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1.1 Editorial N otes

This document was producédigust 2018 tdNovember 201%y thesubworking groupi As s et Admi nofstr at i
the Platform Industrie 4.0 \&tking Group i Bference Architectures, Standards and Ndims

The first version of thiglocument was producesep2017 to July 2018 by a joint working group with members from
ZVEI S G Mddels and Standards and Pl at f or m | modpii ®terericee ArchiteduredyVstanklarda and G
Norms fi. The document was subsequWwat kiyn g @ @ferdnag Arcliitectures, t h e
Standards and Nornfis

For better readability, in compound terms the abbreviation "14.0" is consistently used for "Industrie 4.0". Used on its own
"Industrie 4.0" continues to be used.

1.2Scopeof this Document

The aim of this document is to make selected specifications of the structurédhtiméstration Shelln such a way that
information about assets and 1€£0mponents can be exchanged in a meaningful way between partners in a value creation
network.

This part of this document therefore focuses on the question of how such information needs to be processed and structured.
In order to make these specifications, the document formally stipulates a few structural principlesdoiitiistration

Shell This part does not describe technical interfaces of Aldeninistration Shellor other systems to exchange
information, protocols or interaction patterns.

This document focuses on:

1 Exchange format for theansport of information from ongartnerin the value bainto the next
1 Metamodel for specifying information of an Asgatministration Shelbnd is submodels

1 Identifiers

1 Access Control

1 Mappings to suitable technologies to be used in different life cycle pbha@roduct

This document auently features th second version V2.0 targets to bedequately complete and coherent to be used
as basis for developments and as inputdiscussion withinternational standardizatioarganisationsand further
cooperatios.

The definitions in and the form of the donent should be such that developméepartmentsn the value creation
networks have enough detailed information to start work on internal systems for exchanging information and on
corresponding databases.

1.3 Structure of the Document

Clause3 summarises relevant, existing content from skendardizatiorof Industrie 4.0. In other words, thidause
provides an overview and explains the motives, andtshsolutely necessary for an understanding of the subsequent
definitions.

Clause4 stipulates sufficient structural principles of tAdministration Shelin a formal manner in order to ensure an
exchange of information between thdministration Shell. An excerpt of a UML diagram is drafted for this purpose. A
more comprehensive UML discussion which does not set standards can be found in the annex.

Clauseb provides detailed definitions for the excharaj@nformation compliant to this specificatiom existing data

formats like XML, AutomationML, OPC UA information model( 50N or RDF. An explanation is provided for each of

these data formats stating how information is to be represented (metamodel), and an example of a representation is
provided.

Clause6 describes the promotion aftributebased access models for information security.

Clause? describes, how the information of one or méwministration Shellcould be packed into a compound file
format.
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The Annex contains details w.r.t. the mappings don€lause5 plus additional background informaticn asset
administration shell.

1.4Principles of the Work

The work is based on the following principleep it simple but do not simplify if &ffects interoperability.

For creating a detailed specification of théministration Shellaccording to the scope of part-1 (1.2), result papers
published by Rittform Industrie 4.0the Trilateral cooperation with France and Italy and internatistaaidardization
results weranalysedand takes as source of requirements for the specification processaiy ideas as possible from
the discussion papevgere cosidered

The partners represented in the Plattform IndustrimAdassociations such as the ZVEI, the VDMA, VDI/ VDE and
Bitkom, ensure that there is broad sectoral coverage, both in process, hybfatctmg automation and in terms of
integratinginformation technology (IT) and operational technology (OT)

Design alternatives were intensively discussed within the working group. An extensive feedback process with the so
called "sounding board" of this document series, with the Plattform's working groups and with associated partners were
engagedibout the degn alternatives and the final content of the specification.

Guiding principle for the specification was provide deta#éd information, whichcan be easily implementedso by
small and mediursized enterprises
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2.1Terms & Definitions

Forward notice

Definition of terms are only valid in a certain context. The current glossary applies to the context of this docu nent.

access control

protection of system resources against unauthorized access; a process by whichystamofesources is regulated
according to a security policy and is permitted by only authorized entities (users, programs, processes, or other systems)
according to that policy

A [SOURCE: IEC TS 62443-1-1]

application

software functional element specificttee solution of a problem in industripfocess measurement and control

Note: An application can be distributed among resources and may communicate with other applications.

A [SOURCE: IEC TR 62390:2005-01, 3.1.2]

asset

physical or logical object owned by ander the custodial duties of an organization, having either a perceived or actual
value to the organization

Note: In the case of industrial automation and control systems, the physical assets that have the largest directly
measurable value can be the equipment under control.

A [SOURCE: IEC TS 62443-1-1:2009, 3.2.6]

asset administration shell (AAS)

standardizedligital representatiorof the asset corner stone of the interoperability between the applications managing
the manufacturing systems. It identifib® Administration Sheland the assets represented by it, holds digital models of
various apects gubmodelsand describesechnical functionalityexposed by thédministration Shellor respective
assets.

Note: Asset Administration Shell and Administration Shell are used synonymously.

A [SOURCE: Glossary Industrie 4.0]

attribute

A data element of a property, a relation, or a class in information technology
A [SOURCE: ISO/IEC Guide 77-2, SO/IEC 27460, |IEC 61360]

class
description of a set of objects that share the satinbutes operations methods, relationships, and semantics

A [SOURCE: IEC TR 62390:2005-01, 3.1.4]

capability
implementatiorindependent potential of an Industrie 4.0 component to achieve anvetfdota domain

Note 1: Capabilities can be orchestrated and hierarchically structured.
Note 2: Capabilities can be made executable via services.
Note 3: The impact manifests in a measurable effect within the physical world
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A [SOURCE: Glossary Industrie 4.0]
component

product used as a constituent in an assembled praystenor plant

A [SOURCE: IEC 61666:2010, 3.6]

concept
unit of knowledge created by a unique combination of characteristics

A [SOURCE: IEC 61360-1, ISO 22274:2013, 3.7]

digital representation

information that represents characteristics and behaviorsesftin

Note 1: Information is data that within a certain context has a particular meaning. Data is content represented in a
digital and formalized manner suitable for communication, storage, interpretation or processing
Note 2: Behavior includes functionality (description and execution)

A SOURCE: [IIC Vocabulary 1IC:1IVOC:V2.2:20190903, notes added)]
digital twin

digital representationsufficient to meet the requirements of a set of use cases

Note: in this context, the entity in the definition of digital representation is typically an asset

A [SOURCE: IlIC Vocabulary 1IC:IVOC:V2.2:20190903, adapted]
identifier (ID)
identity information that unambiguously distinguishes one entity from anoteeénangiven domain

Note: There are specific identifiers, e.g. UUID Universal unique identifier, IEC 15418 (GS1).

A [SOURCE: Glossary Industrie 4.0]
instance
concrete, clearly identifiable component of a certgpe

Note 1: It becomes an individual entity of a type, for example a device, by defining specific property values.
Note 2: In an object-oriented view, an instance denotes an object of a class (of a type).

A [SOURCE: IEC 62890:2016, 3.1.16 65/617/CDV]

operation

executable realization of a function
Note 1: The term method is synonym to operation

Note 2: an operation has a name and a list of parameters [ISO 19119:2005, 4.1.3]

A [SOURCE: Glossary Industrie 4.0]

ontology
an explicit specification of a (shared) conceptualization

A [SOURCE: Gruber ApAprifcamnisltad iport abl e ontol ogy specifi c20]i onso,
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property
definedcharacteristicsuitable for the description and differentiation of prodectsomponents

Note 1:  The concept of type and instance applies to properties.

Note 2:  This definition applies to properties such as described in IEC 61360/ ISO 13584-42

Note 3: The property types are defined in dictionaries (like IEC component Data dictionary or e ClI@ss), they do
not have a value. The property type is also called data element type in some standards.

Note 4:  The property instances have a value and they provided by the manufacturers. A property instance is
also called property-value pair in certain standards.

Note 5: Properties include nominal value, actual value, runtime variables, measurement values, etc.

Note 6: A property describes one characteristic of a given object.

Note 7: A property can have attributes such as code, version, and revision.

Note 8:  The specification of a property can include predefined choices of values.

A [SOURCE:according ISO/IEC Guide 77-2] as well as [SOURCE:according Glossary Industrie 4.0]

qualifier

well-definedelement associated withpaopertyinstance osubmodel elementestricting the value statement to a certain
periodof time or use case

Note: qualifier can have value associated

A [SOURCE: according to IEC 62569-1]

variable
softwareentitythat may take different values, one at a time

A [SOURCE: IEC 61499-1]

smart manufacturing

manufacturing approach, that improves itsf@enance aspects with integrated and intelligent use of processes and
resources in cyber, physical and human spheres to create and deliver products and services, which also collaborates with
other domains within an enterprise's' value chains.

Note 1: Performance aspects include agility, efficiency, safety, security, sustainability or any other performance
indicators identified by the enterprise.

Note 2: In addition to manufacturing, other enterprise domains can include engineering, logistics, marketing,
procurement, sales or any other domains identified by the enterprise.

Note 3:  this definition is, as of November 2019, under discussion within the ISO/ IEC joint working group (JWG)
21. However, it gives a good indication and a citable source.

A [SOURCE: ISO/TMB/SMCC]

submodel

models which are technically separated from each other and which are includedssethadministration shell

Note 1: Each submodel refers to a well-defined domain or subject matter. Submodels can become standardized
and thus become submodels templates.

Note 2: Submodels can have different life cycles.

Note 3: The concept of template and instance applies to submodels.

A [SOURCE: Glossary Industrie 4.0]

submodel element
elementsuitable for the description and differeatton ofassets
Note 1: extends the definition of properties

Note 2: could comprise operations, binary objects

A [SOURCE: Glossary Industrie 4.0]
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system
interacting, interrelated, or interdependent elements forming a complex whole

A [SOURCE: IEC TS 62443-1-1:2009, 3.2.123]

technical functionality

functionality of theAdministration Shelthat is exposed by an application programming interface (API) and that is
creating added value to the respectigsets(s)

Note: can consist of single elements, which are also known as functions, operations, methods, skills.

A [SOURCE: according [18]]

template

specification of the common features afabjectin sufficient detail thasuch objectan be instantiated using it

Note: object can be anything that has a type

A [SOURCE: according ISO/IEC 10746-2]

type
hardware or software element which specifies the comattabutesshared by all instances the type

A [SOURCE: IEC TR 62390:2005-01, 3.1.25]

view

projection of a modebr models which is seen from a given perspective ortage point and omitentitiesthat are ot
relevant to this perspective

A [SOURCE: unified modelling language - UML]
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2.2 Abbreviations

Abbreviation Description

AAS AssetAdministration Shell

AASX Package file format extension for the AAS

AML AutomationML

API Application programmers interface

BITKOM Bundesverband Informationswirtschaft, Telekommunikation und neue Medien e. V|
BLOB Binary Large Object

CDD Common Data Dictionary

GUID Globally unique identifier

14.0 Industrie 4.0

ID Identifier

IEC International Electrotechnical Commission

IRDI International Registration Data Identifier

IRI Internationalized Resource Identifier

ISO International Organization for Standardization

JSON JavaScript Object Notation

MIME Multipurpose Internet MaiExtensions

OPC Open Packaging Conventions (ECMBX6, ISO/IEC 295042)
OPC UA Unified Architecture for the Object Linking and Embedding for Process Control
PDF Portable Document Format

RAMI4.0 Reference Architecture Model Industrie 4.0

RDF Resource Desiption Framework

REST Representational State Transfer

RFC Request for Comment

SOA Service Oriented Architecture

UML Unified Modeling Language

URI Uniform Resource Identifier

URL Uniform Resource Locator

URN Uniform Resource Name

VDE VereinDeutscher Ingenieure

VDE Verband der Elektrotechnik Elektronik Informationstechnik e. V.
VDMA Verband Deutscher Maschinamd Anlagenbau e.V.

Wa3cC World Wide Web Consortium

XML eXtensible Markup Language

ZIP archive file format that supports losslesga compression
ZVEI Zentralverband Elektrotechrikind Elektronikindustrie e. V.




3 BasicConcepts andL eading Picture



26 | Basic Concepts and Leading Picture

3.1Basic Concepts

Many concepts for Industrie 4.0 and smart manufacturing are already existing. The most important ones are summarised
in the informativeAnnex A

3.2Leading Picture

The leading use case in thi®cument is the exchange of amss&tAdministration Shellincluding all its auxiliary
docunents and artifacts from one value chain partner to another. This is, in this document we do not dealusgh th
case of already deployedsgetAdministration Shel running in a specific infrastructure but only with file exchange
between partners.

Figure 1 Use Case File Exchange between Value Chain Partners

=~ % Supplier > EE] Integrator

Internal Internal
Publish Receive Composite
Ty pe machine
l ‘ A2 —_ A3 r 1
T —> — > T \
B2 —_ B3 B4 C1
— — P> —>
T T R
product . J

? ty pe Zﬁ
Composite ’
D2 —_ D3 Instance machine
o 1] o D

d/o| b consolidate d 3

\ 4

o
do A b do /b o—T—p

Lproduet || AR | — | {/GlE 4

delivery

14.0-
platform RE

Picturédofimeistedpchemaccording Epple, 20

Figure 1 shows the overall picturdt depicts two value chain partners; "Slipp' is going to provide some products,
"Integrator” is going to utilize thiproductsin order to build a mddne. Two kinds ofAdministration Shefl are being
provided; one for the asset being the type of a product, one for the assets being theaahtoinstances. "Supplier"
and "Integrator" are forming two independent legal bo(fégure?2).
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Figure 2 File Exchange between two valuehain partners
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The exchange of files needs to fulfil some requirements with respesaldityand security. There needs to Halateral
agreement on security constraints to be fulfilled for the transfer and usage of the files. This is explained in more detail i
Clauseb.

Forusabilitya containeformat for exchanging files is used and a corresponding structure is defin€tlgsser). This
predefined structure helps the consunemunderstand the conteof the single files. This is important because an
AssetAdministration Shelspecification can be spread across several fgklitionally, the container may contain
auxiliary filesreferences by the AAS or even executable code.
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4 .1Introduction

This clausespecifies thenformationmetamodel of thé\ssetAdministration ShelBefore doing so some general aspect
of the handling of asset types and instances are describ&lifstsise4.2 Types and InstancgsAnother very important
aspect of the AAS the identification aspect, sBabdause4.3. In Subclausd.5aspects oévent handling are discussed.
In Subclausé.3it is described which elements to use for modelling composite 14.0 Components.

An overview of the metamodel of the A¢sAdministration Shell is given in Subclausé. In Subclausd.7 the classes
are described in detail together with all their attributes.

Themetanodd for security aspectsf the Administration Shells described irClauseb.

The legend for understanding the UML diagrams and the table specification of thes desgound iAnnex Band
Annex C

4.2Types and Instances

4.2.1 Life Cycle with Asset Types and Instances

Industrie 4.0 utilizes an extended understanding of asset, comprising elements faatbrigs, production systems,
equipment, machines, components, produced products and raw maiesgeless processes and orders, immaterial assets
(such as processes, software, documents, plans, intellectual property, standards), services and humaanuensoreel

The RAMI4.0 mode[3] features one, generalized hégcle axis, which was derived from IEC 62890. The basic idea is

to distinguish for all assets within Industrie 4.0 between possible types and instance. This makes it possible to apply the
typel/instance dtsction for all elements such as material type/material instance, product type/product instance, machine
type/ machine instance and more. Business related information will be handled on the '‘Business' layer of the RAMI4.0
model, as well, covering also @ddetails and workflows, again with types/ instances

Table 1 Life cycle phases and roles of type and instance

Phase Description

Type Development Valid from the ideation/ conceptualization to first prototypes/ t
The 'type' of an asset éefined,and distinguishing properties ar
functionalities are defined and implemented. All (internal) de
artefacts are created, such as CAD data, scheanainbeddeq
software, and associated with the asset type.

Usage /| Ramping up production capacity. The ‘external' informa
Maintenance associated to the asset is created, such as technical data
marketing information. The selling process starts.

Instance Production Asset instances are created/ produced, based on the assg
information. Specific information about production, logisti
qualification and test are associated with the asset instances.

Usage /| Usage phase by thmirchaser of the asset instances. Usage da
Maintenance associated with the asset instance and might be shared with
value chain partners, such as the manufacturer of the asset ing

Also included: maintenance, -gesign, optimization and g
commissioningof the asset instance. The full kégcle history is
associated with the asset and might be archived/ share
documentation.

Tablel gives an overview of thdifferent life cycles phases and the role of type and instance in these phesesost

important relationship is between asset types and asset instance. This relationship should be maintained throughout the
life of the asset instances. By this relatidpshipdates to the asset types can be forwarded to the asset instances, either
automatically or on demand.
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Note: for the distinction of 'type' and 'instance’, the term 'kind' is used in this document.

The second class of relationships are feedback loofasfmation within the lifecycle of the asset type and instance. For
product assets, for example, information on usage and maintenance of product instances can improve the manufacturing
of products as also cause design improvements for the (next) pryoeict t

The third class of relationships are feedforward/ information exchange with assets of other asset classes. For example,
sourcing information from business assets can influence design aspects of products; or, the design of the products affects
the degjn of the manufacturing line.

Note: For an illustration of the second/ third class of relationships confer the NIST model, as well.

A forth class of relationships are between asset of different hierarchy levels. For example, these could be the (dynamic)
relationships between manufacturing stations and products being currently produced. These could be also the
decompositions of production systems in physical, functional or safety hierarchies. By this class of relationships,
automation equipment is explained a complex, interrelated graph of automation devices and products, performing
intelligent production and seléarning/ optimization tasks.

4.2.2 Example

The following figure gives an exampldéor handling of asset types and asset instgnoasdling somesxemplary
information as well. Further explanation will follow in the next clauses

Figure 3 Exemplary types and instances of assets represented by multiple AAS

class AAS and Asset Types and Instances/

¢AASe
http://T1.com
cAASE kind = Instance
http://TO215551AA.com . aseetld = 0215551AAA_T1
denveEFfro_m_-——” MeasuredTemperature = 60
kind = Type <=7 7" ¢Referencee
assetld = 0215551AA
Val ueRange = -40 AC / 140 AC
ProductClass = Component
Manufacturer = Bosch
description (EN) = precise and fast temperature measurement
< ———— derivedFrom ¢GAASE
\\\\\\\\ http://T2.com
¢Referenceé€

kind = Instance
assetld = 0215551AAA_T2
MeasuredTemperature = 100

Note: The example is simplified for ease of understanding and does only roughly comply to the metamodel as it is
specified in Clause 4. The id handling is simplified as well: the names of the classes correspond to the unique
global identifier of the AASs.

Note: In the context of Platform Industrie 4.0 types and instances typically refer to 0 as s et typeso and i a
instanceso. When referring ttohitsy piess eoxrp liincsittalnyc edse nooft ea h aAsA Shi A
instanceso to MAS miypesp abet synonymously used with tlte term

Note: Please refer to Clause 2 for the IEC definition of types and instances. For the scope of this document, there
is no full equivalency between these definitions and the type/ instance concepts of object oriented
programming (OO).

There shall be a concrete asset type of a temperature sensor and two uniquely identifiabletg@impscaturesensors
of this type The intention is to provide a separate AAS for the asset type as well as for every single asset instance.

Inthe example the first sens®lro haansd tthhee usneicqouned I1sDenNFE®2 !
A02155B210AA The AAS f or tuniquedRI fihttpt//admiresheli@w ™o harsd tthlkee AAS f
second sensoras theuniqueURI fhttp://adnin-shellio/T 2 6 . kindher both is Alnstanceodo. T
the measured temperatweoperation timef the two sensors is different: for T1 it is 80, for T2 it is 100°C. For the
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time-being we ignore theelationhip fderivedFrond b he t wo AAS Awl ltoh aAtpdBadmiid 2 O
shellio/T0215551A4.

Note Even though the HTTP scheme is usedhe examplethe URIs do not need to be valid URLs and therefiore
not need t@oint to accessible content.

Note:

The unit can be obtained by the semanticr ef er ence of melasuekdmemperfiatureod

this is not shown in the example.

For

on

These two asset instances do have a lot of information they share: the information of the asset type (in this example a

sensor type). For thi asset type an own AAS i s cr e altte/thdmin T h e u
shellio/TO 2 1 55 5 1 Aukiqueid of thesensort y pe i s A OTRBelkihdib5nl AtAbi.s case is AT
il nstanceo. The i nformati on thisheanperature sehsbrdypesisatheeProfluot€Classa | |
(=0Component o), t he ma n u fEagtish De e c r i(p=toiBoons c i & p p raencdi s h ea |
me as ur easwehdadohoe val 4€® MRLnge 10 ACO.

Now the two AAS of the two asset instanceayrefet o t he AAS 00216585 44Aerdlatianshpg fihe
attributefderivedFrone .

Note:
Note:
Note:

Note:

Note:

"attribute" refers in the UML sense to the property or characteristic of a class (instance).

Typically, if a specific asset type does exist, it exists in time before the respective asset instances.

An AAS is used synonym to an AAS instance. An AAS may be realized based on an AAS type. AAS types are
out of scope of this document.

In public standardization the AAS Types might be standardized. However, it is much more important to
standardize the property types (called property definitions or concept descriptions) or other submodel element
typed as well as complete submodel types because those can be reused in different AAS.

In the domain of internet of things (IoT), as s et instances are typically deioted

types are denoted as fAProduct o.

4.2.3 AssetAdministration Shell Types and Instances

In the pevious claus type andinstances obsses were explainedObviously the question then comes up how to
harmonize AASas well asAAS types. In our examplié can be seethat the attributefias s e & h &inddas well as
the global identifier (idrepresented as name of the clase present for all AAS. However,ttiere is nostandard, it is
cl ear t haido asfs e adh @idd n & i e s foralEAAS amdhitds not clear, which of the attributes

not

are mandatory and which are specific for the asset (type or instéihie)s illustrated irFigure4.

This is the task of this document: The definition of a metamodel that defines which attributes are mandatdrich
are optionafor all AAS. ThePlatform Industrie 4.0 metamoddbr AssetAdministration Shdlis defined inClause4.

Note:

Note:

Note:

Note:

This approach ensures that requirement tAAS-#19 is fulfilled. Another approach could have been to define
two metamodels: one for asset types and one for asset instances. However, the large set of similarities
motivated to go with one metamodel.

The metamodel itself does not prescribe mandatory submodels. This is another step of standardization similar
to the prescription of submodels of AAS Type level.

An AAS type shall be realized based on the metamodel of an AAS as defined in this document. This Metamodel
is referred to as the AAAS Met amodel 0o

It is not mandatory to define an AAS type before defining an AAS (instance). An AAS instance that does not
realize an AAS type shall be realized based on the Metamodel of an AAS as defined in this document.

a
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Figure 4 Exemplary relations betwveen metamoel of AAS, AAS types and AAS instances

class AAS Metamodel and AAS Types /
¢CAASE .
http://T0215551AA.com ¢AASE
http://T1.com
kind = Type
assetld = 0215551AA i i derivedFrom kind = Instance
Val ueRange = -40 AC / 140 AC = [S<—————— R EVETg;;eiéii assetld = 0215551AAA_T1
ProductClass = Component ¢ MeasuredTemperature = 60
Manufacturer = Bosch
description (EN) = precise and fast temperature measurement - -
- I
- |
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. i AN - \
- I N I
e ! PR !
s ! conformantto ~ N ‘
conformant to } o derivedFrom }
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P 7 -7 N |
- N
- -
- - ! A }
v - conformant to \ |
P -7 ! cAASE |
¢AAS Metamo 258 http://T2.com
‘ AAS } conlcm;nam to
conformant to a kind = Instance |
R |TT T T T T T T T T assetld = 0215551AAA_T2 |
+ asetd I MeasuredTemperature = 100 I
+ derivedFrom: Reference [0..1] ~~_ | |
+ description: langString [0..1] S~— | }
T~ !
T~—o I < !
AN R T~ \ I
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N3 | “conformant to N !
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~ v - \ |
¢GAAS Typeé \\\\\ A v
http://TemperatureSensor.com T CAAS Typee
+ kind = Type = http://TemperatureSensorlnstance.com
Fasetd o derivedFrom + kind = Instance
+ VvalueRange KT TTT T T T T - N id
+ ProductClass = Component ¢Referenceeé N ;559 ar .
+ Manufacturer easuredTemperature
+ description

4.3Composite 14.0 Components

As described irClaused.2.1there is alass of relationships between assets of different hierarchy levels. By this class of
relationships, automation equipment is explained as a complex, interrelated graph of autdevates and products,
performing intelligent production and sédfarning/ optimization tasks.

Details and examples for composite 14.0 Components can be fo{].in
Thefollowing modelling elements in the AAS metamodel can be used to realize such composite 14.0 Components:

1 RelationshipElemerit used to describe relationships between assets and theargs
1 Asset/billOfMateriali A complex asset is composed out of other entities and assets. These entities and assets
being part of the asset are specified in the bill of material.
Note: The submodekmplae defining the structure of such a kol mateial is not predefined yothe AAS
metamodel but is assumed to contain Entity elements.
1 Not every entityEntity) that is part ofhe bill of material ofin asset has necessarily its own asset administration
shell. As described if12] selfmanaged entities are distinguished frormtanaged entitie@Entity/entity Type
o0 SelfManaged Entities have their own AAS. This is why a reference to this asset is speacifieltl as
(Entity/assét Additionally, furtherproperty statemen{sompare t¢15]) can be added to theset that
are not specified ithe AAS of the asset itself because they are spedifiedation to theeomplex 14.0
Component only.
o For m-managed entities there is sgparate AASThe relationships and property statemeftsuch
entities are managed within the AAS of the composite 14.0 Component.

Figure5 shows an extract of the metadel that is introduced later containing the elements being the moste important to
describe composite 14.0 Components.
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Figure 5 Extract from Metamodel for Composite 14.0 Components

class Composite Asset Administration Shell - used Elements /
HasDataSpecification
Identifiable <= —|
AssetAdministrationShell |
|
+ security: Security -—-
+ derivedFrom: AssetAdministrationShell* [0..1]
1
HasDataSpecification
Identifiable
Asset
+ kind: AssetKind
+ billOfMaterial: Submodel* [0..1]
+ assetldentificationModel: Submodel* [0..1]
) : \
| ' \
| . [
: : \y 0.*
'
! . HasDataSpecification
: ' HasKind
| ! HasSemantics
| Identifiable
| billOfMaterial contains Qualifiable
! Entities Submodel
|
|
I .
| '
I '
| '
I .
| '
I ' 0.
'
I . HasDataSpecification
Entity HasKind
HasSemantics
+ statement: SubmodelElement [0..%] Qualifiable
+ entityType: EntityType —> Referable
+ asset: Asset* [0..1] R
cabstrac|te
SubmodelElement
T
|
|
|
|
|
v
genumeratfone RelationshipElement
EntityType
- + first: Referable*
CoManagedEntity + second: Referable*
SelfManagedEntity

4 .41dentification of Elements

4.4.1 Overview

Identifiersare needdaccording td4] for the unique identification ahany differenelementswithin the domairof smart
manufacturing For this reason, they are a fundamental element of a formal description Adrtiiristration Shell
Especially, identification iat leastrequired for:

AssetAdministration She8,

assets,

=A =A =

submodeinstances and submodemplates
1 property definitionfconcept descriptioris external repositories, such as eCl@ss or IEC CDD
Identification will take placedr two purposes:

(1) to uniquely distinguish atlementsf anAdministration Shelland
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(2) to relate &ementsto external definitions, such agsbmodel templageand property definitionsip order to bind
a semantics to these data and functietementof an Administration Shell

4.4.2 What ldentifier s Exist?
In [4], [20] two sandardconforming global identification types are defined:

(a) IRDI - 1S0290025, I1SO IEC 6523 and I1SO IEC 1118)[20] as anldentifier scheme for properties and
claséfications. They are created in a process of consortilise specification or internationatandardization
To this end, users sit down together and feed their ideas into the consstéiadardizatiomodies. Properties
in ISO, IEC help to safeguard key commercial interests. Repositories like eCl@ss and others make it possible to
standardise a relatively large numbetd#ntifiers in an appropriately short time.

(b) IRI'T IRI (Rfc 3987) or URI and URLaccording to RFC 398&as identification of assetddministration She#f
ard other (probably not standardi, but globally unique) properties and classifications.

The followingis also permitted:

(c) Custom - Internalcustomldentifiers such as GUIDs (globaliyniqueldentifiers®), which a manufacturer can
use for all sorts of #house purposes within teministration Shell

This means that the URIS/URLs and interoastomldentifiers can represent and communicate manufacgpecific
information and fun@édns in theAdministration Sheland the 4.0 infrastature just as well as standarelizinformation
and functions. One infrastructure can serve both purposes.

CLSID areURIs for GUIDs. They start with a customer specific schema. So Custom should really only be used if the
custeomer specific identifier is no IRDI nor an IRI.

Besides the globddentifiers there are alstdentifiers that are unique only within a defined namespace, typiital
parent element. Theddentifiers are also called local identifiers. Example: Properties within a submodel have local
identifiers.

Besides absolute URIs there are also relative URIs.

See also DIN SPEC 914043] for further information on identification of physical objects.

4.4 .3 ldentifier s for Assets andAdministration Shells

For the domain of smart manufacturing, the assets need to be identified worldwide [dhifR@ by the means of
identifiers (IDs). TheAdministration Shelhasaunique ID, as well.

! https://tools.ietf.org/html/rfc3987
2 https:/ftools.ietf.org/html/rfc3986

3 https://en.wikipedia.org/wiki/Universally _unique_identifier
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Figure 6 The Administration Shell needs a unique ldentifier, as well as the asset being describ@diodified figure
from [4])

14.0 compliant communication

— 14.0 Component I

PropertiesyithIDs

PropertiesyithIDs
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Complexata
withIDs

Documents
withIDs

Asset, e.g. electrical axis system
Unique ID
|
I | | |
r\\% ”n ‘
o~ 1)
N - —
Sl e

SourcePlattforrmdustrid.0

An Administration Shelrepresents exactly oresset, with a unique asset Ilb.a batch based production, the batches
will becomethe asseand will be described by respectiv@dministration Shelllf a set of assets shall be descriligd
an Administration Shellaunique ID forthe composite asseeeds to be creat¢tl?].

The ID of the asset negtb comply the restrictions for globklentifiers according4][20]. If the asseis featuring further
identifications, serial numbers and such, there are not to be confused with the uniquielgtulfigs of the asset itsélf

4.4.4 Which ldentifier s to use for whichElements

Not everyldentifieris applicable for everglementof the UML model; the following table therefore puts constraints on
the various entities, which implement "Identifiabta""hasSemanticsAttributes relate to the metadel inClause4.6
andClause4.7.

Table 2 Identifiables, attributes and allowed identifiers

Allowed Identifier s
Identifiable Attribute (recommended or Remarks
typical)
_ mandatory
Asset id IRl (URL) _ _
T lly, URLs will b d
AdministrationShell ypicaly S Wit be use
idShort string mandatory
Asset id IRI mandatory
“Such additional |l ocal i d e nassefidendificagionadéd. cont ai ned i n t he

5 Note: In version V1.0 of this specification idShort was optional for Identifiables. This chany@dimow idShort is

mandatory for all Referables.
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Allowed Identifier s

Attribute

Identifiable

(recommended or Remarks

typical)

Typically, URLs will be used4]
idShort string mandatory
mandatory
id IRDI, IRI (URI) IRDI, if the defined submodel is standardiz
and an IRDI was applied for it
mandatory
Submodel with kind o 19Short string Typically used asdShortfor the submodel o
Template kind Instanceas well
optional
_ The semantic id might refer to an extery
semanticld IRDI, IRI (URI) information source, which explains tH
formulation of the submodel (for example
PDF if a standard)
id IRI (URI), Custom mandatory
mandatory
idShort string Typically, theidShort orEnglishshort namef
the submodel template referenced via
Submodel with kind = semanticld
Instance recommended
The semantic idnay be either a reference to
semanticld IRDI, IRI (URI) submodel with kind= Template (within the
same or another AAS) or it can be an exter
reference to an external standard defining
semantics of the submodel.
mandatory
idShort string Typically theEnglishshortname of thelement
referenced visemanticld
SubmodelElement mandatory
semanticld IRDI, IRI (URI), | Jink to the concepbescriptionor the concept
Custom definition in an external repositora a global
id
mandatory
Concepbescriptionneeds tchave a global id
id Custom or IRDI If the concept description is a copy from
external dictionary like eCl@ss it may use t
same global id as it is used in the exter
dictionary.
Concepbescription mandatory
idShort string
e.g.same a&nglishshort name
optional
i f . L
IsCaseO IRDI, IRI (URI) links to theconceptdefinition in an external
repository the concept description is a co
from or that it corresponds to
View idShort string mandatory
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Allowed Identifier s
Identifiable Attribute (recommended or Remarks
typical)
recommended
. IRDI, IRI (URI),
semanticld Custom links to the view definition in an externa
repository
recommended
Qualifier semanticld IRDI, IR (URD), ;(T;fn;?r;hisgz?“ﬁer ype definitn in 2
Custom P y
IRDI, if the defined qualifier type is
standardized and an IRDI was applied for it

4.4.5 How are New ldentifier s Created?
Following the differentdentification typegrom Clause4.4.3 it can be stated

(a) IRDIs are assumed to be already existing by an eatspecification angtandardizatioprocess, when it comes
to the creation of a certadministration ShellForbringingsuchIRDI Identifiersinto life, refer toClause4 of
the documeni4].

(b) URIs and URLs can easily be foed by developers themselves, also on the fly whertimgea certain
Administration ShellAll that is neededs a validauthority, for example of the company, at@imake sure that
the way the domain (e.gdminshellio) is organised ensures that the path behin¢hdiséname is reserved in a
semantically nique way for thest&dentifiers. In this way, @ch developer can create an arbitrary URI or URL
by combining the hoshame and some chosen path, which only needs to be unique in the developer's
organisation.

(c) Custom dentifiers can also be easily formed by developers themselves. All that is necessary is a corresponding
programmatic functionality to be retrieved. It is necessary to ensure that imtest@hidentifiers can be clearly
distinguished from (a) or (b).

(d) Local identfiers can also be created on the fly. They have toniguewithin their namespace, usually defined
by theparentrelationship.

4.4.6 Best Practice for Greating URI Identifier s

The approach for semantics and interaction for 14.0 compofigtjtsuggests the use of the following structure for URIs
which is slightly modified herel'he dea is to always structure Usbllowing a scheme of different elementdowever,
this isjust a recommendation and not mandatory to be used.

Table 3 Proposed structure for URIs

Syntax

Element Description
component

Organisation Legal body, administrative unit or company issuing the ID A

Organisational subunit L - T L
9 Sub entity in organisation above, or released specification or publicati

Document 1D/ organisation above P

Document subunit 9 '

Submodel / DomaiiD Submodel of fgpctlonal or knowledgdse domain of asset &dministration P
Shell theldentifier belorgs to.

Version Version number in line with release of specification or publicatiddesftifier | P

Revision number in line with release of specification or publicatior

Revision .
Identifier

5 URLs are also URIs
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Property / ElementD Property or further structural element ID of theéministration Shell P

Individual numbering of the instances within release of specificatio

Instance number ..
publication

In the table, syntax component "A" refers to authority of RFC 3986 (URI) and namespace identifier of RFC 2141
(URN); "P" refers to path of RFC 3986 (URI) and namespace specific string of RFC 2141 (URN).

<AASURI> YYT FraOKSYShH ayé FldziK2NAG@EH w fLIGKDH 8

<scheme> := avalid URI scheme

<authority> ::= <Organisation>

<path> = <subunit> <domain> <release> <element>

<subunit> YYT W 6aké P aYEOD FhNBFYAalFGA2Y Lt {dzdzyAdk52Odz
<domain>Y Y I w 64aKEéE p o & VYD F{dzoY2RSt k 52YIAY

<release>Y Y I © 6AaKEéE p GYEOD on>*4F SNEA2Y H ® 6dakKé p aYED Fws
<element> Y YT ® O0aKEé P GYé -Ip>|é&lmstance numbers *NB LISNIie k 9t SYSy i

Using this schemejalid URNs and URLSs can be creajdubth being URIsFor the use oAdministration She, URLs
are preferred, as functionality (such REST services) can be bound to tldentifiers, as well.Examples of such
Identifiers aregiven inTable4.

Table 4 Example URN and URL-based Identifiers of theAdministration Shell

Identifier

Description

Property class Examples

Administration Shell| 1D of the Basis urn:zvei:SG2:aas:1:1:demo11232322
ID Administration Shell http://www.zvei.de/SG2/aas/1/1/demo11232322
SubmodelD (Type) Identification of type| Selected submodel urn:GMA:7.20:contractnegotiation:1:1
of submodel are basis, others free| pyip:/mww.vdi.ce/gma720/contractnegotiation/1/1
Identification of the urn:GMA.:7.20:contractnegotiation:1:1#001
Submodel ID | .
(Instance) instance  of  theg Free http://www.vdi.de/gma720/
submodel contractnegotiation/1/1#001
o urn:PROFIBUS:PROFIBUPA:V3-
Property/parameter/s Identification of the ) B 02:Parameter:1:1:MaxTemp
property, paramete| Domainspecific
atus type IDs and status types http:/www.zvei.de/SG2/aas/1/1/demo11232322/m3
emp
Property/parameter/s urn:PROFIBUS:PROFIBUPA:V3-
atus instance ID{ ldentification of the 02:Parameter:1:1: Maxfnp#0002
property parametery Domainspecific _
(not used by | and status instance http://www.zvei.de/SG2/aas/1/1/dem011232322/mg
metamodel) emp#0002
Note: the last row of the table is only used for completion; the metamodel does not foresee identifiers for

property/parameter/status instances.
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4.4.7 Creating a Submodel Instance based oran Existing Submodel Template

In order to instantiate axistingsubmodel templatehereshouldbe apublic specification of thsubmodetemplate e.qg.
via publication by Plattform Industrie 4.8s a special case, instantiating a submodel fronompublic submodel
template such as ananufacturer specification, is also possible.

As of November 209, there are no finallpublished standaizkd submodel templateavailable but some examples are
describedn [6], which provides simple tables listing properties in a predefined hierarchy.

In eachsubmalel template the Identifier s of property definitions to be used as semantic referencese already
predefined. An instantiation of such submodelkerely ha to create properties with a semantic reference to the property
definitions andattach values to these properties.

In such case, thielentifier for the existingsubmodel templatis also predefined, probably as a URInd is to be used as
semantic reference for the submodel instance

What remains is to create &entifier of the submodel instance itself, which is in the regular case an URI/URL.

Note: for maintaining integrity over multiple Administration Shells, appropriate referencing (derivedFrom) between
submodel instances and submodel templates has to occur, as well as for submodel instances of interlinked
asset types and instances. A possible framework could then monitor and synchronize changes to the value
statements of the submodel instances according to user requirements (automatic synchronization is not
always desired).

4.4.8 Can New or Proprietary Submodels be Brmed?

It is in the interest of Industrie 4.0 for as many submodels as possible, including free and proprietary submodels, to be
formed ¢ [4,AFree property setso). A s ub mo dAdministration Shetbf ah o r me d
asset. For this purpose, the provider ofAleninistration Sheltan form inrhouseldentifiers for the type and instance of

the submodel in line with Sectigh4.5 All 14.0 systems are called on to ignore submodels and properties that are not
individuallyk n o wn and simply to fAoverlookod them. Forieghi s r e
manufacturesspecific or usespecifici information, submodelsr properties in a\idministration Shell

Note: it is in the intention of the Administration Shell, that proprietary information is included as well. For example to
link to company-wide identification schemes or information required for company-wide data processing. By
this, a single infrastructure can be used to transport standardized and proprietary information at the same
time; this conveys the introduction (and later standardization) of new information elements as well.

Note: if a submodel instance is formed without a clear relation to a submodel template or semantic definition, this
will be of limited use for other users/ accessing systems of the Administration Shell, as these cannot grasp
the semantic context of the data contained.

4.4.9 Usage of dort ID for Identifiable Elements

The Administration Shelfosters the use of worldwide uniqigentifiers to a large degree. Howeviersome cases, this

may lead to inefficiencies. An example might be referring to a property, which is part of a submodel which is part of an
Administration Shelland each of these identified by globdéntifiers [4]. For example, in an application featuring a
resource oriented architecture (ROA), a worldwide unique resource locator (URL) might be composed of a series of
segmentswhich in turn do not need to be worldwide unique:
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Figure 7 Motivation of exemplary identifiers and idShort

. Identifier Identier Identifier Identifier

Entity: Asset X AdminShell + Submodel + SubmodelElemen

E | http://pk.festo. http://smart.fest http://smart.fest

. d).(emp ary com/3S7PLPGNg ™ | 0.com/aas/3434| <«— | o.com/submodel not identifiable

c: FL2 3433432434 $/960594795

Exemplary http://pk.festo. http://smart.fest

id respectively com/3S7PLPG 0.com/aad3434 / energyefficiency / setpoint

idShort FL2 3433432434
| & =represented by <— = belongs to / = chained together E
ST oo ooossososssosoooooooo- : SourcePlattforrindustrid.0

In order to allow such efficient addressingetdmentdy an API of arAdministration ShellidShort is providedor a s¢

of classe®f the metamodel, which inherit from abstract clas$erablejn order to refer to such dependetementg-

4.6). However, an external system addressing resources Aflimmistration Shelis required to check the respective
semantics by assertimgmanticldirst, before accessingementsy id or idShort(- 4.7.2.

4.5Events

4.5.1 Overview

Events are a very versatile mechanism of the AAS. In the following sections, first soossasdor events are described.
Different types of events are summarized in order to depict requirem&ubmodelElemeriiEventd is introduced,
which is able to declare events of an AAS. The general format of event messages is specified.

4.5.2 Brief Use Cases forEvents Used in Asset Administration Shells

1 An integrator has purchased a device. Later in tiime supplier of the device provides a new firmware. The

integrator wants to detect the offer of a new firmware and wants to update the firmware after evaluating its

suitability ("forward events")The mechanism is, that a dependent AAS ("D4") detects £¥%@mh a parent or
type AAS ("D1"), which is described by tlierivedFromrelation.

1 An integrator/ operator operates a motor purchased from a supplier. During operation, condition monitoring

incidents occur. Both parties agree on a business model prowihilgbility. So, the supplier wasito monitor
status of devices which are further in the value chain ("reverse events").
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Figure 8 Forward and Revers Events

% @: Supplier % Integrator

Internal
Publish Receive
D1 [ forwardevents > D4
o/l b o/l b
D D
q/o|p o|p
go D go D
product
L= | 4GB | — | d/6lP 4
delivery

product 'DE" . 'DE" A

delivery

@ <E reverseevents 1 H

1 An operator is operating a certain 14.0 component over time. Charmesianally occur to these 14.0
components from different systems. For documentation and auditing, changes to this 14.0 component shall be

tracked. This can be achieved by recording events over time.

Figure 9 Tracking of Changes va Events

) y % Operator

Outer (message)

infrastructure ’—> 8

]

Hrzﬂ <& & <& & -
. ]

E Maintenance Upgrade new product .

]

=1 .

Operation of machine asset(years)

Outer system

System boundary AAS + asset

1 An operator is operating different 14.0 components, which are deployed to manufacturer clouds. The operator
wants to integrate data from these components, according to DIN SPEC 92222. Therefore, information needs to

be forwarded to the operatclioud ("value push").
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Figure 10 Value Push Events across Clouds
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4.5.3 Input and Output Directions of Events

It may be relevant to distinguish between input and output directions of an event with respect to the observed model, the
respective Referable.

Direction Descriptions

Output The event is monitoring thReferableit is attached to. An outer messal
infrastructure, e.g. by OPC UA or MQTT or AMQP, will transport th
events to other AASes and further outer systems and users.

Input The software entity, which implements the respedigéerable can handle
incoming events. These incoming events will be delivered by an
message infrastructure, e.g. by OPC UA or MQTT or AMQP, to
software entity of th&®eferable

4.5.4 Typesof Events

According to the above usmses, different types of events are pdeasibhe following table gives an impression
possible event types. Each event type will be identified $gnaanticldand will feature a specialized payload.

Group Direction” Motivation / conditions
Structural changes of tt Out 1 CRUD? of Submodels, AssgtSubmodelElements and suc
AAS
In 1 Detect updates on parent/ typletivedFromAAS
Updates of Properties ai Out 1 update ofvalues of SubmodelElements

dependent attribute

=

timestamped updates and time series update
91 explicit triggering of an update event

Operation of AAS Out 1 monitoring of (longlasting) execution oDperationElemen
and updating events while execution

7 see lelow

8 Create, Retrieve, Update, Delete
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Monitoring,  conditional Out 1 e.g. whervoiding some limits (e.g. stated by Qualifiers w
calculated events expression semantics)
Infrastructure events Out 1 Booting, Shutdown, out of memory .. of software entity

respective Referable (AAS, Submodel)
Repository events In/ Out 1 Change of semantics of IRDIs éagiated concept definitior

Security events Out 1 logging events
9 access violations, néefitting roles & rights, denial of servici

Alarms & events Out 1 alarms and events management analog to distributed c
systems (DCS)

Custom event types

In anycase, it is possible to define custom event types by using a proprietary, but worldwide unique, semanticld for this
event type. Such customized events can be sent or received by the software entity of the respective Referable, based on
arbitrary conditios, triggers or behavior. However, the general format of the event messages needs to comply this
specification, but the payload might be completely customized.

Event scopes

Events can be stated with abhservableReferende the Referablesof AAS, Submoded SubmodelElementCollections
andSubmodelElementFheseReferablesre defining the scope of the events, which are to be received or sent.

Event attached to .. Scope

AAS This event is monitoring/ representing all logical elements of
Administration Shell, such a&AS, Asset, Views, Submodels

Submodel This event is monitoring/ representing all logical elements of the respg
Submodeund all logical dependents.

SubnodelElementCollection This event is monitoring/ representing all logical elements of the respe
SubmodelElementCollectiamd all logical dependents.

SubmodelElemeniothers) This event is monitoring/ representing a singtemic SubmodelElemen
e.g.a data elememnwhich might include the contents ofgdob or File.

4.5.5 Possible Future Atributes of an Event

Up to now the metamodel offers a very simple modeling of an event. Besides the inherited attributes that are available for
everyReferableonly one attribute for referencing the data or other elements being observed is added. This is expected to
be a good starting point.

For future extensions other attributes like explained in the following tables.

Attributes of the event element

Class: EventElement(non normative,only for discussion)

Explanation: Defines the necessary information for sending or receiving events.

Inherits from: SubmodelElement

Attribute Explanation Kind Card.

(*=mandatory)

(+=inherited)
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Class: EventElement(non normative only for discussion)

idShort- Identification of the element itself. Provides | string attr 1
unique identification for a possible event flg
scheduling.

semanticle Semantic identification of the event type. Reference attr 1

observableReferenc Reference to the Referable, which defines | Reference attr 1
scope ofthe event. Can be AAS, Submod
SubmodelElementCollection q

SubmodelElement.

direction Can be { Input, Output }. Enum attr 1
state Can be { On, Off }. Enum attr 1
messageTopic Information for the outer message infrastruct| string attr 0.1

for scheduling the event to the respect
communication channel.

messageBroker Information, which outer message infrastructy Reference attr 0.1
shall handle messages for the EventElem
Refers to a Submodel,

SubmodelElementCollection, which contai
DataElements  describing the proprieta
specification for the message broker.

Note: for different message infrastructure, €
OPC UA or MQTT or AMQP, these proprieta
specification could be standardizdryy having
respective Submodels.

lastUpdate Timestamp in UTC, when the last event W xsd:dateTime | attr 0.1
received (input direction) or sent (outp
direction).

mininterval For input direction, reports on the maximy xsd:dateTime | attr 0.1

frequency, the software entity behind t
respective Referable can handle input events.

For output events, specifies the maximy
frequency of outputting this event to an ou
infrastructure.

Might be not speciéd, that is, there is n
minimum interval.

maxinterval For input direction: not applicable. xsd:dateTime | attr 0.1

For output direction: maximum interval in tim
the respective Referable shall send an updat
the status of the event, even if not oth@gger
condition for the event was not met.

Might be not specified, that is, there is
maximum interval.

Attributes of the event message

Eventssent or received by AAS always comply to a general format. Exception: eéxehinged in the course of an 14.0
interaction pattern.
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Class: EvenMessagd&non normative only for discussion)

Explanation: Defines the necessary informatioham event instance sent out or received.

Inherits from: -

Attibute Explanation

(*>mandatory)

source Reference to the source EventElement, includ Reference attr 1
identification of AAS, Submodel
SubmodelElements.

sourceSemanticld semanticld of the source EventElement, | Reference attr 0..1
available

observableReference Reference to the Referable, which defines | Reference attr 1
scope of the event. Can be AAS, Submo
SubmodelElementCollection q

SubmodelElement.

observableSemanticl{ semanticld of the Referable, which defines | Reference attr 0.1
scope of theevent, if available. See above.

topic Information for the outer message infrastruct| string attr 0.1
for scheduling the event to the respect
communication channel.

subject ABAC-Subject, who/ which initiated the creatiq string attr 0.1
timestamp Timestamp in UTC, when this event w| string attr 1
triggered.

payload Event specific payload. Detailed in annex. string attr 0.1
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4.60verview Metamodel of the Administration Shell

Figure 11 Overview Metamodel of the AsseAdministration Shell
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In this clausean overview of the main concepts of thesetAdministration Shethetamodel is presented.

The main parts of aAssetAdministration Shel(AAS) isthe asset it is representing as well as the submddetonally,
dictionariesand viewamay be part of the AASA dictionary contais conceptlescriptionsised to describe the semantics

of submoded. For details se€laused.7.3 Views define a set of elements selected for a specific stakeholder. For details
seeClause4.7.16

An AASrepresee x actly one asset. Asset types and as<ked. i nst:
For details se€lause4.7.2.3

Note: the UML modelling uses so-c al | ed abstract classes for Has Seimagti eséed
AfiQal i fiableodo etec.

In case of an AAS ddininstance assga reference to the A@representinthe corresponding asset typeanother asset
instance is was derived fromay beadded(derivedFron). The same holds for AAS of an asset type: also types can be
derived from other types.

An asset typically may be represented by several diffédentification properties like for example the serial number, its
RFID code etc. Suchlocal identification properties are defined in thasset identification submodel
(assetldentificationModgl For details se€lause4.7.4

AASs, assets, submodels arahcepdescriptionsieed to be globally uniquely identifiaklelentifiablg). Other elements
like for example properties, single local dictionaries just need to be referable within the model amilytheed a local
identifier (dShortfrom Referablé. For details on identificatioseeClause4.3. For details oridentifiableandReferable
seeClause4.7.2.1

Submoded consist ofa setof submodel elem@s Submodel elementsay be qualified by a scalled Qualifier. For
details se€lause4.7.5

There are different subtypessafomodel elementike properties, operationspllectiorsetc For details se€lause4.7.5
A typical submodel elemens shown in the overview figure property. Aproperty is adatasubmodel elemerhathas
avalueof simple type like string, date et€or details on properties s€ause4.7.7.

Everysubmodel elemenmteeds a semantic definitiggemantitd in HasSemants). Thesubmodel elemenhight either
refer directly to aorresponding semantaefinition providedby an external reference (e.g. to e@l@ss or IEC CDD
propertydefinition) or it may reference submodel element &iind = Templatethat defines the semantics of submodel
elements okind = Instance For details se€lause4.7.2.5

The AAS itselfcan also define its own dictionary that contains semantic definitions of its submodel elements. These
semantic definitions are called concept descripti@un¢eptDescription It is optional whether an AAS defines its own
conceptdictionary(ConceptDictionaryor not.For details se€lause4.7.2Q

Theconceptictionary may contain cags of property definitions of external standards. In this case a semantic definition
to the external standard shall be adde@4seOf. isCaseOfis a more formal definition afourceOfDefinitiorthat is just
text.

Note: in this case most of the attributes are redundant because these are defined in the external standard. It is
about usability to add attributes for information like preferredName, unit etc. Consistency w.r.t. to the
referenced submodel element definitions should be ensured by corresponding tooling.

The conceptdictionary may also contain proprietary definitions. In this case the provider of the AAS shall be aware that
no interoperability with other AAS can leasured.

Data Specificatiomemplate can be use@@ataSpecificationto define which attributebesides those predefined by the
metamodelare used to define submodel elemerdr a cnceptdescription For theconceptdescription of properties
typically theData Specification Templafellowing IEC 61360 is usedFor denoting recommendd2hta Specification
Template to be used the<template>>-dependency is usedror detailsseeClause4.7.2.6

SomeData Specification Templadike the template for IEC 61360 property definitigPataSpecificationlEC6136§0
are explicitly predefinedand recommended to be udeglthe Plattform ihdugrie 4.0. For details se€lause4.8.2 If
proprietary templates are used, again, interoperability with other AAS cannot be ensured.
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Besidessubmodel elements indaling propertiesand conceptdescriptios also otheridentifiable elements may use
additional templatesHasDataSpecification For details se€lause4.7.2.7

Submodel elementandthe slbmodelsthemselvesnay have additionalwglifiers (Qualifiable). PerQualifiable there
might be more than @qualifier. For details se€lause4.7.2.6

Additionally, Views can be defined within an AAS. Views may consist anfy elemerst that are referable
(containedElemejtA SafetyVi ewo, f or e x a mp tiegor operationghat aresasetyrelévant gnaheed e r
special treatmentor details se€lause4.7.16 A View definition can also be used in different life cycle stages. For
examplethere could be a view for engineering and all referenced artefacts are deleted before delivering the &AS to th
customer.

For every AAS security aspects need to be considseali(ity. In this document the aspect of access control is covered
in more detail. Sealled access permissiauiesare definedthat define which permission a spectiathenticatedubject
has on whiclobject For details se€lause6.

Figure 12 gives a complete picture of all elements defined in the metamexiglding securitylnformation on the
Securitypartis found inClause6.4.

4.7Metamodel Specification Details Designators

4.7.1 Introduction

In this clausethe classes of the metamodel are specified in detainhex Bthe template used to describe the classes
and relationships isxplained In Annex Csome of the diagrams are shown together with all its inherited attributes to
give a complete overview.

For understanding thepecificationsit is crucial to understand the common attribditess (Clause4.7.2. They are reused
t hroughout the specifications of the other classes (A
qualifiable etcThey are abstract, i.e. there is no object instance of such classes.

4.7.2 Common Attributes

4.7.2.1 ldentifiables & Referables

Figure13 Metamodel for Identifiables and Referables

class Common - Identifiable and Referable/

«abstract»
Referable

idShort: string

category: string [0..1]
description: LangStringSe{ [0..1]
parent: Referable* [0..1]

i

«abstract»
Identifiable

+ + + +

+ administration: AdministrativeInformation [O..]
+ identification: Identifier

The metamodel distinguishes between elements that are identifiable, referabtee mfboth. An identifiable element

as a globally unique identifieldentifier). Referable elements can be referenced but for doing so the context of the element
is neededA referable has a short unique identifigdShor) that is unique just in its context, its name space. An
identifiable is also referable but there are elements that are not referable: they are just attributes of al defstifibldes

may have admistrative information like version etc.
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A name space is defined as follows in this context: The parent element an element is part of and that is either referable or
identifiable is the name space of the element. Examples: A submodel is the name space for the properties contained in it.
The namespace of ssubmodel elementbeing contained in aubmodel elementollection is thesubmodel element
collection. However, for identifiables the name space is not important since identifiables per definition have a global
identifier.

Class: Refeable<<abgract>>

Explanation: An element that is referablyy its idShort This id is not globally uniquéThis id is unique within
the name space of the element.

Inherits from: B

Attribute Explanation
*~mandatory)

string

idShort Identifying string of the element within its nam
space.

ConstraintAASd-001: In case of a referable eleme
not being an identifiable element tldsis mandatory
and used for referring to the element in its na
space.

Constraint AASd002: idShort shall only feature
letters, digits, underscore ("_"); startimgandatory
with a letter.

Constraint AAS003: idShortshall be matched cas
insensitive.

Note: In case of an identifiable elemddBhortis
optional but recommended to be defined. It can
used for unique reference in its name space and
allows better usability and a more performg
implementation. In this case it is similar to t
iBr owseriPmtPC UA.

Note: In case the element a property and th
propertyhas a semantic definitiglasSemantigghe
idShort is typically identical to theshort name in
English.

category The category is avalue that gives further meti string attr 0.1
information w.r.t. taheclassof theelement. It affectg
the expected existence of attributes and
applicability of constraints.

Note: The category is not identical to the sema
definition (HasSemantids of an element. Thg
category e.g. could denote that the element
measurement Wae whereas the semantic definiti
of the element would denote that it is the measy
temperature.

description Description or comments on the element. LangStringet | attr 0.1

The description can be provided in several langua|

parent Reference to the nexreferableparent element of th{ Referable ref 0.1
element.
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Refemble<<abdract>>

Constraint AASd-004: Add parent in case of ne
identifiable elements.

Note: This element is used to ease navigation in
model and thus it enables more perform
implementation. In does nagive any additiona
information.

Class: Identifiable<<abstract>>

STIEGEU M An element that hasglobally uniqueidentifier.

[l Rife]iM Referable

Attribute Explanation
(*=mandatory)

administration | Administrative information of ar] Administrativelnformation

identifiableelement.

Note: Some of the administratiy
information like the versior
number might need to be part
the identification.

identification* | Theglobally uniqueidentification | Identifier attr 1
of theelement.

4.7.2.2 ldentifier

Figure 14 Metamodel for Identifier

class Common - Idemifier/

«enumeration»
IdentifierType
Identifier yp
- — ——————-—--= Custom
+ idType: IdentifierType IRDI

Information about identification can be foundGiause4.4. In Claus 4.4.4constraints and recommendation on when to
use which type ofdentifier can be found

Examples foldentifiers can be found i€lause4.4.3Identifiers for Assets and\dministration She#.

SeeClause4.4.4for information which identifier types are supported.

Class: Identifier

Explanation: Used to uniguely identify an entityy using an identifier.

Inherits from: -
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Class: Identifier

Attribute Explanation
(*=mandatory)

IdentifierType

IRDI etc. The supportedientifier
types are defined in th
e n u me r ldentifiedTgpedii

id* Identifier of the element. Id attr 1
Its type is defined imdType

Enumeration: IdentifierType

Explanation: Enumeration of different types tdentifiers for global identification

Literal Explanation

IRDI IRDI according tolSO290025 as anldentifier scheme for properties an
classifications.

IRI IRI according to Rf8987. EveryURI is an IRI.

Custom Customidentifierslike GUIDs (globally uniqueidentifiers)

4.7.2.3 Type or Instanceof Model Elements (HasKind)

Figure 15 Metamodel for HasKind

class Common —HasKind/
«abstract» «enumeration»
HasKind ModelingKind
+ kind: ModelingKind [0..1] = Ingtarice™~>>|  Template
Instance
Class: HasKind
Explanation: An elementwith a kindis an element thatan either representtamplate (type)r an

instance.

Default for an element is that it is representing an instance.

Inherits from: --

Attribute Explanation
(*=mandatory)

Kind of the elementeither type orf ModelingKind
instance.

Default Value dnstance

The kind enumeration is used to denote whether an element is dffédmplateor Instance.
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Enumeration: ModelingKind

Explanation: Enumeration for denoting whether an elementtsnaplateor an instance.

Inherits from --

Literal Explanation

Template

Software element which specifies the common attributes shared by all
instances of the template.

[SOURCE: IEC TR 62390:2005-01, 3.1.25] modified

Instance
Concrete, clearly identifiable component of a certain template.

Note: It becomes an individual entity of armplate for example a devic
model by defining specific property values.

Note: In an object oriented view, an instance denotes an objeceoffdte
(class)

[SOURCE: IEC 62890:2016, 3.1.16 65/617/CDV] modified

4.7.2.4 Administrative Information

Figure 16 Metamodel for Administrative Information

class Common - Administrative Information/

Referable
«abstract» Administrativelnformation
Identifiable -=2>+ version: string [0..1]
+ administration: Administrativelnformatipn [O. + revision: string [0..1]

+ identification: Identifier

Everyldentifiablemay have administrative information. Administrative informatiiociudes for example

1 Information about the version of the element

1 Information about who created or who made the last change to the element

1 Information about the languages available in caseelement contains text, for translating purposed also the
master or default language may be defined

In the first version of the AAS metamodel only version informatismefined by IEC 61366 defined. In later versions
additional attributes may be adte

Version corresponds in priipde to theversion_identifietaccording to IEC 62832 but is nesedfor concept identifies
only (IEC TS 628321) but for all identifiable element¥ersion and revision together correspond to the version number
accordingto IEC 62832.

Administrativelnformatiorallows the usage of templatédasDataSpecificationbut there are no predefined templates
in this version of the metamodel.

Note: Some of the administrative information like the version number might need to be part of the identification.

Class: Administrativelnformation

Explanation: Administrativemetanformation for an element like version information.
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Class: Administrativelnformation

Inherits from: HasDataSpecification

Attribute Explanation

(*=mandatory)

version Version of theelement. string attr 0.1
revision Revision of the element. string attr 0.1

ConstraintAASd-005:; A revision
requires a version. This means,
there is no version there is 1
revision neither.

4.7.2.5 Semantic ReferencegHasSemantics)

Figure 17 Metamodel for Semantic References (HasSemantics)

class Common - HasSemantics /

«abstract»
HasSemantics

+ semanticld: Reference [0..1]

Class: HasSemantics<abstract>>

Explanation: Element that can have a semantic definition.

Inherits from: --

Attribute Explanation

(*=mandatory)

semantitd Identifier of the semantiq Reference
definition of the elementlt is
called semantic id of the elemen

The semantic id may eithe
reference an external global id
it may reference a referable mog
element of kind¥emplate that
defines the semantics of th
element.

Note: In many cases the idShort]
identical to theenglishshort name
within the semantic definition a
referenced vids semantic id.
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4.7.2.6 Qualifiables and Formulas - Constraints

Figure 18 Metamodel Qualifiables, Formulas and Constraints

class Common - Qualifiable/

«abstract» «abstract>
Qualifiable [~~~ ~=-~=> Constraint
+ qualifier: Constraint [0..*]
HasSemantics Formula

Qualifier

type: QualifierType
valueType: DataTypeDef
value: ValueDataType [0..1]
valueld: Reference [0..1]

+ dependsOn: Reference*|0..}

+ + + +

For qualifiable elements additional qualifiers may be defifed.details on qualifiers and for predefined standardized
qualifier types see IEC 62569 For example, a level qualifier defining the level typ@imal value, maximum value,
typical value and nominal value can be found in IEC 62b6&dditional qualifier types are planned to be defined in the
ongoing work of DIN SPEC 92000 like for example expressions semantics and expression logic.

If there areno predefined qualifier types or the additional qualification is quite complex then instead of a set of qualifiers
also a formula can be defined.

In Figurel9anexamp|l e for a formula depending on the property
defined for the AAS.

Figure 19 Example Formulaii Mac hi ne St atus not Runningo

<aas:Formula>
<aas:dependsOn>
<Keys> <Key loaa_Trliel ¢ A&sdiAdhinistrationShell lide J & 1811 Hitp:/my Shell </Key>
CWUJ  aiGdl A @ _Beowoddllide J e l0Shdrt] llaschine</Key>

WUJ aGdl A @ _Pepdrtylide J e I0Shdrtl Status</Key>

[

</aas:dependsOn> != RUNNING

</aas:Formula>

Class: Qualifiable<<abstract>>

Explanation: The value of a qualifiablelement may be further qualified by one or more qualifter
complex formulas

Inherits from: --

Attribute Explanation
(*=mandatory)

of al Constraint

Additional qualification
qualifiable element.

qualifier

i
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Class:

Constraintk<abstract>>

Explanation:

A constraint is used to further qualify an element.

Inherits from:

Attribute
(*=mandatory)

Explanation

Class:

Quialifier

Explanation:

A qualifier is a typevaluepair that makes additional statements w.r.t. the value o

element.

Inherits from:

Attribute

(*=mandatory)

Constraint HasSemantics

Explanation

type*

The qualifier type describes the
type of the qualifier that is applie|
to the element.

QualifierType

attr

valueType*

Data type of the qualifier value.

DataTypeDef

attr

value

The qualifier value is the value (
the qualifier.

ConstraintAASd-006: if both, the
value and the valueld are pres¢
then the value needs to loentical
to the value of the referenceq
coded value iQualifier/valueld.

ValueDataType

attr

valueld

Reference to the global ungiue
of a coded value.

Reference

attr

0.1

Class:

Formula

Explanation:

A formula is used to describe constraints by a logical expression.

Inherits from:

Attribute
(*=mandatory)

dependsOn

Constraint

Explanation

A formula may depend oj
referable or even external glob
elements that are used in
logical expression.

The value of the reference
elements needs to be accessible
that it can be evaluated in t
formula to true or false in th
corresponding logical expressic
it is used in.

Reference
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4.7.2.7 UsedTemplates for Data Specification (HasDataSpecification)

Figure 20 Metamodel HasDataSpecification

«abstract»
HasDataSpecification

+ dataSpecification: Reference

Figure 21 Metamodel for HasDataSpecification

HadataSpecificatiorkr<abstract>>

Class:

Elementthat can be extended by usindata specificationemplates. Adata
specificationtemplate defines the additional attributes an elemmeyt orshall
have.The data specifications used are explicitly specified with tilevalid.

Explanation:

Inherits from:
Attribute (*=mandatory)

dataSpecification

Explanation

Global reference tdhe data| Reference

specification template useq
by the element.

4.7.3 Asset Administration Shell Attributes

Figure 22 Metamodel AssetAdministrationShell

class Asset Administration Shell /

HasDataSpecification
dentifiable” |
AssetAdministrationShell ___

‘ Security ‘ J

+ accessControlPolicyPoints: AccessControlPoljcyPoint - -

+ certificate: Certificate [0..*] =--—--+ security: Security [0..1] Referable
+ requiredCertificateExtension: Reference [0..*] + derivedFrom: AssetAdministrationShell* [0..1 ConceptDictionary

!

|

HasDataSpecification
Identifiable HasDataSpecifica]tion
Asset HasSemantics
+ kind: AssetKind Referable
+ assetldentificaionModel: Submode|* [0..[] View
*_billoMaterial: Submodel” [0..1] + containedElement: Referablef [0..*]

v 0.*
HasDataSpecification
HasKiny
HasSemantics
Identifiabje
Qualifiabje
Submodel

An Administration Shells uniquely identifiable since it inherits froldentifiable

The derivedFromattributeis used tcestablish a relationship between twesetAdministration Shedlthat are derived
from each other~or moe detailed information othe derivedFromconcept se€lause4.2 Types and Instances
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Class:

AssetAdministrationShell

Explanation:

An AssetAdministration Shell

Inherits from:

Attribute

(*=mandatory)

derivedFrom

Explanation

The reference to the AABe
AAS was derived from.

HasDataSpecificatignldentifiable

AssetAdministrationShell

ref* 0.

A

secuity

Definition of the security
relevant aspects of the A

Security

agar 0.

A

asset*

The asset the AAS i

representing.

Asset

ref* 1

submodel

The aset of an AAS is
typically described by one o
more submodels.

Temporarily no submode
might be assigned to th
AAS.

Submodel

ref* 0..

conceptDictionary

An AAS max have one o
more concept dictionarie
assigned to it. The conce|
dictionaries typically contair
only descriptions for
elements that are also us
within  the AAS (via
HasSemantigs

ConceptDictionary

aggr 0..

view

If needed stakeholder specif
views can be defined on th
elements of the AAS.

View

aggr 0..

4.7.4 AssetAttributes

Figure 23 Metamodel of Asset

class Asset /

HasDataSpecification

Identifiable

Asset

+ kind: AssetKind
+ assetldentificationModel: Submodel* [0..1]
+ billOfMaterial: Submodel* [0..1]

1
|

v
«enumeration»
AssetKind

Type
Instance

HasDataSpecifica
HasKin
HasSemanti
Identifiab)
Qualifiab)

Submodel

tion
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Class: Asset

Explanation: An Assetdescribes meta data of an asset that is represented by an AAS.
The asset magither represent an asset type or an asset instance.

The asset has a globally unique identifier plug neededi additional domain
specific (proprietary) identifiers.

Inherits from: HasDataSpecificatigndentifiable

Card.

Attribute (*=mandatory) Explanation Kind
he

kind* Denotes whether t AssetKind

or filnstanceo.

assetldentificationMode| A reference to é&Submodekhat defines the| Submodel ref* 0..1
handling of additional domain specific
(proprietary) Identifies for the asset like.qg.
serial number etc.

billOfMaterial Bill of material of the asaset represented b Submodel ref* 0.1
submodel of the same AAS. This submo
contains a set of entities describing {
material used to compose the composite
Component.

Enumeration: AsseKind

Explanation: Enumeration for denoting whether an element is a type or an instance.

Inherits from --

Literal Explanation

Type
hardware or software element which specifies the common attributes
shared by all instances of the type
[SOURCE: IEC TR 62390:2005-01, 3.1.25]

Instance

concrete, clearly identifiable component of a certain type
Note: It becomes an individual entity of a type, for example a devicq
defining specific property values.

Note: In an object orientadew, an instance denotes an object of a clas
a type).

[SOURCE: IEC 62890:2016, 3.1.16] 65/617/CDV

For moe information ontypes and instances s€tause4.2.
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4.7.5 Submodel and Submodel Hement Attributes

Figure 24 Metamodel for Submodel

class Models as Templates or Instances /

«abstract»
HasKind

+ kind: ModelingKind [0..1] = Ingtance

HasDataSpecification HasDataSpemﬂcqtlor
. HasSemantics
HasSemantics o
o Qualifiable
Identifiab % Referable
Quialifiable 0.*
Submodel «abstract»
SubmodelElement
Class: Submodel
Explanation: A submodeldefinesa specific aspect of the asset represented by the AAS.

A submodel is used to structure tligital representation and technical functionality of
Administration Shellinto distinguishable parts. Each submodel refers to a-dedihed
domain or subject matter. Submodels can become standardized and thus become st
types. Submodels can have diffieréfe-cycles.

Inherits from: HasDataSpecificatigiHasSemantigddentifiable Qualifiable HasKind

Attribute Explanation
(*=mandatory)

submodelElementf A submodel consists afero or| SubmodelElemen| aggr
moresubmodel elements

A submodel instance can referencegshbmodel templatié was derived from. Formulated in a technicalmnsemantitd
of aSubmodeWwith kind=Instancemay refer to &ubmodebf kind=Templag (kind inherited viaHasKind.

A submodel can be qualifie@(alifiable).
Submodel elemeratre qualifiable elements, i.e. one or more qualifier may be defineghétr othem.

Submodels andubmodel elementsay also havelata specificationemplates defined for themA template might for
example be defined to mirror some of the attributespileferredNamendunit of a property dinition if the AAS does
not contain a correspondiegncepidescription. Otherwise there only is the property definitefarenced bgemanticld

available for the property: the lookup of the attributes has to be realized online in a different way and is not available
offline.

In case the submodel is kind=Templatethen thesubmodel elementwithin the submodelare presenihg submodel

elementtypes. In case the submodel is @&fnd=Instancethen its submodel elementsepresentsubmodel element
instances.
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Class:

SubmodelElement<abstract>>

Explanation:

A submodel elemens$ anelement suitable for the description and differentiatioassiets

NOTE:

The concept of type and instance applies to submodel elements. Properties are special
submodel elements.

The property types are defined in dictionaries (like the IEC Common Data Dictionary
or eCl@ss), they do not have a value. The property type (kind=Template is also
called data element type in some standards.

The property instances (kind=Instance) typically have a value. A property instance is
also called property-value pair in certain standards.

Inherits from:

Attribute

(*=mandatory)

HasDataSpecificatigrReferable; QualifiabledasSemanticHasKind

Explanation
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4.7.6 Overview of Submodel ElementTypes

Submodel elemeniaclude data properties as well as operations, events and other elements needed to describe a model
for an assefseeFigure25).

4.7.7 Data Element Attributes

Figure 26 Metamodel for Data Elements

class Data Element Subtypes /

SubmodelElement

«abstract»
DataElement

Zf A A A

Property
+ valueType: DataTypeDef Range
+ value: ValueDataType [O..[] + valueType: DataTypgDef ReferenceElement

+ valueld: Reference [0..1] + min: ValueDataType
+ max: ValueDataType|

+ value: Reference [0..1]

MultiLanguageProperty File Blob
+ value: LangStringSet [0..1] + value: PathType [(..1]| + value: BlobType [0].1]
+ valueld: Reference [0..1] + mimeType: MimeTypel + mimeType: MimeType

A data element is a submodel element that is not further composed out of other submodel elements.
A data element is a submodel element that has a valag@redefined number of values like range data elements.
A controlled value is a valughose meaning is given in an external sorce dSO/T8 2900210:2009(ED ) .

The type of value differs for different subtypes of data elem&ata Elements includgroperties and file handling and
reference elements, segyure25.

The following categories are defined fiata elements except for files and btobs

Category: Applicable to: Explanation:

A constant property is propertywith a valuethat does not chan
Property property Is property g

CONSTANT over time.

MultiLanguageProprty In eCl @ss this kind of catego¢

Property A parameter property i propertythat is once set and then typica

PARAMETER does not change over time.
MultiLan I . ) .
uliLanguagetroperty This is for example the case for configuration parameters.
VARIABLE Property A variable property is property ttat iscalculated during runtime, i.e
MultiLanguagéroperty its value is a runtime value.
Class: DataElemeng<abstract>>
Explanation: A data elemenis asubmodel elemerthat is not further composed out of otlsetbmodel
elements

A data element is a submodel elentbat has a value. The type of value differs for differ
subtypes oflata elements

Inherits from: SubmodelElement




64 | The Metamodel of the Administration Shell

Class: DataElemenk<abstract>>

Attribute Explanation
(*=mandatory)

4.7.8 Property Attributes

Figure 27 Metamodel for Property

class Submodel Element - Property/

DataElemegnt
Property

+ valueType: DataTypeDef
+ value: ValueDataType [0..1
+ valueld: Reference [0..1]

Class: Property

Explanation: A property isa data elemenhat has a single value.

Inherits from: DataElement

Attribute Explanation

(*=mandatory)

valueTypé Data ype of the value DataTypeDef attr 1

value The value of the properipstance. | ValueDataType attr 0.1

valueld Reference to the global ungiue id o] Reference attr 0.1
coded value.

Constraint AASd-007: if both, the
value and the valueld are present th
the value needs to bdenticalto the
value of the referenced coded vall
in valueld.

4.7.9 Multi Language Property Attributes

Figure 28 Metamodel for MultiLanguageProperty

class Submodel Element - MultiLanguageProperty/

DataElemgnt
MultiLanguageProperty

+ value: LangStringSet [0..1]
+ valueld: Reference [0..1]

Class: MultiLanguagéroperty

Explanation: A property isa data elemenhat has anulti languagevalue.
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Class: MultiLanguagéroperty

Inherits from: DataElement

Attribute Explanation

(*=mandatory)

value The value of the property instance.| LangStringet attr 0.1

valueld Reference to the global ungiue id o] Reference attr 0.1
coded value.

Constraint AASd-012 if both, the
value and the valueld are present t
for each string in a speciflanguage
the meaning must be the same
specified in valueld

4.7.10 ReferenceElement Attributes

Figure 29 Metamodel for Referencé&lement

class Submodel Element - Referen... /

DataElemgnt
ReferenceElement

+ value: Reference [Q..1

Class: Referenc&lement

Explanation: A reference element is a data element thefines alogical reference to anothelement
within the same or another AAS or a reference to an external object or entity.

Inherits from: DataElement

Attribute Explanation
(*=mandatory)

Reference to any otheeferable| Refeaence
element of the same of any othg
AAS or a reference to an exter
object or entity.

For more informatiormn referenceseeClause4.7.21
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4.7.11 RangeAttributes

Figure 30 Metamodel for Range

class Submodel Element - Range/

DataElemgnt
Range

—

+ valueType: DataTypeD¢g
+ min: ValueDataType [0.]1]
+ max: ValueDataType [0].1]

Class: Range

Explanation: A range datalement is a data elemahttdefinesa range with min and max.

Inherits from: DataElement

Attribute Explanation
(*=mandatory)

valueType* Datat ype of themin und max DataTypeDef

min Theminimumvalue of therange. | ValueDataType| attr 0.1

If the min value is missing then th
value is assumed to be negat
infinite.

max The maximum value of the range ValueDataType| attr 0.1

If the max value is missing then tf
value is assumed to be positi
infinite.

If the semanticlds a reference to a concepstription then it is a concept description with data specificatiof 186D.
The value folevelTypds the set {Min, Max}.

4.7.12 Blob and File Attributes

Figure 31 Metamodel for Blob and File

class File and Blob Data Element /

SubmodelElement

«abstract»
DataElement

Blob File

+ value: BlobType [0..[l] |+ value: PathType [O..]
+ mimeType: MimeType |+ mimeType: MimeTyg

—

@
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A media type(also MIME type and content typg[ € is a twepart Identifier for file formats and format contents
transmitted on thdnternet The Internet Assigned Numbers Authority (IANA}f the official authority for the
standardization and publication of these classifications. Megistyere originally defined iRequest for Comments
2045 in November 1996 as a partMfME (Multipurpose Internet Mail Extensionspecification, for denoting type of
emailmessage content and attachmejt§ hence the naméMME type.®

Class: Blob

Explanation: A BLOB is a data elemerthat represents a file that is contained with its source code i
value attribute.

Inherits from: DataElement

Attribute Explanation
(*=mandatory)

Thevalue of theBLOB instance of| BlobType
a blobdataelement

Note: In contrast to the filg
property the filecontentis stored
directly as value in the Blobata
element

mimeType* Mime type of the content of thf MimeType attr 1
BLOB.

The mime type states which file
extension the file has.

Valid values are e.g

Afapplication/j s
fapplication/ x|
The allowed values are defined
in RFC2046.
Class: File
Explanation: A File is a data element that representsaddress ta file. The value is an URI that c3

represent an absolute or relative path.

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)

value Path and name of the referend PathType attr 0..1
file (with file extension).

The path can be absolute
relative.

mimeTypé Mime type of the content of thl MimeType attr 1
file.

% Wikipedia.org, date: 20184-09
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For handlingof supplementanexternal filesin exchanging AAS specification in aasx fornsge alsoClause7.4
Conventions for the Assétdministration Shelpackage file format (AASX)An absolute path is used in the case that the

file existsindependently of the AAS. A relative path, relative to the package root should be used if the file is part of the
serialized package of the AAS

4.7.13 SubmodelElement Collection Attributes

Figure 32 Metamodel for Submodel Element Colletions

class Submodel Element Collections/
HasDataSpecification «abstract»
HasKind_ ___ ... ..__.__] Constraint
HasSemantics
Qualifiable
Referable
«abstract»
SmeOdeIElement HasSemantiCS
ualifier
A Q
! + type: QualifierType
! + valueType: DataTypeDef
] + value: ValueDataType [0..1]
SubmodelElementCollection + valueld: Reference [0..1]
+ value: SubmodelElement [0..*]
+ ordered: boolean [0..1] = false
+ allowDuplicates: boolean [0..1] # false

Class: SubmodelEleme@ollection

Explanation: A submodel elememollection is a setr list of submodel elements

Inherits from: SubmodédElement

Attribute Explanation
(*=mandatory)

Submodel elememobntained in the
collection

SubmodelElemen| aggr

ordered If ordered=false then the elemer boolean attr 0.1
in the propest collectionare not
ordered. If ordered=true then tt
elements in thecollection are
ordered.

Default = false

Note: An ordered submodel
element collection is typically
implemented as an indexed array

allowDuplicates| If allowDuplicatestrue then it is| boolean attr 0.1
allowed that the collection contair
the same element several times.

Default = false
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4.7.14 Relationship and Annotated RelationshipAttributes

Figure 33 Metamodel for Relationship and Annotated Relationhip Elements

SubmodelElement
RelationshipElement

+ first: Referable*
+ second: Referable”

‘f

‘ AnnotatedRelationshipElement ‘

+ annotation: DataElement [0..%] ‘

Class: RelationshipElement

Explanation: A relationship element is used to define a relationship between two referable elemer

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)

first* First element in the relationshi Referable ref* 1
taking the role of the subject.

second Second element in the relationsh Referable ref* 1
taking the role of the object.

Class: AnnotatedRelationshipElement

Explanation: An annotatedrelationship element is a relationship element that can be annotateq
additional data elements.

e ClaERife]HMl RelationshipElement

Attribute Explanation
(*=mandatory)

Annotations that hold for th( DataElement
relationships between the tw

elements.

annotation

4.7.15 Operation Attributes

Figure 34 Metamodel of Operations

class Submodel Element - Operation /

SubmodelElemgent
Operation

+ inputVariable: OperationVariable [)_..j]____> OperationVariable
+ outputVariable: OperationVariable [[0..*] _
+ inoutputvariable: OperationVariable [0..] ~ L*_value: SubmodelElerery
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Class: Operation

Explanation: An operation isa submodel element with input and outpatiables.

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)

inputVariable Input parameter of the operation| OperationVariablg aggr 0.*

outputVariable | Output parameter of theperation.| OperationVariableg aggr 0.*

inoutputVariable| Parameter that is input and outg OperationVariablg aggr 0.*
of the operation.

Class: Operatioariable

Explanation: An operatiorvariableis asubmodel elemerihat is used as input or outpedriableof an
operation.

Inherits from:

Attribute Explanation
(*=mandatory)

Describes the needed argument for] SubmodelElement | aggr
operation via a submodel element
kind=Template

ConstraintAASd-008: The submode
elementvalue of an operation variab
shall be of kind¥emplate

Note: Operations typically specify the behavior of a component in terms of procedures. Hence, operations enable
the specification of services with procedure-based interactions [32].

4.7.16 Capability Attributes

Figure 35Metamodel for Capabilities

class Submodel Element - Ca... /

SubmodelElement
Capability
Class: Capability
Explanation: A capability isthe implementatiorindependent description of the potential of an assé

achieve a certain effect in the physical or virtual world.

SubmodelElement
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Class: Capability

Attribute Explanation

(*=mandatory)

Note: The semanticldof a capability is typically an ontology. Thus reasoning on capabilities is enabled.

For informatiorand examplelow to apply the concept of capability and how to map it to one or more skills implementing
the capability pleaseefer to[36]. The mapping is done via a relationship elenwitit the corresponding semantids

skill is typically a property or an operation. In more complex cases the mapping cawe alsmlection or a complete
submodel.

4.7.17 Entity Attributes

Figure 36 Metamodel of Entities

class Submodel Element - Entity/
HasDataSpecification
HasKind
HasSemantics {asset must be defined in
Qualifiable case entityType =
Referable SelfManagementAsset
«abstract» For Co-managed assefs n
SubmodelElement asset attribute can be
| defined.}
Entity «enumeration»
EntityType
+ statement: SubmodelElement [O-4]--=
+ entityType: EntityType CoManagedEntjty
+ asset: Asset* [0..1] SelfManagedErtity
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Class: Entity

Explanation: An entity is asubmodel elemerthat is usedo model entities.

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)

statement Describesstatements applicable to tf SubmodelElement | aggr 0.*
entity by a set of submodel elemen
typically with a qualified value.

entityType* Describes whether the entity a co | EntityTypeEnum attr 1
managed entityor a selfmanaged
entity.

asset Reference to the asset the entity| Asset ref* 0.1

representing.

Constraint AASd014 The asset
attribute must be set if entityType is g
tof Sel f MAmtaigteisd émpty
otherwise.

Enumeration: EntityTypeEnum

Explanation: Enumeration for denoting whether antity is a seHmanaged entity or a €q
managed entity.

Inherits from --

Literal Explanation

CoManagedEntity For comanaged entities there is no separate A2@managed entities neg
to be part of a selfnanaged entity.

SelfManagedEntity SelfManaged Entities have their own AAS but can be part of the bi
material of a composite satfianaged entity.

The asset of an 14.0 Component is a-sedinaged entitper definition.
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4.7.18 Event Attributes

Figure 37 Metamodel for Eventand MetaEvent

class Submodel Element - Event/

SubmodelElement

«abstract»
Event

BasicEvent

+ observed: Referahle?

Class: Event <<abstract>>

Explanation: A event

Inherits from: SubmodelElement

Attribute Explanation
(*=mandatory)

Class: BasidEvent

Explanation: A basic event

Inherits from: Event

Attribute Explanation
(*=mandatory)

observed

Reference to the data or oth Referable

elements that are being observg

4.7.19 View Attributes

Figure 38 Metamodel of Views

class Views /

HasDataSpecification HasDataSpecification
Identifiabje HasSemantics
AssetAdministrationShell < ] Referable

+ security: Security [0..1] View

+ derivedFrom: AssetAdministrationShell* [0..1] [ + containedElement: Referablef [0,

The large number cfubmodel elementsithin a submodel can Hidtered by views, so that different user groups can
only see relevarglements

Note: Views are a projection of submodel elements for a given perspective. They are not equivalent to submodels.
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Class: View

Explanation: A view is a collection of referablelements w.r.t. ta specific viewpoint of one or moi
stakeholders.

Inherits from: HasDataSpecificatigrReferable HasSemantics

Attribute Explanation
(*=mandatory)

containedElement{ Referable elements that ar( Referable

contained in the view.

4.7.20 ConceptDictionary and Concept DescriptionAttributes

Figure 39 Metamodel of Concept Dictionaryand Concept Descriptions

class ConceptDictionary/

Referable
ConceptDictionary

0.*

HasDataSpecification
Identifiable

ConceptDescription

+ isCaseOf: Reference [0..*]

Class: ConcepbDictionary

Explanation: A dictionary contains elementsaihcan be reused.
Theconceptictionary containgonceptdescriptions.

Typically a conceptdescription dictionary of an AAS contains ordgnceptdescriptions of
elementsised within submodels of the AAS.

Inherits from: Referable

Attribute Explanation
(*=mandatory)

concept.

Class: Concepbescription

Explanation: The semantics of a propertr other elements that may have a semantic descrifi
defined by aconceptdescription.

The description of the&onceptshould follow a standardized schema (realizeddas
specificationtemplate).

Inherits from: HasDataSpecificatigridentifiable;

Attribute Explanation

(*=mandatory)
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Class: Concepbescription

isCaseOf Global reference to an extern{ Reference aggr 0.*
definiton the  concept i
compatible to or was derived fron

Note: Compare to isaseof
relationshipin ISO 1358432 &
IEC EN 61360

Different types ofsubmodel elementequire different attributes for describing the semantics of tffémns. is why a
concept description has at least one data specification template associated with it. Within this template the attributes
needed to define the semantics are defined.

SeeClause4.8for predefined data specification templates to be used.

4.7.21 Referencingin Asset Administration Shells

Figure 40 Metamodel for Referencesand Keys

class Common - Reference and Keys /

«enumeration»

KeyElements Key Reference
GlobalReference *+ type: KeyElements cordor &,
FragmentRefererice + local: boglean e

h + value: string
J7 + idType: KeyType
i
«enumeration» {if type == GIobaIReferel%e then : >
ReferableElements idType <> LocalKeyType i {IfidType ==
. If | LocalKeyType
ﬁccessPermlss_lonRL_JIe type==AssetAdministrationShell | then local == tre}
nnptatedRelatlonshlpEIement then idType <> LocalKeyType} | -
BasicEvent :
Blob v ,
Capability «enumeration» .
ConceptDictionary KeyType a
DataElement . «enumerat..|
File LocalKeyType
Entity — | 1dshort
Event ) Fragmentid
MultiLanguageProperty
Operation N
Property «enumeration
Range IdentifierType
ReferenceElement Custom
RelationshipElement — >
IRDI
SubmodelElement Rl
SubmodelElementCollectjon
View
«enumeration»

IdentifiableElements

Asset
AssetAdministrationShell
ConceptDescription
Submodel
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Note: References are used throughout the metamodel although not directly visible.

If an element is not a part of an element but just referafdbss is denoted by an * behind the Type.

E.g. asset: Assetimeans thahsset: Reference witkey.type=Assefor the last Key in the Reference

Class: Reference

Explanation: Reference to either a model element of the same or another AAs or to an external e

A reference is an ordered list of keys, each key referencing an element. The complef
keys may for example lmncatenatetb a path that then gives unique access to an ele
or entity.

Inherits from: --

Attribute Explanation
(*=mandatory)

its na

reference in

Unique
space.

Class: Key

Explanation: A key is a reference to an element by its id.

Inherits from: -

Attribute Explanation
(*=mandatory)

Denote which kind of entity iy KeyElements
referenced.

In casetype = GlobalReference
then the element & global unique
id.
In all other cases the key refereng
a model element of the same or
another AAS. The name of th
model element is explicitly listed,

local* Denotesif the key references ¢ boolean attr 1
model elemenbf the same AAS
(=true) or not (=false). In case
local = false the key may referen
a model element of another AAS
an entity outside any AAS that h
a global unique id.

value* The key value, forexample an string attr 1
IRDI if the idType=IRDI.

idType* Type of the key value. KeyType attr 1

In case of idType = idShort locg
shall be true.

In case type=GlobalReferen
idType shall not be IdShort.




The Metamodel of the Administration Shgf7

Enumeration: KeyElements

Explanation: Enumeration of differerkey value types within a key.

Set of: ReferableElements

Literal Explanation

GlobalReference reference to an element not belonging to an asset administration shell

FragmentReference unique reference to an element within a file. The file itself is assumed
part of an asset administration shell.

Enumeration: ReferableElements

Explanation: Enumeration o#ll referable elements within an asset administration sh

Set of: IdentifiableElements

Literal Explanation

AccessPermissionRule Access Permission Rule

AnnotatedRelationshipElemen| Annotated relationship element

BasicEvent Basic Event

Blob Blob

Capability Capability

ConceptDictionary Concept Dictionary

DataElement Data Element.
Not e: Data EIl ement i s abstract
reference may be a Property, a File.etc

Entity Entity

Event Event

Note: Event is abstract

File File

MultiLanguageProperty Property with a value that can be providednultiple languages
Operation Operation

Property Property

Range Range with min and max

ReferenceElement Reference

RelationshipElement Relationship

SubmodelElement Submodel Element

Note: Submodel Element is abstract, i.e. if a key isBsu b mo d e |
the reference may be a Property, a SubmodelElementCollectior
Operation etc

SubmodelElementCollection Collection of Submodel Elements

View View
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Enumeration: IdentifiableElements

Explanation: Enumeration o#ll identifiableelements within an asset administration sl
that are not identifiable

Set of: --

Literal Explanation

Asset Asset
AssetAdministrationShell AssetAdministrationShell
ConceptDescription ConceptDescription
Submodel Submodel

Enumeration: KeyType
Explanation: Enumeration of differeritey value types within a key.

Set of: LocalKeyType, IdentifierType

Literal ‘ Explanation

Enumeration: LocalKeyType

Explanation: Enumeration of differerkey value types within a key.

Literal Explanation
IdShort idShort of a referable element
Fragementld Identifier of a fragnent within a file

IdentifierTypeis defined inClause4.7.2.2
4.7.22 Data Types

4.7.22.1 Predefined BasicData Types

The predefined types used to define the metamodel use the names and the semdtiGobiema Definition XSD)°.
Additionally the type #il an gthdResourcg Desaniptitnirrarhev@RDE) éisnugedt i ¢ s
il ang St stringpwvaloe tagged veith a language code.

These types are also used to denote the type of a value and is defiretype thnySimple TypeDef (s€ause4.7.22.2.

10 see:https://www.w3.0rg/XML/Schema

11 see:https://www.w3.org/TR/rdfliconcepts/
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Figure 41 Built-In Types of XML Schema Definition 1.1(XSD)

Key
all complex types | anySimple Special .
| anyURIt | Primitive types
Rhtonictyee [aterinestany  [EARSEEREE
TEI g - a-
- | ENTITIES | Built-in list types

— baseé4Binary

I all complex types | Complex types

|
|
—| boolean |
|
|

| aaes | E | T2 is derived from T1
—| dateTime T2 I

L[ dateTimeStamp |

—| hexBinary —{ nonPositiveInteger |

— NOTATION L{ negativeInteger l

— decimal |
| —_— |
— double | — long |
| Guration | Lo |
dayTimeDuraticn | short |
yearMonthDuration | byte |
— float | — nonNegativeInteger |
— gDay | positiveInteger |
— gMonth | unsignedLong |
— gMonthDay | unsignedint |
— gYear | I—| unsignedsShort |
— gYearMonth | unsignedByte |
|
|
|
|

—_OName
— string
| { normalizedString |
L. | ,—{ token |
— ENTITIES | — language |
—{ IDREFS | | Name |
| NMTORENS | NCName |
ENTITY |
ID |
IDREF |
— MMTOREN

4.7.22.2 Data Types
Types that are usddr specific data specification templates are listed in the corresporidimgof the data specification.
Themeaning and formatf xsd types ispecified inhttps://www.w3.org/XML/Schema

Table5 listsadditional dataypes used in the metamodeigure42 specifies LangStringSet as set of elemehtditype
Al angStringo.
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Table 5 Basic Types used in Metamodel

Type Basic Type

string
DataTypeDef

Note:any xsd simple typesastring
BlobType byte[0..*]

string
MimeType

Note: any mimetypas in RFC2046.
PathType string
QualifierType string
ValueDataType anyxsdatomictype

Figure 42 Data Type LangStringSet

class Types - LangStringSet/

«dataType>» «dataType>»
LangStringSet  @p———— langString

1.*

Class: LangStringSet <<DataType>>

Explanation: A set of strings, each annotated by the language of the string. The meaning of th
in each language shall be the same.

Inherits from: --

Attribute Explanation
(*=mandatory)

langString A string in a specified language| langString

4.7.23 Templates,Inheritance, Qualifiers and Categories

On a first glance there seem to be some overlagpétgeen the concept of data specification templatéeritance,
gualifiers and categories. In tlilausethe commonalities and differences are explained and hints for good practices are
given.

In geneal extension of the metamodel by inheritance is allowed. As an alternative also templates might be used.

1 Templates should only be used if different instances of the class follow different schemas and the
templates for the schemas are not known at desige. fiemplates might also be used if the overall
metamodel is not yet stable enough or a tool does support templates but not (yet) the complete metamodel.

1 However: when using nestandardized proprietary data specification templates interoperability cannot
be ensured and thus should be avoided whenever possible.

1 Incase all instances of a class follow the same schema then inheritance and/or categories should be used.

Categories can be used if all instances of a class follow the same schema but have atifistezihts
depending on its categorguch a constraint migkpecifythat an optional attribute is mandatory for this
category (like for example the unit that is mandatory for properties representing physical values).
Realizing the same via inheritaneeuld lead to multiple inheritance what is to be omitted.

1 Qualifiers are used if the semantics of the element is the same independent of its qualifiers. It is only the
quality or the meaning of the value for the element that differs.
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4.8 Predefined Data Specfication Templates

4.8.1 Concept of Data Specification Templates

Figure 43 Concept of Data Specification Templates

Identifiable
DataSpecification

«abstract»
DataSpecificationContent

Note: The Data Specification Templates do not belong to the metamodel of the Asset Administration Shell. In
serializations that choose specific templates the corresponding data specification content may be directly
incorporated.

It is required that a data specification template has a global unique id so that is can be referenced via
HasDataSpecificatialdataSpecification

A template consists of thBataSpecificatio@ontentcontaining the additional attributes to be added to the element
instance that references tkhata specificatiotemplate and meta information about the template i(¢ki$ is why
DataSpecificationnherits fromldentifiable). In UML these are two separated classes.

4.8.2 Predefined Templates for Propertyand Value Descriptions

Conformant to the rules i@lauses.2.2the followingdata specification templashould be referenceda the id
fhttp://admin - shell.io/DataSpecificationTemplates/DataSpecificationl EC61360 2/0 O

(in hasDataSpecificatiddataSpecificatioh

This namespace has the qualifiér| E CExamples: IEC:DataSpecificationlEC61360feferredNameor IEC:
DataSpecificationlEC6136\velType/Miror IEC:Level Tyg/Min

Note: The ataspecificationtemplate is not identical to the data specification content as shdviglire44.
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Figure 44 Data Specification Template for defining Property Descriptions conformant to IEC 61360

DataSpecificationCor

«Template»
DataSpecification|EC61360

+ 4+ + + o+ o+

preferredName: LangStringS¢

shortName: LangStringSet [0.|

unit: string [0..1]

unitld: Reference [0..1]
sourceOfDefinition: string [O..
symbol: string [0..1]
dataType: DataTypelEC6136(
definition: LangStringSet [0..1]
valueFormat: string [0..1]
valuelList: ValueList [0..1]
value: ValueDataType [0..1]
valueld: Reference [0..1]
levelType: LevelType [0..*]

tent

Figure 45 Example Property from eCl@ss

«enumeration»
DataTypelEC61360

DATE
STRING
STRING_TRANSLATABL
INTEGER_MEASURE
INTEGER_COUNT
INTEGER_CURRENCY
REAL_MEASURE
REAL_COUNT
REAL_CURRENCY
BOOLEAN

URL

RATIONAL
RATIONAL_MEASUR
TIME

TIMESTAMP

«enumeration»
LevelType

Min
Max
Nom

Typ

class Data Specification conformant to IEC61360-1 2017-07 and 1SO13584-42 2010-12—15/

Property (12-BAAL20 Max. rotation speed
short name

Format INTEGER_MEASURE

Unit of measure 1/min

Definition:

Values:

Greatest permissible rotation speed with which the motor or feeding unit may be operated
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Figure 46 Example Property Description with Value List from eCl@ss

Figure 47 Example Value Description from eCl@ss

Figure 48 Example Value Desrigion from eCl@ss Advanced

The TMvalpetisdbi |1 i sts all the all owed values for a concept
enumeration. The value list is a set of value reference pairs.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































