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Why DEXPI in UC2.9? /\ ARROWHEAD

DEXPI as the engineering semantic foundation for the Process Plant Digital Twin UC2.9 Process Plant Digital Twin
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Model Broker Solution

Piping and Instrumentation Diagrams

Model Broker for Diagrams is a
software solution to automatically extract
data from technical drawings

® P&IDs, control logic or electrical diagrams
with vector graphics

It converts the extracted information into
structured data that follows industrial
standards:

® P&IDs can be converted into DEXPI (XML),
Knowledge graphs or CSV ( MS Excel) files

DEXPI 1.X, DEXPI 2.0 (Plant, Process and custom
profiles are supported)

Knowledge graphs generated from DEXPI 2.0
XML

Materials Take-Off, Tag-to-Tag, EqQuipment lists
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Software features
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Symbol recognition

* Symbols in drawings are
recognized by configuring
patterns based on the
graphical primitives

—
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Text recognition

* Text can be mapped as
attributes of the recognized
symbols

3 =] Export
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Connectivity

* Connectivity between different
diagram components is
automatically created
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Transform static P&IDs
into Al-ready knowledge

graphs

Model Broker toolset transforms DEXPI 2.0
XML into semantic RDF knowledge graphs.
This enables valuable semantic integration
between your P&ID data and other process,
automation and production information,
unlocking:

®  Aldriven process copilots and next-generation

engineering intelligence

® Context-aware decision support systems with
high semantic fidelity

®  Automation of tasks such as HAZOP analyses,
quality assurance and anomaly detection

o

Native integration of your P&ID data with
Neo4j, Jena, and other commercial graph
platforms

DEXPI 2.0 XML

Standards-Based
RDF, OWL, SPARQL endpoint

Interoperable
Apache Jena, GraphDB, Stardog

Knowledge Graph

+ Al-Ready

Native Neo4j export and BYOLLM
support

~ Scalable

Single diagrams to entire portfolios



DEXPI + STEP Semantic Alignment /\ ARROWHEAD

Engineering-to-Lifecycle Interoperability in UC2.9 UC2.9 Process Plant Digital Twin
Align Knowledge Graphs through Shared Semantics — Not Translation
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UC 2.9 - PROCESS PLANT DIGITAL TWIN ARCHITECTURE

IDO aligned, semantically interoperable architecture across the full systems engineering lifecycle

(EN 17632 compliant)
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Maintenance Activities & Operational Context

Connecting Engineering, Lifecycle & Operations

o Engineering & Lifecycle Context e Maintenance Activities (Operational Lifecycle) e Operational Integration & Context

DEXPI Engineering
DEXPI Tag

Pump Discharge
P
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‘ alignedWith
STEP Lifecycle

Functional Location (BEV)

Unit-2 / Pump Discharge

8

4 theoretically
: realizedBy

Part (Type)
P-101A
Pump Type A

D

physically
* realizedBy

Individual Part (Actual Asset)

IP-101A-123-U8T267Y _#
RFID: EPC-4457 2
L

Installed at: Unit-2 / Area 10

alignedWith

o Bl L = J° =i

Install
2024-01-10

Work Orders
(SAP / EAM)

WO-240101
Install Pump
Status: Closed

WO0-240215
Inspect Pump
Status: Closed

WO-240305

Repair Pump

Status: Closed

WO0-260315
Replace Pump
Status: Closed

Operational Lifecycle Events (Example Timeline)

Alarm
2024-03-05

Inspection
2024-02-15

Repair
2024-03-06

Maintenance Plans Service Events

« PM Plan: P-101A Inspection Report
Pump Type A 2024-02-15
Vibration OK
* Iapection every, 20 deys Alarm Event
+ Vibration check 2024-03-05
High Vibration
+ Seal condition
p e Repair Report
+ Lubrication check 2024-03-06
« Performance check Seal Replaced
Replacement Report
2026-03-15
Pump Replaced

@0

6

Replacement Ad Asset
2026-03-15 Services

Maintenance Context
(Linked to Asset & BEV)

/A ARROWHEAD

UC2.9 Process Plant Digital Twin

Arrowhead Framework Ontology (AFO)
Operational & Service Layer

B A

Data Location
Services Services
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Services

Time
Services

Operational Systems & Data Sources
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Individual Part Semantic Contextualization (Example)
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Lisatediat J\/\/\,_ m)  (Individual Part IP-101A-123-UBT267Y)

mounted at BEV-101A (Unit-2 / Pump Discharge)

BEV-101A

(Unit-2 / Pump Discharge)

Creates lifecycle &
operational history

Services (SOA)

o Semantic Operational Digital Twin (Knowledge Graph Foundation)

Unified Knowledge Graph (RDF / OWL)
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Sensor Data

STEP
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o

Stored in Triple Store

- - SHACL Validation
RDF / OWL
Triple Store
(Blazegraph / GraphDB)
50 DO %\ AFO
1SO 23726-3 Arrowhead Ontology

Query & Reason

Q SPARQL Queries

EE—} Rules & Inference

Applications & Analytics
Dashboards

@il KPIMonitoring

@ Al /ML Analytics
@ Anomaly Detection

0;;»3 Predictive Maintenance

<

InfluxDB

Time-series DB

RDF / OWL
w3c

Temperature = 82°C

A —
Arrowhead

during operational state RUNNING
at 2024-03-05 14:32:10

Integration via Semantic Services & APls

@ — [ — £8

Semantic Applications
APis &D C

External

e
(J) Business Value

End-to-end lifecycle & operational traceability
Faster root-cause analysis & troubleshooting
Proactive & predictive maintenance

Reduced downtime & maintenance cost

Operational awareness with full context

R R R Y

Al-ready, contextualized operational data

SPARQL
wac

SHACL
wac

SAP / EAM

> Integration




Semantic Interoperability Instead of Translation
Why Ontology Allgnment + Knowledge Graphs Scale

/\ ARROWHEAD

UC2.9 Process Plant Digital Twin

* UC2.9 enables high-value interoperability by aligning engineering and lifecycle semantics — not by translating information.
Shared meaning, reusable mappings, and knowledge graphs create a future-proof foundation for Digital Twins.

Traditional Integration: Translation-Based Q UC2.9 Approach: Semantic Interoperability (Alignment-Based)

Point-to-Point Interfaces + Data Translation « High Complexity Ontology Alignment « Knowledge Graphs « Shared Semantics « Scalable
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Why Semantic Interoperability Wins

Example: Add a New System

@ Result:

Enabling W3C Standards

Low integration cost, high scalability, reusable semantics, Al-ready, strong operational awareness.

Business Impact

+/ Meaning is preserved, not translated Traditional (Translation) UC2.9 (Semantic Alignment) p&: RDF: Data model for knowledge representation v Faster integration & lower cost
v Nintegrations instead of N* {5} OWL: Ontologies and class relationships v Lifecycle continuity & traceability
-
(Q v Reusable mappings across systems m o s \ ~ )' a (Q sPARQL: Query and retrieve knowledge v IT/OT convergence /I
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Ontology




PROCESS PLANT DIGITAL TWIN - BIDIRECTIONAL NAVIGATION

8 Connecting 3D Plant Context with Semantic Knowledge Graph

3D TO GRAPH
Select in 3D to explore
semantic context

GRAPH TO 3D

_> Select in Graph to locate in
3D plant environment

APH |
SELECTED ASSET SUMMARY J KHOWLEDCERSH MIEW
= B GRAPH LEGEND
P-100A ‘ Al | Equipment | Systems Functions Locations Documents
L
& Centrifugal Pump i bnctional Location
) Equipment
Tag (DEXPI) P-100A / 9 L 1_001
L Pumping System @ Product / Asset
Functional Location FL-1001 Area 10
* \\7 Y /, @ Maintenance
- System Pumping System A CP-X100
P XV-101 1 Pump Model @ Work / Document
Centrifugal Pump Area Area 10 Control Valve realizes \ i
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@ Show Neighbors (30) \ (Wﬂw“:w"*"“ LS-5001 Capability ——— fulfills
A Showin Graph B ( Lifecycle State \__ (120m/m@50m) 4
@ View Engineering Data N Tt 4 e iacedby
(3 View Lifecycle History —=—~ linkedTo
@ Create Work Request === derivedFrom
Open in SAP PM
NEIGHBORING ASSETS (3D) > LIFECYCLE HISTORY (STEP) ENGINEERING CONTEXT (DEXPI) REQUIREMENTS & CAPABILITIES RELATED DOCUMENTS
= - § Requirement (CFIHOS) Datasheet_P-100A.pdf
g":::l s 2m @ 20150315 20181121  2021-0610 20240218 pab Ee101 -,@ s ®
Manufactured Installed M(;nel:‘nar:e : se:amlemme Functional Spec ~ FS-1001 Maintain Flow Rate > 100 m¥/h Maintenance_Manual.pdf
P-1098 56m © . ) Equipment Spec  ES-1001 Alignment_Procedure.pdf
Centrifugal Pump —®: @ & @o— T
3D Model P-100A.smc Capability [® Work_Instructions.pdf
PI-101 /' CAP-8001
Precsiire Indicator 87m Instrumentation  PI-101, TI-101 120 m/h @ 50m Head B Inspection_Report_2024.pdf
Effectivity: 2018-11-21 - Present (In Service)
Show all in 3D @z Open in Engineering System [ View all relationships 2 Show all documents 2

www.arrowhead.eu

CONTEXTUAL UNDERSTANDING. SMARTER DECISIONS.

Seamlessly navigate between 3D plant context and semantic knowledge to explore relationships,
analyze impact, and make better engineering and operational decisions.

10
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Executive Conclusions: DEXPI RDF as the Semantic Foundation /A ARROWHEAD

From Engineering Files to Interoperable Knowledge Graphs and Al-Ready Digital Twins UC2.9 Process Plant Digital Twin

66 The key innovation is not only DEXPI file exchange — but transforming DEXPI engineering semantics ’
into interoperable RDF/OWL Knowledge Graphs aligned with lifecycle and operational ontologies.

0 TRADITIONAL ENGINEERING EXCHANGE o DEXPI RDF / OWL KNOWLEDGE GRAPHS e SEMANTIC DIGITAL TWIN ECOSYSTEM

File-Centric « Document-Centric * Isolated Semantic * Linked * Interoperable *+ Reusable ’ Lifecycle + Operations *+ Maintenance + Al |

DEXPI Semantic Knowledge Graph (Ror/OWL) LIFECYCLE & ASSET ENTERPRISE SYSTEMS @

Engineering Artifacts DEXPI Proteus / XML Files MANAGEMENT [ DELIVERY &

D SAP EAM / PM
i e ) A A o stee EY Awem || covsmenon
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K ‘Dakaskiasts o (DEXPI Ontology) X | (BEV / STEP “ . ;::::::ls& Physical | Ya¥o. CADMATIC
Documents / \. / ‘ Allgnment \\\ 3D Models & Applications
P \ | \ Semantic Engineering Data X~ &Portals
® DEXPI ./ Knowledge \ s
" = Graph Layer
Exco{ / BQM flh E'xchanst i"o P ® ® | OPERATIONAL SYSTEMS Ep R y: | MAINTENANCE & D Reports &
Specifications (Engineering Handover) & ® v | &0 INTEGRATION (OEXFVROE) OPERATIONS £ [ el
4 Semantics A Relationships PLC/DCS P "?Sfo /<‘ Work Orders
e P (Topology, ® L 2 (Effectivity, & ’ R o APIs for External
Limitations cEw':x.M') Realizations, (19)  sensors & ioT Devices B3 waintenance Plans Consumers
8 onnections| Ownership)
X Static file exchange W3C Semantic Foundation @ InfluxDB (Time-series) Q Inspections
li e :
X No lifecycle context @ @ Edge / IoT Gateways & Events & Alarms Digital Twin
X Difficult reuse & integration P : Visualizations
o e 4O ShAROL AR o{ Other OT Systems Replacement History
(Triples) (Onwloq-ts) (Queries) (Constraints)
X Not Al-ready Al & ANALYTICS APPLICATIONS
> " Key Capabilities 2
x intic mening not preseeved  Shared Meaning ' Linked Data  Reusable Semantics / Governed Quality @ @a % @
(Semantic identity)  (Connections) (Alignments) (SHACL Validati & ks Anomaly Detection Predictive AlML
Visuatization Monitoring & Prognostics Maintenance Inaights
QD it and fil tric perability o o . S : 3 3 & 3
Semantic interoperability with preserved meaning o Contextualized operational intelligence across the lifecycle
WHY DEXPI RDF / OWL IS THE DIFFERENTIATOR ENABLED BY OPEN STANDARDS & ONTOLOGIES BUSINESS & STRATEGIC IMPACT
'  Reduced integration complexity & cost
From Files to ded S i bili Lifecycle Continuity Operational Context Al Readiness Open & Future-Proof +  Faster engineering & operational alignment
. N " ) 5 ’ AR v Complete lifecycle traceability
!\ OO o A ; @% % e @ ; V' Improed st rlabiy & ket
3‘ ciitli ol = - ['_‘ ‘1 it i o ek it DO CFIHOS DEXPI STEP v/ Data-driven & predictive operations
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{C2.9 demonstrates how DEXPI RDF, STEP lifecycle semantics, and interoperable Knowledge Graphs AN

create a scalable foundation for future semantic Digital Twins and engineering Al applications. )




Toward Cross-Industry Semantic Digital

Twins

/A ARROWHEAD

UC2.9 Process Plant Digital Twin

The UC2.9 semantic interoperability architecture is not limited to DEXPI or process plants.

°Beyond DEXPI: Extending the Architecture with SysML v2

DEXPI is one domain ontology for process industry — SysML v2 can play the same role for any complex engineered system.

2.9 IMPLEMENTATION (PROCESS INDUST!

Process Engineering Semantic Ecosystem

DEXPI
/ Engineering Semantics
(IS0 29247-1) SEMANTIC KNOWLEDGE
GRAPH LAYER
@ STEP (Unified & Interoperable)
Lifecycle Semantics N
(10 10303) L e Y [ ]
<+ -
AFO
% Operational Semantics ‘f’
(Arrowhead Framework)
CFIHOS
Industrial Hierarchies Shared Meaning * Linked Data « Context
(IS0 15926-4) Lifecycle Continuity * Reusability
SR SO 15926-4
ISO Reference Semantics 4
NI (Core Ontology) .

Enterprise, Operational & Al Applications

sard 8 ® &

SAPI CADMATIC P1/ OSlsoft Sensors & Al / Analytics
EAM /PM 3D Historian OT Systems Applications
COMPARISON Aspect DEXPI (Process Industry)

Scope Process plants and facilities
Primary Focus P&ID, process, i
Semantic Domain Process engineering semantics
Lifecycle Coverage Plant lifecycle (design -+ operations — maintenance)
Industry Process industry (oil & gas, chemicals, power, etc.)
Example Standards DEXPI, STEP, AFO, CFIHOS, ISO 15926-4

DEXPI RDF demonstrates the pattern.

<

architecture across industries.

SysML v2 could generalize the semantic Digital Twin

SHARED SEMANTIC INTEROPERABILITY PATTERN

The core innovation is
ontology-aligned interoperable
Knowledge Graphs —
not a specific engineering standard.

N

Ontology
Alignment
& Mapping

-

1)
i
H
! Semantic
E Q m :9 Validation &
1 Governance
: (SPARQL) (SHACL)
! RDF / OWL
i KNOWLEDGE
i GRAPH
i
E Lifecycle Semantic
\ @ Traceability Services
== & Context (S0A) - Rt

* Same principles. Different domain ontologies.
One interoperable semantic foundation.

' SysML v2 (Cross-Industry Systems Engineering)
Any complex engineered system

systems, interfaces

Systems engineering semantics
System lifecycle (concept — in-service — disposal)
Aerospace, automotive, defense, rail, energy, manufacturing, etc.

SysML v2, STEP, AFO, ISO 15926-4 (as applicable)

Model
(Engineering Ontology)

FUTURE: GENERALIZED ARCHITECTURE (CROSS-INDUSTRY)

Semantics

(RDF / OWL / KG)

Systems Engineering Semantic Ecosystem with SysML v2

SysML v2
Semantic Model
m SEMANTIC KNOWLEDGE
SysML v2 GRAPH LAYER
(Unified & Interoperable)
Requirements
@ . ® e ® o
BQB Structure
el
@ Behavior
G Interfaces
@ Verification
@& Parametrics Shared Meaning » Linked Data * Context
§§2 Capabilities Lifecycle Continuity * Reusability
208 Allocations

&

Enterprise, Operational & Al Applications (Any Industry)

® W

ERP / PLM MBSE lioT / Sensors Al / Analyti
Tools & Systems Systems Applications

@ WHY THIS MATTERS

° Architecture is ontology-driven, not application-driven

@ Scales across domains and industries

° Promotes reuse, interoperability, and innovation

° Preserves engineering intent across the lifecycle

° Enables Al-ready, contextualized engineering

@ Reduces vendor lock-in and data silos . .

e e

Integration
(SOA / APis)

Intelligence
(Al / Analytics)
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