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The problem:

today we often confuse
composition and typology
(classification & serialization)

But no one of those mechanisms can guarantee the “meaning”

... most industrial data models organize things ...

... very few explain what things are ...

“The challenge is preserving shared meaning across systems and over time.”



From data to knowledge : a strategic shift industry should care
... "‘we still don’t share meaning” ... TotalEnergies

Spectrum for Knowledge Representation and Reasoning Capabilities
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Mills Davis, Al - Externalization of Mina, slide 60, https://vaww slideshare net/Mills/ai-externalization-of-mind-81319464

| The real problem is loss of shared meaning



Ontologies motivations

Application Domains
 Big data synthesis (the 3Vs: variety, velocity, volume)

Inference and requirements checking

Al enablement and support

True interoperability across systems

Knowledge Management (KM)

Strategic Advantages

 Structuring and capitalizing knowledge and data on
solid, durable foundations that do not constrain future
evolution (zero technical debt)

« Strong linkage between data and knowledge
» A shared human—-machine language
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Top-level ontologies (TLO)
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Why a formal ontology ? *P
Axioms make knowledge operational TotalEnergies

Semantics # structure

» The key differentiator is not the graph itself, but the formal semantics underneath it. This is what makes knowledge
computable, verifiable, and reusable across systems.

» Formal axioms provide explicit constraints and relationships between entities, enabling consistency checking, inference
and true interoperability.

» This is why rigorous semantics is a prerequisite for real interoperability.
Axioms make knowledge operational

v Explicit constraints between entities

v’ Consistency checking

v’ Inference and reasoning

v’ Cross-system interoperability

Without formal semantics, a graph is just a map without rules
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Axioms example for a « supplying business process »

Class (IOF ontology

Node infos : supplying business process

Infos  Axioms  Properties  MetaData

uuD hitpsiispec. rocess ()
GRAPH hitps:Jispec. oref ()

SubClassOf hitps /spec. truct/BusinessProcess

type i w3 org/2002/07/oviEClass

1anel en-us v Supplying business process

isDefinedBy nttps /spec “ore/

adaptedFrom https:{www oberlo. comiecommerce vikisy

counterExample

A BMW dealer supplies a car to a Customer in the US, but the BMW Manufacturer in Germany does not supply
the car to the Customer. The BIMW Manufacturer supplies the car o the BMW dealer.

explanatoryNote

1. To supply a product means to deliver the product to another agent. 2 To SUpply a Service means to perform a
process (e.g. commercial service) for another agent, typically involving 2 service agreement. 3.1t should be noted
that we consciously exclude the person-to-person transactions, but person-to-business is not excluded

firstOngerL ogicAxiom

x) — Busi ) ferly) A icip: () A

(p) # hasParticipa Time{x,p)) v 3c{ () n tPartOfx.c)))

isPrimilive

1

naturall anguageDefnition

business process wherein a product or service is supplied

primitiveRationale

There are insufficient constructs o create necessary and sufficient conditions. Namely, constructs for economic
transactions, service of product provision and ownership are lacking

miF

if x IS a 'Supplying business process' then  is a 'business process' that "has participant at some time’ some

'suppiier and x ‘has participant at some time’ some ‘material product: or is ‘occurent part of some ‘commercial

service’

example en-us ~

BMW dealer supplies a car to the Customer; US importer of steel from China supplies the steel to a US manufacturer. company (supplier) supplied (ship directly) a product
10 :a buyer who bought the product on Amazon (seller)

Class hierarchy

Restrictions

onProperty

constraint targeiClass|

has participant at
some time

some\alyssF

F

supplying business proc

s s

g\
has participant at
some time «some» -

has participant at
some time «some»

occurrent part of
«30me»
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Being a BFO / IOF Process imply Ontological Commitments ... :

Process
» Every process instance must have something that realizes it
» Every process instance must have something that participates in it.
» Processes are extended over time, so they must have at least two occurrent parts.
» Every process has at least a starting process boundary. Optionally, they have ending process boundaries.

» Every process instance occupies some one-dimensional temporal region.

Process Boundary
» Every process boundary is occurrent part of some process.
» Every process boundary occupies some zero-dimensional temporal region.

» Every process boundary must precede at least one occurrent that is an occurrent part of the process it is
the boundary of.

Key formal patterns to drive our governing principles structuring rules

copy triples delete triples

Class: supplying business process
SubClassOf:
business process,
has participant at some time some supplier,
(has participant at some time some material product) or (occurrent part of some commercial service)

4- w| [7] SupplyingBusinessProcess

- https://spec.industrialontologies.org/ontology/construct/SupplyingBusinessProcess http:/fwww.w3.0rg/2000/01/rdf-schema#subClassOf https://spec.indus
| https://spec.industrialontologies.orglontology/construct/BusinessProcess http:/iwww.w3.org/1999/02/22-rdf-syntax-ns#type http://www.w3.org/2002/07/ow

- https://spec.industrialontologies.org/ontology/construct/SupplyingBusinessProcess http:ifiwww.w3.0rg/1999/02/22-rdf-syntax-ns#type hitp://www w3.org/2/
o https://spec.industrialontologies.orglontology/construct/SupplyingBusinessProcess http:/lwww.w3.o0rg/2000/01/rdf-schema#subClassOf nodelD://b178661

- nodelD://b1786616 http://www.w3.org/1999/02/22-rdf-syntax-ns#type hitp:/fwww w3 org/2002/07/owl#Restriction
ol nodelD://b1786616 http://www.w3.0rg/2002/07/owl#someValuesFrom htips.//spec.industrialontologies.org/ontology/construct/Supplier

- [C] https://spec.industrialontologies.org/ontology/construct/Supplier http:/iwww.w3.org/1999/02/22-rdf-syntax-ns#type hitp://www.w3.org/2002/07/owl#Class
W nodelD://b1786616 http://www.w3.0rg/2002/07/owl#onProperty htip://purl.obolibrary.org/obo/BFO_0000057

- [C] https://spec.industrialontologies.org/ontology/construct/Supplier http:/iwww.w3.org/1999/02/22-rdf-syntax-ns#type hitp://www.w3.org/2002/07/owl#Class




Axioms example for a « supplying business process »

Class (IOF ontology)

NATURAL
LANGUAGE
DEFINITION

SEMI FORMAL
NATURAL
LANGUAGE
DEFINITION

FIRST ORDER
LOGIC (FOL)
DEFINITION

MANCHESTER
SYNTAX
AXIOMS

AXIOMS
RDF TRIPLES

business process that consists of buying and ensuring
the supply of products or services

every instance of ‘procurring business process’ is defined as exactly
an instance of ‘business process’ that has some ‘buying business
process’ and ‘supplying business process’ as ‘cocurrent parts’

ProcuringBusinessProcess(x) «> BusinessProcess(x) A
db 3s (BuyingBusinessProcess(b) A SupplyingBusinessProcess(s) A
hasOccurentPart(x,b) A hasOccurentPart(x,s))

LOGICAL DEFINITION: THE KEY BRIDGE
Combining other entities to capture precise meaning

Class: procuring business process
SubClassOf:
business process

EquivalentTo:
business process and (hasOccurent part some buying business process)

and (hasOccurent part some (offering for sale business process or
supplying business process))

<http://example.org/ontology#ProcuringBusinessProcess> rdf:type owl:Class .

<http://example.org/ontology#ProcuringBusinessProcess> rdfs:subClassOf <http://example.org/ontology#BusinessProcess> .

<http:/fexample.org/ontology#ProcuringBusinessProcess> owl:equivalentClass [
a owl:Class ;
owl:intersectionOf (
<http://example.org/ontology#BusinessProcess>
[ a owl:Restriction ;
owl:onProperty <http://example.org/ontology#hasOccurentPart> ;
owl:someValuesFrom <http://example.org/ontology#BuyingBusinessProcess> ]
[ 2 owl:Restriction ;
owl:onProperty <http://example.org/ontology#hasOccurentPart> ;
owl:someValuesFrom [ a owl:Class ;
owl:unionOf ( <http://exar le.org/or logy#OfferingForSaleBusinessProcess>
) <http://fexample.org/ontology#SupplyingBusinessProcess> ) ]} ]

FROM NATURAL LANGUAGE TO MACHINE-READY KNOWLEDGE

SEMANTIC PIPELINE FOR INTELLIGENT S? MS

A

)

CONSISTENT

INTELLIGENT

TotalEnergies

COMMON LANGUAGE

Shared understanding
in natural terms

SEMANTIC RIGOR
& PRECISION

Refined meaning
with precision

LOGICAL DEFINITION
(THE KEY)

Combining other entities
to achieve precise and
unambiguous meaning

MACHINE READABLE
(ONTOLOGY)

Formal axioms in
standard syntax
(Manchester)

MACHINE PROCESSABLE
(RDF TRIPLES)

Enabling:

@ Consistency

@ Inference

@ Full interoperability

INTEROPERABLE
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How do we methodologically implement this ?
“BFO gives a theory of reality; IOF brings it into industrial practice.”

e

TotalEnergies
v" Using top-and-upper levels ontologies (BFO, IOF, ...) to structure any of
our data domain’s knowledge
v Mapping our sources concepts and develop SKGs
v'Consistent queries and interoperability across systems
[~ Domain Range | P g.;‘?

v
Abstract Class
-

- '
Abstract Class I:#. - t \T
ry

| [
o a
. (%) Y Mapping Mapping
& "
o & Generic, independent vocabulary
0\ bq’ My Domain Ontology
SR |
0 &Q/ Reference Standard Domain Ontologies
&
N Vocabularies from domain- and
industry standards v ‘\
Mapping
Detailed, @

company
specific

Specific applications

e e e =
SGBD-a 1 Search Index Triplestore
Web linked-standards- data offer:

» Each object must have a universal unique identifier (URI)
» Each object can be described thru an assembly of other objects thru semantic relationships (triples)
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How do we methodologically implement this ?
SousLeSens in a Nutshell (rdv @demos day #3) TotalEnergies

axioms

Graphic display of s

- . . *ﬁ:& #raphs and queries_ 47
Py . Search engine
) Described by Semantic i, -
’ Knowledge Graph -

Formal = i

Java OWL api's
ontologies

; - _ ; D i
. : 5 omain
MappingModeler - FST o ea Knowledgs
KGquery SousLeSens KGquery
API's

End users

Upper
ontologies

ExPose

Produce

" SemanticData P - = R — = "’l
) Manager . - - o !

IEVER SousLeSens
JOWL API's

Souslesens backend Sources mgt Users & profiles Mgt Proxies Logic & reasoner

Souslesens Web App Vizualisation & display Graphic interaction Constraints mgt Spargl generation

Fauconnet, C., Leclerc, JC., Sarkar, A., Karray, M.H. (2024). SousLeSens - A Comprehensive Suite for the Industrial Practice of Semantic Knowledge Graphs.
In: Merofio Pefuela, A., et al. The Semantic Web. ESWC 2024.
Lecture Notes in Computer Science, vol 14665. Springer, Cham. https://doi.org/10.1007/978-3-031-60635-9 10
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https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10
https://doi.org/10.1007/978-3-031-60635-9_10

How do we methodologically implement this ?

A Proven Foundation: Standards + Axiomatic Semantics

» Distinguish as foundational:
- what persists (continuants)

- what happens (occurrents)
 Align business objects, processes and lifecycle
» Scale to hundreds of interconnected entities (ICE)

We deliberately adopted a formal ontology (FOL) stack based on
BFO (ISO 21838-2) and industrial core ontologies such as IOF.

» This stack is extended through domain-specific business object
models aligned with standards, taxonomies and classifications.

* |t gives us what industry actually needs: a foundation to
distinguish what persists, what happens, and how both relate over
time.

A Strategic Choice: Standard-Based Semantic Foundation
« Adoption of BFO (ISO 21838-2) and IOF as core ontologies

* Alignment (today) with industrial standards (UNSPSC, CFIHOS,
DEXPI, ISO/IEC 81346, 1SO14224, ..., QUDT, W3C stack ... )

« Shift from data structures to formal representation of reality
* Knowledge modeled through formal axioms (FOL)
* Enables consistency, scalability and Al readiness

10 | Industrial semantic interoperability summit 2026 — Oslo, 9-11 June
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References Standards & semantic mappings
e °Y” Processes Aspect
Oo Maintenance Aspect of : & Company Aspect

Process part 50
(Funcion ] s1a4s

DEXPI

14224

Failure mode

®
) DEXPI e oy
Equipments @&

UNSPCID UV

h Urel S
LIFEX FPSO 2

" Noteator | QUDT
[ Equipment |

il
€ Handover Aspect

equipmentClass

CFIHOS

gt TE_Business objects International
W ASSET LIFEX data Association
f Oil& G
= " L
A ez A = »CFIHOS
Capital Facilities Information HandOver Specification
JIP33
]

Many approaches stop at structuring data.

Our goal is to make knowledge explicit, formal and operational:
- Connect objects, processes and lifecycle

- Scale to complex industrial systems




Industrial reality is 4D

v Moving beyond static taxonomies to dynamic semantic models
v Concepts like 'gainOfRole' enable to capture occurring changes
v LCI’'s dynamic relationships in References’ Technical Domains Ontologies & SKG

Occurent

Our “things” are
existing, their
characteristics are

. - « gainOfDependent» Occupies
evolving over time

Temporally projects on

hasParticipant/
hasinput

SpatioTemporalRegion 1

obsenvedBy
recognizedBy

hasRealization

hasOutput
— accupies
= rd
- -
= - ; #
e = L7 Spatially profects on
- hasRole
L 3
- 4
hasFugction ) + Location
hasPgtential )
hasQuality
isSupjectOf
Dependent Continuant
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Change must be explicit, not implicit ; change is
fundamental, not optional.

 Industrial systems evolve over time (states,
events, replacements)

« We must model occurrences, not just
definitions (Objects exist through
occurrences)

Industrial systems evolve through time:
installation, operation, inspection, maintenance,
failure, replacement

We must model occurrences, not only
definitions, classes or labels

Change must be represented explicitly as part
of the knowledge model

Why graphs alone are not enough ?

Graph = structure

Semantics = meaning

A graph without axioms = ambiguous
interpretation



4D fundations & the « Pattern of Changes »

e

mOdellng Change eXpIICItIy TotalEnergies
* Industrial reality (is 4D !!!) = continuity + discrete changes
» Changes must be modeled expliCitly: |y s:gunarioe Explicit state transitions are required
- Installation (s mors  Propees oo
- Operation -
- Maintenance -
- Failure -
- Repair, replacement 7
- Requires: | 7 __
: il r
- continuants vs occurrents R —

- formal state transitions

L

Industrial continuity depends on the explicit representation of state transitions
A robust model must capture installation, modification, failure, maintenance and replacement as formal
semantic patterns. Without our pattern of changes, lifecycle semantics remained partial and fragile.
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Tooled’ Semantic Web Governance

e

COmbInIng knOWIedge & data TotalEnergies
Logical Formalization of Knowledge, [ Semantic Web ] Complexity management
Unification of Concepts /\
Smart (Cognitive) Applications & Services '
= | = 2
[ Semantics Graph
J
(ontologies) A
OWL2 RDF RDFS
N\ ’
Taxonomies Constraints i .
)L Triples stores Sparql
( . . . . \ ( \
Typing o.f |n.d|V|d.uaIs & Axiomes
properties inheritance J{

\
r WS('” <. Semantic
v .’ Web
Reasoner, rules & Shacl mm
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From business objects to 4D entities & operations

e

TotalEnergies

. ) . ] . Compressor — physical asset /
* Business objects = time-evolving entities maintenance event / inspection report /

. . " operational state / replacement history ...
« Connected to events, states, and history (lifecycle transitions) g g g
* Reusable across systems and domains
* Business objects: the concrete proof point to semantic operationalization

« Our semantic modeling has been applied to equipment, work orders, inspections, costs and
documents within a BFO/IOF-aligned OWL ontology.

We built semantic knowledge graphs from multi-source FPSO data, representing several millions
of RDF triples per asset: we forecast future FPSO Work to be conducted ... by analogy !

The objective is to transform fragmented data into a structured and interoperable knowledge
layer (analogs, patterns, synthesis, automation, prediction & forecast...)

Become reusable semantic building blocks
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CFIHOS -IOF semantic model TE/TSF
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From CWA to OWA, what are we doing @TSF ?

Business information storage

Semantization work

D

f

DomainOntology
(BusinessObjects +
Business Processes)

U

N
i

0000s0!

Mapping

¥

[ Data silos ]

SKG

!

\

—>

e

Federated Open World TotalEnergies

Alive Governed Data

ata accessible to Business use cases

-

Dynamicview

Business

Post mortem

Improvement Intelligence

UC's

Analogues

Simulations

-

Staticview
Reliable Al

Interoperability
Productivity

UC's

Requirements Checking

=~

Sleeping data

Heterogeneous Closed World
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UnifiedBI

Templating

Betterdecisions and operations



Proof through real-world use
Business value and Al - Beyond /ntegratlon operat/onal value -

o 1hr.— sholds =
« Semantic modeling of equipment, work orders, events and - —

documents . Tempoldata |

-

TotalEnergies

« Knowledge graphs built from multi-source industrial data

ORACLE

P Activity data

‘M‘wf . Temporal data
Job Cards DB ! é

J S %
B ity
Yﬁ%} Q\ 1SAbOOLIVItyPartOf ‘
dlativA\T ’
ReviewClass

~-j 2 JC_DocumentSAbaut
ctiveParticipant!
DeepOffshore
realizedin

hasPassiveParticipant
" er om rrom
locaiguRelNg '
Package A "
N g Discipline
resieginT=\
% boca(eqRelauveTo R v
I’ ‘\
.
hasWeight _ \ 7
§ ’

| hasParticipant
Weight . ;
Equipmentitem Functionaitocdtion

Plannmg optrmrzatron sequence

mp o= =

|
hasQuality cument_Tag

\ 1SADOUL
;/ “New Prodom '
ow Soton o Pret§ Do ragored
| Comerett izes
| @
‘ par‘no\panun Phase qu‘alltv»O’
| L3}

/ Document
par »coan In
DocumentRevisionReception

Project

DocumentStgpScheduledDate

hasTemporalPart

e Docume;né;ggml T
- Ed Document data
@ Spatial data DoAmENSIep
v’ cross-asset consistency & reuse Nofifications & historiar
i HH el .,».uu.mmaumm
v improved traceability & decisions A

v Foundation for reliable Al o :
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Conclusions & perspectives
COntI’O/ yOLII’ knOWledge “us TotalEnergies

How to forecast future LifeX works on our FPSO ? By analogy ...

» Knowledge becomes the primary [key] differentiator SE— SE— S— NE—
» Al without semantics = uncontrolled black box (
» Methodology: governing rules & common way of (4] (5]

mOde"ing THE PAST o THE FUTURE
> Formal_(FOL) and (native) 4D ontology = industrial e PRESENT

foundation for Al _L
In a future where Al models become widespread and /
commoditized, organizational knowledge may become (e ) () ket - s:‘“_"‘k!G m\
the primary source of differentiation. Ll Ll Iif:t':;?w ——
Formal ontologies are not an academic luxury, but a E=nes=. atoue ©  Widrsx/ oo Indicators &
foundational technology for next-generation industrial = = Obsolescence | 38 @ High risk / Very Poor Vacrondeators
SyStemS. [ Nofifications ] [ Ad-hoc ] Performance (5) Near to_FaiI define status
This is how semantic modeling becomes a scalable Sroup (N Inspection Data ) Specificit o Failure
industrial foundation for decision-making and Al. | Swewicases | [ phetiele] | o InIicators | © Nomp:‘;;::

A

Asset mapping to get common
keys across FPSOs and DBs

Control your knowledge, ... or your systems will be controlled by someone else’s models
We are not structuring data anymore : we are industrializing knowledge
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“Norway” can't be a Class !

CFIHOS Semantics Working Group methodological stack driven by standards [like SPARQL, RDF, RDFS & OWL], assume a greatnumber of foundational topics to make life easier.
But that also allows people to misuse them.

Our developments are based on standards and adoption of common governing principles to federatehrough a single information modelling framework

There is an axiom called class comprehension, or simply grounding axiom

Ve(x € C+ Plr)) IS

1 . pa—

Simply a Class is the set of Individual’s sharing common characteristics’
If something has a property, it has a class
A class must have members which shares a propert

| =N | | | |

“NORWAY” cannot be a Class because we cannot think about any members which will have a NORWAY-like Property.”
‘I can’t derivate Norway then, a State, a District or a City are not at all SubClass of Norway ”
But this axiom cannot be really expressed in our systems, ... so a guide is the only way ...
But whenever there is natural language, there is this risk of misinterpretation ... and we care about it ...

We all need a Common Data Culture

« The limit of my language mean the limit of my world » Wittgenstein



Disclaimer and copyright reservation

e

TotalEnergies

Definition - TotalEnergies / Company

The entities in which TotalEnergies SE directly or indirectly holds an interest are separate and independent legal entities. The terms
"TotalEnergies", "TotalEnergies company" and "Company" used in this document are used to refer to TotalEnergies SE and its affiliates
included in the scope of consolidation. Similarly, the terms "we", "us", "our" may also be used to refer to these entities or their employees.
It cannot be inferred from the use of these expressions that TotalEnergies SE or any of its affiliates is involved in the business or
management of any other company of the TotalEnergies company.

Disclaimer

This presentation may include forward-looking statement within the meaning of the Private Securities Litigation Reform Act of 1995

with respect to the financial condition, results of operations, business, strategy and plans of TotalEnergies that are subject to risk factors
and uncertainties caused by changes in, without limitation, technological development and innovation, supply sources, legal framework,
market conditions, political or economic events.

TotalEnergies does not assume any obligation to update publicly any forward-looking statement, whether as a result of new information,
future events or otherwise. Further information on factors which could affect the company’s financial results is provided in documents filed
by TotalEnergies with the French Autorité des Marchés Financiers and the US Securities and Exchange Commission.

Accordingly, no reliance may be placed on the accuracy or correctness of any such statements.

Copyright
All rights are reserved and all material in this presentation may not be reproduced without the express written permission of TotalEnergies.
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TotalEnergies

Thank you
Tusen takk !



When time matters, ...
...It almost always the case in real-life...
it’s time for the coffea break, now !

Many current initiatives bring valuable contributions in
Structuring industrial information.

we all need a 4D ontology

In industry, everything changes. Your ontology must handle change natively

My point today is not to dismiss these efforts, but to
| show why structure alone is not sufficient when reality, time and
l / change must be modeled consistently.
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