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MAJOR ENGINEERING STANDARDS

Major standards are developed and maintained within their own contexts,
each with distinct semantics and employing different modeling technologies

and architectures.

;%:: SEMANTIC
GAP

\
Different standards use different ‘
concepts, definitions and w
semantics for similar engineering ‘

information.
NN =

@ TECHNOLOGY

Different modeling formalisms
and technologies prevent
seamless data integration and
information exchange.

EXAMPLES OF MAJOR INDUSTRIAL ENGINEERING STANDARDS

D

DEXPI STEP Core CFIHOS
Process plant Product data ﬁ‘/I/h Industrial facilities
engineering and manufacturing 1779 andasset
data exchange information management
Examples: Examples: Examples:
Pump, Valve, Product, Part, Asset, Equipment,
Instrument, Piping Component, Assembly Functional Location

o These gaps lead to data silos, custom integrations, high engineering cost, ‘

and limited reuse of valuable industrial information.

ARCHITECTURAL
al=1=y GAP

Q
Co

Different architectures and data
structures hinder interoperability
across systems, domains and
applications.

AFO IFC
Asset administration E Building and
and maintenance H infrastructure

information information
modeling
Examples: Examples:
Equipment, Maintenance Building, Space,

Activity, Spare Part | Element, System

\-‘

WP3 addresses these gaps by enabling semantic lifting of existing
standards into a common OWL 2 DL semantic representation.

www.arrowhead.eu



WP3 TRANSFORMS EXISTING INDUSTRIAL STANDARDS
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INTO SEMANTIC ASSETS FOR INTEROPERABILITY

WP3 does not create new standards — we reuse and semantically enable existing ones.

1. INPUT STANDARDS 2. 1DO UPPER ONTOLOGY
(Existing & Reused) (Common Semantic Foundation)

BEXPI
STE PCore

CFIHOS
3.+ AFO

@ IFC

Engineering
data exchange

Engineering
product
data model

Hierarchy and
naming of
physical assets

Arrowhead
Framework
Ontology

Building and
infrastructure
information

5

Instrumental in WP3

s IDO

IDO UPPER ONTOLOGY

@ Provides a shared conceptual
model for industrial domains

@ Defines common high-level
concepts and relationships

@ Enables semantic alignment
across heterogeneous
standards

@ Foundation for consistent
meaning and interoperability

©

Based on W3C Semantic
Web technologies
(OWL 2 DL, RDF, RDFS)

WP3 VALUE PROPOSITION:

We reuse existing industrial standards and, with the IDO Upper Ontology as the semantic backbone,

transform them into interoperable, machine-understandable assets for Digital Twins and
Al-enabled industrial ecosystems.

»

3. OWL 2 DL ONTOLOGIES
(Standard-Specific Models)

v

Lo
PAN

=l | w

Formalized in OWL 2 DL
</> and linked to the
IDO Upper Ontology

4. KNOWLEDGE GRAPHS 5. SEMANTIC INTEROPERABILITY
(Integrated Semantic View) (Business Value)

Shared Meaning
DEXPI Ontology ® N @ Common understanding
y . o \ across systems and domains
STEP Core Ontology e - o - ¥ Interoperability
| /. Seamless exchange of
! . i information between
CFIHOS Ontolo » »
gy ® ‘ ® ® heterogeneous systems
! s Reuse & Efficienc
AFO (Arrowhead f @ bt /J e y
16 = oh ﬂ Reuse of existing standards
Framework Ontology) i A and data with minimal
© ® ® ® integration effort
IFC Ontology

Foundation for Al &
Digital Twins
Machine-readable knowledge
for advanced analytics and
autonomy

Unified Knowledge Graph
with shared semantics
across all standards

S

NO NEW STANDARDS.
JUST SHARED SEMANTICS.
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WHY OWL 2 DL.?

OWL 2 DL provides the semantic foundation to connect, validate and reason over engineering standards.
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INDUSTRIAL
BENEFITS

OPEN SEMANTIC
TECHNOLOGY ECOSYSTEM

Physical Asset ﬂ ﬁ

T OWL2DL RDF

7 e

) I
Reasoner Result USED WITH

REASONING AND
KNOWLEDGE DISCOVERY

AUTOMATED VALIDATION AND
CONSISTENCY CHECKING

STANDARD REUSE AND
SEMANTIC ALIGNMENT

Standard Reuse
Reuse DEXPI, CFIHOS, STEP Core,
AFO, IFC

DEXPI  CFIHOS STEP Core Facts (ABox) Ontology (TBox)

= Pump P-101 N
M "neso ' Pump ‘

el rdf:type disjointWith
FORRle : ' ControlValve
| ControlValve

\ J

Reduced Integration Cost
Replace point-to-point mappings
with semantic interoperability

SPARQL

Inferred by Reasoner

. P-101 rdf:type
{ Equipment

| — —
INCONSISTENT FACT ' N ::0'_' “I’fi'YPe
A P-101 cannot simultaneously i ysical Asset
Val | °f i : ﬂ |ﬁ
be a Pump and a ControlValve P-101 rdtype Pump }

Same Concept — )
(Semantically Aligned)

Pump Equipment

Semantic Interoperability
Common understanding of assets

Semantic Alignment
5 across the lifecycle

(OWL 2 DL)

\

‘ Digital Twins

G::: Shared, consistent and connected
o

representation of facilities
Al Agents

& LLMs

Al Readiness
LLMs and Al agents can understand
engineering semantics

Knowledge Digital
Graphs Twins

« Different standards describe the same
engineering concepts using different

models. OWL enables semantic alignment

while preserving the original standards.

INDUSTRIAL
BENEFITS
AT A GLANCE

» Detect engineering model inconsistencies
automatically (e.g., disjoint classes,

* Generate implicit engineering knowledge
automatically (e.g., class hierarchy,

cardinality violations, unique constraints).

Reuse

Leverage existing
standards and
investments

I

inferences).

Reduce Cost
Lower integration
and data
management cost

property inheritance, rule-based

Interoperate
Break data silos,
enable seamless
information flow

* Leverage a mature, open and interoperable

semantic technology stack with a large
ecosystem of tools and implementations.

IR

Digitize

Enable accurate
and consistent
digital twins

Al Ready
Empower Al/ML
with trusted,
semantic data

Lifecycle Continuity
Engineering — Operations —
Maintenance across domains

Across Lifecycle
Maintain continuity
from design to
operations
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OUTCOME OF WP3

WP3 lifts existing industrial standards into a common semantic representation,

enabling interoperability, digital twins and Al-driven value.

NOUSTRIAL - gy TP P T T

* OWL 2 DL
ONTOLOGIES

zr KNOWLEDGE
GRAPHS
SEMANTIC
INTEROPERABILITY

DIGITAL
TWINS

@ Al & AUTONOMOUS
SYSTEMS

N
Existing standards with different semantics,

modeling formalisms and architectures.
J

\
Standards are semantically lifted and aligned
using OWL 2 DL ontologies.

=7

Integrated, machine-readable representation
of engineering knowledge.

ARROWHEAD
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WP3 DOES NOT CREATE
ANOTHER INDUSTRIAL
STANDARD.

J

Consistent meaning and seamless data exchange ?
across systems, domains and applications.
S

~
Accurate, connected and up-to-date digital
representations of physical assets and systems.

J

N

High-quality semantic data enables Al insights
and autonomous decision-making.

WP3 ENABLES EXISTING
INDUSTRIAL STANDARDS
TO WORK TOGETHER

in a common semantic
environment.

KEY MESSAGE

WP3 delivers the semantic foundation
that unlocks interoperability, digital
twins and Al across the
Arrowhead-EP value chain.

° WP3 is the semantic bridge from today's industrial standards to tomorrow’s intelligent, autonomous and interoperable value networks.
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WHAT TO REMEMBER Foun

WP3 demonstrated that existing industrial standards can be reused in a semantic environment.

WP3 does not create another industrial standard INTEROPERABILITY VALUE GROWS WITH ALIGNMENTS 5 1 0 o/
— 0

Existing standards such as DEXPI, STEP Core,
CFIHOS, AFO, and IFC are preserved and reused. Business Value SEMANT'C ALIGNMENT

A
Semantic interoperability replaces 100% 3 5 0 .. 8 0 O/
complex point-to-point integrations 0
Shared meaning becomes more important 80% OF BUSINESS VALUE
than data translation.

Large business value can be achieved 60%
with limited initial effort

A small number of semantic alignments can
unlock significant interoperability benefits.

INDUSTRIAL STANDARDS
5-10% : 3
ALIGNMENTS "j OWL 2 DL ONTOLOGIES
~ 50-80% | 4
BUSINESS VALUE KNOWLEDGE GRAPHS
&

Benefits grow continuously 0% > INTEROPERABILITY

0, 0, 0, 0 0, 0, 0,
Every additional ontology, system, and data source 0% & %% W% 20% 40% 0% 0% 100% .

increases the value of the Knowledge Graph ecosystem. Semantic Alignments DIGITAL TWINS

40%

The first alignments deliver the highest return

Often, 5-10% semantic alignment provides
a majority of the achievable business value.

20%

]
)
)
|
'
|
]
)
|
)
|
|
)
)
]
)
|
|
]

Knowledge Graphs provide the foundation SHORT TIME « LOW COST » LARGE INTEROPERABILITY GAINS L 4

for Digital Twins and Al
'g . - High business value can be achieved quickly with Al & AUTONOMOUS SYSTEMS
Creating machine-readable engineering knowledge minimal alignments and investment

that can be reused across the entire lifecycle.

ARROWHEAD for Interoperable

A practical and low-risk path to interoperability where substantial benefits can be achieved quickly,
FPVN Engineering

while long-term value grows as more standards and systems are connected.

@/ START SMALL « DELIVER VALUE EARLY « SCALE CONTINUOUSLY Semantic Foundation
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IDO-Mediated Alignment Architecture

Connecting design, lifecycle, and runtime

[ AFO } [ STEP }Align independently developed models
\ i RC _, through shared semantics
\ O\Jl'e & ,'/
— +  DEXPI = plant design
& [ R ] STEP - lifecycle
B atian's S (eham)~+  AFO => runtime |
Tdexpi-lis - IDO - shared semantic reference
\[ DEXPI ]; Benefits:

Reusable mappings
Cross-domain querying
Preserve source semantics

—>» OWL bridge - » asserted ~—-» property chain



Alignment Ontologies

Alignment ontologies:

AFO STEP .
[ \ } Q [ / } - AFO « afo-lis «~ IDO
A e =5 . DEXPI < dexpi-lis<—~ IDO
[ e ] . STEP < step-lis— IDO
hasFunctional-\ Flissexs ‘i'I.nple-.ments . .
Tp st Reasoning derives:
\[ DEXPI ]» . Shared interpretation

Cross-domain traceability
S OWEL bridze -~ P -neserked = O picpEHty ohEts i Unlfled querylng
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End-to-End Traceability

We can query across engineering domains:

SELECT ?service ?tag ?IndividualPartView WHERE ..

service | tag
iew

IndividualPartVv

pumpSpe | 123PU001 | Pump _24C01213
ed

[Pump_24C01213J

[pumpSpeedJ
; I A8 !
\\ ~ ’Zi@ % 1
\ ./
\

/

\
\ IDO /'/
\ fa— .
hasFunctional- it implgments
Location \ , (chain)
\ .
Y Tdexpi—lis

*[ 123PU001 ]‘

—>» OWL bridge — ¥» asserted —-» property chain
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End-to-End Traceability

We can query across engineering domains:

SELECT ?service ?tag ?IndividualPartView WHERE ..

service | tag
iew

IndividualPartVv

pumpSpe | 123PU001 | Pump _24C01213
ed

No single data source or data

domain could answer this
independently

[Pump_24C01213J

[pumpSpeed]
; I A8 !
\\ ~ ’Zi@ y 1
\ ./
\

/

\
\ IDO /'/
\ fa— .
hasFunctional- it implgments
Location \ , (chain)
\ .
Y Tdexpi—lis

*[ 123PU001 ]‘

—>» OWL bridge — ¥» asserted —-» property chain
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UC2.9 LIVE DEMONSTRATION - THURSDAY

How Arrowhead-EP Technologies Work Together

data formats.

X P
| @ UC2.9 DIGITAL TWIN J
Knowledge Graph Platform Existing industrial systems such as
SAP, CADMATIC and operational systems
collaborate within a single interoperable

Digital Twin environment.
\ J

/ \ t EXPECTED OUTCOMES
[@ CADMATIC TIME SERIES DB = MAINTENANCE ENGINEERING
SAP Plant Design, @ Operational Data, M SYSTEMS <> APPLICATIONS @ * o @

3D Engineering & Sensors & loT s CMMS, Work Orders CAP, P&ID, Docs

Integrated Data | Shared Semantics | Interoperable Services

-
p % @ MICROSERVICE BASED ~ ( )  ON THURSDAY, UC2.9 WILL SHOW:
@ AUTOMATIC ARROWHEAD FRAMEWORK @ SEMANTIC
TRANSLATION Interoperability Infrastructure INTEROPERABILITY 9 ides th Z bili
~ : & Secure Information Exchange ) WP2 provides the secure interoperability
A v Legacy Information ‘- Ontotlogies & infrastructure based on the microservice
and Data Formats Knowledge Graphs
N + Service-oriented architecture (SOA) Arrowhead framework.
- + Service discovery & orchestration
+ Legacy format integration + Microservice communication + OWL 2 DL ontologies WP3 provides the semantic interoperability
+ Document-to-semantic + Secure & reliable data exchange + Semantic alignment foundation through ontologies and
transformation + Interoperability infrastructure + Knowledge graphs Knowledge Graphs.
+ Data model mappings \_ L + Shared meaning
« Translation services i + Digital Twin information model WP4 provides automated translation and
+ Existing system integration o Y, integration of legacy information and

ERP, Enterprise T, & Acset 1k 3 Seamless Shared Reuse of Digital Twin Foundation for
Dat; i Picicasss Information Historians et informetion & Other Tools Information Semantic Existing Integration Al & Advanced
Exchange Understanding Systems Analytics

o UC2.9 DEMONSTRATES THAT INTEROPERABILITY IS ACHIEVED BY COMBINING % JOIN US ON THURSDAY

COMMUNICATION (WP2), MEANING (WP3), AND TRANSLATION (WP4) AROUND EXISTING INDUSTRIAL SYSTEMS. for the UC2.9 Live Demonstration!
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WHAT TO REMEMBER

WP3 Demonstrated a Practical Path to Industrial Interoperability

Existing industrial
standards were reused

DEXPI, STEP Core, CFIHOS,
IFC, and AFO were
preserved and leveraged.

IDO Upper Ontology
provided the common
semantic foundation

Enabling alignment and
shared understanding
across standards.

Standards were
transformed into
OWL 2 DL ontologies

Creating machine-readable
semantic representations.

INDUSTRIAL STANDARDS

DEXPI « STEP Core « CFIHOS
AFO - IFC

IDO UPPER ONTOLOGY

Common Semantic Foundation

OWL 2 DL ONTOLOGIES
Standard-Specific Models

KNOWLEDGE GRAPHS

Integrated Semantic View

DIGITAL TWINS
Contextualized, Interconnected
and Actionable

INTEROPERABILITY & Al

Business Value, Automation
and Advanced Analytics

ARROWHEAD
FPVN

Knowledge Graphs
enabled semantic
interoperability

Integrating information
across domains and
systems. 2,

Large business value
can be achieved with
limited semantic
alignment

Initial alignments deliver significant

interoperability benefits and
rapid return on investment. )

UC2.9 validates the
approach in a Digital
Twin environment

Demonstrating how semantic
technologies, existing standards,
and operational systems can
work together in practice.

©

Start Small.
Deliver Value Early.

Scale Continuously.
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