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OntoUML and OntoObject-Z

OntoUML∗ is a profile for the Unified Modeling Language (UML).

OntoObject-Z is a descriptive∗∗ language inspired by OntoUML.

OntoObject-Z is an extension of the Object-Z notation.

Both OntoUML and OntoObject-Z are backed by (IT) ontologies (Ullman triangle,
shared conceptualization between stakeholders and IT professionals).

∗ Conceptual modeling course at FIT (OntoUML, BPMN, DEMO, RDF/OWL)

∗∗ A language “suitable” for the specification of problem domain (as opposed to prescriptive

languages used for solution domain). Risk of bias of models - (similarity with bias of data and bias of

algorithms in ML).
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An Example of an “Incomplete” Specification (in OntoUML)

Figure 1: Role without relational dependency - illustration.
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An Example of a “Complete” Specification (in OntoUML)

Figure 2: A role with a relational dependency - illustration.
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An Example of an “Inconsistent” Specification in OntoUML

Figure 3: A type with more than one identity - illustration.
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Goal

Build OntoUML ontologies and implement them using OntoObject-Z specifications.

Conceptualize these ontologies with RDF (Resource Description Framework) and OWL
(Web Ontology Language).

Take advantage from the “connection” between RDF and related stuff, and symbolic AI
(KRR - Knowledge Representation and Reasoning systems).

Illustration with Computer Communication Protocols (routing protocols).
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Motivation

Ability to model highly complex domains (such as computer communication protocols).

OntoUML and OntoObject-Z are backed by the Unified Foundational Ontology - UFO
(which “modifies” the semantics of UML ( Object-Z) and makes it more “precise”).

The construction of ontologies for computer communication protocols is motivated by
our interest in domain knowledge, a concept known from the software engineering
discipline.

Implementing OntoUML models with OntoObject-Z specifications:
1 describe ontologies in a formal descriptive language.
2 address most of the phases of the SDLC (Software Development Life Cycle) in a language

equipped with a refinement method.
3 express specifications and constraints on them in a single language (evolutionary

approach vs discrete approach).
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A Partial Taxonomy of UFO

Figure 4: Source (Guizzardi et al. 2021).
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Formalization of UFO Concepts Using Modal Logic

The example of rigidity and anti-rigidity (Guizzardi et al. (2021), Pergl (2024)):

Rigidity: R+(T ) =def 2(∀ x : T (x ) ⇒ 2(T (x )))

Rigidity means inability to adapt to change.

Anti-rigidity: R−(T ) =def 2(∀ x : T (x ) ⇒ 3(¬T (x )))

Anti-rigidity means ability to adapt to change.
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OntoObject-Z

Introduced in two previous papers (Bettaz (2024), Bettaz and Maouche (2023)).
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Object-Z Specification Signature

Definition 1 (Baumeister, Bettaz, Maouche and Mosteghanemi, 2015):
An Object-Z specification signature is a pair Σ = (S ,F ), where,

S = C ∪ T is the disjoint union of class names and primitive types.

F = B ∪ R defines a family of operation symbols Bc→t , (c ∈ C , t ∈ T ) representing
basic attributes, and a family of operation symbols Rc→2C (c ∈ C ) representing
reference attributes.

Note: Reference attributes are those used to capture relationships between Object-Z classes.
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OntoObject-Z Specification Signature

Definition 2 (Bettaz and Maouche 2023):
Let Σ be an Object-Z specification signature, and ST = (STc ,STr ), a pair, where STc is a
set of UFO class stereotype names and STr a set of UFO relationship stereotype
names. An OntoObject-Z specification signature is defined by the pair (f , g), where:

1 f : (C ∪ T ) → (C × STc ∪ T ), and

2 g : (B ∪ R) → (B ∪ R × STr ), such that

3 ∀ c ∈ C , f (c) ∈ C × STc , ∀ t ∈ T , f (t) ∈ T , and

4 ∀ b ∈ B , g(b) ∈ B ,∀ r ∈ R, g(r) ∈ R × STr

Function 2 and expression 4 indicate that reference attributes are stereotyped by
relationship stereotype names.
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OntoObjectZ Metamodel

Figure 5: An OntoUML metamodel for OntoObject-Z.
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EBNF

<OntoObject-Z specification> ::= {OntoObject-Z class}+
<OntoObject-Z class> ::= <header> <state>
<header> ::= <header of sortal class> | <header of nonsortal class>
<header of sortal class> ::= <<<cls stereotype>>><cls name> [{<cls name>}]
<header of nonsortal class> ::= <<<cls stereotype>>> <cls name> : abstract
<cls stereotype> ::= category | collective | kind | mixin | mode | phase | phasemixin | quality |
quantity | relator | role | rolemixin | subkind
<state> ::= [<declaration>] [<predicate>]
<declaration> ::= {<basic attribute> | <reference attribute>}
<basic attribute> ::= <<<cls stereotype>>> <cls name> : <bas attribute name> :
<type name>
<type name> ::= boolean | integer | . . .
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EBNF (Cont’d.)

<ref attribute> ::= <<<cls stereotype>>> <cls name> : <<<ref stereotype>>>
<ref attribute name> : P <<<ref stereotype>>> <cls name>
<ref stereotype> ::= characterization | componentof | containment | derivation |
domainformal | material | mediation | memberof | subcollectionof | subquantityof
<predicate> ::= {<multiplicity predicate> | <navigability predicate> |
<is whole for predicate> | <is part of predicate> | isDisjoint | isComplete}
<multiplicity predicate> ::= # <ref attribute name> <rel operator> <value>
<rel operator> ::= >= | <= | = | < | > | !=
<value> ::= 0 | 1 | 2 | ...
<is whole for predicate> ::= <cls name> isWholeFor <cls name>
<is part of predicate> ::= <cls name> isPartOf <cls name>
<navigability predicate> :: = ∀ <var name> : <cls name> � self in <var name> ·
<cls name>
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Running Example

Few (very) basic structural and process aspects of routing protocols.
Structural aspects in OntoUML and behavioural aspects in BPMN. In “Towards an
Ontological-based CIM Modeling Framework for IoT Applications” to appear in Informatica
(Bettaz and Maouche, 2024)”, we used SoaML (used usually in the modeling of
Cyber-physical systems).

Static vs dynamic routing

Autonomous systems.

Centralized vs decentralized algorithms.

Generating routing tables.

Service of a routing protocol.

Routing protocol.

Implementation of a protocol service.
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Static vs Dynamic Routing

Figure 6: Static vs dynamic routing.

Mohamed Bettaz (FIT CTU) Crete, Greece 01 - 02 November 2024 IFIP WG1.3 19 / 51



Static vs Dynamic Routing (Cont’d.)

Figure 7: Related Process aspects.
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On the Subject of the Whole and the Part Relationship

“ It is as impossible to know the parts without knowing the whole as to know the whole
without knowing the particular parts. ” (Blaise Pascal).

“Mathematics may be defined as the subject in which we never know what we are talking
about, nor whether what we are saying is true.“ (Bertrand Russell).

Functional complex, Collective, Quantity, Aspects, Relator (Sortal Endurants).

Material vs Formal relationships.
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Autonomous Systems

Figure 8: Autonomous systems.
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Centralized and Decentralized Algorithms

Figure 9: Centralized and decentralized algorithms.
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Generating Routing Tables

Figure 10: Generating routing tables.
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Routing Protocol Service

Figure 11: Process aspects.
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LS routing Protocol Service Implementation with Collapsed Subprocesses

Figure 12: Router R4 creates its routing table.
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Implementation of the Protocol Service (Cont’d.)

Figure 13: Subprocess A expanded.
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Implementation of the Protocol Service (Cont’d.)

Figure 14: Subprocess B expanded.

Mohamed Bettaz (FIT CTU) Crete, Greece 01 - 02 November 2024 IFIP WG1.3 28 / 51



Implementation of the Protocol Service (Cont’d.)

Figure 15: Subprocess C expamded.
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Knowledge Representation and Reasoning Systems

We use RDF (Resource Description Framework) and its standards (RDFS, OWL,
SPARQL) for Knowledge Representation and Reasoning (KRR) ( “symbolic AI” systems).

Knowledge Representation is covered by RDF.

Reasoning is done by the standards around RDF.

Terminology related to RDF (Salihoğlu, 2024):

semantic web
inference
ontologies
knowledge graphs
SPARQL
IRIs
RDFS
OWL
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Knowledge Representation and Reasoning Systems (Con’td.)

RDF is suitable for modeling (complex) Domains (such as computer communication
protocols and IoT systems/applications).

Querying data and metadata in a seamless way.

Automatic logical inference (type or superclass of a resource? Which routing protocols
are centralized or decentralized?, Which algorithms are DV or LS?.
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gUFO

We use gUFO (gentle UFO: Almeida et al., 2020) as an ontology implementation of
UFO (Unified Foundational Ontology) in OWL (Web Ontology Language).

UFO is a reference ontology (giving precedence to real-world adequacy).

As an implementation ontology, gUFO scarifies real-world adequacy to obtain
computational properties.

OWL sees only ”classes”.

UFO(gUFO) distinguishes different sorts of classes (for example the Kinds)
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gUFO (cont’d.)

Using gUFO-based (domain) ontology allows for automatic error detection (for endurant
types) - set of rules that say what is wrong in our models.

for instance, non-sortals cannot subclass sortals.

Sortals cannot specialize more than one kind.

Rigid types cannot subclass (specialize) anti-rigid types, etc.
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gUFO Conceptualization

Example cf. Figure 6 (static vs dynamic routing)

a) class Static
:Static rdf:type owl:Class ;

rdfs:subClassOf gufo:Object ; # in the taxonomy of Individuals
rdfs:subClassOf IP Routing ; # in the taxonomy of types
rdf:type gufo:Kind ;
rdfs:subClassOf owl:Restriction ;
owl:onProperty :characterizes;
owl:qualifiedCardinality 1;
owl:onClass :Default Route.
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gUFO Conceptualization(Cont’d.1)

b) class Default Route :Default Route:rdf:type owl:Class ;
rdfs:subClassOf gufo:Object ; # in the taxonomy of Individuals
rdf:type gufo:Mode ; # in the taxonomy of Types
rdfs:subClassOf owl:Restriction ;
owl:onProperty :characterizes;
owl:qualifiedCardinality 1;
owl:onClass:Static .
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gUFO Conceptualization (Cont’d.2)

a-b) relationship charaterizes (between class Static and Class Default Route)
:charaterizes rdf:type owl:ObjectProperty ; # in the taxonomy of Individuals

rdf:type gufo: Characterization ; # in the taxonomy of Types
rdfs:domain:Static ;
rdfs:range:Default Route .
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gUFO Conceptualization (Cont’d.3)

c) class Optimal Route Determinator
:Optimal Route Determinator rdf:type owl:Class ;

rdfs:subClassOf gufo:Object ; # in the taxonomy of Individuals
rdf:type gufo:Relator .
rdfs:subClassOf owl:Restriction ;
owl:onProperty :mediates ;
owl:qualifiedCardinality 1 ;
owl:onClass :Routing Information Advertiser;
owl:qualifiedCardinality 1 ;
owl:onClass : Routing Information Learner.
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gUFO Conceptualization (Cont’d.4)

d) class Routing Information Advertiser
:Routing Information Advertiser rdf:type owl:Class ;

rdfs:subClassOf gufo:Object ; # taxonomie of Individuals
rdf:type gufo:Role .
rdfs:subClassOf owl:Restriction ;
owl:onProperty :mediates ;
owl:qualifiedCardinality 1 ;
owl:onClass :Optimal Route Determinator;
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gUFO Conceptualization (Cont’d.5)

e) class Routing Information Learner
:Routing Information Learner rdf:type owl:Class ;

rdfs:subClassOf gufo:Object ; # in the taxonomy of Individuals
rdf:type gufo:Role .
rdfs:subClassOf owl:Restriction ;
owl:onProperty :mediates ;
owl:qualifiedCardinality 1 ;
owl:onClass :Optimal Route Determinator;
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gUFO Conceptualization (Cont’d.6)

c-d) relationship mediates (between class Optimal Route Determinator and
Routing Information Advertiser)
:mediates rdf:type owl:ObjectProperty ; # in the taxonomy of Individuals

rdf:type gufo: Mediation ; # in the taxonomy of Types
rdfs:domain:Optimal Route Determinator ;
rdfs:range:Routing Information Advertiser .

d-e) relationship mediates (between class Optimal Route Determinator and
Routing Information Learner)
:mediates rdf:type owl:ObjectProperty ;# in the taxonomy of Individuals

rdf:type gufo: Mediation ; # in the taxonomy of Types
rdfs:domain:Optimal Route Determinator ;
rdfs:range:Routing Information Learner .
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TBD

gUFO conceptualization for process aspects (BPMN).
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Future Work

Formalization

express the protocol service as a many-sorted algebra.
express the protocol as a many-sorted algebra.
show that both algebra are isomorphic (proof that the protocol implements the protocol
service).
or . . .
Use RL to show that RR expressing the protocol could be derived from RR expressing the
protocol service.
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