings
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\
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in developing
and learning

CASE
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Unraveling the foundations and the
evolution of conceptual modeling

| - -- (red) Conceptual modeling and
" K RSN~ Wi 1990 databases
4 742 documents and ‘ LA RN
110 718 (73 018 unique) cited references | R = -\ T,, ) W | (green) Grammars and guidelines
\\“[ 7 for conceptual modeling
_ ~Cher T976 : (blue) Requirements engineerin
1976--2023 1] < Vwéhwgg“/ \ ~and IS decii N methodolgc]) ies 9
Yu 3997 ST S PR N Budaﬂ 2001,
three types of bibliometric analysis: \( Gruber 1993 e L MA0E \ (yellow) Ontology constructs for
co-citation analysis (CCA), \ viandfigso X conceptual modeling
& Dav:esQOBQ
bibliographic coupling analysis (BCA), and e Wand,,gg“;v'f’fw“'“w% N ""°ﬁ"* = .
. ) Gulzzardl 2005
main path analysis (MPA) > \

Olivé 2007 |

V/ -
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Unraveling the
foundations and the
evolution ot
conceptual modeling

- Domain-specific CM

- Ontologies and applications

- Data and databases: datastore, NoSQL, multimodel data
+ Goal models and requirements engineering

- Applications with or without ontologies

- Applications to genomics and healthcare
- Understanding CM; theoretical developments

- Process model including process modeling, process mining
- Temporal or economic view of the field

ACM SIGMOD SEMINAR
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Foundational ontologies in action

Borgo, Stefano | Galton, Antony | Kutz, Oliver
Applied Ontology, vol.17,no0. 1, pp.1-16,2022

BFO: Basic Formal Ontology

DOLCE: Descriptive Ontology for Linguistic and Cognitive Engineering
GFO: General Formal Ontology

. GUM: Generalized Upper Model

. TUpper: A Top Level Ontology within Standards

. UFO: Unified Foundational Ontology

. YAMATO: Yet Another More Advanced Top-level Ontology

N o v AW N
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https://content.iospress.com/articles/applied-ontology/ao220265
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UFO

1 o awell-grounded foundational ontology based on contributions from
Formal Ontology in Philosophy, Philosophical Logic, Cognitive
Psychology, and Linguistics.

2 OntoUML 3 FAIR Catalog
e anontology-driven conceptual modeling .

language that extends class diagrams in the
UML by defining a set of stereotypes that
reflect UFO ontological distinctions into
language constructs.

ACM SIGMOD SEMINAR 20 FEB 2025
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ONTOUML/UFO

The FAIR Model Catalog for Ontology-Driven Conceptual

Modeling Research, commonly referred to as OntoUML/UFO

Catalog, is a structured and open-source catalog that contains 1 8 5 O D C M S
OntoUML and UFO ontology models. It was conceived to allow

collaborative work and to be easily accessible to all its users. f rom 7 to 3760

modeling area, by providing high-quality curated, structured, and
machine-processable data on why, where, and how different

modeling approaches are used. 1ssued f rom 2005 to 2024

ACM SIGMOD SEMINAR 20 FEB 2025



Why (Domain) Modeling?

to change the world

for intervening
(e.g., design, planning,
coordinating)

Creative Models
(world-to-model-to-worild)

for bringing
about reality
(e.g., models in Wills, patent
diagrams)

for understanding
(e.g., domain understanding,
conceptual clarification,
meaning negotiation)

to change the mind

Descriptive Models
(model-to-world)

via mode/
manipulaton

for problem-solving
(including
decision-making)

via communication

for communicating
(including
domain
learning, explanation)

possibly with
future self

for documenting



https://ceur-ws.org/Vol-2835/paper6.pdf
https://doi.org/10.1007/978-3-031-46587-1_2
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Why we use Do we use
CMs? CMs?

Intervening YES
Understanding

Problem-solving And even with the
Communicating competency
Documenting questions!
Learning

Monfardini, Glaice Kelly Q et al.
Use of Competency Questions in Ontology Engineering: A Survey.

In: Conceptual Modeling. vol. 14320. pp. 45-64 (2023)
ACM SIGMOD SEMINAR 20 FEB 2025



https://doi.org/10.1007/978-3-031-47262-6_3

STATE-OF-THE-ART IN CONCEPTUAL MODELING

Why we use
CMs?

Intervening
Understanding
Problem-solving
Communicating
Documenting
Learning

ACM SIGMOD SEMINAR

Do we use
CMs?

YES

And even with the
competency
questions!

Do we reuse
CMs?

“36.38% of the
ontologies
registered in LOV
could not be
appropriately
loaded.”

Fernandez-Lépez, M. et al.
Why are ontologies not reused across the same domain?

Web semantics, 2019-08, Vol.57, p.100492 20 FEB 2025


https://doi.org/10.1016/j.websem.2018.12.010

ANATIONS IN CONCEPTUAL MODELING

[f you understand tit,
you can use 1t!

CONCEPTUAL DESIGN
FOR INTERACTIVE SYSTEMS

Avi Parush

ACM SIGMOD SEMINAR 20 FEB 2025



EXPLANATIONS IN CONCEPTUAL MODELING

PAGE 19/46
CIDOC Conceptual Reference Model XA 6languages v
Article Talk Read Edit View history Tools v

From Wikipedia, the free encyclopedia

The CIDOC Conceptual Reference Model (CRM) provides an extensible ontology for concepts and
information in cultural heritage and museum documentation. It is the international standard (ISO 21127:2023)
for the controlled exchange of cultural heritage information.!!! Galleries, libraries, archives, museums (GLAMs),

and other cultural institutions are encouraged to use the CIDOC CRM to enhance accessibility to museum-
related information and knowledge.

ACM SIGMOD SEMINAR 20 FEB 2025
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Tzitzikas, Y., Kotzinos, D., Theoharis, Y.
On Ranking RDF Schema Elements (and its Application in Visualization)

ACM SIGMOD SEMINAR Journal of Universal Computer Science 13(12), 1854-1880 (2007) 20 FEB 2025


http://doi.org/10.3217/jucs-013-12-1854

EXPLANATIONS IN CONCEPTUAL MODELING

1.

understanding is
a cognitive process,
a process of
abductive
inference for
‘filling the gaps’

Background shifts affect explanatory style: how a pragmatic
theory of explanation accounts for background effects in the

2.

interpretationis
an opinion of what
something means

Cambridge Dict.

Marques-Silva, J., Ignatiev, A.
No silver bullet: interpretable ML models must

generation of explanations.
Cogn. Process 11, pp. 227-249 (2010).

ACM SIGMOD SEMINAR

be explained

Front. Artif. Intell., vol. 6 (2023)

PAGE 21/46

3.

scientific
explanation may
be regarded as an
answer to awhy-
question

Hempel, C. G.

Aspects of scientific explanation

In: Aspects of scientific explanation and other
essays in the philosophy of science.

2nd printed. Free press Collier-Macmillan, pp.
331-496.

20 FEB 2025


https://dictionary.cambridge.org/dictionary/english/opinion
https://dictionary.cambridge.org/dictionary/english/means
https://doi.org/10.1007/s10339-009-0341-4
https://doi.org/10.1007/s10339-009-0341-4
https://doi.org/10.1007/s10339-009-0341-4
https://doi.org/10.3389/frai.2023.1128212
https://doi.org/10.3389/frai.2023.1128212
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understanding

PAGE 22/46

“understanding is an
intrinsic good provided by
explanation”

(Lipton, P., 2004)

Interpretation

“understanding the
world is the intellectual
benefit we expect to

acquire by constructing

explanations”
(Weber, E., Van Bouwel,
J., De Vreese, L., 2013)

explanation

“explanations are the primary means by which people construct an
understanding of the world”

(Horne, Z., Muradoglu, M., Cimpian, A., 2019.)
ACM SIGMOD SEMINAR 20 FEB 2025
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un d erstan dlIl g /Varies significantly\
from stakeholder to
/ /W\ stakeholder /
internal ) \L/ .
process 1nterpretat10n

\_ /

explanation

requires a question

ACM SIGMOD SEMINAR 20 FEB 2025
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explanation-as-a-
soclal-process

explanation-as-a-
cognitive process

)

question

explanation-as-a-
product

different forms:

diagram, formulas, text

explanation

Miller, T.
Explanation in artificial intelligence: Insights from the social sciences.

ACM SIGMOD SEMINAR In: Artificial Intelligence 267, pp. 1-38 (2019) 20 FEB 2025


https://doi.org/10.1016/j.artint.2018.07.007

EXPLANATIONS IN CONCEPTUAL MODELING

Explanation
Ontology

case based
contextual
contrastive
counterfactual
everyday
scientific
statistical

ACM SIGMOD SEMINAR

( ep:Situation > ep:has(:omjﬁ )
eo:User

User
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1
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e

/
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Interface
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Modality
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- l
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prov:used

Record

X
NG
/’< eo:Al
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C Mode l
v
( prov:Agent j/ siois eo:Al

\ Method
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|
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‘is mput _ *‘_
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‘is input in’

eo:System
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- \
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https://doi.org/10.3233/SW-233282
https://doi.org/10.3233/SW-233282
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PRAGMATIC
APPROACH

1. Make context-dependent normative claims and argue for them.
2. Make context-dependent descriptive claims and argue for them.
3. Take into account the epistemic interests while doing this.

Romanenko, E., Calvanese, D., Guizzardi, G.
Towards Pragmatic Explanations for Domain Ontologies.
In: EKAW. Vol. 13514. LNCS, pp. 201-208 (2022)

ACM SIGMOD SEMINAR 20 FEB 2025


https://doi.org/10.1007/978-3-031-17105-5_15
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justiﬁe/ mocfel:s* mstantmtecf 5_)) measured 6y

v XA
Theories Models Klnds Entltles Data
unifies submodel of subkind of causes correlates with
Upper
Ontology Domain Ontology Database

An explanation of the ODCM with respect for a given question is an ODCM view
sufficient to answer that question.

An ODCM view is amodel obtained from the given one by applying one or more
explanation transformations that preserve the consistency of the model.

KRDB SEMINAR 20 FEB 2025



EXPLANATIONS IN CONCEPTUAL MODELING PAGE 28/46

How can we generate the
questions?

“one should construct the

model so that these
¢ questions can be answered,
C and, to the extent possible,
ompetency model no further than
Que stions necessary to answer them”

Allemang, D., Hendler, J.
Chapter 14 - good and bad modeling practices.
ACM SIGMOD SEMINAR In: Semantic Web for the Working Ontologist, pp. 307-324 (2011) 20 FEB 2025



https://doi.org/10.1016/B978-0-12-385965-5.10014-7

EXPLANATIONS IN CONCEPTUAL MODELING — DAGE 28/46

How can we generate the
questions?

1. 2.

Competency Pattern-based
Questions Approach

ACM SIGMOD SEMINAR 20 FEB 2025



Organization

JAN

EducationalOrganizations
{incomplete,

disjoint} University

School

1--*

<<mediation>> Course Registration

Person

Developm«ItalPhases

Adult

<<mediation>>

{incomplete,
disjoint}

Child

1

<<mediation>>

School Enrolment

1 <<mediation>> 1\

Type

{complete,
overlapping}

/

Ordinary Student

External Student

PAGE 29/46

Can the Student be

an Ordinary student

and an External student at the
same time?

Yes, even if the Student has Enrolment in one
School, he can be an External Student in another School.

20 FEB 2025
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B Strongly agree

100 -
80 - 24% )
00 -
52%
40 -
20 -
| e

Agree

14%

43%

| found that the
models included all
relevant information
with sufficient
precision and
granularity.

ACM SIGMOD SEMINAR

Neither agree nor disagree

N S
14%

ST

43%

| understood the

models within the support to the models with my

context of the
guestion.

Disagree

10%

52%

| did not need

understand the
models.

https://w3id.org/ExpO/github
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mm Strongly disagree

33%

| was able to use

basic knowledge.

| think that most
professionals would
learn to understand

the models very

quickly.

20 FEB 2025
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EXPLAINING A
EXPLANATION

ACM SIGMOD SEMINAR 20 FEB 2025
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ABSTRACTING AN
ABSTRACTION
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THOUGHT OR REFERENCE Conceptualization

SYMBOL Stands for REFERENT OntoUML represents Domain
(an imputed relation) Model (as an explanation)
TRUE
THE TRIANGLE OF REFERENCE INTERPRETATION OF THE TRIANGLE OF
REFERENCE FOR THE CONCEPTUAL MODELING

CASE
Ogden, C. K., Richards, |I.A. Meaning of Meaning. (1989)

ACM SIGMOD SEMINAR 20 FEB 2025
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Abstraction can be a part of the
explanation process

Romanenko, E., Calvanese, D., Guizzardi, G.
Evaluating quality of ontology-driven conceptual models abstractions.
In: Data & Knowledge Engineering 153, p. 102342.

ACM SIGMOD SEMINAR 20 FEB 2025


https://doi.org/10.1016/j.datak.2024.102342

ABSTRACTION AS AN EXPLANATION

Institution type <<kind>> <<kind>> Developmental phases
<<subkind>> {complete, Organization Person A {incomplete, ™
Private disjoint} ~ disjoint} <<pdasle>>
organization A L
<<subkind>> <<kind>> | o <<kind>> <<phase>>
Public Building 1..* Room Child
organization /N JAN
located in studies in
<<Lcategory>> ; 5
gory provides <<subkind>> <<collective>> | <<memberOf>> <<role>>
Educational < k>
: 1. * 1 School Class 1 1+ Student
material " N N
M A Types 1 /‘\ /‘\1 1 | 1/P . !
L® {incomplete, enrqlled in
disjoint} <<characterization>> |
<<kind>> <<kind>> |_<<mediation>> <<relator>> SLeniation 25
Book Video 1 1 Enrollment <<characterization>>
<<mode>> <<mode>> .
School @ @ — Student
- * * -
commitment |l 1.*| commitment
uses

ACM SIGMOD SEMINAR

ORIGINAL MODEL

PAGE 34/46
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<<mode>>
School
commitment

1*

Institution type <<kipd>_> <<kind>> Developmental phases
<<subkind>> {complete, Organization Person {incomplete,
Pri disio < Jisiol <<phase>>
rivate isjoint} > isjoint} Adul
organization A uft
<<subkind>> <<kind>> | o <<kind>> <<phase>>
Public Building L.x Room Child
organization
located in studies in
<<category>> : -
gory provides <<subkind>> <<collective>> <<memberOf>> <<role>>
Educational >
: 1% 1 School Class 1 1 Student
material .
Types 1 1 1 _ 1..*1'1 1|11
Lo ® {incomplete, enrqlled in
disjoint} < <characterization>> :
<<kind>> <<kind>> <=<mediation>-> <<relator>> <xmediation >
Book Video 1 1 Enrollment 1 < <characterization>>

<<mode>>
Student
commitment

1

uses

ORIGINAL MODEL

ACM SIGMOD SEMINAR

ABSTRACTED MODEL
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<<kind>> enrollment <<kind>>
Organization School Student Person
provides " <<kind>> uses Student
School =1 Book Educational 0..1
material
School School
1 " Tkndos uses Student
<<enumeration>> REOVIGES _ .
Instituti ) > Video Educatlgnal g--ld -
Private organization <<memberOf>>| < <enumeration> >
Public organization b 0.1 é Developmental
; : hases
<<kind>> studies in < <collective>> Adult P
Building T Class Child
20 FEB 2025



ABSTRACTION AS AN EXPLANATION PAGE 36/46

Abstraction
algorithm
leveraging the

semantics of

= 1. Extended version
NonSortal
onSor relation Endurant_OR_‘ ) 2.11 rules

INonSortalType

.x.
relation Endurant OR
x1..xn yl.yn Datatype

'EndurantType ndurantType]

EndurantTypeH—1ee '
‘ YPE€HT yT.yn Datatype 3. No seeding

4. Rules are in fact patterns
5. Allows the appearance of hierarchies

REPLACEMENT

ACM SIGMOD SEMINAR 20 FEB 2025
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<<roleMixin>>

Customer
Customer JAN

Corporate
Customer

<<role>>
Personal Customer

<<role>>
Corporate Customer

A

Personal Customer
Corporate Customer Personal Customer

Customer Customer
Personal Corporate
Customer Customer

<<roleMixin>>
Customer

Corporate

Personal
Customer

Customer

Corporate Personal
Customer Customer

rents

T e RALLE ] e e e R -"'.":".:I' rents }ﬁ;l%. . l-l
Corporate | Organisation SO Personal —
Customer |

Customer

rents  <<kind>> | rents
S

Personal Car Corporate
Customer Customer

Romanenko, E. et al.

ACM SIGMOD SEMINAR

In: Proc. of the ER 2023 Workshops (OntoCom). Vol. 14319. LNCS, pp. 199-209.

20 FEB 2025


https://doi.org/10.1007/978-3-031-47112-4_19

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Abstraction of conceptual models
as a weakening process
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ABSTRACTION

Abstraction is a mapping from a ground (original) to an abstracted (intended) space
(Saitta & Zucker, 2013)

- Plaisted, D.A.: Theorem proving with abstraction. Artificial intelligence 16(1),47-108 (1981)

- Hobbs, J.R.: Granularity. In: Proc. of the 9th IJCAI vol. 1,432-435 (1985)

- Tenenberg, ]J.D.: Preserving consistency across abstraction mappings. In: Proc. of the 10th IJCAI 1011-1014(1987)
Giunchiglia, F., Walsh, T.: A theory of abstraction. Artificial intelligence 57(2), 323-389 (1992)

- Nayak, P.P,, Levy, A.Y.: A semantic theory of abstractions. In: Proc. of the 14th IJCAI vol. 1,196-202 (1995)

- Ghidini, C,, Giunchiglia, F.: A semantics for abstraction. In: Proc. of the 16th ECAI 338-342(2003)

1%

ACM SIGMOD SEMINAR 20 FEB 2025
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Axiom weakening 1S an approach
that repairs ontologies by
making axioms less restrictive.
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Future directions

1. abstractions generated by GNNs
2. explanation as a weakening procedure
3. adaptation for the cases when the seeding is given
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