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Providing technology solutions to address the greatest challenges of our time

Digital transformation of industry,

Healthcare system infrastructure and mobility Energy transition
Aging society growth industries infrastructure growth Sl demand

s/

Climate change /

Sustainable use of decarbonization

Personalized
efficiency

Affordable healthcare
Hydrogen /

ector coupling

Siemens Siemens
Healthineers? Energy?

1 Publicly listed subsidiary of Siemens | 2 Publicly listed associate
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We commute in cars designed ... built in factories running on ... charged by a renewable and
with Siemens software ... Siemens automation ... decentralized Siemens
smart grid.
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Marin Conference Room
1504 Franklin - Floor 2

We work in smart buildings that
keep us comfortable and healthy ...
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... with a carbon neutral footprint
that keeps the planet healthy as well.

SIEMENS




We travel on Siemens trains ... ... and on planes brought to life
using Siemens technology.
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Example Knowledge Graphs — Siemens Technology drives
Innovation from world-class research to company-wide adoption

Google

Milestones

Google Knowledge
Graph announced

Technology innovation activities

Funded projects

L

&ryq» THESEUS
Neue Technologien
,,,,,,,,,,,,,,,,,,,,,

Semantic knowledge graphs & reasoning

Technology

Investments
Research

FY12

Unrestricted © Siemens 2021
Page 6 June 2021

Knowledge Graphs as data layer on top of SQL Databases

SIEMENS
lngemuity for life

SIEMENS

SIEMENS

SIEMENS

Gartner

SIEMENS

- Proceedings IEE
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FY18 FY17 FY18 Fyia

Gartner add KGs > 30 KG projects,

Breakthrough: Mmcﬁphere SO ) Shared ontologies
ML on graphs entering KG market to hype cycle adding graph > 10 productive use
support >6 CCTs
Ontology libraries
Data Strategy Shared & reusable ontologies

s . . Accelerate adoption & roll-out projects
Cognitive Business Buy-in

Deep Learning Proof-of-values and competence ramp-up
Machine Learning on graphs

Product DEV
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Several Siemens initiatives working towards common,
reusable semantic models

Domain models / subdomains SIEMENS
legensityfortle

Building Technologies

Domain Model

* community-based intiative
since 2019

*  OWL models: Location,
Asset, Zones & Functions,
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Plant Data Model

*  OWL models generated from

UPC UA companions and
vendor-specific information
models

* engineering models

DISW ontology scope: design, engineer, manufacture, SIEMENS
operate and service electromechanical systems (both ngematy e
product and plant life cycle)

(150 10303)

e, —=—
Emim Cxben Ees
B o W b dma SRR
h‘.hild_
Products (OEM)
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FOESTE t

Digital Industries Cross-

Domain Ontology

* new intiative

* scope: product and plant
lifecycle

SIEMENS
lngemuity for life

Siemens Energy
Transmission Domain
Ontologies

cross-unit intiative since
2020 (meanwhile all BUs)
support domain experts by
a tool set to create high
quality ontologies without
informatic proficiency
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Ongoing Initiative: Shared Ontology Guidelines, Upper-
Ontology and Siemens-wide Ontology Publication Platform

Building
Equipment
&System

Ontology Library

SIEMENS
lngemuity for life

in progress ...

Building

Technical
Asset

QuUDT
Quantities

Zones &
Functions

Industry Standard

Oil&Gas
Product

Siemens Core

A growing core ensures
model quality and
interoperability!!!

Electrical Grid

Product WoT Building
IEC 61360 Units Thing Alarms —
ECLASS Temporal - Building
Rail Topology Industrial Top
Ontology
Malntenance 1SO 15926-14 - Energy
Product Prov . - Rail
lifecycle
Discrete provenance ?KOS
. axonomy )
Production - Production

ISA-95

PIant
Ilfecycle

Factory
Automation
oftware

Building
Location &
Topology

Geolocatlo .

Process
ISA-88
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Ontology Library — Summary Motivation (Why?) SIEMENS

’hg&hui\‘y{or&{t
A library of reusable, Siemens-relevant semantic domain models will ...
... reduce ... speed-up ... enable product ... enable Siemens
modeling efforts data integration lifecycle integration platform ecosystem

h’.\. > C O\

By encapsulation By implementing ETL* By providing generic Reusable software libraries

and model reuse for standard data schemas concepts used by various can be built based on

By applying semantic only once lifecycle processes shared models

best-practice guidelines By integrating isolated By providing links Interoperability between
standards between lifecycle modules different Siemens Business

Units and with suppliers
as well as customers

ETL*= extract, transform, load data
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Shared semantic models help to avoid maintaining an
exponentially growing number of bilateral mappings

Application and Visualization

@ ==x [T apps
| ! | |

N—e ..\\ . .. I . «
\ Vertical Data Model oy . amm 1 shared model
. ‘ . N _ " » f
Extraction & Mapping
* o * * =xa  N+M mappings
SRR R

.a B SNE
a4 ' : === [N data models
Data Files Documents Diagrams Data Bases  Tables
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SIEMENS
lngemuity for life

High quality
semantic data
models that are
shared reused
across applications

For each application
and data source one
mapping to the
shared model
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The basic pillars for building an ontology library: SIEMENS

Content, guidelines and community lngenuity for Life
Content Guidelines E Community el
* What objects to represent? E * How do we formalize and @ * Who contributes? WM™
- What is the agreed semantics? document core models? « How do we synchronize activities
- What is common, what specific? * How to integrate standards? across Siemens?

1 Collect and share existing data 1 Agree on language and naming 1 Setup of community and working
models conventions for core models groups
5 Prioritize verticals/standards Agree on support for existing Define processes, IP and owner-
and propose common core standards and tools ship model for common core
3 Review and extend core model Provide documentation and tools 3 Prepare communication and
library to facilitate (re-)use dissemination material
Inner source data models Guideline document, Standardization  Regular JF and Working Groups
. e e Top Industrial Ontology
Ontology lerary [ e romomse st con e crronmmiz ] Semanti ,¢
Repository & bt e O ST ISOMR 15926-14
Publication Platform C EEEEEE QUDT: Quantities, Units =
Dimensions Ontology B

— CLASS goes OWL/RDF
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I SIEMENS
Learnings ngeonly for fe

We need a shared upper-level ontology
We need to actively contribute to the community efforts outside of Siemens

Ontology modeling is hard and takes time
We need inference

S\
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Learning 1

We need a shared upper-level ontology

=]

Industrial Top-Level
Ontology ISO 15926-14

+  Gas&Power Products

+  Building technologies

*  Factory Automation
Software

«  Manufacturing
Processes/Skills

«  Currently mainly used to
ensure the quality of modeling!

* Infuture, it will enable better
interoperability
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Activity

Event
PointinTime
PeriodinTime

Aspect

Disposition
Function

Quality
PhysicalQuantity

Role

Object

=]

=]

=]

=

=

FunctionalObject
System
InformationObject
QuantityDatum
ScalarQuantityDatum
UnitOfMeasure
Scale
Location
Site
SpatialLocation
PointinSpace
RegioninSpace
Organisation
PhysicalObject
Compound

InanimatePhysicalObject

Phase

Stream
Organism

Person

Bl 0V topObjectProperty |
= == connectedTo
= directlyConnectedTo
== creates
= datumUOM
= = hasDisposition
== hasFunction
== hasinstalled
= == hasPart
=l = hasActivityPart
= == hasActivityBound
™= hasBeginning
= hasEnd
= == hasArrangedPart
™= hasAssembledPart
== hasFeature
™ hasFunctionalPart
== hasParticipant
= = hasQuality
== hasPhysicalQuantity
= hasRole
™ installedAs
= == interests
™ approvedBy
= mu |ocatedRelative To
== containedBy
== contains
= == gccursRelativeTo
= after
= == hefore
™= causes
== participantin
= == partOf
£ m activityPartOf
= = activityBoundOf
= hegins
= ends
=/ ™ arrangedPartOf
== assembledPartOf
== featureOf
== functionalPartOf
== realizedin
=/ m representedBy
= qualityQuantifiedAs
== roleOf

GIST

Cross-Domain Ontology

Digital Industries

Alignement with 1ISO
15926-14 planned

SIEMENS
lngemuity for life

7

semantic arts

Open source OWL Ontology with
business/industry relevant terms

Person Catalog Item Place Time Instant Intention

Organization Contract Room Temporal Relation Commitment
Group Account Geo Point
Event Geo Reglon
Collection Geo Route Template Magnitude
Network Geo Segment Behavior Unit Of Measure

Language Base Unit
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Learning 2

We need to actively contribute to the community efforts

outside of Siemens

Contributed to ISO 15926-14
via JIP READI

Contributing to QUDT

After reviewing several unit

ontologies, we found QUDT most
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suitable for Siemens use cases.

Compliant with IEC/ISO 80000
units

Includes all known systems of
units/quantities

Includes unit conversions

Cross referencing to UCUM,
UN/ECE, and CDD (IEC 62720)
unit codes

Active development supported by
Siemens researchers

Siemens colleagues contributed
600 units and cross-references to
IEC 62720 and UN/ECE

Continuous support and exchange

SIEMENS
lngemuity for life

Contributing to
= CLASS goes OWL/RDF

Siemens (DI) and Siemens
Energy (GP) is a member of a
cross-company intitative
(together with Schneider
Electric and others) that has
developed a first draft of
ECLASS in OWL

Alignement with Siemens
representatives in I0T-relevant
standards ongoing

Dr. Maja Milicic Brandt Siemens Technology



Learning 3
Ontology modeling is hard and takes time

Finding people with the right competencies is hard!
Data scientists understand OWL, but do not understand the domain and usually do not even want to

understand it in depth
Domain experts know the domain but do not understand OWL

None of them understands upper ontologies ©

What about re-using and contributing to existing open-source industrial ontologies?
First problem: there are few of them and usually do not provide what is required by the use case
Second problem: there are several incompatible ones for the same domain
Third problem: in order to re-use or contribute you first have to build up experience and expertise
yourself

What can be done?
Training, coaching, building an ontology modeling community within Siemens
Enabling domain experts to model the knowledge with tools which guide to create and maintain
compatible models whitout informatic proficiency
Use templates (e.g. OTTR*) in the backend to abstract away from OWL and higher-level ontologies

Generate SHACL automatically

OTTR*=Reasonable Ontology Templates (https://ottr.xyz/)
Page 15 June 2021
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Learning 4
We need inference

This seems to be obvious considering OWL is the chosen
formalism

However, most OWL ontologies we use currently are weekly

axiomatized because the curent focus is rather on
representation and less on reasoning

As our knowledge graphs grow and the use-cases to be
supported require different model granularity, it is slowly
becoming clear that inference is needed!

Problem: Widely-adopted graph databases such as Neptune do

not support inference as of now.

hasPeripheral

controller el
hostsPoint represents
point
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: isSpatialPartOf
residesin desk

room

desk Space
\ //
hasLocation
o hasFloor hasRoom
building floor room
hasSpatialPart
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SIEMENS
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Dr. rer. nat. Maja Milicic Brandt

Siemens AG

Technology

Research in Digitalization and Automation
Semantics & Reasoning

T RDA BAM SMR-DE

Otto-Hahn-Ring 6

81739 Munich, Germany

maja.milicicbrandt@siemens.com
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