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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)

akinds
Person

«Roles
Student

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

it K.if'l djl
Person

«Roles
Student

«Mediation=

cKinds»
Academic
Institution

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

«Categorys

Rational Identity

[disjoint}
«Kinds aKinds

Person Artificial Agent
«Roles . aKinds
Pilot «Mediation» Object
1 1

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 Al
(KRR - Knowledge Representation and Reasoning systems).

lllustration 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:

@ describe ontologies in a formal descriptive language.

@ address most of the phases of the SDLC (Software Development Life Cycle) in a language
equipped with a refinement method.

© express specifications and constraints on them in a single language (evolutionary
approach vs discrete approach).
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A Partial Taxonomy of UFO

Endurant
type

- |

[
Non-sortal

Sortal
{disjoint,
complete} 4%

{disjoint,
complete
Rigid Anti-rigid Anti-rigid
Sortal Sortal Non-sortal
{disjoint, {disjoint, {disjoint,
complete} complete} complete]
\ -
Galegory Phase Role M')f'n. .
Kind Subkind | [ Phase Role (Rigid Non- Mixin Mixin (Semi-rigid
sortal) Non-sortal

Figure 4: Source (Guizzardi et al. 2021).
IFIP WG1.3 10 /51

Crete, Greece 01 - 02 November 2024

Mohamed Bettaz (FIT CTU)



-
Formalization of UFO Concepts Using Modal Logic

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

e Rigidity: RT(T) =gy O(Vz : T(z) = O(T(z)))
e Rigidity means inability to adapt to change.

o Anti-rigidity: R™(T) =g4¢f O(Vz : T(z) = O(—T(2)))
o 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 ¥ = (9, F'), where,
e § = C'U T is the disjoint union of class names and primitive types.

@ F' = BU R defines a family of operation symbols B._,;, (¢ € C,t € T) representing
basic attributes, and a family of operation symbols R,_,oc (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 ¥ be an Object-Z specification signature, and ST = (ST,, ST,), a pair, where ST, is a
set of UFO class stereotype names and ST, a set of UFO relationship stereotype
names. An OntoObject-Z specification signature is defined by the pair (f, g), where:

Qf:(CUT)— (CxST.UT), and

@ g:(BUR)— (BUR x ST,), such that
@VeeC,f(c)e CxST,,¥Nte T,f(t)e T, and
Q@ Vbe B,g(b)e B,Vre R, g(r) € Rx ST,

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

Mohamed Bettaz (FIT

=enumerations «enumerations «enumerations || =enumeration: «enumerations
Cls_stereotype Ref_stereotype Type_name Sequence StructuredType
category characterization baolean list CartesianProduct
collective compomentof integer string PowerSet
kind containment otherbasictype
mixin derivation structuredtype
mode domainformal
phase material Predicate
phasemixin mediation
gﬂ:::}i'ty :j:T:IT;S{inmf context OnteObject-ZClass
relator subquantityof N inv notOwnSubclass: not suclasses
role -> includes(self)

. subclasses
rolemixin
subkind 187

BasicAttribute

name : Sequence
type: Type_name

OntoObject-ZClass

~4

name : Sequence

ReferenceAttribute

stereotype : Cls_stereotype [

1
0.1

OntoObject-ZSpecification

name: SunE"[E
stereotype : Ref_stereotype

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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N
EBNF (Cont'd.)

<ref_attribute> 1= << <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> 1= >=|<=|=|<|>|!=

<value> :=0|1]2] ..

<is_whole_for_predicate> ::= <cls_name> isWholeFor <cls_name>
<is_part_of_predicate> ::= <cls_name> isPartOf <cls_name>
<navigability_predicate> :: =V <var_name> : <cls_name> e 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 loT 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

«Kinds «Category» «Kinds
T Static T IPRouting K Dynamic
1 1
«Characterization» aCharacterizations
<Roler !
Routing «Mode»
Infermation [~y Complex 1
Advertiser Routing  [7]
1 D Algorithms
«Mediation»
«Moden» wRelators
Routing Table | [ Optimal Route «Characterizations
Created at Determinator
Boot Time 1
«Mediations
«Characterizations 1
) «Quality»
«Roles Metric
«Mades Routing || |hop-count
Default Information link-state 1
Route Learner other

Figure 6: Static vs dynamic routing.
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Static vs Dynamic Routing (Cont'd.)
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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).

e Functional complex, Collective, Quantity, Aspects, Relator (Sortal Endurants).
@ Material vs Formal relationships.
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Autonomous Systems

«Modes «Kinds «Kinds
IGP ICANN Organization
size
1 1 |assigned by has 1
1. -

«Mode» «Collectives
ASN Internet
«Characterization» 1 | “Characterizations ?1

“Kinds «MemberOfs ;
: N eKind»
Routing Device connected to Network

T 1) o [zt |
«Role» «Kinds «Role»
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= Relat 2!
«Relator»
i 1 «Mediations
«Mediation 1| »4ministrative
Authority

Figure 8: Autonomous systems.
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Centralized and Decentralized Algorithms

«Kind.» «Characterization» «Mode «Kind»
DV Algorithm Decentralized - Vector of
! Algorithm | 1 maintains 1 Costs
1
uses
1
«SubKind» aModes (disjoint} «SubKind»
RIP e IGP — OSPF
[disjoint}
11 1 1
- Modes -
7 Characterization» “ 1 «Characterizations
based-on Load-insensitive
1
1 «Characterization» 1
«Kind» «Kind» »(Mod?»
Bellman-Ford Link-state - Centralized
Equation 1 workswith 1| Algorithm

Figure 9: Centralized and decentralized algorithms.
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Generating Routing Tables

| context Router

inv notOwnNeighbour:

not neighbours --=
1 | incudes(self)

aKinds * |neighbours «Kind»
Router LSA
1.*
has
«MemberOfs
«Kind»
Weighted-graph «Collective»
1 generated-From 1 LsDE
ke Mediation <Kind»
Minimal-weight Routing Table
Path 1 created-from 1

Figure 10: Generating routing tables.
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Routing Protocol Service

eceive and < % & &
%roadcast LSA %:Nard LSAs to uild weighted Execute Create the
to adjacent directly Build LSDB graph from minimal-weight routing table
neighbors connected LSDB path algorithm 9
Neighbor neighbors All routers have
adjacencies all LSAs

established

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

R1 broadcasts

its LSA to R2
.| andR3.Ra

receives R1's
LSA.

R2 broadcasts
its LSAto R,
R3 and R4. R4

| receives R2's v

LSA 8

=3

Create the
fouting table

%m\d weighted Execute
Build LSDB graph from minimal-weight
LsDB path algorithm

4 R4 got all the

R3 broadcasts
its LSAto R1,
| R2and R4. R4
*| receives R3's
LsA

Link-state routing protocol - collapsed sub-processes

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.
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Implementation of the Protocol Service (Cont'd.)

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

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

e Knowledge Representation is covered by RDF.

@ Reasoning is done by the standards around RDF.
e Terminology related to RDF (Salihoglu, 2024):
semantic web

inference

ontologies

knowledge graphs

SPARQL

IRIs

RDFS

OWL
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Knowledge Representation and Reasoning Systems (Con'td.)

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

@ Querying data and metadata in a seamless way.

e 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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N
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.

e Rigid types cannot subclass (specialize) anti-rigid types, etc.
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N
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.

o express the protocol as a many-sorted algebra.

o show that both algebra are isomorphic (proof that the protocol implements the protocol
service).

e or...

e Use RL to show that RR expressing the protocol could be derived from RR expressing the
protocol service.
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