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Agenda o

» Data Strategy
* Ontology explained by example: Operating instructions, machine readable datasheet

* Hierarchies, Taxonomies, Knowledge Graphs and Data models in PLM

Data Strategy X

Data strategy is a coherent plan specifying the why, what, and how concerning the data needed to ensure the desired business
outcomes.

Business Objective

” Strategy Plan

Project Project
system system system system system system
l data data data data l data data

Key Data Key Data
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Data Strategy ™

Data strategy is a coherent plan specifying the why, what, and how concerning the data needed to ensure the desired business
outcomes.

Business Objective

‘ Strategy Plan

Business Intelligence Glossary
Enterprise Ontology

Project Concepts Project Concepts Project

system system

Logical DM Logical DM

j data udid gl data data

Key Data Key Data

Data Strategy X

Data strategy is a coherent plan specifying the why, what, and how concerning the data needed to ensure the desired business
outcomes.

Business Objective

‘ Strategy Plan

Business Intelligence Glossary

Enterprise Ontology

Project Concepts Project Concepts Project
Logical DM SyStem system Logical DM System
[ cata data data udtd g data data
Key Data Key Data

_ = covered by data governance, data catalogs, data quality

| M 1 Bunildsen @ PIAM Road Man EMEA & PDT Eurane 2023




Standardized Ontologies as the Glue to Secure a Quality Digital Thread & its Impact on Business
PLM Road Map & PDT Europe 2023

Data Mesh I

Data products are reusable, enterprise standardized key data modules

Business Objective Business Objective

e Strategy Plan

- ~ -
-~ -~

-

Data product .

e
- Data product

Enterprise Ontology

Project Concepts
system

data l

Key Data — Key Data

Key Data

. = data products are treated just as any other sub-assembly of sold products. This means quality assurance,

business owners, lineage, documentation, usage terms and conditions, service level agreement, access protocols,
user groups, etc.

FA R PDT Furane 2023

Why we are interested in Semantic Web X

* RDF is being used as the “protocol” to digitalize information in many industrial applications (including 10T)
* RDF and semantic web technologies are open and community-driven (limited vendor lock-in)

+ Standards (including upper ontologies) give us a language to communicate data in our business.

Discover
Integrations

© PCA Reference Data and Services § I o& SAP BusinessObijects Bl Semantic Layer
4 Collbra | Markeplce

Enables to use the SAP BusinessObijects Bl Semantic Layer REST Service

* The words "semantic layer" and "ontology" are no longer mysterious to business.

SAP” Business Accelerator Hub  Explore  Resources

Reference Data LibraryIDO/ONtology/industial Data Ontology el v

Industrial Data Ontology https://api.sap.com/api/SAPSemanticLayer/overview

Knowledge Graphs
Powered by Collibra B Microsoft | tearm

‘‘‘‘‘‘‘ Azure product documentation -

$ An ontoloay with idenifir hpiids poss

s QA Code Samples

https://rds.posccaesar.org/ontology/lis14/ont/core/

-

 Develop Troubleshooting  Resources

Adopting a DTDL industry
ontology

At - 040

https://marketplace.collibra.com/listing
= Help Center [JY© G deviopers e o ror o IR s/knowledge-graphs-powered-by-
collibra/

Databose / Oradle / Orace Database se23

Graph Developer's Guide for RDF Graph

https://learn.microsoft.com/en-us/azure/digital-
https.//docs.oracle.com/en/database/oracle/oracle- twins/concepts-ontologies-adopt

database/23/rdfrm/owl-concepts.html#GUID-
3EC5F30E-9175-4B7B-946C-3117BC30610A
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What is Industrial Data Ontology (IDO) exactly? | sowwzrze

Automation systems and integration
Ontology based interoperabilty
Part 3 Part3: Inl

data ontology

+ ISO/AWI 23726-3 (IDO) is part of ISO/AWI 23726 (OBI) (Ontology-Based
Interoperability) managed by ISO / TC 184 / SC 4 Industrial Data

»  “Anontology for representing industrial data and information, building
vocabularies and manage asset models that employ reference data
libraries and exploit OWL reasoning”

+ Derived from / inspired by
e 15015926-2:2003
+ ISO/IEC 21838-2:2021 - Basic Formal Ontology (BFO)
» Formulated in W3C’s OWL 2 language
* Enables precise modelling
* 54 classes, 4 datatype properties, 88 object properties
+ Developed and applied in Norwegian Energy (O&G) industry

» Formerly known as ‘I1SO 15926-14 Data model adapted for OWL2 Direct
Semantics’

IDO’s concepts and relationships
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Contents

» o . top
Contents i ietcrdfern oo + Metadata
2 o 3 « Par: ters

lencies

plmtpl:ROLIndividual(?uom, 2type, ?label, ?description, ?seeAlso, ?definedBy)

Expand all Contract all teis illustrated by expanding a generated instance. Belo nerated instance is <h

¥ http:/rds.posccaesar.org/ R
» ontology/ Generated instance

stOTTR
plmtpl:RDLUOM(x:argumentl, (x:argument2-1, x:argument2-2), _:argument3, _:argumentd, (_:argument5-1, _:argument5-2), x:argument6, x:argument7)

RDF/wWOTTR

Visualisation of expanded RDF graph
Each resource node is linked to ts IRT. Type relationships a
v Hierarchical horizontal layout (dot)

rdfs:comment

2, 1| rdfs:label
— ]
rdfs:seeAlso

x:argument1

» Hierarchical vertical layout (dot)
» Sorina model lavout (neato)
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IDO Upper ontology o

Domain Independent
Ontologies

Business
Partner

SAP semantic Industry Ontology Industry ISO 81346
layer standard

Domain Ontology
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Ontology explained by example:
instructions, machine readable datasheet
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IDO based domain ontology

Requirements

1) Engineers should document their engineering using standardized digital artifacts
(SysML, UML, WoT, IEC/ISO 81346,...)

We need to be able to store and retrieve master data about what software is
combined with what hardware for enterprise-size portfolio (~600.000 types of
pumps).

We want to reuse community-released, standardized, modelling patterns and
reasoning modules for equipment, qualities and quality data (POSC Caesar
Association (PCA)).

We want to minimize the amount of bespoke semantic analysis scripts being written.
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IDO use case “Pump with firmware”

Software estimate
Liquid temperature

Temperature sensor (from supplier)
measures pump housing

temperature
loT data stream: <«

Pumped liquid temperature

Pumped Liquid temperature
is not directly measured, but
estimated
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IDO

WoT Thing Description files

Standardized loT profiles about
pumps.

https://www.w3.org/WoT/

“The LIQUID_TEMP range is
[-40, -39, -38, ..., 119,120]
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IDO use case

* “Pump with firmware”

Based partly on patterns here:

O] 0]

Tl QualityDatum
P01 FuATOmpER Resoton stapsize

isiqualiyatum
XPUIOL dTempEt RAGOEon WoTHUR O

nhttps://rds.posccaesar.org/doc/patterns/

vt

)
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IDO based model, benefits

Digital offerings and the connectivity teams get standardized quality
operating instructions (WoT TD Files) for loT products on demand to
produce digital offerings.

In product development: loT Profiles of new and changed IoT products can
be validated, on the combined HW+SW perspective.

The Enterprise can roll out hot-fixes and new loT features to all digital
offerings through a streamlined standards-based system.

The Enterprise can expand the information handover system to handle
external manufacturers loT operating instructions. The modelling is based
on industry standards. loT alliances can be build.
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X
Hierarchies, Taxonomies, Knowledge Graphs and Data models in PLM
| A4 M Bunildsen @ PIA Road Man EMEA & PDT Furane 2023
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Enterprise Data Product Master Data, Al

Strodesy ‘Dv—\l!&lo?W‘\'

Prodvcrion  Sales/ Mavleet i"‘x -SU“"?\] G

Service

—+—

PLM

-
@

Digtal

5

~===LLM.=> j:

@)

rl ‘V/
.35 T
) & AT
! « Bac\e \
! sy Otfice]
S compier
RDS “sion
cw
| A4 1 Bunildsen @ DI A Road Man EMEA & PDT Eurane 2023
ISO/TC 184 Data Mesh
ISO/TC 184/SC 4 = B X
Industrial data Data Product 1 Data Product 2 Data Product 3 Data Product 4
. RE@SEIE t )
< aesar Data Vault 2
Association SAT_product_feature SAT_Products
UF | Prod_feat_hkey ST UF | Products_hkey
SAT_REF_UOM
U | load_date UF | Prod_feat_hkey U | load_date
Code U | subsequence_attribute load cycle_id
load_date load_end_date B 'Oabd,dale b delete_flag
load_cycle_id load_cycle_id |5“ dseq“j”;e(a ribute hash_difference
‘ # </> Description delefe_flag e e BK | Product_family
Qudt_link hash_difference 0ad_cycle_I BK | Product_version
prodiict_feature_code delete_flag BK | Software_version
l product_feature_descry
Ontology Product Ontology API _}-Uom_code
Tool REF_UOM l
Code v | [ v
joad_date
t \oad:cydeild HUB_product_feature LNK_p_pf HUB_Products
PK | Prod_feat_hkey PK | Lnk_p_pf_hkey PK | Products_hkey
load_date load_date load_date
[ ] load_cycle_id load_cycle_id load_cycle_id
. U | prod_feat id U | Prod_feat hke U | National_id
Data Model Engineer/ prodteal u | Products ;,keyy -
Domain Expert =
Snowflake </> N
Data Sources
Spreadsheet @ @
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Data Catalogue

1SO/TC 184

ISO/TC 184/SC 4

Data Mesh @ @ @

Industrial data prene e e

l@\POSC Caesar Data Vault 2
Association

- ke =[]

Ontology Product Ontology A

= —
R
L)

OuweProducts

Data Governance

Data Model Engineer/
Domain Expert

Snowflake

Spreadsheet @ Data Sources
\ SyshL, UML /
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Why semantic web, now? o~

(when linked data arguably did not take off? ...)

1. Business reason: Automated Enterprise Data Warehouse tech like “Data Vault 2.0” are

emerging to deliver “360°” solutions, (“360° product”, “360° customer”, “360° asset”, ...), you
need to integrate data across platforms.

2. When you map taxonomies to taxonomies with relationships you have ontologies, in a broad
sense. This HAS to happen. The enterprise cannot escape ontology in some form.

3. The W3C OWL (web ontology language) language and the SKOS (simple knowledge
organization system) ontology are proven platform agnostic methods, with open-source

tooling. DCAT is used by governments to harmonize metadata to make public data sets
searchable...

4. Existing platforms also feel these trends and introduce semantic layers and proprietary
knowledge graphs (or similar). We will soon have an “Enterprise zoo” of ontologies to map.

5. Semantic web methodologies can help you build a platform agnostic business centric
warehouse, not a “source system” warehouse.

6. Using the semantic web methodologies, if not the serialization and tools will help the
enterprise achieve quality of your enterprise ontology.

| M 1 Bunildsen @ PIAM Road Man EMEA & PDT Eurane 2023
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Do this o

Get in control of your hierarchies (using ontologies)

Build taxonomies and connect them in a standardized way, if the PLM vendor
uses open standards, it is easier.

If you want to be part of a community of peers, use semantic web standards like
RDF, OWL, SKOS, DCAT and “triple store” databases.

Consider ISO/AWI 23726-3 Industrial Data Ontology (IDO)

© O]

O]

“IDO” iso.org page
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References

ISO/AWI 23726-3

https://www.w3.org/WoT,

https://rds.posccaesar.or

Contact:
mbrynildsen@grundfos.com

Thank you! “IDO” iso.org page
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IDO use case

o
* “Pump with firmware” =D B
= |

Validation

s QualityDatum
xTTIOL tompResng0L

check that in data processing activities:

percentage resolution input <= percentage resolution result

isrqualityDatum
XPUIOL dTempEt RAGOEon WoTHUR O

Tl QualityDatum
P01 FuATOmpER Resoton stapsize

e _ )

13

Graph data

ducedData ?pResolutionValue (?cResolutionValue <= ?pResolutionValue AS ?validDataTransformation

% Explore results + Download results.

ce s « produc
xTTIOl tempReading00! 48, exTTIoN:
UNDEF UNDEF UNDEF UNDEF

UNDEF UNDEF UNDEF UNDEF

TTIOl tempReading002 %, 000390625

U001 fuidTempEst_Timestampedin .,
= '3

000390625

validDataTransformation

true

UNDEF

UNDEF

true

Fetched 4

15



Standardized Ontologies as the Glue to Secure a Quality Digital Thread & its Impact on Business

PLM Road Map & PDT Europe 2023

Visual language

icalArtefact

Is visual shorthand for

Cooli P
ex:E-78-130-F-M-270
ex:5000.02.01PU001.Pump

lis:hasParticipant

ex:Activityl ex:consumes ——P
ex:hasInput

lis:PhysicalArtefact

rdfs:subClassOf

rdfs: sulTClassOf

——— s visual shorthand for

ex:CoolingPump.

rdfs:subClassOF
ex:E-78-130-F-M-270

rdf:type

x:5000.02.01PU001.Pump

—

lis:hasParticipant

rdfs:subPropertyOf

ex:consumes

rdfs:subPropertyOf

ex:hasInput
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