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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 thislocument was producesep 2017 to July 2018 by a joint working group with members from
ZVEI S G Mgddels and Standards and Pl at f or m | modpi ®Rterertedrchitectdres\\Biandandsnagd 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 usentligsttie 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 I€£0mpaents 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, theument formally stipulates a few structural principles ofAbleninistration

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

This document fogses on:

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

1 Identifiers

1 Access Control

1 Mappings to suitable technologisbe used in different life cycle phas® a product

This document auently features the second version \/AtQtargets to bedequately complete and coherent to be used
as basis for developments and as inputdimcussion withinternational standargiation organisationsand further
cooperatios.

The definitions in and the form of the document should be such that develogepamtmentsn the value creation
networks have enough detailed information to start work on internal systems for exchangingatioihh 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 mesivand is not absolutely 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 infor@tion between thAdministration 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 definitianfor the exchangef information compliant to this specificatiom existing data
formats like XML, AutomationML, OPC UA information models, JSON or RDF. An explanation is provided for each of
these data formats stating how information is to be represéntetamodel), and an example of a representation is
provided.

Clause6 describes the promotion aftributebased access models for information security.

Clause? describes, how the informatiorf one or moreAdministration 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 it affects interoperability.

For creating a detailed specification of théministration Shellaccording to the scope of part-1 (1.2), result papers
published by Plattform Industrie 4.the Trilateral cooperation with France and Italy and internatistaaldardization
results weranalysedand takes as source of requirements for the specification processaidy ideas as possiblerin
the discussion papewvgere considered

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, hybfattomg automatimm and in terms of
integratinginformation technology (IT) andperational technology (OT)

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

Guiding principle for the specification was provide deta#éd information, whichcan be easily impleantedalso 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 which use of system resources is regulatec
according to a security policy and is permitted by only authorized entities (users, programs, processes, or other systems)
accordng to that policy

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

application

software functional element specific to the solution of a problem in induptiabss 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 or under 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 fahe interoperability between the applications managing
the manufacturing systems. It identifies taiministration Shelbnd the assets represented by it, holds digital models of
various apects gubmodelsand describesechnical functionalityexposed 1§ the Administration 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 sattnibutes operations methodsrelationships, and semantics

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

capability
implementatiorindependent potentiaf an Industrie 4.0 component to achieve an effect within a 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 behaviorseftan

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 umabiguously distinguishes one entity from another one in a given 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 ataiertype

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 (sharechnceptualization

A [SOURCE: Gruber AA Transl ation Approach to portable

oRrRMI ogy

S pe
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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 CI@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 elementesticting the value statement to a certain
period of 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 its performance 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 withm 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 includedssghadministration 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 thelescription and differentiation aefssets
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 fnm a given perspective or vantage point and osnititiesthat 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 filre 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 40

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 Mail Extensions

OPC Open Packaging Conventions (ECMX6, 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 Industri®4.

RDF Resource Description 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 Verein Deutscher Ingenieure

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

W3C World Wide Web Consortium

XML eXtensible Markup Language

ZIP archive file format that suppis lossless data compression
ZVEI Zentralverband Elektrotechnrikind Elektronikindustrie e. V.
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3.1Basic Concepts

Many concepts for Industrie 4.0 and smart manufacturing are already existing. The most importarg saesnarised
in the informativeAnnex A

3.2Leading Picture

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

Figure 1 Use Case File Excange between Value Chain Partners
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Figure 1 shows the overall picturdt depicts two value chain partners; "Supplier" is going to provide some products,
"Integrator” is going to utilize thiproductsin order to build a mddne. Two kinds ofAdministration She#f are being

provided; one for the asset being the type of a product, one for the assets being the actual product instances. "Supplier"
and "Integrator" are forming two independent legal bo(fégure?2).
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Figure 2 File Exchange between two value chain partners
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The exchange of files needs to fulfil some requirements with respesaldityand security. There needs to Halateral
agreement on security constrairase fulfilled for the transfer and usage of the files. This is explained in more detail in
Clauseb.

Forusabilitya container format for exchanging files is used and a corresponding structure is defil@dysed. This
predefined structure helps the consuremunderstand the content of the single files. This is important because an
AssetAdministration Shelspecification can be spread across several fAeklitionally, the container may coain
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 describe8fbdause4.2 Types and InstancesAnother very important
aspect of the AAS is the identification aspect,Sdmlause4.3. In Subclausd.5aspects of event 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 Asset Administration Shell is given in Subclaide Subclausd.7 the classes
are described in detail together with all their attributes.

Themetanodel for securityaspect®f the Administration Shells described irClauseb.

The legend for understanding the UML diagrams and the table specification of the classes are Aounax iB and
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, compents, produced products and raw materials, business 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 distinction for atlements 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 order details amikflows, 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 iefined, and distinguishing properties ar
functionalities are defined and implemented. All (internal) de
artefacts are created, such as CAD data, schematics, emp
software, and associated with the asset type.

Usage /| Ramping up produatn capacity. The ‘external' informatig
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, logistig
qualification and test are associated with the asset instances.

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

Also included: maintenance, -gesign, optimization and g
commissioning of the asset instance. The full-difele history is
associated with the asset and might be archiv&hared for
documentation.

Tablel gives an overview of the different life cycles phases and the role of type and instance in thesd phasest

important relationship is between asset types and asset instance. Thiegkiiatshould be maintained throughout the

life of the asset instances. By this relationship, updates to the asset types can be forwarded to the asset instances, eithel
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 loops/ information within thgdiéeof the asset type and instance. For
product assets, for example, information on usage and maintenance of product instances earthimpranufacturing
of products as also cause design improvements for the (next) product type.

The third class of relationships are feedforward/ information exchange with assets of other asset classes. For example,
sourcing information from business assedn influence design aspects of products; or, the design of the products affects
the design 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 relationshipg@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, funeti@mr safety hierarchies. By this class of relationships,
automation equipment is explained as 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 some exemplary
information as well. Further explanation will follow in the next clauses

Figure 3 Exemplary types and instances of assets represedtly 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
instanceso. When referring to types or instapeeé ahdafAAABSS t
instanceso to MAS miypesp abet synonymously used with tte t

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.

In the example the first semMlstoranrhdast hheh es eucno nqdu e s & NDs O (
A02155B210AA _The AAsSselsorhas thimigue ORI fihttp:/adminshellio/T10 and t he AAS f
second sensoras theuniqueURI fhttp://adminshellio/T 2 6 . kindher both is Alnstanceodo. T
the measured temperatweoperation timef the two sensorsidifferent: for T1 it is 60C, for T2 it is 100°C. For the
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time-being we ignore theelationhip fderivedFrond o f the two AAS timT 1ApS=dmid A T20
shellio/T0215551A4.

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

Note: The unit can be obtained by the semanticr ef er ence of melasuekdmemperfiat ureo For
this is not shown in the example.

on

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

sensor type) . For t his asset type an o wn httgf/Ad@nin i s cr
shellio/TO 2 1 55 5 1 Aukiqueid of lthesensort y p e0 2i1s5 5fb Th& Akindi n t his case is AT
il nstanceo. The information that is the same for al l
(=0 Component o), t he ma n u fEaglish D e e c r i(p=toiBoons ¢ i & Jiepaeatule s £ h ea |

me as ur easwehdadohoe val 4€® MRLnge 10 ACO.

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

Note: "attribute" refers in the UML sense to the property or characteristic of a class (instance).
Note: Typically, if a specific asset type does exist, it exists in time before the respective asset instances.
Note: 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.
Note: 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.
Note: In the domain of internet of things (IoT), as s et instances are typically deioted a
types are denoted as fAProduct o.

4.2.3 Asset Administration Shell Types and Instances

In the pevious claus type andinstances obsses were explained Obviously the question then comes up how to
harmonize AASas well asAAS types. In our examplié can be seethat the attributefas s e anditkiodo as well as
the global identifier (idrepresented as name of the clase present for all AAS. However, if there isstandard, it is
not cl ear t hado afBe ad diidnt i e sformlEAASanditds not clear, whichfohe attributes
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 metamodédr AssetAdministration Shdlis defined inClause4.

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.

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

Note: 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

Note: 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.
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Figure 4 Exemplary relations betwveen metamodel of AASAAS types and AAS instances

class AAS Metamodel and AAS Types /
¢CAASE .
http://T0215551AA.com ¢AASE
http://T1.com
kind = Type
assetld = 0215551AA derivedFrom kind = Instance
Val ueRange = -40 AC |/ 140 AC ******G*R*SVETQ;;;;* assetld = 0215551AAA_T1
ProductClass = Component MeasuredTemperature = 60
Manufacturer = Bosch
description (EN) = precise and fast temperature measurement - -
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e | _-T N I
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conformant to } o derivedFrom }
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P 7 -7 N |
- \
- P
e - ! A }
v - conformant to \ |
- - ! cAASE |
§AAS Metamo 28 http://T2.com
‘ AAS } conlcm;nam to
conformant to 1 kind = Instance I
L A T T T T T assetld = 0215551AAA_T2 |
+ assetid I MeasuredTemperature = 100 I
+ derivedFrom: Reference [0..1] ~~_ | |
+ description: langString [0..1] S~— | }
T~ !
T~—o I < !
AN ~~o | \ |
~ Iy \ |
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+ kind = Type http://TemperatureSensorlnstance.com
Fasetd o derivedFrom + kind = Instance
+ Vvaluerange [T TTTTTTC T T s === . d
+ ProductClass = Component ¢Referencee N ;SSE 0T .
+ 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 expa as a complex, interrelated graph of automation devices 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 other elements
1 Asset/billOfMateriali A complex asset is composed out of othertestiand 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 material is not predefinedylthe AAS
metamodel but is assumed to contain Erglgments.
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 entitieEntity/entity Typé.
o0 Sel-Managed Entities have their own AAS. This is why a reference to this asset is specified as well
(Entity/assét Additionally, furtherproperty statemen{sompare t¢15]) can be added to theset that
are na specified inthe AAS of the asset itself because they are spedifiedlation to theeomplex 14.0
Component only.
o For m-managed entities there is Beparate AASThe relationships and property statemeftsuch
entities are managed within the AAStbé composite 14.0 Component.

Figure5 shows an extract of the metamodel 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

Identifiers are neeedaccording td4] for the unique identification ahany differenelementswithin the domairof smart
manufacturing For this rason, they are a fundamental element of a formal description @gfdiménistration Shell
Especially, identification iat leastrequired for:

AssetAdministration Shel,

assets,

=A =A =

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

(1) to uniquely distinguish atlementsf anAdministration Shelland



The Metamodel of the Administration Sh¢(B3

(2) to relate &ementsto external definitions, such agsbmodel templageard property definitions,in order to bind
a semantics to these data and functietementof an Administration Shell

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

(a) IRDI - 1S0290025, I1SO IEC 6523 and I1SO IEC 1118)[20] as anldentifier scheme for properties and
classifications. They are created in a process of consewigm specification or internationatandardiation
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 relatilelarge number ofdentifiers in an appropriately short time.

(b) IRI'T IRI (Rfc 3987) or URI and URLaccording tdRFC 3986 as identification of assetddministration She#
ard other (probably not standardi, but globally unique) properties and cldsaifons.

The followingis also permitted:

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

This means that the URIs/URIlasd internalkcustomidentifiers can represent and communicate manufacgpecific
information and functions in th&dministration Sheland the 4.0 infrastature just as well as standarelizinformation
and functions. One infrastructure can serve batpgses.

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 alstientifiers that are unique onlyithin a defined namespace, typically its
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
PropertiesyithIDs

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 respectivé@dministration Shelllf a set of assets shall be described by
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 evey Identifieris applicable for everglementof the UML model; the following table therefore puts constraints on
the various entities, which implement "Identifiabta""hasSemanticsAttributes relate to the metamodel@tauses.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 nassefidendificagsioMadefe. cont ai ned i n t he

5 Note: In version V1.0 of this specification idShort was optional for Identifiables. This changed in V2.0: now idShort is
mandatory for all Referables.
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Identifiable

Attribute

Allowed

typical)

Identifier s
(recommended or

REMETS

Typically, URLs will be used4]

idShort string mandatory
mandatory
id IRDI, IRI (URI) IRDI, if the definedsubmodel is standardizg
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 exterr
semanticld IRDI, IRI (URI) information source, thich explains the
formulation of the submodel (for example
PDF if a standard)
id IRI (URI), Custom mandatory
mandatory
idShort string Typically, theidShort orEnglishshort nameof
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 subrdel.
mandatory
idShort string Typically theEnglishshortname of thelement
referenced visemanticld
SubmodelElement mandatory
semanticld IRDIL, IRl (URI), | |ink to the concepbescriptionor the concept
Custom definition in an external repositokya 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 . o
IsCaseO IRDI, IRI (URI) links to theconceptdefinition in an externa
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 qualfier 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) IRDIsare assumed to be already existing by aereal specification anstandardizatioprocess, 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 when creating a certain
Administration ShellAll that is neededs a validauthority, for example of the company, at@imake sure that
the way the domain (e.gdminshellio) is omganised ensures that the path behinchtretname is reserved in a
semantically unique way for thetdentifiers. 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 umqtie developer's
organisation.

(c) Custom dentifiers can also be easily formed by developers themselves. All that is necessary is a corresponding
programmatidunctionalityto be retrieved. It is necessary to ensure that inteusabmidentifiers carbe clearly
distinguished from (a) or (b).

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

4.4.6 Best Practice for Greating URI Identifier s

The approach for semantics antkraction for 14.0 componenis7] suggests 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 is just a@commendation 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 subuni L - T L
9 Sub entity in organisation above, or released specification or publicati

Document 1D/ organisation above P

Document subunit 9 '

Submodel DomainiD Submodel of fgpctlonal or knowledgdse domain of asset &dministration P
Shell theldentifier belongs 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 / ElemeniD Property or further structural element ID oéthdministration 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> Y YT FraOKSYShH ayé FldziK2NAG@EH w fLIGKDH 8

<scheme> := avalid URI scheme
<authority> ::= <Organisation>
<path> = <subunit> <domain> <release> <eletren

<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 ® O0aKé GY£o F+SNEAZ2YH ® O0AaKEéE P GYED FwS

<element> Y YT @ 0 & kK<Property/El¥nierd P> | &lhstance number> )* |

Using this schemejalid URNs and URLSs can be creajdubth being URIsFor the use oAdministration She, URLs
are preferred, as functionality (such as REST services) can be bound ltertkiers, 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 Shelll 1D of the _ urn:zvei:SG2:aas:1:1:demo11232322
L . Basis

ID Administration Shell http://www.zvei.de/SG2/aas/1/1/demo11232322
SubmodelD (Typé) Identification of type| Selected submodel urn:GMA:7.20:contractnegotiation:1:1

of submodel are basis, others free| pitn:/mvww.vdi.de/gma720/contractnegotiation/1/1

|dentification of the urn:GMA.:7.20:contractnegotiation:1:1#001
Submodel ID | .

instance  of  the Free http://iwww.vdi.de/gma720/
(Instancg

submodel contractnegotiation/1/1#001

o urn:PROFIBUS:PROFIBUPA:V3-

Property/parameter/s Identification of the _ 3 02:Parameter:1:1:MaxTemp

property, paramete| Domainspecific
atus typeDs and status types http:/www.zvei.de/SG2/aas/1/1/demo112328aaxt

emp

Property/parameter/s urn:PROFIBUS:PROFIBUSA:V3-
atus instance ID§ Identification of the 02:Parameter:1:1: Maxfnp#0002

property parameter| Domainspecific _
(not used by | and status instance http://iwww.zvei.de/SG2/aas/1/1/demo11232/@22xt
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 thsubmalel templatee.g.
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 stasiardizedsubmodel templateavailable but some examples are
describedn [6], which provides simple tables listing properties in a predefined hierarchy.

In eachsubmodel templatethe Identifier s of property definitions to be used as semantic referencesre 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 Indus&i4.0 for as many submodels as possibiguding free and proprietary submodeis be

formed ¢ [4,AFree property setso). A s ub mo dAdministration Shetbf ah o r me d
asset. For this purpoghe provider of thédministration Sheltan form inrhousedentifiers 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
indivdual 'y known, and simply to fAoverlooko them.iegor thi
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 worldwidenique identifiers to a large degree. Howeugisome 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
segments, which 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 set
of classe®f the metamodel, which inherit from abstralassReferablejn 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 accessinglementdy 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 suomarized in order to depict requirementsSabmodelElemeriiEvend 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 hagpurchased a device. Later in time, the 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, thatdependent AAS ("D4") detects events from 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 partiegree on a business model providing availability. So, the supplies teamonitor
status of devices which are further in the value chain ("reverse events").
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Figure 8 Forward and Revers Events
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1 An operator is operating a certaif.0 component over time. Changes occasionally 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 via Events
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=1 .
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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, inforedditm ne

be forwarded to the operator cloud ("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 wétt tesfhe 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 fier outer systems and users.

Input The software entity, which implements the resped®ieéerable 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 etity of the Referable

4.5.4 Types of BEvents

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 spediaed payload.

CRUD? of Submodels, AssetSubmodelElements and suc
Detect updates on parent/ tygetivedFromAAS

updateof values of SubmodelElements
timestamped updates and time series update
explicit triggering of an update event

monitoring of (longlasting) execution oDperationElemen
and updating events while execution

Group Direction” Motivation / conditions
Structural changes of tt Out i
AAS

In T
Updates of Properties ai Out i
dependent attribute ]

1

Operation of AAS Out i
" see lelow

8 Create, Retrieve, Update, Delete
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Monitoring,  conditional Out 1 e.g. when voiding some limits (e.g. stated by Qualifiers
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 (associated concept defini

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 (DG)

Custom event types

In any case, 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 BRafechble
arbitrary conditions, 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 Referableof 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 neéamts of an
Administration Shell, such a&AS, Asset, Views, Submodels

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

SubmodelElementCollection | This event is monitoring/ represting all logical elements of the respect
SubmodelElementCollectiamd all logical dependents.

SubmodelElemeniothers) This event is monitoring/ representing a singtemic SubmodelElemen
e.g. a data elementhich might include the contents of&dob 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 elemeiinig lmbserved 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: EventElemen{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: EventElemen{non normative only for discussion)

idShort- Identification of the element itself. Provides| string attr 1
unique identification for a po#de event flow
scheduling.

semanticle Semantic identification of the event type. Reference attr 1

observableReferenc| Reference to the Referable, which defines | Reference attr 1
scope of the event. Can be AAS, Submo
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 Submode

SubmodelElementCollection, which contai
DataElements  describing the proprieta
specification for the message beok

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

lastUpdate Timestamp in UTC, when the last event W xsd:dateTime | attr 0.1
received (input diction) or sent (outpu
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
frequencyof outputting this event to an out
infrastructure.

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

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

For output direction: maximum interval in tim
the respective Reffable shall send an update
the status of the event, even if not other trig
condition for the event was not met.

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

Attributes of the event message

Eventssent or reeived by AAS always comply to a general format. Exception: events exchanged 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 senttar 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 ErtElement, if| 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 theReferable, which defines th Reference attr 0.1
scope of the event, 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 creatio| 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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Figure 12 Metamodel package @erview
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In this clausean overview of the main concepts of thesetAdministration Shethetamodel is presented.

Themain parts of alssetAdministration 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 submodelsFor details se€lause4.7.3 Views define a set of elements selected for a specific stakeholder. For details
seeClause4.7.16

An AAS represergtexactly one asset. Asset types and asset instancesadi st i ngui shed kingo.setti
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 AASf aninstance assga reference to the A representing the corresponding asset tymnother 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 assetypically may be represented by several different identification properties like for example the serial number, its
RFID code etc. Suchlocal identification properties are defined in thasset identification submodel
(assetldentificationModgl For detailsseeClause4.7.4

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

Submoded consst of a setof submodel elementSubmodel elementsay be qualified by a scalled Qualifier. For
details se€lause4.7.5

There are different subtypessafomodel elementike properties, operationspllectiorsetc For ddails seeClause4.7.5
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. toe®l@ssor 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 itswen 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 detils seeClause4.7.2Q

Theconceptictionary may contain copies of property definitions of external standards. In this case a semantic definition
to the external standard shall be adde@4seOf. isCaseOfis a more formadiefinition of sourceOfDefinitiorthat 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 AS can beensured.

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 used-or denoting recommendd2hta Specification
Template to be used the<template>>-dependency is usedror detailsseeClause4.7.2.6

SomeData Specificatin Template like the template for IEC 61360 property definitigPataSpecificationlEC6136§0
are explicitly predefinedand recommended to be udeglthe Plattform hdustie 4.0. For details se€lause4.8.2 If
proprietary terplates are used, again, interoperability with other AAS cannot be ensured.
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Besidessubmodel elements including propertigsd 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 amp| eoroperationshat aresasetyrelévant gndheedo er t i e
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 AAS to the
customer.

For every AASsecurity aspects need to be considesedrity. In this document the aspect of access control is covered
in more detail. Sealled access permissianlesare definedthat define which permission a specéiathenticatedubject
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 attributes fe&agset.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 identifi¢ldentifier). Referable elements can be referenced but for doing so the context of the element
is needed. A referable has a short unique identif@#8hor) that is unique just in its context, its name space. An
identifiable is also referable but thene elements that are not referable: they are just attributes of a refietaditiiables

may have administrative 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 thaefeitie or
identifiable is the name space of the element. Examples: A submodel is the name space for the properties contained in it.
The name space of submodel 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<<abstract>>

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

Inherits from: B

Attribute Explanation
*~mandatory)

string

idShort Identifying string of the element within its nan
space.

ConstraintAASd-001: In case of a referable eleme
not being an identiéible element thigl is 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 AASd003: idShortshall be matchedase
insensitive.

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

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

category The category is avalue that gves further metg 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
categorye.g. could denote that the element ig
measurement value whereas the semantic defin
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 providlén several language

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

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

Note: This element is used to ease navigation in
model and thusit enables more performal
implementation. In does not give any additio
information.

Class: Identifiable<<abstract>>

STIEGEU M An element that hasglobally uniqueidentifier.

[l Rife]iM Referable

Attribute Explanation
(*=mandataoy)

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
(*=mandabry)

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 accordingto Rfc3987. 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 kind is 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 element: either type { 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 elementtasnaplateor aninstance.

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 abotithe 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 case the element 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 added.

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
according to IEC 62832.

Administrativelnformatiorallows the usage of templatédasDataSpecificationbut thee 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: Administrativemetanformationfor an element like version information.
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Class: Administrativelnformation

Inherits from: HasDataSpecification

Attribute Explanation

(*=mandatory)

version Version of the element. 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 ther
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
referened viaits semantic id.
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4.7.2.6 Qualifiables and Formulas - Constraints

Figure 18 Metamodel Qualifiables Formulasand Constraints

class Common - Qualifiable/

«abstract»
Qualifiable «abstract
[———~-=-—-=* 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 qualérs and for predefined standardized
qualifier types see IEC 62569 For example, a level qualifier defining the level type minimal value, maximum value,
typical value and nominal value can be found in IEC 62b6&dditional qualifier types are planneullte defined in the
ongoing work of DIN SPEC 92000 like for example expressions semantics and expression logic.

If there are no predefined qualifier types or the additional qualification is quite complex then instead of a set of qualifie
also a formula &n be defined.

InFigurel9an example for a formula depending on the propert
defined for the AAS.

Figure 19 Example Formulaii Mac hi ne St ang& not Runni

<aas:Formula>
<aas:dependsOn>

WUJE, | wod @disAiddhinistrationshell lide J & 81 bitp://my Shell</Key>

[

WUJ  Gdl A @ _Beowoddllide J e I0shdrtl Maschine</Key>

L

WUJ aGdl A @ _Pepdrtylide J e I0shdrt ] 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
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Class:

Constraintk<abstract>>

Explanation:

A constraint is used to further qualify an element.

Inherits from:

Attribute
(*=manddory)

Explanation

Class:

Quialifier

Explanation:

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

element.

Inherits from:

Attribute

(*=mandatory)

type*

Constraint HasSemantics

Explanation

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.

ConstraintAA Sd-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 tl
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

class Common - HasDataSpecification/

HasDataSpecification

+ dataSpecification: Reference [0

Figure 21 Metamodel for HasDataSpecification

Class: HadataSpecification

Explanation: Element thatcan be exended by usinglata specificationemplates. Adata
specificationtemplate defines the additional attributes an elemmeyt orshall
have.The data specifications used are explicitly specified with tlietyalid.

Inherits from: --

Attribute (*=mandatay) Explanation

dataSpecification 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 /

HasDataSpecifica}i on
‘ Security ‘ Identifiabje.
- - _ AssetAdministrationShell __J
+ accessControlPolicyPoints: AccessControlPoljcyPoint - -
+ certificate: Certificate [0..*] =--—--+ security: Security [0..1] Referable
+ requiredCertificateExtension: Reference [0..4] + derivedFrom: AssetAdministrationShell* [0..1} ConceptDictionary
0.
i
HasDataSpecification o
Identifiabje HasDataSpecifica]tion
Asset HasSemantics
+ kind: AssetKind Referable

+ assetldentificaionModel: Submode
+ billOfMaterial: Submodel* [0..1]

* [0..11] View

+ containedElement: Referablef [0..*]

v 0.*
HasDataSpecification
HasKiny
HasSemantics
Identifiabje
Qualifiable
Submodel

An Administration Shells uniquely identifiable since it inherits froldentifiable

The derivedFromattributeis used tcestablish a relationship between twesetAdministration Shedlithat are derived
from each other~or more detailed information dhe 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 toit. The concept
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 may either represent an asset type or an asset instance.

The assehas a globally unique identifier plisif neededi additional domain
specific (proprietary) identifiers.

Inherits from: HasDataSpecificatigndentifiable

Attribute (*=mandatory) | Explanation

kind* Denotes whether the Asset of of kifidT y p 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 e.g
serial number etc.

billOfMaterial Bill of material of the asaset represented f 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 dnoting 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 oriented view, an instance denotes an object of a cl
a type).

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

For moe information ontypes and instances s€tause4.2.



The Metamodel of the Administration ShpH9

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 submodelis used to structure ttdigital 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 different-kifgles.

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 aSubmadelwith kind=Instancemay refer to &ubmodebf kind=Templag (kind inherited viaHasKind.

A submodel can be qualifie@(alifiablé).
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=Tempate then 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 submoa! elemenis anelement suitable for the description and differentiation of ass

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 include properties 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 categ

Property A parameter property igpropertythat is once set and then typica

PARAMETER does not change over time.
MultiLanguageProprty This is for examp@ the case for configuration parameters.

VARIABLE Property A variable property is property that is calculated during runtime, i.
MultiLanguagéroperty its value is a runtime value.

Class: DataElemeng<abstract>>

Explanation: A data elemenis asubmodel elementhat 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
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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 Explanaton

(*=mandatory)

valueTypé Data ype of the value DataTypeDef attr 1

value The value of the property instance.| 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 value are present the
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: MultiLanguageProperty

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

Inherits from: DataElement

Attribute Explanation

(*=mandatory)

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

valueld Reference tthe global ungiue id of { 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 ReferenceElement

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 eaftebject 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 moe informationon 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 datelement is a data element thiafinesa range wit 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 gaive
infinite.

ConstraintAASd-013 In case of a
range with kind=Instance either t
min or the max valuer bothneed
to be defined.

max The maximum value of the rangg ValueDataType| attr 0.1

If the max value is missing then tk
value is assumed toebpositive
infinite.

If the semanticlds a reference to a concept description then it is a concept description with data specific&I@60EC
The value fotevelTypses the set {Min, Max}.
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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: MimeTyp

—

@

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 (IANAs the offcial authority for the
standardization and publication of these classifications. Media types were originally defRequiest for Comments
2045 in November 1996 as a partMiME (Multipurpose Internet Mail Extensionspecification, for denoting type of
emailmessage content and attachmejt§ hence the naméMME type.®

Class: Blob

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

Inherits from: DataElement

Attribute Explanation

(*=mandatory)

value Thevalue of theBLOB instance of| BlobType attr 0.1
a blobdata element

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

mimeType* Mime type of thecontent of the MimeType attr 1
BLOB.

The mime type states which file
extension the file has.

Valid values are e.g
fapplication/j s
fapplication/ x|
The allowed values are defined
in RFC2046.

9 Wikipedia.org, date: 2@t04-09
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Class: File

Explanation: A File is a dad element that represents address ta file. The value is an URI that cg
represent an absolute or relative path.

Inherits from: SubmodelElement

Attribute Explanation
(*=mandatory)

Path and name of the referend PathType
file (with file extension).

The path can be absolute
relative.

mimeTypé Mime type of the content of th| MimeType attr 1
file.

For handlingof supplementarexternal 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 exists independently of the AAS. A relative path, relativéhe package root should be used if the file is part of the
serialized package of the AAS

4.7.13 Submodel Element Collection Attributes

Figure 32 Metamodel for Submodel Element Collections

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

Explanaton: A submodel elemertollection is a setr list of submodel elements

Inherits from: SubmoddElement

Attribute Explanation
(*=mandatory)

Submodel elemembntained in th
collection
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Class: SubmodelEleme@ollection

ordered If orderad=false then the elemen| boolean attr 0.1
in the propent collectionare not
ordered. If ordered=true then tl
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 contai
the same element several times.

Default = false

4.7.14 Relationship and Annotated RelationshipAttributes

Figure 33 Metamodelfor Relationship and Annotated Relationhip Elements

class Submodel Element - RelationshipEIement/

SubmodelElement
RelationshipElemer

—

+ first: Referable*
+ second: Referable*

I

AnnotatedRelationshipElement

+ annotation: DataElement* [D..%]

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 relationst| Referable ref* 1
taking the role of the object.




The Metamodel of the Administration Shpi9

Class: AnnotatedRelationshipElement

Explanation: An annoated relationship element is a relationship element that can be annotate
additional data elements.

ISR RelationshipElement

Attribute Explanation
(*=mandatory)

annotation Annotations that hold for th{ DataElement
relationships betwee the two
elements.

4.7.15 Operation Attributes

Figure 34 Metamodel of Operations

class Submodel Element - Operation /

SubmodelElement
Operation

+ inputVariable: OperationVariable [p..]___ -] OperationVariable
+ outputVariable: OperationVariable|[0..*] '
+ inoutputvariable: OperationVariable [0..¥] ~ LF_value: SubmodelElemer)

Class: Operation

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

Inherits from: SubmodelElemén

Attribute Explanation
(*=mandatory)

inputVariable Input parameter of the operation| OperationVariable
outputVariable | Output parameter of the operatig OperationVariable aggr 0..*
inoutputVariable| Parameter that is input amditput | OperationVariablg aggr 0.*

of the operation.

Class: OperatioYariable

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

Inherits from:

Attribute Explanation
(*=mandatory)

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

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 implementatiofindependent description of the potential of an assg
achieve a certain effect in the physical or virtual world.

- SubmodelElement

Attribute Explanation

(*=mandatory)

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

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

skill is typically a property or an operation. In more complex cases the mapping can also be a collection or a complete
submodel.
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4.7.17 Entity Attributes

Figure 36 Metamodel of Entities

class Submodel Element - Entity/
HasDataSpecification
HasKind
HasSemantics {asset must be defineq 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 CoManaged Entty
+ asset: Asset* [0..1] SelfManagedErtity
Class: Entity
Explanation: An entityis asubmodel elemerihat 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 entity or a setfianaged
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
tofl Sel f Mamtaigteisgd émpty
otherwise.

Enumeration: EntityTypeEnum

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

Inherits from --

Literal ‘ Explanation
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Enumeration: EntityTypeEnum

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

For comanaged entities there is no separate AZ@managed entities nee
to be part of a selfnanaged ertyy.

CoManagedEntity

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-sadfnaged entity per definition.

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)

Reference to the data or oth Referable

elements that are being observg

observed
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4.7.19 View Attributes

Figure 38 Metamodel of Views

class Views /

HasDataSpecification HasDataSpecification
Identifiable HasSemantics
AssetAdministrationShell < ] Referable
+ security: Security [0..1] View
+ derivedFrom: AssetAdministrationShell* [0..1]| + containedElement: Referablet [0}

The large number acdubmodel elementsithin a submodel can Hétered 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.

Class: View

Explanation: A view is acollection of referablelements w.r.t. ta specific viewpoint of one or mor
stakeholders.

Inherits from: HasDataSpecificatigrReferable HasSemantics

Attribute Explanation
(*=mandatory)

ar{ Referable

containedElement Referable elements that

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: Concepbictionary

Explanation: A dictionary contains eleants tlat can be reused.
Theconceptictionary containgonceptdescriptions.

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

Inherits from: Referable
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Class: Concepbictionary

Attribute Explanation

(*>mandatory)

concept.
Class: ConcepbDescription
Explanation: The semantics of a propertyr other elements that may have a semantic descrii

defined by aconceptdescription.

The description of theonceptshould follow a standardized schema (realizeddas
specificationtemplate).

Inherits from: HasDataSpecificatigrdentifiable;

Attribute Explanation

(*=mandatory)

isCaseOf Global reference to an externi{ Reference aggr 0..*
definition  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 fatescribing the semantics of theifrhis 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.
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4.7.21 Referencingin Asset Administration Shells

Figure 40 Metamodel for References and Keys

class Common - Reference and Keys /

«enumeration»
KeyElements Key
____________________ + type: KeyElements Reference
GlobalReference pe. ey oo .
FragmentRefererfce + local: bo‘?'ea” :
+ value: string
J7 + idType: KeyType
\\\ i \\\\
«enumeration» {Iif type == GIobaIReferen%e then ! s
ReferableElements idType <> LocalKeyType | {If idType ==
— If | LocalKeyType
AccessPermlss_lonRL_JIe type==AssetAdministrationShell : then local == tre}
AnnotatedRelationshipElement then idType <> LocalKeyType} \ -
BasicEvent yp ype !
Blob \Vi
Capability «enumeration»
ConceptDictionary KeyType |/
DataElement . «enumerat. .|
File LocalKeyType
Entity . N
. IdShort
Event ) Fragmentid
MultiLanguageProperty 9
Operation
Property «enumeration
Range IdentifierType
ReferenceElement Custom
RelationshipElement ]
IRDI
SubmodelElement Rl
SubmodelElementCollectjon
View

v

«enumeration»
IdentifiableElements

Asset
AssetAdministrationShell
ConceptDescription
Submodel

Note: References are used throughout the metamodel although not directly visible.

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

E.g. asset: Assetineans thaasset: Reference witkey.type=Assefor the last Key in the Reference

Class: Reference

Explanation: Reference to #ier a model element of the same or another AAs or to an external ent

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

Inherits from: -
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Class: Reference

Attribute Explanation
(*=mandatory)

key* Unique reference in Key
space.

Class: Key

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

Inherits from: --

Attribute Explanation
(*=mandatoy)

type* Denote which kind of entity is
referenced.

KeyElements

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* Denotes if thekey 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 AASat has
a global unique id.

value* The key value, for example g 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 IdShor

Enumeration: KeyElements

Explanation: Enumeration of differeritey 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.
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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

DateElement Data Element.
Not e: Data EIl ement is 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 yided in multiple languages
Operation Operation
Property Property
Range Range with min and max
ReferenceElement Reference
RelationshipElement Relationship

Submodel Element

Note: Submodel El ement isdabgt g
the reference may be a Property, a SubmodelElementCollectior
Operation etc

SubmodelElement

SubmodelElementCollection Collection of Submodel Elements

View View

Enumeration: IdentifiableElements

Enumeration o#fll identifiable elements wiin an asset administration sh
that are not identifiable

Explanation:

Set of: --

Literal

Explanation

Asset Asset

AssetAdministrationShell

AssetAdministrationShell

ConceptDescription

ConceptDescription

Submodel

Submodel




78| The Metamodel of the Administration Shell

Enumeration: KeyType

Explanation: Enumeration of differenkey value types within a key.

Set of: LocalKeyType, IdentifierType

Literal Explanation

Enumeration: LocalKeyType

Explanation: Enumeration of differerkkey value types within a key.

Literal ‘ Explanation

IdShort idShort of a redrable 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 anwhtites@XML Schema Definition XSD)°.
Additionally the type fil an gthdResourcg DesaniptitnirrarhevdRDE)Yéisnugedt i ¢ s
il ang St stringpwvaloe tagged veith a language code.

These types are also used to detiwegype of a value and is defined in the type anySimpleTypeDeC(aased.7.2.2).

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 used for specific data sjpgation templates are listed in the correspondiagseof 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 elements of rdf type
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, &h annotated by the language of the string. The meaning of the
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 thikausethe commonalities and differences are explained artd fon good practices are
given.

In general 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 dr the schemas are not known at design time. Templates 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 spieaition 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 asdlaltow the same schema but have different constraints
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 physdicad)v
Realizing the same via inheritance weblead 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 tHeraent that differs.
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4.8 Predefined Data SpecificationTemplates

4.8.1 Concept of Data Specification Templates

Figure 43 Concept of Data Specification Templates

class Data Specifications (T... /

Identifiable

cabstragte
DataSpecification

1

cabstractie
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 refel@nced v
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 tempietelf (this is why
DataSpecificationnherits fromldentifiable). In UML these are two separated classes.

4.8.2 Predefined Templates for Propertyand Value Descriptions

Conformant to the rules iGlause5.2.2the followingdata speification templateshould be referenceda the id
fhttp:/admin - - shell.io/DataSpecificationTemplates/DataSpecification| EC61360 1200 O

(in hasDataSpecificatiddataSpecificatioh

This namespace has the qualifiér| E CExamples: IEC:DataSpecificationlEC6360preferredNameor IEC:
DataSpecificationlEC6136\velType/Miror IEC:Level Tyg/Min

Note: The dtaspecificationtemplate is not identical to the data specification content as shdviguire44.
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Figure 44 Data Specification Template for defining Property Descriptions conformant to IEC 61360

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

BL

«enumeration»
DataTypelEC61360
DataSpecificationContent DATE
«Template» STRING
DataSpecification|EC61360 STRING_TRANSLATA
- REAL_MEASURE
+ preferredName: LangStnngSe_t__> REAL COUNT
+ shortName: LangStringSet [0J.1] REAL CURRENCY
+ unit: string [0..1] BOOLEAN
+ unitld: Reference [0..1] URL
+ sourceOfDefinition: string [0..1] RATIONAL
+ symbol: string [0..1] RATIONAL_MEASUR
+ dataType: DataTypelEC6136(Q [0..1 TIME -
+ definition: LangStringSet [0..1]] TIMESTAMP
+ valueFormat: string [0..1]
+ valuelList: ValuelList [0..1]
+ value: ValueDataType [0..1]
+ valueld: Reference [0..1] == «enumeration»
+ levelType: LevelType [0..*] LevelType
Min
Max
Nom
Typ

Figure 45 Example Property from eCl@ss

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

Property 02-BAAL20 Max. rotation
short name

Format INTEGER_MEASURE
Unit of measure 1/min

Definition:

Values:

speed

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

Property 02-BAE122 Cooling type

short name -

Format STRING

Definition: Summary of various types of cooling, for use as search criteria that limit a selection
Values:

0173-1#07-BABS495001 - Air-air heat exchanger

0173-1#07-BABG50#001 - Air-water heat exchanger
0173-1#07-BAB592#001 - alien

0173-1#07T-BABG11#001 - closed, external air-cooling
0173-1#07-BABG10£001 - closed, internal air-cooling
0173-1#07-BAB591£003 - free cooling

0173-1#07-BABT02£003 - Heat exchanger against other cooling medium
0173-1#07T-BABG5TH003 - open circuit, external cooling
0173-1#07T-BABG565£003 - open circuit, internal cooling
0173-1#07-BAB535%003 - other form of cooling with primary air coolant
0173-1#07T-BAB5365003 - other primary non-air coolant
0173-1#07T-BABSTA#003 - zelf

Figure 47 Example Value Description from eCl@ss

Value 0173-1#07-BABGSTHOO3
Classification open circuit, external cooling
short name

Definition:

Figure 48 Example Value Desription from eCl@ss Advanced

Trchange Text = Replace Mpeiete [Elcopy

General Admin Aftribute History Release
Value BABG57

IRDI 0173-1#07-BAB657#003
eCl@ss v5 ID BAB657001

Preferred Name open circuit, external cooling
Short Name

Definition

Source of Definition
Note to Definition

Data Type String
Value specification Coded values
Exception No
The TMalpekisdbii | i sts all the all owed v atheasvedfvalues ase listed mane p t

enumeration. The value list is a set of value reference pairs.
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Figure49Type f#fValuelListo

object Types - ValueList/

«dataType»
ValuelList
{Reference to
............... ConceptDescripion
with category
L VALUE}
«dataType»

ValueReferencePairType

+ value: ValueDataType
+ valueld: Referencd

(from Types)

Class: ValuelList <<DataType>>

Explanation: A set of value reference pairs.

Inherits from: --
Attribute (*=mandatory) Explanation

A pair of a value together wit| ValueReferencePai aggr
its global unique id.

valueReferencePairTyp

Class: ValueReferencePair <<DataType>>

Explanation: A value reference pair within a value list.dBavalue has a global unique id defining
semantic.

Inherits from: -

Attribute Explanation

(*=mandatory)

value* the value of the referencg ValueDataTypel aggr 1
concept definition of the value i
valueld

valueld* Global unique id bthe value Reference ref 1

For the meaning of theontentattributes of the IEC6136@ata specificationemplate please refer to IEC 61360 and/or
eCl@ss.

The template can be used to describe properties and values, both.

SeeFigure50for how data specification templates astatedto concept descriptions (showing iheritedattributes as
well). In a similar way templates for other elements in the information model caffilbheddend used.
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Figure 50 Concept Descriptions for Properties conformant to IEC61360

class Predefined Data Specifications Template for Property Descriptions (incl. inherited attributes)/

. HasDataSpecification
Data Specification Templates Identifiable
Identifiable ConceptDescription
«abstr_a_ct». + isCaseOf: Reference [0..%]
DataSpecification ::HasDataSpecification
'|dentifiable + dataSpecification: Reference [0..*]
+ administration: Administrativelnformation [0..11 ::ldentifiable
+ identification: Identifier éfﬁ:?:clegig?alj + administration: Administrativelnformation |(
::Referable dataSpecification| + jdentification: Identifier
+ idShort: string :Referable
+ category: string [0..1] + idShort: string
+ description: LangStringSet [0..1] + category: string [0..1]
+ parent: Referable* [0..1] + description: LangStringSet [0..1]
+ parent: Referable* [0..1]

)
|
may be used as Data Specification
|

1

«Template»
«abstract» DataSpecification|EC61360
DataSpecificationContel %;

=i

—

preferredName: LangStringSe
shortName: LangStringSet [0..1]
unit: string [0..1]

unitld: Reference [0..1]
sourceOfDefinition: string [0..1
symbol: string [0..1]
dataType: DataTypelEC61360Q [0..1]
definition: LangStringSet [0..1]
valueFormat: string [0..1]
valueList: ValuelList [0..1]
value: ValueDataType [0..1]
valueld: Reference [0..1]
levelType: LevelType [0..*]

—_—

+ 4+ + o+ o+

The following tables recommend to use specific categories to distinguish which kind of concept is described. They also
give advice which attributes need to be filled for which category of conlesgtiption. These tables are not part of the
specification because in a way the existing template for describing concept descriptions for properties and coded values
is misused to also describe other concepts. In later version of the standards gretifiiation there might be concept
descriptions better suited for the purpose.
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>
=3
=3
o
c
=
®
&
N

Category of SubmodeElement VARIABLE

preferredNam¥ m m m m m

shortName (m) (m) (m) (m) (m)

unit (m) (m) (m) - (m)

unitld (m) (m) (m) - (m)
sourceODefinition o] o] o} o} 0

symbol o} o} o - -

dataType o s s STRING - REAL_* or

TRANSLATABLE | RATIONAL_*

definition (m) m m m m
valueFormat o} o} o} -- 0
valueList -- o] o] -- --
value m -- - - -
valueld o) - - - -
levelType -- -- -- -- {Min, Max}

Table 6 Concept Description with IEC612360 Data Specification Template for Propies and Ranges

2 m= mandatory, o = optional, (m) = conditionally mandatory comemended to be added

13 Mandatory in at least one language. Preferrable an English preferred name should allways be defined.
1 ExceptSTRING_TRANSLATABLE. In this case MultiLanaguageProperty shall be used.

5 ExceptSTRING_TRANSLATABLE. In this case MultiLaaguageProperty shall be used.

16 ExceptSTRING_TRANSLATABLE. In this case MultiLanaguageProperty shall be used.
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> 0
= ol
= u
=1 ®
@ 3
= @

Category
Submodd-
Element

preferredName
19

shortName (m) (m) (m) (m)
unit -- - - -
unitld -- -- -- -
sou.rc.e.Of 0 0 0 0
Definition

symbol -- -- -- -
dataType STRING | URL STRING | --
definition m m m m

valueFormat -- -- - -

valueList -- -- - -

value -- -- -- --

valueld -- -- -- --

levelType -- -- -- -

" m= mandatory, o = optional, (m) = conditionally mandatory or recommended to be added
8 Template only used until explicit template for definthg corresponding types of elements are available.

9 Mandatory in at least one language. Preferrable an English preferred name should allways be defined.
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Table 7 Concept Description with IEC612360 Data Specification Template foother Data Elements and
Capabilities

Py
®
2
o
=]
m
o)
3
o)
=

Category of Submodel
Element

preferredNan® m m m m m

shortName (m) (m) (m) (m) (m)

unit - - - - -

unitld - -- -- - -

sourceODefinition o] 0 o] o] o]

symbol - - - - -

dataType - -- -- -- --

definition m m m m m

valueFormat -- -- - - -

valueList -- - -- - -

value -- - - - -

valueld - - - - -

levelType - - - - -

Table 8 Concept Description with IEC612360 Data Specification Template for otheBubmodel Elements Data

20 Mandatory in at least one language. Preferrable an English preferred name should allways be defined.
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category QUALIFIER
preferredName m m m
shortName (m) (m) (m)
unit - - --
unitld - - --
sourceOfDefinition o] o] o]
symbol -- -- --
dataType - m --
definition m m m
valueFormat - o --
valueList - o --
value - - --
valueld - -- --
levelType -- -- --

Table 9 Other Elements with semanticld

4.8.3 Predefined Templates forUnit Concept Descriptions

Conformant to the rules i€lauseb5.2.2 the following data specification template should be referenced via the id

ﬁwttp://admin

- shell.io/DataSpecificationTemplates/DataSpecificationTemplates

hasDataSpecificatiddataSpecificatioh

The

recommendat.i

on i s

| DataSpecification

Physicaluni1/o O (in

t o assleadfidcissedndClasel.8.h a mespace

ExamplesiEC:DataSpecificationPhysicalUnit/unitNanee IEC:DataSpecitationPhysicalUnit/definition

Units

(IEC:/DataSpecificationlEC61250/unitjdeeFigure51). The unit value corresponds then to thetNameas specied

are wused in data

specification  templatefor

in theconcept description referenced viaitld.

The data specification template for concept descriptions for unitd-{geee51) is defined conformant to IEC613d0

properties  when

defining  the unitld

and 1SO1385412 and is folloving thexml schema UnitMLAN example unit is shown iRigure52.

quali
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Figure 51 Data Specification Tempate for Physical Units (DataSpecificationPhysicalUnignd its Usage

class Predefined Data Specifications Template for Property and Unit Descriptions (incl. inherited attributes)/

HasDataSpecification
Identifiable
ConceptDescription
+ isCaseOf: Reference [0..*]
A I

| 1
. . may be used as Data
may be used as Pata Specification Specification

DataSpecificationContent !
«Template» DataSpecificationCorlnterw
DataSpecificationlEC61360 «Template»
+ preferredName: LangStringSét DataSpecificationPhysicalUnif
+ shortName: LangStringSet [0.[1] + unitName: string
+ unit: string [0..1] + unitSymbol: string
+ unitld: Reference [0..1] + definition: LangStringSet
+ sourceOfDefinition: string [0..1] + siNotation: string [0..1]
+ symbol: string [0..1] R + siName: string [0..1]
+ dataType: DataTypelEC6136(Q [0..1] + dinNotation: string [0..1]
+ definition: LangStringSet [0..1] + eceName: string [0..1]
+ valueFormat: string [0..1] + eceCode: string [0..1]
+ valuelist: ValueList [0..1] + nistName: string [0..1]
+ value: ValueDataType [0..1] + sourceOfDefinition: string [0.{1]
+ valueld: Reference [0..1] + conversionFactor: string [0..1]
+ levelType: LevelType [0..*] + registrationAuthorityld: string|[0.|
+ supplier: string [0..1]

may reference a concept description using this
template for unitid
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Figure 52 Example of a concept descriptin for a unit: 1/min (from eClI@ss)

class Data Specification Units conformant to IEC61360-1 and 1SO13584-42 (NEW)/
1D 0173-1#05-AAA650#002
Name 1/min
Primary language German
Structured Naming min~?
Short Name 1/min
Definition reciprocal of the unit minute
Source NIST Special Publication 811:1995
Comment
S| Notation 1/min
Sl-Name reciprocal minute
DIN Notation min!
ECE Name reciprocal minute
ECE-Code C94
NIST-Name revolutions per minute
Conversion factor 1.0/60
Registration authority ID 0173-1
Supplier ECL

4.8.4 Embedded Data Specifications
This specification predefines data specifications that can be used within an AAS to ensure interoperability.

Thus, some serializations or mapping support exactly those data specificafined dtethis specification and no others
although the metamodel as such is more flexible and would also support proprietary data specifications.

I n this case of restricted data specificatiodiguebd be u
the realization is explained: instead of a set of external global references to externally defined data specifications a set
pairs consisting of an external global reference to a data specification as well atatpeatification content itself is
directly fAembeddedo. In this realization the data spec
concept the data specification including its content are not part of the schema. This issthelaohcept of semanticlds:

either it is an external global reference to an external concept dictionary or it is a reference to a concept descriptions
within the schema. However, for semanticld we only allow exactly one reference, whereas for datatipesid set of

data specifications references is allowed.
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Figure 53 Realization of Embedded Data Specifications

class Data ifi (Te )-E Data ifi /
Identifiable
ConceptDescription
+ isCaseOf: Reference [0|.*]
Data Specification Template Data Specification Templates
Identifiable Identifiable «abstract
HasDataSpecification
«abstract» «abstract»
realized as ™ . R
DataSpecificaton [~~~ 7" - - DataSpecification + dataSpecification: Referencq [0..
T
) V\\ realwz:ed as
\\ N v
AN «abstract»
AN HasDataSpecification
\\
N
N .
cexternal
g\uba\\\ X
referenceeée
N
\\
1 N ~N
1 N os
«abstract «abstract» > -
DataSpecificationContgnt - — — — — fPalizedas__ ___ DataSpecificationContert EmbeddedDataSpecification ‘
+ dataSpecification: Reference [O.‘.l]

DataSpecification|EC61360

—_

preferredName: LangStringSe
shortName: LangStringSet [0.
unit: string [0..1]

unitld: Reference [0..1]
sourceOfDefinition: string [0..]
symbol: string [0..1]
dataType: DataTypelEC61360
definition: LangStringSet [0..1]
valueFormat: string [0..1]
valueList: ValueList [0..1]
value: ValueDataType [0..1]
valueld: Reference [0..1]
levelType: LevelType [0..7]

=

0.1]

+ 4+ + A+ F o+
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5.1General

It should be possible to share inforinatbetween different systems throughout the area coverteelgntire RAMI4.0
model[1] [2]. OPC UA has beetargetedas a format for information models in the domain of production operations, but
there § a need for other formats for the other areas and the interrelationships between them.

This document describéise AssetAdministration Shetbgether with itsubmodels in different data forméits

Table 10 Distinction of different data format for the AAS
Data format Purpose / motivation

OPC UA Information | Access to all information of the administration data and sharing of live data withiluction
models operationsAccess for highelevel factory systems to this information.

Sharing of type and instance information about assets, particularly during engineering. T

AutomationML - L . . .
! I of this information into the operational phase (cf. OPC UA and the corresponding mappin

XML, JSON Serialisation of this information for thgurpose of technical communication between phases

RDF Mapping of this information to enable full use of the advantages of semantic technologies

Figure 54 Graphic View onExchangeData Formats for the AssetAdministration Shell??

Asset Administration Shell t
Representation : Information
modell

Data Exchange Format/
Payload XML & JSON & RDF

¥ Connected
World
Enterprise

“ OPC-UA ¥ Work Center
(Clign'tYServer Station
Communication 7 A k9E 4”7 Control Device
' ' Field Device
Product

Concept Description

Source: Bosch Rexroth AG. Plattform Industrie 4.0
The specifications of the precediolguseare now specifically transferred to the individual datahangdormats.

5.2General Rules
In the following we distinguish between global and model keys. They are defined as follows:
1 A global keyis a key wih idType <> IdShort. A global key can be local (local = true) if it references an

element within the same AAS, for example a ConceptDescription or another Submodel.

1 A model keyis a key with type <> GlobalReference, i.e. it references a model element thithsame
AAS (local = true) or within another AAS (local=false).

1 A similar distinction is done for references:

2The abbreviated use of the word fAdata formatso incl ude
schemes, transmission protocols, etc.

22 Only data formats considered in this document so far are mentioned in the figure.
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1 A model referenceis a reference key chain in which the last key is a model key.

1 A global referenceis a reference key chain in which the l&s&ty is a global key with type =
GlobalReference.

1 An external global referenceis a global reference for which the first key in the reference key chain is
not local (local = false).

1 A local global referenceis a global reference for which the first key retreference key chain is local
(local = true).

The following rules hold and ensure tipattential cyclical References can be serialized

T I'n a Reference key chain, a key with Il ocal Atru
"true".

T InaReference key <chain, a key with | ocal Afal seod
"true"

5.2.1 Serialization of Val ues of Type fAReferenceo

I n some mapping or serializations the Type rdcddenéndtoence 0
use the following serilization:

<Reference> ::= <Key¥,<Key>}*

<Key> ::= (<KeyType>)(<Local>)[<Keyl dType>]<KeyValue>
<KeyType> ::= value of AAS:Key/type

<Local>::= local | nelocal

<KeyldType> ::= value of AAS:Key/.idType

<KeyValue> ::= value of AAS:Key/value

With <Local> == local if AAS:Key/local = True and nolocal if AAS:Key/local == False.

Examples:
(ConceptDescription)(local)[IRDI]0173#02BAA120#008
(GlobalReference)(ntncal)[IRDI|0173-1#01-AFZ615#016
(Subnodel)(local)[IRI1] http://customer.com/demo/aas/1/1/1234859@3perty)(local)ldShort] Temperature

5.2.2 Semantic Identifiers for Metamodeland Data Specifications

To enable the unique identification of concepts as used and defined in the metamodel of dendssdtation shell
rules for creating such identifiers are defined.

The name spaseand their qualifier ardefined as follows:
<Namespace> ::= ( <AAS Namespace>|<Data Specification Namespace> )
<Namespace Qualifier> ::= <AAS Namespace Qualifier>| Becification Qualifier>
<AASNamespace>::= <Shellb | YSa LIkaS/$Hh& SNARA2Y B
<Data Specification Namespace> ::=
<ShelNamespace® DataSpecificationsi f A R{ K2 NIi 2 F XVeisior { LISOATFTAOI A2y H
<Shelb | Y S a LI GtHadmiily Bhelbio/é
<Version>:= <Digit>/<Digit>

F5A3A0GH YYI M B H P O P 0 P p M C P X
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Up to now only one data specification is defined, otherwise there would be a list of possible data specification namespaces.
The order is identical to the order of the data specification namespheeslEC: maps tohttp://admin
shell.io/ds/IEC61360.

<AASNamespace Qualifier = GAASE
<Data Specification Qualifier> :defined per Data Specification
A concreteuniqueidentifier is defined as follows
<AAS Unique Concept Identifier==(<Namespace> <Namespace Qualifiet) /E<AAS Concept Identifier>
<AAS Concept Identifier>::= <AAS Class Namé&=pAS Attribute}<AAS Enumeration}
<AAS Attribute>::= ¢/ €E<AAS Attribute Nameffd/ E<AAS Attribute Name>}*]

<AAS Enumerationz= [{&/ ¢<AAS Attribue Name>}*E/ €<AAS Enumeration Value

Examples for valid uniqgue AAS Concept Identifeer
http://adminshell.io/aas2/0/AssetAdministrationShell/administration/version
AASAssetAdministrationShell/administration/version

AAS:/Asset/kind/Instance

The applictéion of the pattern is explained in the following:
Theconceptdentifier of a Clasdollows the pattern:
<AASClass name>
This also holds for abstract classes s including Enumerations.
Examples: AASView,AASSubmodelAASQualifier, AASReferene, AASMimeType AASidentifierType

Attributes of CIl a #lsoenberitadratribides qaiabe aeferertced tike thid if tibe.concrete referable is
important in the context.

BasicPattern:

<AASCIlass nameéf €E<AAS Attribute Name>

Exampleg® AASReferable/idShort or AASProperty/idShort or AASAsset/assetldentificationModel or
AASQualifier/semanticldor AASidentifier/id

This also holds for attributes of attribuiethe cardinality of the attributes involved is not greater than 1:
<AAS Clss Name®/ ¢<AAS Attribute Name>f{ £<AAS Attribute Name>}*]
ExamplesAASSubmodel/identification/idr AASidentifiable/administration/version
This also holds for values of enumerations
<AAS Class Namg®{ é<AASAttribute Name>}*][&/ E<AASEnumeration Valie>]

Examples: AAS Submodel/identification/idType/IRDI or AASidentifiable/identification/idType/IRDI  or
AASIdentifier/idType/IRDlor AASidentifierType/IRDI

In case ofin attribute withlcardinalitét greater thahno further attributes or enumerationwas can be added.

23 For simplicty most examples use the namespace qualifier and not the full path of the namespace.
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Note:Although the attribute name in UML is always singular even if the cardinality is > 1 the attribute name is annotated
by the plural fso.

Examples: AASOperation/IrputVariables or AASAssetAdmmistrationShell/submodels or
AASSubmodkElementCollectiorsubmodelElements

AASAssetAdministrationShellilsmodet/administration/versionor AAS:Submodel/Property/idShodre no valid
concept identifier.

A concrete example how these rules are applied is givelnirex Hiii: the identifiers are used as values for the
RefSemantiattribute in AutomationML Mapping of the Asset Administration ShEfese identifiers are also used in
OPC UA (Claus®.7) to describghe semantics of the metamodel via the OPCH#&DictionaryEntryreference type.

For specific serializations and mappings additional identifiers might be needed. For example for a set of asset
administration shells or a set of available assetonceptlescriptionsetc. Here, théAS metamodeblnd specification
does not give any recommendations.

Data Specifiation Handling is special. Data Specification Templates do not belong to the metamodel of the AAS.
However, only the predefined data specificatiomptates as specified in this specification are supported in the
serializationsFor these the corresponding name space qualifier are defined individually.

ExampleslEC:DataSpecificationlEC61360/preferredNarfee Clauséd.8.2 or IEC:DataSpecificationlEC61360/unit
(see Clauséd.8.3.

For the data specification itself the AAS namespace is ég&f8:DataSpecifciationlEC61360

In xml and JSON data specifications are embedded into the schema itself usitlge attribute
fembeddedDat aFpteeseind corceptiderdifreoshall be used. I.e.

AAS:ConceptDescription/embeddedDataSpecification

is not a valid concept identifieAAS DataSpecificatio@ontentis a valid concept identifier

5.3Unified example

The following example is used to demonstrate the main features of the data formats as explained in thediglimemg
for different data format Intention is to motivate the equivalency of information in different representafides.
examples themseabs can be found in the annex.

It shows an AAS withhree submodels: TechnicalData, OperationalData and Documentdi®masset, an motor, that it
is representing has the global fbttp://customer.com/assets/KHBVZJSQKLY

The TechnicalDatabmodel contais data that is available at engineering time: the maximum rotation speed measured
in 1/min. Its semanticld i91731#02BAA120#008 It is an eCl@ss IRDI. However, in this example a copy of the
eCl@ss entry values are copied to a corresponding conceptdegsd i on wi th the same | RDI
uni g u@73il#H5AARB50#002 .

The third submodel ADocumentationodo contains a pdf docu
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5.4 XML

5.4.1 General

In the following clauses an overview of the main concepts ofAteetAdministration ShelKML serialization is
presented. For import and export scenarios the metamodel AésmtAdministration Shelheeds to be serialized. A
serialization format is XMLThe information is divided in three parts. The first part discusses the rules, in the second part
are examples for some specific rules and in the third part the schema and a completeissaimptein the annex.

5.4.2 Introduction

eXtensible Markup LanguagXL 24) is very well suited to deriving information from an IT system, perhaps to process

it manually, and then to feed it into another IT system. It therefore meets the needs of the information sharing scenario
defined in Sectio®. XML provides for the possibilities of scheme definitions which can be used to syntactically validate

the represented information in each step. For this reason, this document provides basic scheme definitions to permit a
validation of information whiclis shared.

The XML schemalefinitions are divided intthreedifferent files:

1 Core definitions for the AssetAdministration Shell and its export container: aas.xsd
o0 Namespace'http://www.adminshell.io/aas/2/0"

1 IEC61360 datatype definition: iec61360.xsd
o Namespace'http://www.adminshell.io/IEC61360/2/0"

1 Attributed based access control definition: aas_abac.xsd
o Namespacéhttp://www.adminshell.io/aas/abac/2/0"

The namespace reflects the current version (2.0) of the specification.

Subsequently, an example XML is provided.

5.4.3 Rules

The main concepts of the XML schema and the resulting XML serializatioexptainedby the following rules. Rules
1 through 6 are general rules, while rules 7 through 11 are specific to References.

(1) XSD global Types are used forodeling

For reusability XSD global types will be used for modeling. There will be a naming convention
<informati onModel Name>+6_1t0

(2) If present, names are taken from the information model.
For comprehensibility reasons the XML key names should be the saine @epresenting Element in the metamodel.
(3) All identifiables have an aggregation on root level.

The identifiables are AssetAdministrationShells, Assets, Submodels, ConceptDescriptions. To reduce redundancy
instances, they are located exclusively inttyelevel aggregation.

(4) Repeating elements and their types will get the same names of their instances in plural.

If the element has a cardinality of n>1 a parent element will be used with the name of the name of the element in plural.
For example, each aetent in the aggregaticaassetseeds to be aasset

(5) Identifiables which are not in the tdpvel aggregations are only references to the corresponding instances in
one of the togevel aggregations.

This rule completes the concept of rule 3. There shioeildo redundant identifiable in the serialized metamodel.

24 see:https:/fwww.w3.0rg/TR/2008/REQmMI-20081126/
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(6) For elements with typeangStringetan aggregation elemenalled langStrin§et t is added. For the single
el ement a | anguage tag filango is added.

For internationalization purposes this ruleécessary.

(7) The attributes of a key in a reference except for the value itself are realized as XML attributes.
(8) Data Specification Templates are directly added to the Concept Description because up to mepenty
descriptionsare supported.

Additiondly, a new element EmbeddedDataSpecification is introduced that has two attributes: one for the globa referenc
to the data specification identifier and one for the content of the data specification.

(9) Attribute based access control is added as a separdl >chema that is linked by
AssetAdministrationShell/security

5.4.4 Example for Top-Level Structures

One serialization describes one agsdministration Shelenvironmenthat is a collection oAdministration She. The
root element of theAssetAdministrationShell environment has 4 aggregations. For each iflabke class, one
aggregation is featuredsrequired by rule 3

Figure 56 Top level structure of anAssetAdministration Shellenvironment mapped to XML Schema

I L. -
assetAdministrationShells_t

[e] AssetAdministrationShell [0.*] assetAdministrationShell_t

Ly

aasenv_t assets_t

. 1
[e] asset [0.%] asset_t *

[e] assetAdministrationShells [0.1] assetAdministrationShells_t

[e] assets [0.1] assets_t ]
[e] submodels [0.1] submodels_t l— [E] submodels_t
[e] conceptDescriptions [0.1] conceptDescriptions_t % [e] submodel [0.¥] submodel_t *:«
conceptDescriptions_t
== [€] conceptDescription [0.*] conceptDescription_t *:r
SourcePlattfornndustrié.0 le

Note: XSD structuring was done with Eclipse tool chain

The resulting XML is the minimal XML:

Table 11 Minimal XML for top level structure

<?ml versiors"1.0" encoding"UTF-8"?>
<aas:aasenxmins:aas"http://www.adminshell.io/aas/2/0"
xmins:abas"http://www.adminshell.io/aas/abac/2/0"
xmins:aas_commaihttp://www.adminshell.io/aas_common/2/0"
xmins:xsE"http://www.w3.0rg/2001/XMLSchemastance"
xmins:IEG="http://www.adminshell.io/[EC61360/2/0"

xsi:schemalocatio#'http://www.adminshell.idaas/2/0 AAS.xsd http://www.admishell.io/IEC61360/2/
IEC61360.xsd http://www.admishell.io/aas/abac/2/0 AAS_ABAC.xsd"

<aas:assetAdministrationShellgaas:assetAdministrationShells
<aas:assets/aas:assets

<aas:submodels/aas:submodeis




Mappings to Data Formats to Share #€.6mpliant Informatior] 101

<aas:concdescriptions</aas:conceptDescriptions

</aas:aasenv

Note: € designates line-wrap for purpose of layout

5.4.5 XSD Model Groups

There are a number of attribute groups in the UML moda. identifiable or hasSemantics. These groups are modelled
as XSD modegroups so they could be reused as anonymous groups in different places.

Note: Identifier/id is not modelled as attribute but a typical identification looks like this:
<aas:identificatior idType="IRI">www.admin-shell.io/aassample/2/&/aas:identificatior

Figure 57 XSD Model Groups

[E] idShort_t
assetAdministrationShell_t | i langStringSet_t
B B 1
[€] idShort [1.1] idShort_t ] ‘ [€l langString [1.%] langString_t %
[e] category [0.1] string ‘
- [e] description [0.1] langStringSet_t T [E] reference_t
- [€] parent [0.1] reference_t T e [Elkeys  keys_t [+
[e] identification [1.1] identification_t B
[e] administration [0.1] administration_t T [E] identification_t
el gt} ome [e] embeddedDataSpecification [0.¥] embeddedDataSpecification_t T @ idType  (idTypeType)
[€] derivedFrom [0.1] reference_t i
[e] assetRef [1.1] reference_t i [l administration_t
[e] submodelRefs [0.1] submodelRefs_t T [el version [0.1] string
[ views [0.1] viewst T [e] revision [0.1] string
[#] conceptDictionaries [0.1] conceptDictionaries_t i
3 ) embeddedDataSpecification_t
[ security [0.1] security_t T — — |
[e] dataSpecificationContent [0.1] dataSpecificationContent_t ,‘,
[e] hasDataSpecification [0.1] reference_t i

This is realized in the according XSD as follows:

Table 12 Using XSD Model Groups

<complexTypename="assetAdministrationShell">
<sequence

<groupref="aas:identifiable’></group>
<groupref="aas:hasDataSpecificationst/group>
<elemeniame"derivedFrom"type="aas:reference_t'minOccurs"0" maxOccurs"1"></element
<elemeniname"assetReftype="aas:reference_t" minOccurs"1" maxOccurs"1"></element
<elemeniame"submodelRefstype="aas:submodelRefs_thinOccurs"0" maxOccurs"1"></element
<elemeniame"views"type="aas:views_t'minOccurs"0" maxOccurs"1"></element

<elemeniname="conceptDictionaries" type="aas:conceptDictionaries_t" minOccurs"0"
maxOccurs"1"></element

<elemeniname="security" type="abac:security_t'minOccurs"0" maxOccurs"1"></element

</sequence
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</complexType

Note: due to XSD group mechanism, hasDataSpecification maps to an element of embeddedDataSpecification_t
and identifiable maps to multiple elements in Figure 57.

5.4.6 Keys and References

Keys and References (sde7.2]) are mapped on the same XML sai# construct. Some of the attributhave
enumerationslefinedi these are mapped on string constraints.

Figure 58 Keys and References

= Fragmentld
by i= IdShort

= IRDI

ZIRI

P

El (typeType)

= AccessPermissionRule
= AnnotatedRelationshipElement]
i= Asset
= AssetAdministrationShell
i= BasicEvent
= Blob
key_t | = Capability
reference_t keys_t idType  (idTypeType) L = ConceptDescription
El keys keys_t % = iFlkey [0.7] key_t % local  boolean ‘ = ConceptDictionary
type (typeType) - i= DataElement
= Entity
= Event

= File

= FragmentReference

= GlobalReference

i= MultiLanguageProperty
= Operation

= Property

= Range

i= ReferenceElement

‘= RelationshipElement

= Submodel

i= SubmodelElement

= SubmodelElementCollection

=View
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Figure 59 Constraints and Qualifiers

formula_t

== [8] dependsOnRefs [0.1] references_t +

constraint_t qualifier_t
[el formula [0.1] formula_t = [e] valueld [0.1] reference t
g [e] qualifier [0.1] qualifier_t !— (el value [0.1] valueDataType_t
(€] type [1.1] qualifierType_t

[e] valueType [1.1] dataTypeDef_t

@ ==—{e] semanticld [0.1] semanticld_t

Lt ———+

5.4.7 AssetAdministration Shell Mapping

AssetAdministration Shels are mapped using the following XML Schema consfirtticonsists of a set of meta data
parameters and mostly links to other parts of the XML document or to extdensntgbased on keys and references)

Figure 59 Overview on mapping and metadata

assetAdministrationShell_t | reference_t
[l idShort [1.1] idShort_t : - [Elkeys keyst [

(€] category [0..1] string T
o 5 | [&] submodelRefs_t
[e] description [0.1] langStringSet_t |
|~ [e] submodelRef [0.7] reference_t
@/ ome et —[€] parent [0.1] reference_t |
[e] conceptDescriptionRefs 0.1] conceptDescriptionRefs_t +
P e (0.1 P L - | : [E] views_t
[e] identification [1.1] identification_t + = =
e — | | [E view [0.%] view_t
[e] administration [0.1] administration_t
B ome [e] embeddedDataSpecification [0.*] embeddedDataSpecification_t : H conceptDictionaries t
[e] derivedFrom [0.1] reference_t ] —— ——
| | [€] conceptDictionary [0.*] conceptDictionary_t
[e] assetRef [1.1] reference_t I—
[e] submodelRefs [0.1] submodelRefs_t i security_t
(=l views (0.1] views t i accessControlPalicyPoints [1.1] accessContralPolicyPoints_t
[¢] conceptDictionaries [0.1] conceptDictionaries_t I— certificates [0.1] certificates t
(el security [0.1] security t T requ'redCen'f'qa;eExtens'ons [0.1] i

5.4.8 ConceptDescriptions andEmbeddedDataSpecificatiors Mapping

As described above, the definition of a concept comprises of an according reference and a content, which is realized by a
data specification.
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Figure 60 Concept description in XML in general

idShort_t|

; langStringSet_t

‘ [e] langString [1.#] langString_t ,;,

conceptDescription_t ‘
| reference_t

—_—
[e] idShort [1.1] idShort_t =

N w—[e] keys  keys_t
[2] category [0.1] string

1
= [e] description [0.1] langStringSet_t W i T
[e] parent [0.1] reference_t I idType  (idTypeType)
[e] identification [1.1] identification_t ]
[e] administration [0.1] administration_t % administration_t
[21}—{ee [e] embeddedDataSpecification [0.*] embeddedDataSpecification_t I [ version [0.1] string
[&] isCaseOf [0.%] reference_t 1 @ revision [0.1] string

embeddedDataSpecification_t

[e] dataSpecificationContent [0.1] dataSpecificationContent_t

Lo

[e] dataSpecification [0.1] reference_t

The data specification can be e.g. alofignlEC 61360 property:

Figure 61 Data specification via IEC 61360 property attributes

dataSpecificationContent_t

embeddedDataSpecification_t

t+—[e] dataSpecificationlEC61360  dataSpecificationlEC61630 t %

reference_t

- [e] keys keys_t v

[e] dataSpecificationContent [0.1] dataSpecificationContent_t

[e] dataSpecification [0.1] reference_t

Full XSD and example XML can be foundAmnex C

5.4.9 Attribute Based Access Control Mapping

As described above, the definition of a concept comprises of an according reference and a content, which is realized by a
data specification

Figure 62 Attribu te BasedAccess Control Model Mappingi Security Model

accessControlPolicyPoints_t

certificates_t

[e] policyAdministrationPoint [1..1] policyAdministrationPoint_t *i«

[e] policyDecisionPoint [1.1] policyDecisionPoint_t *lr

B | [e] policyEnforcementPoint ~ [1.1] policyEnforcementPoint_t *lr

[e] policylnformationPoints 0.1 olicylnformationPoints_t +

[2] accessControlPolicyPoints [1.1] accessControlPolicyPoints_t i policy [0.1]_policy - |
[&] certificates [0.1] certificates_t i
1

[el requiredCertificateExtensions [0.1] references_t

[e] certificate [1.*] certificate_t %

references_t

N 1
reference [0.%] reference_t ¥
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Figure 63 Attribute Based Access Control Model Mappingi Policy Points Model

policyAdministrationPoint_t

1
[el localAccessControl [0.1] accessControl_t [+

[e] externalAccessControl [0.1] boolean

accessControlPolicyPoints_t policyDecisionPoint_t

[e] policyAdministrationPoint [1.1] policyAdministrationPoint_t [e] externalPolicyDecisionPoint [1.1] boolean

[e] policyDecisionPoint [1.1] policyDecisionPoint_t

[e] policyEnforcementPoint  [1.1] policyEnforcementPoint_t policyEnforcementPoint_t

[e] externalPolicyEnforcementPoint [1.1] boolean

[e] policylnformationPoints  [0.1] policylnformationPoints_t

policylnformationPoints_t

[e] externallnformationPoints [1.1] boolean

[el internallnformationPoints  [0.*] internallnformationPoint_t [+

Figure 64 Attribute Based Access Control Model Mappingi Policy Information Points

I - T g
(] policylnformationPoints_t | internallnformationPaints | | submodelRefs_t | | reference_t
[e] externalinformationPoints [1.1] boolean ‘ (&l internalinformationPoint [0.*] submodelRefs_t % ‘ submodelRef [0.*] reference_t

% ‘ keys keys t i

el internalinformationPoints [0.1] internallnformationPoints

5.5JSON

5.5.1 General

In the following clausesan overview of the main concepts of tAesetAdministration ShellSON serialization is
presented. For import and export scenarios the metamodel AéstAdministration Sheleeds to be serialized
serialization formais JSON?® (JavaScript Object NotatipnThe informationis divided in three parts. The first part
discussethe rules, in the second part are examples for some specific rules and in the third part the scheara@etta
exampleis shownin the annex

5.5.2 Rules
The main concepts of ttESONSserialization arexplainedby the following rules.

(1) If present, names are taken from the information model.
For comprehensibility reasons th8ONkey names should be the same as the representingpiién the
metamodel.

(2) EachReferable, Qualifier and Formukeve anadditionalat t r i but e fimodel Typeodo with
corresponding object class as value
This rule is neeedfor deserialization reasons.

(3) Allidentifiables have an aggregation on rootevel.
The idettifiables are AssetAdministrationShells, Assets, Submaded€onceptDescriptions. To reduce
redundancy instancetheyare locateaxclusivelyin the toplevel aggregation.

(4) ldentifiables which are not in the tdgvel aggregations are gnieferences to the corresponding instances in
one ofthe toplevel aggregations.
This rule completes the concept of rule 3. There should be no reduhelatifiable in the serialized
metamodel.

(5) Data Specification Templates are directly added to the Comrpt Description.
Additionally, a new elemerEmbeddedDataSpecificatiagm introduced that has two attributes: one for the
global reference to the data specification identifier and one for the content of the data specification.

25 see:https://tools.ietf.org/html/rfc8256r https://www.ecménternational.org/publications/standards/Eeéfat.htm



https://tools.ietf.org/html/rfc8259
https://www.ecma-international.org/publications/standards/Ecma-404.htm
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5.5.3 Example for Top-Level Structures

One serialization describes oAssetAdministration Shellenvironmentthat is, a collection aAdministration Shel.
The root element of thAssetAdministration Shellenvironment has 4 aggregations. For each identifiable, dass
aggregation iprovided asrequired by rule 3

Figure 65 Top level structure of anAssetAdministration Shellenvironment mapped to JSON

Asset Concept

Administration Submodels

Shells Descriptions

SourcePlattfornmdustrid.0

The resultingSON is the minimavalid JSON

Table 13 Minimal JSON for top level structure

{

"assetAdministrationShellg" ],
"assets! ],
"submodels] ],

"conceptDescriptions]' |

5.5.4 Examples for References to lIdentifiables

As required by rulel, Identifiables are only allowed to be located in thelto@l aggregadns. In deeper parts of the
structure only References to the corresponding ldentifiablst betaken.

In the AssetAdministration ShellAAS1, the submodel S1 is only a Reference to the Submodel S1 instance in the top
level Submodels aggregation.
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Figure 66 Submodel reference in AssetAdministréionShell for JSON

Asset
Administration
Shells

Submodels

Submodels

Concept
Descriptions

SourcePlattfornndustrid.0

This results in the following exemplary JSON:

Table 14 Exemplary minimal JSON for References

{

"assetAdministrationShellg"
{
"modelType" "AssetAdministrationShell"
"submodels!|
{
"keys"[
{

"idType""IRI",
"local":true,
"type™:"Submodel;

"value" "http://env.com/submodels/S1

"assets![],

"submodels!{
{
"modelType""Submodel;
"identification™{
"id": "http://fenv.com/submodels/S1"
"idType™"IRI"
h
"idShort""S1",
"submodelElementq],
é
}
1,

"conceptDescriptions]]
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5.5.5 Examples for ReferenceElement

A ReferenceElement has a Referenceadse. This Reference hasaggregatiorof keyswhich represents a key chain.

The resolved key chain points to an element. In this example the ReferenceBlgalaatpoints to a property ofiather

submodel in anothekssetAdministration Shelenvirorment. The first key is a global keyi t h

false, i.e.the reference is not part of the own environment. The second kayadel key which is used to def the

corresponding property in the other environment by its IdShortb&sspractice to use the shattkey chain if there are

multiple options.

Figure 67 Usage of ReferenceElement in JSON

Submodels

Reference

Element

Submodels

SourcePlattfornndustrid.0

This results in aexemplaryJSON as such:

Table 15 Exemplary ReferenceElement in JS®!

{
"keys"[
{
"idType""IRI",
"local":false

"type":"Submodel;

"idType"."IdShort",
"local™true,
"typ€e":"Property’,

"value™"NMax"

"value""http://fadminshell.idsubmodelsfemperaturé

fattrilbute a4t t0
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5.5.6 Examples for GlobalReference

Sometimes it is useful to refer to another standarsomething that is not providdyy the ownAssetAdministration
Shellenvironment. In this example the semantics Bfaperty refers to eCl@ss.

Figure 68 Usage of GlobalReference in JSON

Submodels

External
4| Destination
" e.g.
eCl@ss
SourcePlattfornndustrid.0
This results in aexemplaryJSON as such:
Table 16 Exemplary GlobalReference in JISON
{
"keys"[
{
"idType""IRDI",
"local': false
"type":"GlobalReference
"value""01731#02AAC962#006"
}
]
}
5.5.7 Example for akind = " Template" Reference
A semantic description can either be something externah émstance with kind=6Templago . I'n this exan

Property P2 uses P1 as a template. P1 haskihemplat® and ®B2askiandeo.

Note: typically, templates are assumed to be specified in another Asset Administration Shell as the instances. Here,
the depicted situation is simplified for layout reasons.
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Figure 69 Exemplary type Reference in JSON

Property

Property

Kind="Template” Kind="Instance”

|dShort="P1" —rDom .
s Source: Plattform Industrie 4.0

This results in aexemplaryJSON as such:

Table 17 Exemplary type Reference in JISON

{
"keys"[
{
"idType""IRI",
"local™true,
"type":"Submodel,
"value""http://aasenvl.com/submodel/S1
2
{
"idType":"IdShort',
"local™true,
"type":"Property,
"value""P1'
}
]
}
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5.6RDF

5.6.1 General

The Resource Description Framework (RH] is recommended standard of the W3C to unambiguously model and
present semantic data. RDF documents are structured in the form of triples, consisting of subjects, relations and objects.
The resulting model is often interpreted as a graph, with the subject and object elements as the nodes and the relations as
the graph edges.

RDF is closely related to Web standariisistrated by the fact that allements are encoded using (HFJIURIs. As a

common practice, the provision of additional informatiothatreferenced locatiasf an RDF entity directly allows the
interlinking of entitied® based on the Web. This process, the following of links in order to discover related information,

is called dereferencing a resource and is supported by any browser or web client. Connecting distributed data sources
through the Web in the described manner is referenced by the term Linked Data. Connecting the available resources and
capabilities of Linked Dataith the expressiveness of the Asset Shell is one motivation for the RDF serialization.

In addition, RDF is the basis of a wide range of logical inference and reasoning techniques. Vocabularies like RDF
Schema (RDFS) and the Web Ontology Language (OWL)bamnthe grapibased syntax of RDF with formal
definitions and axioms. This allows automated reasoners to understand the relation between entities to some extent and
draw conclusions.

Combining both features, the RDkappingof the AsseAdministrationShedl can provide the basis for complex queries

and requests. SPARQL, the standard query language for the Semantic Web, can combine reasoning features with the
integration of external data sources. In order to benefit of these abilities, the AAS requéeas sclokme of its RDF
representation. In the following, the necessary transformation rules are presented, followed by an illustration of relevant
parts of the scheme and an example. The comgétemodel together with the RBEheme aréstedin AnnexG.

5.6.2 Rules

(1) The default serialization format is Turtle.
Several equivalent serializations exist for RDF. Among them, the Turtle syntax is regarded as the most
appropriate compromise between readability and$apport. Other fornmta (RDF/ XML, JSONLD, N3, etc.)
can be used without any loss of information.

(2) Shape Graphs represent the validation rules.
The data model itself imeRDF ontology. As RDF itself is following the opevorld-assumption, SHACL
[38] constraints are necessanydrder to enable schema validati&milarly to XSD for XML, the SHACL
format can be used to describe contraintsbapes) of RDF graphs

(3) Every entity is encoded as either ahRI or a Literal.
RDF usedRIs for both entities and relations. If HRl is predefined, globally uniquelRI is generated.
Primitive values are encoded as Typed Literals.

(4) Entities are enhanced with welknown RDF attributes.
Interoperability of concepts and attributes is the main advawnfate RDF mapping. Applying common
atrributes(rdf:type, rdfs:label, and rdfs:commemiables the usage of standard tools and interfaces.

(5) Repeating elements arelescribed once and then linkedising their IRI identifier.
If a distinctelementappeas more than one time in the original modbeitin a different contextfor instance in
more than one submoddéhe RDF entity represents the combinationalf attributes

(6) Keys must have an index attribute.
Keysof a Referenchave a defined order, however RDF is explicitlyls@sed. The index athute encodes
the position in the original sequence. Consequek#ys belonging to one Reference must have unique
numberdn the range [OkeyCounf, ascending from.af only one Key is supplied, the index attribute can also
be skippedimplyingadd aul t value of 006.

26 Note: entity as a generic term and entity as a specific submodel element subtype need tobe distinugished.
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(7) Multilanguage Strings are split into distinct language ¢ring s.
Objects are expected to contain a singular information entity, and the currently available tools would not
recognize the different pattern used.

5.6.3 Example Overview

RDF is ofen regarded as a graph model, as it provides the flexibility to interlink entities at any stage. In the following,
the running example is originally provided in Turtle agcompaniedvith visualizations of the represented graph.
Attributes referencing neliteral valuesare shown as directed links while Literal values are drawn together with the
corresponding entity itself. In order to increase readability, the namedpaleeating sectionareomitted. The complete
example with all namespaces can benfbin Annex G

The instances of the core classes, the AssetAdministrationShell, the Asset, Submodels, and ConceptDescriptions are
shown inFigure70. A short snippet of the AssetAdministrationShelllsogprovided inTable18. The RDF identifiers

are visualized in a condensed format in the figure but represent complete URIs, as displaydelliBOne can see the
additiondly inserted triples fordf:t ype (1), rdfs:label (2), andrdfs:comment  (3) as determined by Rule 4.

The first attri but.@&hesecond pmovides its eommanly tisadnnafeefhstande dased on the

idShort attribute. rdfs:commensupplies a short description abdhé regardedentity, based on the description value

The generally available tools, for instance the open source tool Protégé, interpret these attributes and display the correct
class hierarchy, render the elements with their labels or supply shortatipisrbased on the comments.

Figure 70 Simplified graph of the core classes in the example

ConceptDescri.

type

AAS9175_T0

submodelElement

ason
we
T s ]
e
camnen

properiyCategory

ASSET_INSTA..

Table 18 Turtle excerpt of an AssetAdministrationShell class

<http://customer.com/aas/9175_7013_7091_9168>

rdf:type aas:AssetAdministrationShell ; Q)

aas:idShort "ExampleMotor" xsd:string ;

rdfs:label "ExampleMotor" xsd:string ; (2)

aas:description "A very short description of thaRAinstance.@en ;

rdfs:comment "A very short description of the AAS instance." xsd:string3)
aas:.asset§ aas:value <http://customer.com/assets/KHBVZISQKI€>];;
aas:submodel| aas:value <http://i40.customer.com/type/1/1/F13E8576F648834 2>
aas:submodel| aas:value <http://i40.customer.com/type/1/1/7A7104BDAB57E18&4%;
aas:submoddgl éaas:value <http://i40.customer.com/instance/1/1/AC69B1CB44F07@35>;
aas:submodek[ aas:value <http://i40.customer.com/type/1/1/1A7B62B529629%¢ | ;
aas:identification <http://customer.com/aas/9175_7013 7091 9168> ;

aas:category "CONSTANT"Mxsd:string .
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5.6.4 Example Schema Shape

The Shapes Constraint Language (SHA38] introduces a W3C recommendation for validation na@i$ms on RDF
graphs. The definition of required attributes, cardinality of relations or datatype restrintithesform of shapeee
Table19for an example shapé an important aspect to enable data quality assurance predyctive system. Some
tools are already created to assist the creation of SHACL sleages Protégglugin and as a part of TopBraid Composer.
As SHACL shapeare also defined in RDF, they share the same format and thereby reduce the requiresbtestanid
and reduces the amountrafcessarlibraries

Table 19: A SHACL Shape for the AssetAdministrationShell and its asset attribute

aas:AssetAdministrationShellShape a sh:NodeShape ;

sh:targetClass aas:AssetAdministratioriShe
rdfs:subClassOf aas:HasDataSpecificationShape ;
rdfs:subClassOf aas:ldentifiableShape ;
sh:property [

a sh:PropertyShape ;

sh:path aas:asset ;

sh:class aas:Reference ;

sh:minCount 1 ;

sh:maxCount 1 ;

sh:messge "Exactly one <i>asset</i> attribute having anR&ference/i> entity is required **xsd:string;

sh:name "asset*xsd:string;

1 ; é

5.6.5 IRl Mapping

Every enitiy in RDF is either a Resource or a Literal. While Literals present data valuesritigs, numbers or any
sequence of characters, Resources represent the nodes and edges in the data graph. As Resources must be identifie
throughlRlIs (preferable evebRIs), the creation of suitabliRlIs is fundamental for the mapping. Whenever resources

of an AAS are alreadgentifiedthroughlRIs (see also Sectigh4.6, thesdRIs'URIsare also utilized in the RDF model.
However, in caseshereno IRl is given, a defined procedure has to be followed. The following decteps determine

the necessary steps in order to create an unambi¢Rbie every element of the AAS.

These steps are only executead®per distinct element. If elements occur more than one time, always thelRame
identifier has to be used. Thisdspecially relevant for the fallback solutiot gnd3) where the initial character sequence
must be reused. Different elements must not get the same sequence under any circumstances.

1. If the element haklentifierType="IRI":
Usethe value of thédenftfication attribute else:
2. If the enclosinghAS has arldentifierType="IRI":
a. If the element inherits from Referable:
Apply the template: <AAS identification URI>/<path/to/elemen&itiShort>, where the path to
the element is the concatenation of thgpective idShorts separated by slashisg:
b. Apply the template: <AAS identification URI>/<path/to/elementafidom characters>
3. Use randomized character sequence:
<scheme>://<random characters>

5.6.6 Example Mapping

Several mapping languages have been aléaterder to transform structured data into RDF graphs. Most prominently,
R2RML (relational data only) and RML (relational data, XML, JSON, etc.) are used to specify the necessary mappings.
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A RML mapping can be used to transform a given Agdsiatinistration Shell from its XML or JSON serialization to any
potential RDF serialization. The snippetTiable 20 illustrates an RML TriplesMap used to convert the XML example
from Annex E. The AssetAdministrationShell elements are iter@teblogicalSource ) and, among others, all
relations to referenced Submodatgextracted if:predicateObjectMap ).

Table 20 RML TriplesMap snippet for parsing XML to RDF

_:AssetAdministrationShellMap rdf:itype rr:TriplesMap ;
rml:logicalSource [
rml:source "[é]/customer _com_aas_9175_7013_7009
rml:referenceFormulation gl:XPath ;
rml:iterator "//*[locatname()="assetAdministrationShell]"
l;
rr:subjectMap [
rml:reference itlentification” ;
rr:.class aas:AssetAdministrationShell
1
rr:predicateObjectMap [
rr:predicate aas:submodel ;
rr:objectMap [
rml:reference "submodelRefs/submodelRef/keys/key" ;

rr:termTyperr:URI

5.6.7 Example Asset Administration Shell with References

RDF entities usually do not have an explicit order. That implies that a reordering of elements is allowed. As for instance
references to Submodels do not depend on their sequthis behaviour is fine. However, especiélby elements do

have a certain sequence and keeping that is important. Still, the available set of tools does not guarantee to preserve their
original order. Consequently, a new attribud@sfindex ) needsa be introducedFigure 71 explains the regarded

situation, where an Asset Administration Shell expresses its relation with an Aab&t.21 illustrates the use of

aas:index . If more than one Key appeatbg index attribute must always be used. Furthermore, no two index values
must have the same integer value as otherwise the order information is lost. The first index is denoted with 0 in ascending
order.
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Figure 71 Graph snippet of an AssetAdministrationShell, linked to an Asset througha Reference and Key

Reference

AssetAdministr...

_:AssetKey
_:AssetRef -
C =

[ASSET_IDEN.A] ERI_IDENTIFIE..]

Table 21 Exemplary AssetAdministrationShell stating its identification and containing oneAsset

<http://customer.com/aas/9175 7013 7091 9168> rdfagseAssetAdministrationShell ;
aas:identification <http://customer.com/aas/9175 7013 7091 9168>;
aas:asset [
a aas:Reference ;
aas:key [
a aas:Key ;
aas:index "0"Mxsd:integer ;
aas:type aas:ASSE IDENTIFIABLE_ELEMENT ;
aas:local "true""xsd:boolean ;
aas:value <http://customer.com/assets/KHBVZJSQKIY> ;
aas:idType aakRl_IDENTIFIER_TYPE ;

<http://customer.com/assets/KHBVZJSQKIY> rdf:gypas:Asset ;
aas:identification <http://customer.com/assets/KHBVZJSQKIY> ;

5.6.8 Example Asset

The Asset is the objective of the whole Asset Administration Skigjure 72shows the graph of the RDF encoded
ServoDCMotor inTable 22. The motor, identified through itsnique URI, has a Submodel providing all necessary
information describing its identity.
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Submodel
Submodel:F13...

Figure 72 Asset and its identifying Submodel
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[ASSET_INSTA.] [Asset:KHBVZJ.] ﬁR_DENTIFIE] [SUBMODEL_I...]

Table 22 RDF Asset in Turtle

assetKind

<http://customer.com/assets/KHBVZJSQKIY> rdf:type aas:Asset ;
aas:idShort "ServoDCMotor"Mxsd:string ;
rdfs:label "ServoDCMotor"Mxsd:string ;
aas:identification> <http://customer.com/assets/KHBVZJSQKIY>.
aas:assetldeffitationModel [
rdf:type aas:Reference ;
aas:key [
rdf:type aas:Key ;
aas:index "0"Mxsd:integer ;
aas:type aas:SUBMODEL_IDENTIFIABLE_ELEMENT ;
aas:local "true"xsd:boolean ;
aas:value <http://i40.customesro/type/1/1/F13E8576F6488342> ;
aas:idType aalRl_IDENTIFIER_TYPE .
l;
aasassetknd aasASSET_INSTANCE .

5.6.9 Example Submodel with Property

Submodels contain the relevant information for a use Eégare73 showsthe Identification Submodel with the Property
containing the manufacturer of the asset. In the RDF terminology, every relation actually is called a property. In the data
model of the Asset Administration Shell however, a Property is a defined sub cldss $fibmodelElement. The
distinction is made through the namespaodf:Property for every relation,aas:Property for certain
SubmodelElements (s&able23).
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Figure 73 Graph of the relations between a Submdel (F13E8576F6488342) and a Property (Manufacturer)
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Table 23 Exemplary Submodel stating its semantic ID and containing one SubmodelElement

<http://i40.customer.com/type/1/1/F13E8576F6488342> rdf:type aas:Submodel ;
aas:idSbrt "Identification"xsd:string ;
aas:semanticld [
a aas:Reference ;
aas:key [
a aas:Key ;
aas:index "0"Mxsd:integer ;
aas:type aas:GLOBAL_REFERENCEKEY_ELEMENT ;
aas:local "false" xsthoolean ;
aas:value "0173#01:-ADN198#009"xsd:string ;
aas:idType aas:IRDI_IDENTIFIER_TYPE ;
l;
I é

aas:identification <http://i40.customer.com/type/1/1/F13E8576F6488342> ;

aas:submodelElement |
rdf:type aas:Property ;
rdf:subject<http://i40.customer.com/type/1/1/F13E8576F6488342/Manufacturer> ;
aas:idShort "Manufacturer"xsd:string ;
aas:semanticld [

a aas:Reference ;
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aas:key [
a aas:Key ;
aas:index "0""xsd:integer ;
aas:type aas:GLOBAL_REFERENCEEY ELEMENT ;
aas:local "false"xsd:boolean ;
aas:value "0173#02AA0677#002" xsd:string ;
aas:idTypeas:IRDI_IDENTIFIER_TYPE ;

5.6.10 Example MultiL anguage String

The Identification Submodel ifiable 24 has two descriptions, one in English and one in German. RDF proposes the
usage of LangStriys, typed Literals with a language tagble25illustrates, how Rule 7 leads to different object values.

Table 24 Exemplary MultiLanguage description of a Submodel

<aas:submodel>
<aas:idShort>Identifation</aas:idShort>
<aas:description>
<aas:langString lang="EN">Identification from Manufacturer</aas:langString>
<aas:langString lang="DE">Herstelttentifikation</aas:langString>
</aas:description>
é

</aas:subrodel>

Table 25 RDF serialization of attribute values in different languages

<http://i40.customer.com/type/1/1/F13E8576F6488342>
aas:description "ldentification from Manufacturer"@en ;

aasdescription "Herstelleddentifikation"@de.

5.6.11 Example Concept Description

A Concept Description defines the meaning of the entities used in the Asset Administration Shells, Assets, and
SubmodelsTable26Table26 illustrates a description for the organization name of a condtaatcore building blocks

of the example are the reference to the data specification key (1), the actual content conforming to IEC 61360 (2), and the
reference to the actual identifigrthe previously used elements (3).

Table 26 ConceptDescription Example in RDF

<http://www.vdi2770.com/blattl/Entwurf/Okt18/cd/Organization/OrganizationOfficialName>
rdf:type aas:ConceptDescription ;
aas:idShort "Organiz@nName"~xsd:string ;

rdfs:label "OrganizationName"~xsd:string ;
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aas:category "CONSTANT"Mxsd:string ;

aas:identification <http://www.vdi2770.com/blatt1l/Entwurf/Okt18/cd/Organ
ation/OrganizationOfficialName> ;

aas:hasDataSpecificatipn 1)
rdf:type aas:Reference ;
aas:key [
a aas:Key ;
aas:index "0"Mxsd:integer ;
aas:type aas:GLOBAL_REFERENCEKEY_ELEMENT ;
aas:local "false"xsd:boolean ;

aas:value <http://admishell.io/DataSpecificationTemplates/Data
ecificationlEC61360> ;

aas:idType aalRl_IDENTIFIER_TYPE ;
1
1
aas:.content [ (2)
rdf:type aas:DataSpecificationlEC61360 ;
aas:preferredName "offizieller Name der Organisation"@de ;
aas:preferredName "official name of the organization"@en ;
aas:shortName "OrganizationOfficialNan@én;
aas:datatype "STRING"Mxsstring ;
aas:definition "Der offizielle Name der Organisation."@de ;
1
aas:isCaseOf [ )
rdf:type aas:Reference ;
aas:key [
a aas:Key ;
aas:index "0"~xsd:integer ;
aas:type aas:CONCEPT_DESCRIPTION_IDENTIFIABLE_ELEMENT ;
aas:local "true"xsd:boolean ;
aas:value "0173#02AA0677#002"Mxsd:string
aas:idType aas:IRDI_IDENTIFIER_TYPE ;




120| Mappings to Data Formats to Share #€.6mpliant Information
5.70PC UA

5.7.1 General

The works of the mapping to the OPC Unified Architecture are currently carried out in a joint working’ betugen
OPC Foundation, ZVEI and VDMA. In the following the main aspects for the mapping are descrif3&] the details
of thecompaniorspecification can be found.

Note: Boxes ing r e e n HakDickomaryftntryd pre denoting elements (object types, reference types etc.) that are
predefined in the OPC UA Specifications.

Figure 74 Overview OPC UA Information Model for AAS

AASAssetAdministrationShell Type

semanticld —
DictionaryEntryType::
ARSI <DictionaryEntry>

HasInterface—» |AASIdentifiable Type

Hasinterface®  IAASIdentifiable Type

AASReferenceType::
<DataSpecification>

AASReferenceType::

<DataSpecification>
AASAssetType::
Asset
PropertyType::
AASSubmodelType:: e Kizdyp
<Submodel>
AASQualifierType::

AASReferenceType:: | aASReference AASSubmodelType:: <Qualifier>
<SubmodelReference> - <Submodel>

AASSubmodelElementType::
<SubmodelElement>

AASConceptDictionary Type::
<ConceptDictionary>

AASViewType::
<View>
AASReferenceType:: AASReferencel AASAssetAdministrationShellType::
DerivedFrom <DerivedFrom> semanticld DictionaryEntryType::
<DictionaryEntry>

AASSubmodelElementType
Haslnterface
IAASReferableType
AASAssetType
‘ AASReferenceType::
. <DataSpecification>
Haslnterface—» |AASIdentifiable Type
PropertyType::
Kind
AASReferenceType::
<DataSpecification>
AASQualifierType::
PropertyType:: <Qualifier>
AssetKind
AASReferenceType:: | AASSubmodelType::
AssetldentificationModel AASReferenceh <Submodel>
AASReferenceType:: | _ AASSubmodelType::
BillofMaterial AASReferen <Submodel>

27 see:https://opcfoundation.org/collaboration/i4aas/
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Figure 75 Submodel Element Subtypes in OPC UA
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5.7.2 Rules

The rules for mapping of the AAS information model to OPC UA information model are given inlitheirig. In
subsequent clauses examples for the rules are given.

General Rules:

For alll class elements in AAS an object type with
Example:AASAssetTypéor Asset AASSubmodelElementTyijpe SubmodelEEimentand AASQualifierTypéor

Qualifier. These Types are derived frdBaseObjectTypedException:ConceptDescriptiosi undReferablesee

below

For all types in AAS that can not directly be mapped to OPC UA primitive types a data type is created with the
same name + suffix fADat aTAkABssetkindamTypefori AzsetiRindlBxBeption: E x a mp
LangStringSet s mapped to t helopalizediled.i ned OPC type i
Attributes of <c¢classes in AAS t Hag Prhapeferences dsithimtpel e da
object type. The BrowseName corresponds to the name in the AAS UML model but is starting with Capital
Letter. ExampleAASAdministrativelnformationTypleas propertwersionwi t h data type AStri
The cardinality of an association aggregation is specified via OPC Modelling rules. The OPC modelling rule
fiOptionab i s wused i f the cardinal i tMgndatosp Zies ou soed 1i.f Tthhee
i s One. The OP@QptiadaRlaechdldesn g sr wlsaedohélity i zeto,loee ocmore than one

el ement. The ORMandMaryiPlaceHolden go riud eudied i f the cardinal
element.

Aggregation and composition at Had Gaumpsn erft dthifkefserse ni
the object type.

In case of cardinality O .. 1 or 1 the BrowseName corresponds to the name in the AAS UML model but is
starting with Capital IAASAssetType Brampheco@®bpaens wftt
AAssetl dentificationModel 0o

In case of cardinality > 0 the BrowseName corresponds to the idShort in the AAS UML model. Example:
AASSubmodelTypbas OPC components with OPC TypeDefinithehSSubmodelElementTypA submodé

el ement may have the i dSh dbrowse rmarkesfthB com@obentish Speedo. Tt
AiMaxRotationSpeedo as wel |l

Since OPC UA does not support multiple inheritance abstract cladséds k €uadifiabded  fiidentifiabled )

are not modelled via subtype reference in OPC UA. The corresponding attéggpesyations and compositions

are modelled as part of the inheriting class. For details see rules below.

Rules forSubmodelElements

10.

Specific for theBlob SubmodelElement typAASBlobType t he pr edef i ne dFileTyp®C itsype
used forthesr a |l u e . Re f e FileType sa roef ctoymqppeonfient s of the object
Aval ued but AFiled. The mime type is part of the OF
FileType mime type is mandatory to be filled.

Spedfic for the File SubmodelElement typeAASFileTypg the value attribute is mapped to an OPC property
with BrowseName AFil eReferenced. Additionally an ot
added similar as for the Blob. Since this isiapal the mime type is modelled as OPC property. In case both are
present, then the mime type needs to be the same.

SubmodelElementCollectionan be either ordered or not ordered. In case of an ordered collection
ASubmodel EI e ment Co lAASOéradBubniodeiEEmentEdldctiozTgpe thearedationship

between collection and submodel elements is realized vipréuefined OPC UAfHasOrderedComponet

reference type. Otherwise a A&8bmodelElementCollectionTyiseused.

For Operations first alASOperationTypé defined but then th® P CMethod is used for describing the
operationT he name of Opdraioomet hod i s #

Hint: TheOPC UA SpecificatioddmendmenB: Method Metadatallows to add meta information to individual
argumentgHasArgunentDescriptio. This is usedo realize semanticldby using the OPC reference type
fiHasDictionaryEntry .
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11. For AAS references as usedReferenceElemenf RelationshipElemergee rule for referencing.
12.For AAS submodel el e me nNAEveritTypoe nrtedt etrreedcelsj eamt OtPyCp eU /

ref er e nGererateBvgde.

Rules forReferablesndidentifiables

13. For Referable and Identifiable separate OPC object types are defined that are referenced from the corresponding
object typesrepresengn t he concrete referablHasinteasfacd RdEat ehcabt
The naming convention for this is as |IAASIdentiiablesTypd | AAS <

14.1n case of referenced refer athloddewiot o r mdidalnhdiart g r 1y L
attributeidShortof AAS Referables is represented by the browse name of an elSirer@.there are cases like

for Asset AdministrationShell/ asset w h e id&hortshweell, b r o ws
idShortis modelled additionally. In cases with no prefined browse name the browse nameid8tidhishould
be identicial.

15. Theparentattribute ofReferabless not explicitly modelled because OPC UA supports native navigation.

16. In case of reference@érf er abl es with modelling rule fiOptional 0 o

the AAS attribute name and the display nhame shall be identical to the idShort.
Rules forQualifiables

17. Qualifier of an element are modelled wiPC UA HasComponentreferencetype Since qualifier are not
referable they do not have a browse name that corresponds to an AAS attribute. Instead the name should be
generated as followsjualifier:<value of AAS:Qualifier/ type>=<value of Qualifierhalue>.

Rules forsemanticldandConcept Descriptions

18. A concept description i s ilrdibicianantEmntrgog diriDicfiomaryEhted .pr e d e
This is why t her e AaSirddConcaptDéscrigidnTypec o r tinfiCr#epbescifiption
Ty peod anylonenliget for tha bther AAS classes. Additionally for idType = Custom a new Type
AAASCustomConceptDescriptionTgpe i s cr eat ed i nDidionaryEntnyTypédi r ect |y fr

19. Concept descriptions are added to a folder on the server side. flegdbfolde r s h a | | Dictiomariesa.me d i
Below additional subfolders can be created.

20. semanticildi s model |l ed by wusing t he HasDigidnaryEntrpe da n@P G sr e€fiet
referencing an object of type fHAAABtrG@oRcoaepepedescpt
or of type AAASCustomConceptDescriptionTypeo.

21. Additionally a concept description has at least one-Audi allow the usage of the IEC61360 data specification
template (see rules for data specifications).

Rules forData Specifiations

22.Concrete data specificati ons AASDataSpecificationiiype. ng fr om t F

23. There is no need in OPC to distinguish between the data specification properties and the data specification
content defining the properties that shal added to the object type that uses the data specification. The AAS
attributes ofDataSpecificationare modelled as OPC UA properties or components (rules as above) of the
AASDataSpecificationTypmit are not instantiate@hisis always the case in @PUA if there are no modelling
rules attached to a property or component.

24. The concept of embedded data specifications is used. The element that is using the data specification uses the
OPC r ef er ldasAddio t y P ledlindisedphics of elements: opeoperty being the global external
reference to a data specification, the other one the data specification content.
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Rules forReferencing

25. For AAS references as usedReferenceElemenf RelationshipElemera new norhierarchial Reference Type
fAASRefeenced i s i nt r o dReferende. TypéHasCon@pBn€dt i s not directly use
element because OPC references can only reference to elements within its own name space. For AAS, however,
also global external references are possibte ekements in other AAS on other OPC Servers or to entities
compl etely outside the s AbdSReferamdeTypeAiSs Hhlediobgetthe wiun
to the referenced el ements and optiona&lol y eda&nm emneafeer
is no special rule for the browse name in this case. The display name should be the same as the idShort of the
referenced element.

26. The Keys of a references are realized as an array. Every single Key is serialized as described5r2Qlause

Rules forSemantics of Model Elements

27. The fiHasDictionaryEntryo reference type of OPC UA i
also of object types. For doing so the rules for creating identifersfired in Claus®.2.2are used.

5.7.3 Example Overview

Figure 76 showsan OPC UA Server wittan AAS containing several submodels: Documentation, Identification
OperationalDatandTechnicalDataFor TechnicdDatathe attributes CoolingType, Identification, Kind, etc. are visible.

The property maxRotationSpeed has the OPC properties Kind, Value, Category and so on. The mapping are explained in
more detail in the following subclauses.
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Figure 76 Overview OPC UA Serverwith Max Rotation Speed
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5.7.4 ldentifiables and Referables

Identifiables and Referables are modelled as interfaces;igere 77. As exaplained in the rules idShort is not only a
property but in casesith no predefined browse name also the browse name of an object.

Figure 77 Identifiables and Referables in OPC UA

BaselnterfaceType

IAASReferableType
PropertyType::
Category
PropertyType::
IdShort
IAASIdentifiable Type

Identification ——»» AASlIdentifierType

Administration PrODerlt()j/Type: :
PropertyType::
IdType

AASAdministrativelnformationType

PropertyType::
Version
PropertyType::
Revision

5.7.5 Example Submodel with Property etc.

In Figure78an example for a submodel with one pedpfi Ma x Ro t a t is showd.prkeeexhmple is not complete,
some attributes like kind etc. are missilgthe next Clause the same example is shown acdimgnticld

In Figure79the definition ofthe submodel type is shown.

In Figure80the same example froRigure78is shown in UAEXxpert.
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Figure 78 Example Submodel TechnicalData (Extract)

AASSubmodelType::
TechnicalData
DisplayName =

Submodel:TechnicalData AASIdentifierType::
Identification

PropertyType:: PropertyType::
IdShort = +| Id = http//i40.customer.comitype/

TechnicalData 1/1/7A7104BDAB57E184

PropertyType::
IdType = IRI

AASPropertyType::
MaxRotationSpeed

PropertyType::
IdShort =
MaxR otationSpeed

PropertyType::
Value = 5000

Figure 79 OPC UA Structure Submodel

semanticld DictionaryEntryType::

AASSubmodelElementType <DictionaryEntry>

Haslinterface

IAASReferableType

AASReferenceType::
<DataSpecification>

47 PropertyType::
Kind

AASQualifierType::
<Qualifier>




128 | Mappings to Data Formats to Share #€.6mpliant Information

Figure 80 Example UAExpert Max. Rotatation Speed Property

# Display Name Value Datatype

1 Cateqgory PROPERTY String

2 Keys Null

3 Id 0173-1#02-B AA120#008 String

4 IdType IRDI String

5 Keys Null

6 DataType INTEGER_MEASURE String

7 Definition Doubleclicktodisplayvalve LlocalizedText
8 PreferredMame Doubleclicktodisplayvalue | localizedText
9 ShortName String

10 Unit 1/min String

1 Revision 2 String

12 Version String

13 Keys [(GlobalReference)(no-local)[IRDII0173-1#05-AAAB50#002 ' String

5.7.6 Example Property of a Submodel with Semanticld

In the following(Figure81) the exampldrom Clauseb.7.4is extended and now also includes a semantic reference to a
concept description ofr HaaDichooaryErtry on&pereedn¢emotdegpéedf vOR

The propertywith idShort and thus browse narvaxRoationSpeechas a reference todictionary entry with IRDI

f01731#02BAA120#008 1. Since the AA8Ii@omdeptescdptionTygpes astantihtdrlD | t h
AASIrdiConceptDescriptionTypges i nher i ti ng f r om ItdiDietionarPEGtryTypé Cabsj edcetf i Tnyepd

the Amendment for Dictionary Entries.

Figure 81 Example MaxRotationSpeed Property as part of Submodel TechnicalData

SubmodelType::
TechnicalData AASIdentifierType
DisplayName = ::Identification
Submodel:TechnicalData
PropertyType::
= Id = http.//i40.customer.com/type/1/1/7A7104BDAB57E184
PropertyType::
IdShort =
TechnicalData
PropertyType::
IdType = IRI
AASPropertyType:: L - AASIrdiConceptDescriptionType::
. MaxRotationSpeed HasDictionaryEntr 01731#02-BAA 1204008
PropertyType::
IdShort =
MaxRotationSpeed I
axrotation spee HasAddin | pataspecification|EC61360Type::
DataSpecification|EC61360
PropertyType::
Value = 5000
PropertyType::
PreferredName =

[0] Max. rotation speed (EN)
[1] max. Drehzahl (DE)

. PropertyType::
Unit = 1/min

SubmodelElement@lection is mapped toAASOrderedsubmodelEleme@ollectionType if ordered=True and
AASSubmodelElemeollection if ordered=False (s€égure82).

5.7.7 Examples Submodel Element Collections

An Example for a collection is shown kigure83.
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Figure 82 Structure CollectionType and OrderedCollectionType

AASSubmodelElement
CollectionType

AASSubmodelElementType::
<SubmodelElement>

PropertyType::
AllowDuplicates

AASOrderedSubmodelElement
CollectionType

PropertyType::
AllowDuplicates

HasOrderedComponent AASSubmodelElementType::
<SubmodelElement>

Figure 83 Example Submodel Documentation with Collection for OperatingManual

v & Submodel:Documentation
¢ Category
&% |dentification
¢ Kind
v & OperatingManual
¢ AllowDuplicates
¢ Category
& DigitalFile_PDF
&% DocumentClassid
& DocumentClassName
& DocumentClassificationSystem
& Documentld
¢ Kind
& Language
& OrganizationName
& OrganizationOfficialName
& Semanticld
& Title
& Semanticld
& Submodel:ldentification
& Submodel:OperationalData
& Submodel:TechnicalData

5.7.8 Example Asset

Asset as modelled as a normahmgmnent of the AAS object (séégure86). Figure84 shows as an example an Asset
with idShort fAServoDCMotor o with Figue8sshewsdhesamee@amplein t he

UAEXxpert.
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Figure 84 Example ServoDCMotor as Asset

AASIdentifierType::

Identification
PropertyType:: PropertyType::
44 IdShort = —rﬁ Id = http://customer.com/aas/ ‘
ExampleMotor 9175 7013 7091 9168
PropertyType::
AASAssetAdministrationType:: IdType = IRI
ExampleMotor
AASAssetType::
Asset AASIdentifierType::
DisplayName = Identification
ServoDCMotor PropertyType::
S Idsg(():r,t\; PropertyType::
EY0 otor Id = http://customer.com/assets/
KHBVZJSQKIY
PropertyType::
PropertyType:: | d'IF')yp g/ :yﬁ?l
AssetKind = Instance
AASReferenceType::
AssetldentificationModel
AASRef
AASSubmodelType:: ereren
Identification
Figure 85 Example UAExpert Asset ServoMotor
. Unified Automation UaExpert - The OPC Unified Architecture Client - NewProject™
Eile View Server Document Settings Help
Address Space g x Data Access View
¥ No Highlight - # Display Name Value Datatype
=2 Root A1 Category String
il | i
v © Objects § IKdr1d h?-ls;t:ua..r:'ctzsmrner.cornr'assels.r’(-{BVZJSQKIY gmg
v 3 AASROOT 4 1dType URI String
v & AssetAdministrationShell:ExampleMotor 5 Keys {'(Submodel)(local) [URI]i40.customer.com/type/1/1/F 13E8576F 6488342 String
Vil Asset Ta\x S
v & AssetldentificationModel
¥ Keys
@ Category
v & |dentification
v id
# |dType
@ Kind
¢ Category

&% |dentification

% Submodel:Documentation
& Submodel:ldentification

% Submodel:OperationalData
& SubmodelTechnicalData
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Figure 86 Structure Asset Administration Shellwith Asset and Submodels

AASAssetAdministrationShell Type

Hasinterface®  |AASIdentifiable Type

AASReferenceType::
<DataSpecification>

AASAssetType::
Asset

AASSubmodelType::
<Submodel>

AASReferenceType::
<SubmodelReference>

AASConceptDictionaryType::
<ConceptDictionary>

AASViewType::
<View>

——AASReferencep

AASSubmodelType::
<Submodel>

AASReferenceType::

. —AASReferenc®,
DerivedFrom

AASAssetAdministrationShell Type::

<DerivedFrom>

5.7.9 Example File

In Figure87the OPC UA types faBlob andFile submodel elements are shown (inheritance #fgx8Submodétiement

Typeis not shown, se€igure75). In Figure88an exampl e

documentation submodel confor mant
modelling the file iself. In Figure89 the same example is shown in UAExpert.

Figure 87 OPC UA Types for SubmodelElementsFile and Blob

how t o moHle®l ia sthmmwaddl

t o VDI BilgTy@® ciosn tuasiendi nf

AASBlob Type

AASFileType

|  FileType:

File

PropertyType::

FileReference

PropertyType::
Mime Type

Fi

FileType::

le




132| Mappings to Data Formats to Share #€.6mpliant Information

Figure 88 Example OperationManual as AASFileType

PropertyType::
IdShort =
Documentation
AASSubmodelType::
Documentation
AASIdentifierType::
Identification
AASSubmodelElement AASIriConceptDescriptionType::
CollectionType:: ——HasDictionaryEntry—m  www.vdi27 70.com/blattl/Entwurf/
OperationManual Okt18/cd/Document PropertyType::
Id = http://i40.customer.com/type/
PropertyType:: 1/1/1A7B62B529F19152
IdShort =
OperationManual
PropertyType::
1dType = IRI

PropertyType::
AllowDuplicates = False

AASIriConceptDescriptionType::
- » http://vdi2770.com/blatt1l/Entwurf/
[?Atsﬁlﬂel-ryg%': HasDictionaryEntry—» Okt18/cd/
ERENAE] StoredDocumentRepresentation/
DigitalFile

PropertyType::
IdShort =
DigitalFile_PDF

PropertyType::
MimeType = application/pdf

PropertyType::
FileReference = /aasx/OperatingManual.pdf

FileType::File
DisplayName = OperationManual.pdf

Size = 2761

Writable = False

UserWritable =
False
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Figure 89 Example OperatingManual File in UAExpert

Address Space 8 x Data Access View
#7 Mo Highlight I} T # Display Name Value
= Root A1 Category PARAMETER Su
. 2 Kind Instance st
V- O_b‘lec“ 3 MimeType application/pdf St
v O AASROOT 4 Value Jaasx/OperatingManual.pdf St
v & AssetAdministrationShell:ExampleMotor 5 Keys {"(ConceptDescription){local) [URIlwww.vdi2770.com/blatt1/Entwurf/Okt18... Su
& Asset 6 MimeType application/pdf st
7 OpenCount 0 ul
@ Category 8 Size 194061 ul
& Identification 9 UserWritable true Be
v&S D ; 10 Writable true Be
% Submodel:Documentation 11 InputArguments ™ Ex
@ Category 12 InputArquments Edit Value x Ex
e 13 InputArguments Ex
ia'l(d:;tlllcatlon 14 OutputArguments Name Value Ex
i 15 InputArguments 1 Ex
v &% OperatingManual 16 OutputArguments v (o) :rgumem Amayl2] Ex
. 17 InputArguments v rgument Ex
@ AllowDuplicates 18  OutputArguments Name FileHandle Ex
v Category 19 InputArguments Ex
v & DigitalFile_PDF RGeS il
P Catego& Namespacelndex 0
v & File IdentifierType 0 (Numeric)
@ Close MNumeric 7
© GetPosition \-"alueRgnk . -1
@ MimeType ArmayDimensions  UInt32 Amay[0]
 Open Description |
@ OpenCount v [1] Argument
© Read Name Data
% SetPosition v DataType Nodeld
@ Size MNamespacelndex 0
@ UserWritable IdentifierType 0 (Numeric)
@ Writable Numeric 15
& Write ValueRank -1
@ Kind ArmayDimensions  UlInt32 Amray[0]
¢ MimeType Description |
& Semanticld
@ Value
& DocumentClassid

5.7.10 Example Operation and Capabilities
InFigure90ano per at i on f &dafimed in thesOPE WA @ompanion Specification for Aditol

Itis visible thatmethodar e not directy contained as part of the sub
first. This is becausen the one side to be consistent with the other submodel elements and on the other sitse other
no DictionaryEntryreference can be added: this is not forseen so far in OPC UA Amendment for Dictionary Entries.

The predefined r ef dasfeguneatDasyigtian f sr umedhods diéscribe the
output variables. Theeferencesar i abl e with the description has the HfAHas:s
information.

InFigure9la di f ferent modelling i s shown, HaeAosgumentBescripgiani bgt t he
just explicity modelling the input and output variables as components.
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Figure 90 Example Operation Scan

AASIriConceptDescriptionType::
HasDictionaryEntry—» http://opcfoundation.org/UA/
Autold/Scan

OperationType::
Scan

PropertyType::
IdShort = Scan

Operation

InputArguments::
Arguments[] = {Settings}

OutputArguments::
Arguments[] = {Results, Status}

HasArgumentDescription

AASIriConceptDescriptionType::

| BaseDatavariableType:: | | picionanenuys]  http:/opcfoundation.org/UA/
HasArgumentDescription Settings Autold/Scan/Settings
. . AASIriConceptDescriptionType::
; BaseDatavariableType:: | | hicionayenuysl  hittp:/opcfoundation.org/UA/

- Results Autold/Scan/Results
HasArgumentDescription

. . AASIriConceptDescriptionType::
BaseDatavariableType:: | | picionayenrys|  http://opcfoundation.org/UA/
Status Autold/Scan/Status

Figure 91 Example Operation Scan in UAExpert

. Unified Automation UaExpert - The OPC Unified Architecture Client - NewProject™

Eile View Server Document Settings Help

Address Space & x Data Access View
“3 Mo Highlight B # Display Name Value Datatyp
2 Root 1 Category ) _ String
v 3 Objects 2 Keys {'{GlobalReference)(no-locall[URIIhttp://opcfoundation.ora/UA/Autol d/Sca’t String
3 Category VARIABLE String
v &8 AASROOT 4 Value String
& AssetAdministrationShell:ExampleMotorType 5 ValueType String
. . . . 6 Category VARIABLE String
v &R ﬁ.\ssemd.m\nlstratlonSneH.Scar\ner 7 Value String
v & |dentification 8 ValueType String
@ 1d 9 Cateqgory VARIABLE String
1T 10 Value String
@ Idlype 11 ValueType String
v & Submodel:Methods 12 Keys {"(GlobalReference)(no-local) [URI]http:/fopcfoundation.org/UA/Autold/Scan/Results’} String
& Identification 13 Keys {'(GlobalReference)(no-local) [URI]http://opcfoundation.org/UA/Autold/Scan/Status’} String
i 14 Keys {"(GlobalReference)(no-local) [URIIhttp:/fopcfoundation.org/UA/Autold/Scan/Settings} String
L ind
v
@ Category
% Operation
v & OperationlnputVariables
v & Settings
@ Category
& Semanticld
@ Value
@ ValueType
~ & OperationOutputVariables
&% Results
& Status

& Semanticld

5.7.11 Example References

In Figure92 an example is show how to use references. References are for example used in ReferenceElements and in
RelationshipElements. For this there is a predefih@8@Referenceeference type defined that is used for references to
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local elementgKey/locakTrue). Local in this case means the referenced object is on the same OPC UA Server as the
AAS. For global references (Key/local=False) AdSReferencean be used. In this example the global reference is
fihttp://i40.customer.com/type/1/1/1A7BB229F1915d .

Figure 92 Example References shown for the reference to a submodel

AASReferenceType::
Keys
DisplayName=SubmodelRef:Documentation

AASSubmodelType::

AASReference———» .
Documentation

PropertyType::
Keys|] = {(Submodel)(local)[IRI]http://i40.customer.com/type/1/1/1A7B62B529F19152}

5.7.12 Example Qualifier
In Figure93the OPC UA Type for Qualifier is shown.

InFigure93a Sub model iTechni cal Dalifeaydlequabt b nd ISeP&dCuwe If idfri dira so fs pi
is shown.. Normally the name of an OPC UA element corresponds igSthertwithin the AAS metamodel. However,

gualifiers do not havanidShortbecause they are no referables. Therefore the name in OPC UA needs to be created, itis
ALi f e GREDI.e =

In Figure95the example is shown in UA Exp€tt

2%l'n the example the name of the submodel is ATechnical
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Figure 93 Qualifier Type in OPC UA

semanticld

DictionaryEntryType::
<DictionaryEntry>

‘ AASQualifierType

PropertyType:: ‘
Type

PropertyType:: ‘
Value

AASReferenceType::
Valueld

Figure 94 Example Qualifiers for Submodel

SubmodelType::
TechnicalData

AASQualifierType:: - AASIrdiConceptDescriptionType::
Qualifier:life cycle qual=SPEC HasDictionayEny =¥ " 01 12/2///61360_4#AAF575

PropertyType::
Type=life cycle qual

.| PropertyType::
"l Vvalue=SPEC

AASReferenceType:: AASIrdiConceptDescriptionType::
yp —HasDictionaryEntry» p P yp
Valueld 01122///61360 44AAF579
AASPropertyType::
MaxRotationSpeed
Figure 95 Example Lifecycle Qualifier for Submodel Techncial Data
v & Submodel:TechnicalData_SPEC
v Category
& CoolingType
& |dentification Data Access View
v Kind # Display Name Value Datatype
1 Cat Stri
& MaxRotationSpeed 2 T life cycle qual String
Al R, tlaio 10112/2///61360_4#AAFST) émnq
4 Key: ('(GlobalRefer J(no-local) IRDI]0112/2///61360 _4# J tri
v & Qualifier.life cycle qual=SPEC 5 Keys {GlobalReference)(no-local IR DI0112/2///61360_4#AAF575) String

v & Semanticld
v Keys
¢ Type
¢ Value
v & Valueld
@ Keys
& Semanticld
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5.7.13 Example Concept Description

In Figure 96 Example ConceptDescription Max. Rotati Speed (Extract} is shown how to add the semanticld to a
property. In this example the reference 0 Hfferenbabetiveeronar y |
an external reference and a local reference to a concept dictionary is only visible looking at the addins used to describe
the attributes of a dictionary entry. The corresponding extract that can be referenced by any element thatacan have
dictionalEntry reference is shown Figure96. A concrete example how it is realized in an OPC UA Server is shown in
Figure97.

Figure 96 Example ConceptDescription Max. Rotatbn Speed (Extract)

AASIrdiConceptDescriptionType::
01731#02-BAA12(#008

HasAddin | pataSpecification|EC61360Type::
DataSpecificationlEC61360

PropertyType::
PreferredName =
[0] Max. rotation speed (EN)
[1] max. Drehzahl (DE)

PropertyType::
Unit = 1/min
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Figure 97 ConceptDescription MaxRoationSpeed in OPC UA Server
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5.7.14 Example Data Specification

In Figure98 the data specification template for IEC61360 is define this case the id and idShort are fixed. It also has
a version. Additionally the Browse Name i $HasAddimed roimnc e

OPC UA).

The usage of the template was discussed in CRUsE3

Figure 98 Example Data Specification Template IEC61360

DefaultinstanceBrowseName
AASDataSpecificationlEC61360Type MataSpecificition| EC61360"

PropertyType::
IdShort =
DataSpecification|EC61360
PropertyType::
Category

Identification

PropertyType::
IdType = IRI

PropertyType::
Id = http://admin-shell.io/
DataSpecification Templates/
DataSpecification|EC61360/2/0

il

Administration

PropertyType::
Version = 2

PropertyType::
Revision =0

LocalizedText

PreferredName

ShortName LocalizedText

1
i

5.7.15 Example Event
In Figure99the event type in OPC UA is shown. It uses the Event Mechanism of OPC UA.
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Figure 99 Event Type in OPC UA

AASEventType

GeneratesEvent

BaseEventType

5.7.16 Example HasDictionaryEntry for Model

In Clauses.7.6it was shown how to describe the semantics of an instance of an OPC UA type. Using the saneerefer
type fAHasDictionaryEntryo also the semantic of the typ
the submodel ifrigure100.

Figure 100HasDictionaryEntry for Submodel

AASIriConceptDescriptionType::

AASSubmodelType HasbictonayEntey == pt5-// admin-shellio/ aas’ Submodel
) i AASIriConceptDescriptionType::
Hasinterface— |AASIdentifiable Type HasbictionaryEntry————| http:// admin-shellio/ aad Identifiable

AASReferenceType:: HasDictionaryEnt AASIriConceptDescriptionType::
<DataSpecification> 4 http:// admin-shellio/ aag HasDataSpecificatiotdataSpecification

PropertyType:: - AASIriConceptDescriptionType::

HasPictonan > http:// admin-shellio/ aas HasKindkind
AASQualifierType:: AASIriConceptDescriptionType::

HasDictionaryEntry—

<Qualifier> http:// admin-shellio/ aad Qualifier

AASSubmodelElementType::
<SubmodelElement>

AASIriConceptDescriptionType::
http:// admin-shellio/ aag SubmodelElement

HasDictionaryEntry—»

5.8 AutomationML

5.8.1 General

For import and export scenarios tmetamodebf an Asset Administration Shell needs to be serialized. In the following
clauses an overview of the main concepts of the Asset Administration Shell serializatiodutgingtionML (IEC
62714) are presented. As a serialization format, AutomationML is especially suitable for the engineering phase.

In general the serialization approach is to map each object of the Asset Administratiom8&tagiiodelto an
AutomationML Rok Class or to an AutomationML Role Class accompanied by an AutomationML Interface Class. This
Role Class and (if applied) Interface Class then also define the required attributes in AutomationML.

Asset Administration Shells itself shall be modelled as AationML System Unit Classes or as Internal Elements within
an Instance Hierarchy depending of the kind information of type and instance.

For the Role Classes and Interface Classes that are required for the serialization an AutomationML Role Class Library
resp. an Interface Class Library are defined and provided to the public.
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One of the goals is to ensure that the AutomationML model of the Asset Administration Shell can be used as a standalone
AutomationML model as well as in combination with existing Aw&tionML models such as the upcoming
AutomationML Component Description. Therefore, the definition of the serialization approach definecclaubéss
interleaved with the AutomationML definitions and applies the AutomationML technology definitioredywadh
https://www.automationml.org/o.red.c/dateien.html

The example is shown in tool iAiAut omati onML Editoro of

5.8.2 Rules

The rules for mapping of the AAS information model to AutomationML information model are given in the following.
In subsequent clauses examples for the rules are given. For reasons of simplicity the term AML element is used for either
InternalElement®r for SystemUnitClasses interfaces (or all of them) depending on the context.

Generic Rules for mapping:

(1) If present AML role class and attribute nanaee taken from thAAS metanodel.

(2) If present, AML element names are the same as the valdSbobitinformation from the AAS. If not present,
a sufficiently unique element name is to be generated.

(3) Attributes of AAS Classes are modelled as attributes of AML elements.
The morphology of the AML and AAS information is in principle the same.

(4) Semanticsof AML attributes is given by the AMIRefSemantiattribute Semantics of AML elementare
defined via AML roleandinterface classes.

The values of RefSemantic follow thelesas described irClauseb.2.2

Example for RefSemantic valueSAS:Qualifier AAS:Qualifiertype AAS:Qualifierialue
For a complete list of all RefSemantialues seénnex Hiii.
Note: RefSemantic is not identical to semanticld in AAS. The difference is explaiGaalise 5.8.8
(5) Attributes on AML Elements are createdonly if required.
Attributes, such asategoryare only createtbr AML elementsjf values are present in the AZd vice
versa.
6) Values of Attri but e sReferencéA /a3 ewhsiecrh adriez eadf atsy pset rfi ng.
1 The rules for serialization can be founddfause5.2.1
1 Example: (Submodel)(local)RI] http://www.myuri.de
1 Every internal elementthat represents information ofthe AAS metamodel. A Tool with AASX-
Import would search only for the AAS roles in the AML file. However, an AationML tool could
also export/write a file containing AAS roles and other roles/models.

Rules for elements other than SubmodelElements of the AAS:

(7) Qualifiers are mapped on instance level to a complex attribute in AML
1 Name of top-most hierarchy attribute qualifier:<value of AAS:Qualifier/ type>=<value of
Qualifier/ value>. E x a Quulifier:PredicateRelation=GREATER_THAND 0
1 Subordinate attributes of the qualifier are mapped to subordinate attributes of the attribute in AML, e.g.
for qualifiertype, qualiier value with according AMIRefSemantic
(8) View aslInternalElementwith RoleClassView groups mirror elements
The internal elements with the assigned role dia%si egmd@pone to many mirror elements as a child. The
target of themirror elemenis theAAS entity identified by the AAS Views acontained elemenf mirror
el ement p oRefBaseSystemtnitPadltriibdtesto the UUID of the corresponding AML element.

Rules for subtypes of AAS SubmodelElement:

(9) All AAS SubmodelElementsare mapped to ML InternalElements with an associated role class equal to the
respectivesSubmodelElemesubtype (e.g. AAS Property to AML Role Class Property).

(10) For submodel elemerttile an interfaceFileDataReferencewi t h i t 6s predefined att
MIMEType is usedfor referencing the file. Attribute value of submodel element File is not needed.
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(11)For submodel elemeniReferenceElementand RelationshipElementthei n t e rRéferableReférencé i s
used to reference to the corresponding objéttsase of a lodaeference (AAS:Key/local = True) the interface
fiReferableReferenbe needs t o be set and is pointing to the coc¢

InternalLink. In this case, the value is empty. In case of an external refer®A8eKey/local= False) no
InternalLink is set for the interface. Instead, Wadueattribute carries a serialization of the AAS Reference.
(12)For Operation, theOperation is mapped tmnInternalElement in AML with Role Clas3peration
1 Input-/output-/inoutputVariableattributes ofan AAS Operatiorare mapped ttnternalElementsn
AML with RoleClassOperationinputVariablesOperationOutputVariablesesp.
OperationlnoutputVariablesThesdnternalElementgontain subordinatebhternalElementgor the
submodel elements.
(13)SubmodelElementCollection is mapped to an InternalElement in AML with RoleClass
SubmodelElementCollectioh contains subordinatddternalElement$or contained elements.

Rules for the instance hierarchy of AML

(14)For an AASX Tool with AML Export typically ainstance hierarchy needs to be created. This instance hierarchy
needs a name. If there is no other naming convention or no existing instance hierarchy that shall be used a
possi bl e name for AssaAdnmimssaticnBhellnstancetietayoc.h yl ti sc oint ai ns
administration shells containing elements kifid=Instance. Elements within this hierarchy have the role
flAssetAdministrationSheill.

Note: The AML import to an AA SAdsetAdmmmiktrationSkginotrfoeteed s t o
names of the instance hierarchies.

(15)For an AAS with concept descriptions an AASX Tool with AML Export needs to create an instance for the
concept descriptions. If there is no other naming convention or no existing concept description linstarotey
then a possible name for thestanceHierarchy #\dsetAdministrationShellConceptDescriptoa . It cont @
the concept descriptions used or that can be used within the asset administration shells. The role of the elements
contained in thisinstac e h i e CanceptDegcrigtian . A
Note: The AML i mport to an AAEohceptDesdriptipnhy sthoned ds ttde
of the instance hierarchies.

(16)For each AAS rel ated el e mssetddmimistiationgllo atnh & ncsd rarnecsep own C
within AssetAdministrationShellRoleClasslisbassigned.

(17)In case of an AAS element having a data specification additionally an instance of the corresponding template
with Role DataSpecificationConcentwithin the corresponding yStemUnitClassLilis assigned. Thus, all
attributes defined within the template are additionally predefined for the element.

(18)The name of the element within a concept description being instantiated by a data specification template, i.e. an

element with rolefiDataSpecifiationConent, EmbeddBdDataSpecification. | f mor e t han
specification template is used then the element containing the different elements has the name
AEmbeddedDataSpecifications (no rol e) a rekments i t are nameb

AEmbedded@taSpecificication_<Numberé because the names need to be unique.

(19)In case of a concept description AAS has a predefined data specification templat®4R@pecificatioh
c a | IDatabpedificationlEC61360Template Thi s t empl at e drigionbwirstntidtimgr a ¢
its content, i DataSpedfitabom@ontedt wi t h r ol e

(20)The name of the elements within a library needs to be ungiue. This is why for concept descriptions within the
library for concept descriptions the name is choosdolksvs:
<value of AAS:ConceptDescription/idShortxvalue of
AAS:ConceptDesption/identification/idType>_<value of AAS:ConceptDescription/identification/id>

Rules for the Role Class Library of AML:

(21)There is a predefined RoleClassLibrary wi t h n AssgddminitrationShellRoleClasslab.
It contains all roles specific for asset administration shells.

(22)All AAS referables (and thus identifiables)are mappedto specific Role Classes in AML.
The name is identical to the name in AAS.
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(23)A small number of role clags are required for entities that have cardinality > 1 and different names like
fiOperationinputVariabled fiOperationOutputVariables .a n ©pefationinoutpuwariableso of Oper at i c

Rules forSystemUnit Class libraries:

(24)For an AASX Tool with AML Exmprt a system unit class library needs to be created if the AASX contains
submodels or submodel elemeafkind=Template This system unit class library needs a name. If there is no
other naming conventioar no other system unit class lib that can be @w@dssible name for tHiorary is
flAssetAdministrationShellSystemUnitClasses | t contains the asset administ
kind=Type. Elements within thisbraryh a v e t AssetAdnoifisgatigmShell.
Note: The AML importtoa®M ASX Tool just ne efdstAdmmnistiationSkell,f omro tt hfeor o
names of the system unit class libraries.

(25)If an AAS contains a submodel kihd=Template then a correspondir§ystemUnitClasis created for:

0 the AAS itself, and
0 the submodel s wi Templae t he AAS with kind-=

(26)The same roles as for AAS with submodels of kind=Instance are assigned.

(27)There is a predefinedSystemUnitClassLibrarywi t h nAasaieministratiorshelDataSpeciication
Templates .
It contains the predefined data specification templates as defined in Asset Administration Shell in Detail. These
data specifications have the role fiDataSpecificatic

(28)A Data Specificati on h aPata8pecitatiortCententa Id ed li eemerrmgt awil t i h
available when using the data specification.

(29)In case there is the need to assign more than one data specification template to an element a system unit class
containing the needed data specification content elenmertds to be defined

Rules forlnterfacelibraries:

(1) There is a predefinednterfaceC| as s Li br ar yAssatAdministrationShellinteffaceClassLib.
It contains the predefined interfaces used within the asset administration shell.

(2) FileDataReferencéss an i nterface deri ved fBExternalDatdReferehegt. o mat iiosn
used as interface for submodel el ement AFil eod.

(3) ReferableReferenceis an interface for realizing references as used within submodel elements
fiReferenceElemedit a RethtorfshipElemedt ( and it s sasshbt@administsatol shellsvi t hi n

5.8.3 Example Overview

In Figure101the example is shown in the AutomationML EditDetails are explained in the following subclauses.



144| Mappings to Data Formats to Share +&€0mpliant Information

Figure 101 Example in Automation ML Editor
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5.8.4 Example Property and Concept Description
Figurel02s hows t he property fiMaxRotationSpeedOo.

Pl ease not e: the Unit fil/ mindcoul d have beveritisavdildbded t o
only indirectly via its semanticld (séegure103).

The value of attribute fisemanti clGlagseblkded t he reference

Figure 102 Example Property MaxRotationSpeed

=5 Attributes : MaxRotationSpeed

Hx 8

Name Value Semantic Datalype
idShort MaxRotationSpeed AAS:Referable/idShort xs:string
category PARAMETER AAS:Referable/category xs:string
kind Instance AAS:HasKind/kind xs:string
semanticld (ConceptDescription)(local)[IRDIJ0173-1#02-BAA120#008 AAS:HasSemantics/ xs:string

semanticld
value 5000 AAS:Property/value xs:integer

Figure 103Example DataSpecificationContent of Concept Description MaxRotationSpeed conformant to
template DataSpecificationlEC61360Template

Bl Attributes - O
Attribute-Table = [® .
Name Value *O x Unit ~ O x

~ preferredName

aml-lang=de max. Drehzahl
aml-lang=en Max. rotation speed
~  Attribute
shortName
unit 1/min
unitld (GlobalReference)(no-local)[IRDI)
0173-1#05-AAA650#002
dataType INTEGER_MEASURE
~ definition
aml-lang=de Héchste zuldssige Drehzahl, mit

welcher der Motor oder die
Speiseinheit betrieben werden darf

aml-lang=en Greatest permissible rotation speed
with which the motor or feeding
unit may be operated

BEELEE Attributes G GEIRIGS
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5.8.5 Example Attributes of Attributes
Complex Types are realized as attributes with -sibiibutes(see Figure104).

Figure 104 Example Identification with two subattributes

Attributes

4 B identification
@ idType
<A id

5.8.6 Example Language Tagged Strings
For attributes of type lang®tgorLangStri ngSet t he preldadgadeidsFigudd@at ¢ s e & ut

Figure 105Example for attribute value in multiple languages

a | °8 AssetAdministrationShelllnstanceHierarchy B Attributes

a [If] ExampleMotor { Class Role AssetAdministrationShell }
w [If] ServoDCMotor { Class Role Asset }
a [if] Identification { Class Role Submodel }

Attributes

w < identification

@ idShort
w [I]] Manufacturer { Class Role Property }
> category
« [IE] GLN { Class Role Property } o
& |« description
w [IE] ProductDesignation { Class Role Property }
aml-lang=EN
w [if] SerialNumber { Class Role Property }
@ aml-lang=DE
w [if] TechnicalData { Class Role Submodel } i
> kind

w [If] OperationalData { Class Role Submodel }

w [If] Documentation { Class Role Submodel }

> semanticld

A Attribute Detail: aml-lang=EN
Description

Unit

AttributeDataType

DefaultValue

Value Identification from Manufacturer
RefSemantic [0]

5.8.7 Example Asset

In Figurel06the asset represented by an asset administration s

Figure 106 Example Asset in Instance Hierarchy

(x| AWV

» “B InstanceHierarchy
» [1if] ExampleMotor { Class Role AssetAdministrationShell }
v [IE] ServoDCMotor { Class Role Asset}
v [If] Identification { Class Role Submodel }

5.8.8 Example RefSemantic

Note: RefSemantics an attribute of AutomationML whereasmsanticld is an attribute of Asset Administration Shell.
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RefSemantf€ describes the semantics of the metamodel. Thus the values reference to a description within the Asset
Administration Shell Specification.

Semanticldlescribes the semantics of an ins&anc

RefSemanti€E or t he AML attribute Asemanticldo of an AML el en
the semantics as defined for the attribute Asemanticl d
that it is the manum rotation speed (séégure107).

For a complete list of all RefSemantic gemex Hiii.

Figure 107 Example for RefSemantic and semanticld of th® r operty fAMaxRotati onSpeed?o

MaxRotationSpeed — 0O

E+*E®
@ jdShort
@« category

s kind

semanticld

@ yalue

Attribute detail: semanticld

Value a
Value (ConceptDescription)(local)[IRDIJ0173-1#02-BAA120#008
Default Value D?
Data Type xs:string v
Unit
Constraint Constraint collection

Relations R

¥ Semantic Semantic collection -]+
[0] AAS:HasSemantics/semanticld
Semantic

RefSemantic: A reference to a definition of a defined attribute, e. g. to an attribute in a standardized
library, this allows the semantic definition of the attribute.

5.8.9 Example References

References are serialized into a single string. See exampligure 108 The value of the semanticld is typed as
AfReferenced and is serialized as string.

Exceptiors: ReferenceElement and RelationshipElement including its subtypes as well as Views.

X 'n the tooling it is sometimes just denoted as ASeman:
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Figure 108 Example for serialized reference as value for attribute semanticld

Bl Attributes — O
Attribute-Table = [® .
Name Value - X nv X
idShort MaxRotationSpeed
category PARAMETER
kind Instance
semanticld (ConceptDescription)
(local)[IRDIJ0173-1#02-
BAA120#008
value 5000

Internal Links

5.8.10 Example ReferenceElement

In Figure108 anexample for a reference element is given: it references another element within the AAS by using the
interface fAReferabl eReferenced. The blue dotted | ine r e
here).

Figure 109Example for ReferenceElement with Interface

» [IE] ReferencedObject { Class Role ReferenceElement }
- ReferencedObject-Interfaces
~o ReferableReference { Class ReferableReference )
AssetAdministrationShellRoleClassLib/ReferenceElement
AssetAdministrationShellRoleClassLib/SubmodelElementCollection
AssetAdministrationShellRoleClassLib/Submodel
AssetAdministrationShellRoleClassLib/AssetAdministrationShell

5.8.11 Example File

In Figure 110 an AAS File submodel element is shown. It is realized with the predefined AML interface
FileDataReference from I nhiesfraatei cCh Klses!| |LIirbtrearrfya cfieACsl saests:
AML interf DatdRefiexenrceal from I nterface Class Library HAAL
is derived from the AML interface ffExtCdrarsasl Ddtha Ga nyn éicAtu
InterfaceClass i b 0 . T h eFileDataReferehcaatready has a MIMEType inherited that is conformant to
AAS:/File/mimeType.

Figure 110Example File

v [ii] Title { Class Role Property ) Bl Attributes - O
w [if] Language { Class Role Property }

» [iE] DigitalFile_PDF { Class Role File } Attribute-Table "B
a DigitalFile_PDF-Interfaces Name Value v x Unit ~ X
«o FileDataReference { Class FileDataReference } || MIMEType application/pdf

AssetAdministrationShellRoleClassLib/File refURI /faasx/OperatingManual.pdf

—_—— [y - — - - -

5.8.12 Example Operation
Operation is mapped to ImtealElement in AML with Role Class Operation.

InoputVariablegOutputVariables/InoutputVariablesre mapped to InternalElements in AML with RoleClageration
InputVariables resp. ~Output~ These InternalElements contain subordinatetérnalElementsfor the submodel
elements.
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The in or out element can be empty, i.e. does not need to have child elements.

Figure 111 Example Operation "SelectProgram” with input variables

4 (it} Operations {Role: Submodel}
4 (it} SelectProgram {Role: Operation}

4 [ig] |nputVariables {Role: OperationinputVariables}

1] ProgramNumber {Role: Property}

4 [it] OutputVariables {Role: OperationOutputVariables}

4 it Result {Role: Property}

5.8.13 Example Qualifier

The example ifrigure112s h o ws
the other of type

a

t h t
ati

property wi
AfPredicat eRel

o)
ono.

gualifiers. One
The qualifier

Qualifiers are not referable, i.ehaéy do not have an idShort attribute. This is why a name of the AML attribute was

generated as follows:

qualifier:<value of AAS:Qualifietiype>

Figure 112Ex a mp | e

Qualifier

=<value of QualifieMalue>.

[ [x]

@ jdShort

« category

« kind

«® semanticld

@ yvalue

4 w0 qualifier:

typ

@ yvalue

Value

Value

PredicateRelation=GREATER_THAN 0

Attribute detail: type

PredicateRelation

Default Value

Data Type

Unit

Constraint

Relations

¥ Semantic

[0]

xs:string

AAS:Qualifier/type

5.8.14 Example Concept Descriptions

Concept
Description® .

Descriptio

ns ar e stored

The name of the elements within an instance hibsaneeds to be unique. This is why the name is choosen as follows:

<value of AAS:ConceptDescription/idShort> <value of AAS:ConceptDescription/identification/idType>_ <value of

AAS:Conceescription/identification/id>

0
V

APréedieat eRéluat N GRE AWIERh THAN|_ 00

i nAsssfdmiristrasidrbhelCoreeptHi er ar
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An example concept description fona X . rotation speed using the gar edefi
SpecificatiolEC6136@ i s sHgorelh3andRigurell4d

Figure 113Example Concept Description usig predefined data specification template IEC61360

» [If] MaxRotationSpeed_ IRDI_0173-1_02-BAA120_008 { Class Role ConceptDescription }

EmbeddedDataSpecification { Class DataSpecificationlEC61360 Role
DataSpecificationContent }
[RR] AssetAdministrationShellRoleClassLib/DataSpecificationContent

[RR] AssetAdministrationShellRoleClassLib/ConceptDescription

Figure 114 Example Embedded Data Specification IEC61360 of Concept Descriptidar Property
AMaxRotati onSpeedod

Bl Attributes - O
Attribute-Table kB
Name Value *O x Unit ~ 0 x

+ preferredName

aml-lang=de max. Drehzahl
aml-lang=en Max. rotation speed
~ Attribute
shortName
unit 1/min
unitld (GlobalReference)(no-local)[IRDI)
0173-1#05-AAAG50#002
dataType INTEGER_MEASURE

~ definition

aml-lang=de Héchste zuldssige Drehzahl, mit
welcher der Motor oder die
Speiseinheit betrieben werden
darf

aml-lang=en Greatest permissible rotation
speed with which the motor or

feeding unit may be operated

Attributes EEIEHERTGS

5.8.15 Example View

In Figurell5anexamplevie wi t h name fASafetyViewdo is shown that cont

Figure 115Example SafetyView

v [iE] Documentation { Class Role Submodel } o =
Header
+ [IE] SafetyView { Class Role View } :
- http://i40.customer.com/instance/1/1/AC69B1CB44F07935/RotationSpeed { Class | - A& Header
51¢6069f-c82c-4d32-9ce1-e65bb8d38a6e Role } ch Mod
[fR] A~getAdministrationShellRoleClassLib/View angenioce
[f#] AssetAdministrationShellRoleClassLib/AssetAdministrationShell Description
v °§ AssetAdministrationShellConceptDescriptions Version
Copyright
Additionalinformation [0]
Revision [‘
E AV D 1b85a1c8-4652-436a-bc82-101d9770ec11
v B8 AssetAdministrationShellRoleClassLib || Name http://i40.customer.com/instance/1/1/AC69B1CB44F07935/RotationSpeed
+ | B8 AutomationMLBPRRoleClassLib RefBaseSystemUnitPath 51c6069f-c82c-4d32-9ce1-e65bb8d38a6e
PR SRS PTF S S P PR
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5.8.16 Example Submodels of kindTemplate

Submodel template(i.e. submodels and elements withd = Templaté aremodelled as System Unit Classes. They are
part of a System Unit ssatddminiktiationShellSystemUnitClasseése f aul t na me

Figure 116 Example for System Unit Class with &Submodel templatefor Technical Data

SystemUnitClassLib =5 Header: kind

E m Information
Versioning

4 @ AssetAdministrationShellDataSpecificationTemplates \dentification

4 @ DataSpecification|lEC61360Template {Role: DataSpecification}
4 [ DataSpecificationlEC61360 {Role: DataSpecificationContent}
4 @ AssetAdministrationShellSystemUnitClasses
4 @ TechnicalData {Role: Submodel}

el MaxRotationSpeed {Role: Property} E - L .
4 "
. E: ::dax:mq]_ue {T:e'; F'rpoperty]- ) Name Value Semantic
1€ CoolingType (Role: Property
idShort MaxRotationSpeed AAS:Referable/
idShort
category PARAMETER AAS:Referable/
category
kind Template AAS:HasKind/
kind

semanticld (ConceptDescription)(local)[IRDIJ0173-1  AAS:HasSemanti
faceClassLib cs/semanticld
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6.1Passing Permissiongor Access

When having a look at the leading pictukgglre Figure 1 in Clause3.2) also security aspects have to be considered
when trangérring information from one value chain partner to the next.

When admin shell content is passed from one partner to the next, the foltgpica] steps need to be done, here shown
for the example that the supplier passes on content to the integrator:

1 Step A1-A2: The supplier makes a choice which data is to be passéseeflause6.3), and thus
determines the content of the AK$ackage geeClausey).
Step A2A3: The AASX package is transferrdd the integrator.

Step A3A4: The integrator receives the package and imports the content into his security domain. During
this stepthe integratohas to establish access rights according to the requirements in his own security
domain.

The admirshellsupportsattribute based access control (ABAC), a role can be considered as one attribute in this context;
other attributes might be tirmgf-day, originating address and others.

There are two reasons why access permissions are passeah partners:
(a) Accesspermissiongo information elements of an AAS must be established in each security domain.

(b) One partner must be able to pass a suggestion which access permissions should be established for the asset tha
is describd in the AAS.

An example for the secdrrequirement: a robot manufacturer suggests that for the robot the following roles should be
establishedmachine setteioperatoand amaintenanceole. He also suggests permissions for these roles, eimgstalier
does have writaccess to the progreof the robot, but aoperatordoesnot

The above example motivates, that the semantiasadss permission rulagad their exact definitions need to be passed
from one security domain to the other.

The passing on of the semanticsatifibutebased acess is implemented by following means:

91 Definition of access permissioriBhe detailed access permission (e.g. read, write, delete, create, invoke method
etc.) are defined in a domain specific submddekdefaultPermissionand selectablePermissioria Clause
6.5.5.

91 Definition of the access permission rules, based on the defined access perniisssesare defineas part of
access contrakeeClauset.5.6.

1 Association ofaccespermissiorrulesto each information elemefbject)of the AAS. This means is realized
by the information structure of the AAS, itsedeePermissionsPerObjedh Clauset.5.6.

In [19] examples and moreabkground information on attribute access control and access control in general can be found.

6.2 Effective AccessPermissionsbased onAccessPermissionRules

Effective accespermissionsire determined based on tecess permission rules

Each informatiorelement(object)in the AASshallhaverulesthat defines its access permissions for eadfject. The
subject is assumed to be alreaayhenticated

If an informationelement does not hatieese rulesit will automatically use the table for the elemesiere it is included
(Ai nher it anclkee mostupper abjbcoivtiee"’ARS itself, i.e. the AAS isstheting point for the inheritance.

As indicatedbefore, subjectidentification, ule definitions and also permiss®oould be different for theeceiving
security domain.

When the receiving party establishes access permissions during stag, A3must mergethe passewn access
definitions(permissions andccesgpermission rulesjo the existing definitions in its security domain.

6.3Filtering of Information in Export and Import

When exchanging information from partner A to partner B there are two use cases:
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1

The producer of information does not want to submit the complete information but only parts of it. The
information submitted might vary depding on the specific consumer the information is submitted to. l.e. a
filtering mechanism is needed that allows to individually shape the information for the specific consumer.

The consumer of information doastwant to include all information providday the producer of information

in his own process, i.e. he wants to filter only the relevant information.

Figure 117 Example Filtering for Export and Import

As an example, assume thiag tproducer is submitting the completelerdata However, the consumer (in this case the
machine buildefsis filtering the information(1) and is only importing the information relevant to him. For the
functionality both are filtering: the producer is filtering what he submits to the cong@jreand the consumer again is
not using all functionality but is filtering again which functionality shall be used in his environfensame is possible

o
[ Orderdata ~ mesendubuuid =~ Orderdata ~  miielyld ~ Orderdata |
[ Documentation ~ pemmmgmmnd  Documentation  pammmid  Documentation |
| Functionality ~ gobublalabud  Functionality e  Functionality |
[ Interfaces Qo
O
| Technical data mechanics g Technical data mechanics e Technical data mechanics |
| Spareparts ~~ pammmd = Spareparts |
[ logistics =~ pemmmdmmmd  logistics = g  logistcs |
[ Support =~ messmngd  Support |
[ Certificates  ~~ gmmpgemmd  Certificates ~ papmmid  Certificates |
I 1 |
| Additionaldata gt~  Additionaldata |
I O I -
| | |

Source: Hankel, Bosch Rexroth

betweermachine builderand operator.

Note: In the use case considered in this document, the exchange of information via sharing of xml files etc. the

Table27 shows an example when using the defined xml format as definbid iddcument. In thexample the German

information that is not intended to be submitted needs to be extracted from the corresponding xml files before
delivery or before import, respectively. Role or attributes access control do not fit here. The corresponding
access policies might help filtering the corresponding information but they cannot be submitted as part of the
corresponding file exchanged.

trangation shall not be submitted, only English language is provided for partner B.
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Table 27 Example Filtering of Information in XML

[-]
<property>
<idShort>>NMax</idShort>
<category>PARAMETER</category>
<description lang="EN">maximum rotation
speed</description>
<description lang="DE">maximale Drehzahl</description>
<ref hasSemantics>
<keys>
<key local="false” type="GlobalReference"
keytype="IRDI">0173-1#02-baa120#007</key>
</keys>
<fref_hasSemantics>
<value>2000</value>
</property>
[...]

Only Lang = “EN”

[..]
<property>
<idShort>>NMax</idShort>
<category>PARAMETER</category>
<description lang="EN">maximum rotation
speed</description>
<ref_hasSemantics>
<keys>
<key local="false” type="GlobalReference"
keytype="IRDI">0173-1#02-baa120#007</key>
</keys>
</ref hasSemantics>
<value>2000</value>
</property>
[-]

6.40verview Metamodel AssetAdministration Shell for Security

Thesecurity attributeare a mandatory part of adgiministration Shell

The security attributes describe:

1 AccessControl Policy Points including definition of access permission rules

1 Certificates

In this documeniainly the aspect of access permigsis dealt withThe underlying concept is the concept of attribute

based access control (ABAC) as describel@#.

Figure 118Attribute Based Access Control[22]

Access Control
Policy

Subject Attributes

Access Control
Mechanism

Environment
Conditions

0o
5=

Object Attributes
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Note: Attribute in the context of ABAC is different from attributes of elements as defined in the metamodel.

The overall conceps depicted irFigure118 A subject is requesting access to an obfgktin the context of an AAS
an object typicallys a submodel or a propeny any other submodel elemear@nnected to the assdthe implemented
access control mechanism of #hAS evaluateghe access permissionles(2a) that include constraints that need to be
fulfilled w.r.t. the subject attributg®Db), the object attributes (2c) arice environment conditior(2d).

In Figure119an overview of the information model of the AAS w.r.t. security is given. The focus is on access control.

An object in the context of ABAC corsponds typically to a submodel far asubmodel element. Theojectattributes
again are modelled asibmodel elements

Subject Attributes need to be acabsither via an external policy information pointthey aredefinedas properties
within a speal submodel of the AASA typical subject attribute is its role. The role is the only subject attribute defined
in case of role based access control.

Optionally, environment conditions can be defined. In role based access control no environment samditiefined.
Environment conditions can be expressed via formula constraimtse abé todo so the values needstould be defined
as propertyor reference to dataithin a submodel of the AAS.
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Figure 119Metamodel OverviewAccess Controlof AAS

class Overview Attribute Based Access Control (ABAC)/

HasDataSpecification
Identifiable

AssetAdministrationShell
------ security
+ security: Security [0..1] includes
+ derivedFrom: AssetAdministrationShell* [0..1]

PolicyAdministrationPoint

+ localAccessControl: AccessControl [0..1]
+ externalAccessControl: boolean

v

AccessControl . . .
authenticated subject attributes
selectableSubjectAttributes: Submodel* [0..1] (kind=Type) are defined in
defaultSubjectAttributes: Submodel* submodel ) )
selectablePermissions: Submodel* [0..1] selectableSubjectAttributesn

AccessControl.

An authenticated subjectis
described via its attributes like
OPC UA role, qualification (in case
of human subjects), ....

defaultPermissions: Submodel*
selectableEnvironmentAttributes: Submodel* [0..1]
defaultEnvironmentAttributes: Submodel* [0..1]
accessPermissionRule: AccessPermissionRule [0..%]

+ o+ o+ o+ o+ o+ o+

| .
AV ;
Qualifiable

Constraint Referable SubjectAttributes
AccessPermissionRule - — - =

Formula + subjectAttribute: Property [1..*]

+ targetSubjectAttributes: SubjectAttributes
+ permissionsPerObject: PermissionsPerObject [0..*]

+ dependsOn: Reference* [0..*]

< i T
N 7 |
1
Environment Conditions \'I/
are specified in formulas
(inherited via Qualifiable) PermissionsPerObject
ObjectAttributes
+ object: Referable* - — — =
+ targetObjectAttributes: ObjectAttributes [0..1] + objectAttribute: Property [1..%]

+ permission: Permission [0..*]

\‘I/ permission for example:
allow read, write, delete

Permission _ . - - -1 as defined in submodel
selectablePermissions

+ permission: Property* in AccessControl
+ kindOfPermission: PermissionKind

~ cenumerat|i one
S\ PermissionKind

Allow

Deny
NotApplicable
Undefined

Via access permissianlesit is defined whictsubjectis allowed to access whidbjects® within the AAS.It is assumed

that the subject is alreadguthenticatedObjects can beny referable elements, i.e. they include submodeists,
concepidescriptiors, viewsetc.More generaltican be specified whethen authenticatedubjectis allowed or deiedto
accessapbjecta. s. o. fAAccessO might be one of the specified pe
are seletable is not defined by the metamodel of the AAS. The selectable permissions are defined via a submodel
(selectablePermissiopsThe same holds for the subject attribufeslectableSubjectAttributesThe defaultsubject

attributes and default permissierare used if they are not overwritten by the owner of the A&Sor permissions the
usedauthenticatedubject attributeare defined in submodsélectabl&ubjectAttributes

°The ter m uSedlbgcausetitds mbre generic and in future also other objects like for example attributes of
classes may be included besides elements.
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Via formulaconstraintghe access rights might be further constrained. Famgle a formula migtgpecifythat the role
imai nt enan dte beemorg iprecéseam authenticatedsubject with suje ¢ t attribute Arol e
e ngi nisenly alldwed to write configuration parameters if the machine (the asset) is notguBed-igure19in

Clause4.7.26f or a for mal expression of this access rule base

Object Attributes are handled in a different way. It is assumed that any propenty afject in focus caadditionally
take over the role of an object attribute. Therefore there is no special submodel for default or selectable object attributes

Also the more traditional role based access control can be realized for an AAS: in thisecasee n@onstraints (=
environment attributegjefined for the access control rul&®r a subject only one subject attribute needs to be defined:
its role. For the object no additional object attributes need to be defined.

For more details on attnitte based access control including examples how to apply the metamalddinas in this
document sefl9].

The classes and their attributes are defined in the follo@iagse6.5.

Figure120gives an overview of all elements defirfed security issues in thmetamodel

Figure 120 Security Overview Packages

class Security Package Overview /

Access Control

+ AccessControl

Security + AccessControlPolicyPoints

+ Security + AccessPermissionRulg
= o . + ObjectAttributes

+ CertificateHandling N .
1+ Access Control T= = + Permission
¢i mpo{ Eet+ PermissionsPerObject
+ PolicyAdministrationPdint
+ PolicyDecisionPoint

AN + PolicyEnforcementPoint
N + PolicyInformationPoints
N + SubjectAttributes
G TR = + PermissionKind
AN
N

CertificateHandIinJ;

+ BlobCertificate
+ Certificate

[

6.5Metamodel Specification Details: Designators

6.5.1 Introduction

In this clausethe classesf the metamodeaielated to securitgre specified in detailt is an extension of the metamodel
as described i€lause4.7.

For understanding the extension the basies @mmon abstract classes néede understood (see esjally Clause
4.7.2 Clause4.7.21andClause4.7.2).
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6.5.2 Security Attributes

Figure 121 Metamodel for Security Attributes of AAS

class Asset Administration Shell - Security/

HasDataSpecification
Identifiable”

AssetAdministrationShell

Security

- : -----=>+ accessControlPolicyPoints: AccessControlPolicyf
+ security: Security [0.1] + certificate: Certificate [0..*]
+ derivedFrom: AssetAdministrationShe|l* [0..1] + requiredCertificateExtension: Reference [0..*]

Class: Secuity

Explanation: Container for security relevaimformationof the AAS.

Inherits from: --

Attribute (*=mandatory) Explanation Kind Card.
accessControlPolicyPoirtts Access control policy points ¢ Acces€ontrolPolicy | aggr 1
the AAS. Points
certificate Certificates of the AAS. Certificate aggr 0.*
requiredCertificateExtension | Certificate  extensions g Reference ref* 0.*
required by the AAS

In general it has to be considered how to enable the first configuration of the AAS w.r.t. securityodldisnclude
setting the authorization provider endpoint etc.

There is not only oneertificateper AAS because certificates can be overwritten if an AAS is taken over by a new owner.
The new owner adds a new certificate. Nevertheless the completecsetifafates needs to be available.

Attributes of certificates are defined in X509. A required extension of an ASN1 certificate can be registered via an OID.

6.5.3 Certificate Attributes

Figure 122 Metamodel for Certificates

class Security - Certificate/

«abstract»
Certificate

BlobCertificate DataElemgnt
Blob

+ blobCeriificate: Blob - --=-=
+ containedExtension: Reference [0..#] |+ value: BlobType [Q..1]
+ lastCertificate: boolean + mimeType: MimeType

Attributesof certificates are defined in X509. A required extension of an ASN1 certificate can be registered via an OID.
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Class: Certificate <<abstract>>

Explanation: Certificate

Inherits from: --

Attribute (*=mandatory) Explanation Kind Card.

The access control administratig

policy point of the AAS.

policyAdminigrationPoint* PolicyAdministrationPoint aggr

Class: BlobCertificate

Explanation: Certificate provided as BLOB

Inherits from: Certificate

Attribute (*=mandatory) Explanation

blobCertificate* Certificate as BLOB. Blob aggr
containedExtension Extensions contained in the certificat¢ Reference aggr 0.*
lastCertificate* Denotes whether this certificate is t[ boolean attr 1

certificated that fast added last.

6.5.4 AccessControl Policy Point Attributes

Figure 123Metamodel for Access ControlPolicy Points

class Security - Access Control Policy Points /

AccessControlPolicyPoints
+ policyAdministrationPoint: PolicyAdministrationP )_in_t____> PolicyDecisionPoint
+ policyDecisionPoint: PolicyDecisionPoint + externalPolicyDecisionPoints: boolegn
+ policyEnforcementPoint: PolicyEnforcementPoin
+ policylnformationPoints: PolicylnformationPoints [9.1]
1 1 U=
| |
! ! PolicyEnforcementPoint
: : + externalPolicyEnforcementPoint: boolean
v v
PolicylnformationPoints PolicyAdministrationPoint

+ internalinformationPoint: Submode|* [(.#] localAccessControl: AccessContrgl [0..1]
+ externalinformationPoints: boolearj + externalAccessControl: boolean

Class: AccessControlPolicyPoints

Explanation: Containerfor access control policy points.

Inherits from: --

Attribute (*=mandatory) Explanation Kind Card.

policyAdministrationPoint*| The access control administratiQ PolicyAdministrationPoint aggr

policy point of the AAS.
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Class: AccessControlPolicyPoints

policyDecisionPoirit Theaccess contrgdolicy decision point PolicyDecisionPoint aggr 1
of the AAS.

policyEnforcementP oit* The access contrgbolicy enforcement PolicyEnforcementPoint | aggr 1
point of the AAS.

policylnformationPoins The access contropolicy information| PolicylnformationPoirg agor 0.1

points of the AAS.

The definition of policy decision point (PDP)teken from[22]. The FDP computes access decisions by evaluating the
applicable decision points and meta policies. One of the main functions of the policy decision point is to mediate or
deconflict decision policies according to metdiges.Either the decision taking is done within the AAS. Then, the AAS

is autonomousnd independent from an external access control system. Or the decision taking is done outside the AAS.
Then, the AAS needs to be able to access this external enttpaletcision taking.

Class: PolicyAdministratiorPoint

Explanation: Definition of a securityolicy administratiorpoint (PAP).

Inherits from: --

Attribute (*:mandatory)‘ Explanation Kind @ Card.

localAccessControl The policy administrationpoint of access controls | AccessControl| aggr | 0..1
realized by the AAStself.

Constraint AASd-009 Either there is an externg
policy administrationpoint endpoint defined or th
AAS has its own access control.

externalAccessContrdl| If externalAccessContrdiruethen anEndpoint to an boolean attr | 1
external access control defining a policy
administrationpoint to be used by the AA8eeds to
be configured.

Class: PolicylnformationPoirg

Explanation: Definesthe securitypolicy informationpoints (PIP).

Servesas the retrieval source of attributes, or the data required for policy evaly
to provide the information needed by fiicy decision pointo make the decisiong

Inherits from: --

Attribute (*=mandatory) Explanation Kind Card.

internalinformationPoint | References to submodels defining informat| Submodel
used by security access permission rules.

externallnformationPoist | If externallnformationPoirgTrue then aleast one| boolean aggr | 1
Endpoint to external available information netal
be conigured for the AAS.

The definition of policy information point (PIP) is taken frdi@2]. The difference between external and internal
information points is whether the AAS needs access via an endpoint to an exteceao$anfiormation or whether the
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AAS stores the needed information itself. There might also be external and internal information points for an AAS to be
considered for decision taking.

Class: PolicyEnforcementPoints

Explanation: Defines the security paly enforcement points (PEP).

Inherits from:

Attribute (*=mandatory) Explanation Kind Card.

externalPolicyEnforcementPoin{ If externalPolicyEnforcementPoifitue then an boolean
Endpoint to external available enforcement pq
taking needs to be configedt for the AAS.

Class: PolicyDecisionPoint

Explanation: Defines the security policy decision points (PDP).

Inherits from:

Attribute (*=mandatory) Explanation Kind | Card.

externalPolicyDecisionPoints| If  externalPolicyDecisionPots True then| boolean
Endpoints to external available decision poi
taking into consideration for access control for
AAS need to be configured.

6.5.5 Local AccessControl Attributes

Figure 124 Metamodel for Access Control

class Security - PolicyAdministrationPoint/

AccessControl

selectableSubjectAttributes: Submodel* [0..1]
defaultSubjectAttributes: Submodel*
selectablePermissions: Submodel* [0..1]
defaultPermissions: Submodel*
selectableEnvironmentAttributes: Submodelt [0
defaultEnvironmentAttributes: Submodel* [0.11]
accessPermissionRule: AccessPermissionRule
|

PolicyAdministrationPoint

+ localAccessControl: AccessContrdT [0-1]=]
+ externalAccessControl: boolean

+ + + + + + +

v

Qualifiabje
Referable

AccessPermissionRule

+ targetSubjectAttributes: SubjectAttributes
+ permissionsPerObject: PermissionsPerObijelct [(
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Class: Acces€ontrol

Explanation: Access Control defines the loadcess control policy administratipoint.

Access Control has the major task to define the access permission rule

Inherits from: --

Attribute (*=mandatory) Explanation Kind Card

accessPermissi®ule Access permissionrules of the AAS| AccessPermi aggr | 0..*
describing the rights assigned {already| ssiorRule
authenticated) subjects access elements
the AAS.

selectabl8ubjectAttribute Reference to a submodel defininget Submodel ref* | 0.1
authenticatedubjectghat are configured fo
the AAS. They are selectable by the acc
permissiorrulesto assign permissions to th
subjects

Default:reference to the submodel refereng
via defaultSubjectAttributes

defaulSubjectAttributes* Reference to a submodel defining the def§ Submodel ref* 1
subjectsattributesfor the AASthat can be
used to describe access permission rules

The submodeiks of kind=Template

selectablePermissiohs Reference to a submodel defining wihi Submodel ref* |0..1
permissions can be assigned toghbjects.

Default:reference to the submodel refereng
via defaultPermissions

defaultPermissiorfs Reference to a submodel defining the def§ Submodel ref* 1
permissions for the AAS.

selectableBvironmentAttribut| Reference to a submodel defining whi| Submodel ref* | 0..1
es environment attributes can be accessed
the permission rules defined for the AAS, i
attributes that are not describing the ag
itself.

Default:reference to the submodel refereng
via defaultEnvironmentAttributes

defaultEnvironmentAttributes| Reference to a submodel defining defg Submodel ref* | 0..1
environment attributes, i.e. attributes that
not describing the asset itself.

The submodek of kind=Template

At the same type the vas of thesg
environment attributes need to hecessible
when evaluating the access permission ru
This is realized as a policy information poi
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6.5.6 Attributes for Access PermissiorRule

Figure 125Metamodd for Access Permission Rule

class Security - AccessPermissionRule /

Qualifiabje

Referable SubjectAttributes
AccessPermissionRule [ ----=

+ subjectAttribute: Property [1..*

+ targetSubjectAttributes: SubjectAttributes

+ permissionsPerObject: PermissionsPerObjelct [0..*]
[

v
PermissionsPerObject ObjectAttributes
+ object: Referable* -+ objectAttribute: Property [1..%]
+ targetObjectAttributes: ObjectAttributgs [0..]

+ permission: Permission [0..%]
|
|

|
v «enumerationy
Permission PermissionKind
+ permission: Property* L-———={ Allow
+ kindOfPermission: PermissionKind Deny
NotApplicablle
Undefined
Class: AccessPermissidiule
Explanation: Table that defines access permissionsagughenticatedubjectfor a set of

objects (referablelements

Inherits from: Referable Qualifiable

Attribute (*=mandatory) Explanatian Kind Card.

targetSibjecittributes Targetsubjectattributesthatneed| SubjecAttributes | aggr | 1
to be fulfilled by the accessing
subject to get thepermissions
definedby this rule.

permissiosPerObject Set ofobjectpermission pairs tha PermissiosPerOb| aggr | 0..*
definethe permissions pesbject | ject
within theaccesgpermission rule.

Class: PermissiosPaObject

Explanation: Table that defines access permissions for a speailigect The object is any referab
element in the AASAdditiondly object attributes can be defined that further specify
kind of object the permissions apply to.

Inherits from: -

Attribute Explanation Kind Card.

(*=mandatory)
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PermissiosPaObject

object Elementto which permission shall be assigned| Referable attr 1
targeObjectAttributes | Targetobjectattributes that need to be fulfilled § ObjectAttributes| aggr 0.1
that the access paissions apply to thaccessing
subject.
permission Permissions assigned to thieject Permission attr 0.*

The permissions hold for atlubjectsas specifd
in the access permissionle.

Class: ObjectAttributes

Explanation: A set of data elements that describe ob@trtbutes. Thesattributes need to refer to
data element within an existirsgibomodel

Inherits from: --

Attribute Explanation
*~mandatory)
DateElement | ref*

objectAttribute* A data elements that further classifies an objeq

Class: Permission

Explanation: Description of a single permission.

Inherits from: --

Attribute Explaration Kind Card.

(*=mandatory)

permission* Reference to a property that defines the semanti( Property ref* 1
the permission.

ConstraintAASd-010: The propertyhas the categor
ACONSTANTO

ConstraintAASd-011: Thepermissiompropertyshall

be part of the submodel that is refaced within the
fiselectablePermissicn attribu

fAcces€ontrolo.

kindOfPermission*| Description of the kind of permission. Possible ki PermissionKind| attr 1
of permission also include the denial of t
permission.

Values:

T Allow

1 Deny

1 NotApplicable
1 Undefined
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Class: Subjectttributes

Explanation: A set of data elements that further classifies a specific subject.

Inherits from: --

Attribute Explanation Kind Card.

(*=mandatory)

subjecAttribute* | A data element thafurther chssifies a specifi¢ DateElement

subject.

ConstraintAASd-015. Thedata elemerghall be part
of the submodel that is referenced within f{
fiselectabl&ubjectAttributes attrib
fAcces€ontrolo .

Enumeration: PermissionKind

Explanation: Enumeration of the kind of permissions that is given to the assignment
permission to aubject

Literal Explanation

Allow Allow the permission given to theubject

Deny Explicitly deny the permission given to thebject

NotApplicable The permis®n is not applicable to theubject

Undefined It is undefined whether the permission is allowed, not applicable or denied

subject




7 Package File Format for the  Asset
Administration Shell (AASX)
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7.1General

In some useases it is necessary toclange the full or partial structure of the As&dministration Shellvith or without
associated values and/or make the information persistent (e.g. store it in a file server). This would mean that itys necessa
to define a file format that can hold amtiore this information. Therefore, gackage file format for the Asset
Administration Shel(AASX) is defined based on the following requirements:

1 Generic package file format to include the As&dministration Shelktructure, data and other related
files

1 Main use case are the exchange between organizations/partners and storage/persistency of the Asset
Administration She 6 i nf or mat i on.

1 Without any legal restriction and no royalties. Preferably based on an international standard with high
guarantees dfiture maintainability of that format

1 Existence of APIs to create, read and write this format
Digital signatures & encryption capabilities must be provided
Policies for authenticity and integration of package files

The following process ifrigure126is defined for creating and consuming AASX packages.

Figure 126 Process for generating and consuming AASX packages

= =

7 User of User of Y
l partner "A" ; D1/EL ; LI NIy $ $J )

=
AAS Environment / Hosting AAHSX LOJj AAS Environment / Hosting
m iz
= Transport S
Q Policies =
=
Encrypt =
= Sign - = Verification r
.I Pack i i i secure | H IJ = I i 'Lj Validation ~, [Unpack I
AASX AASX j,j aasx L2 j

Serialized files
Suppl. files

Serialized files

Secure Secure i
Suppl. files Package Valid Package

Package Package
Systemboundary - 14.0 infrastructure of partner "A" Systemboundary-1 4. 0 infrastructure of paft

The process starts by serializing the existing AAS (e.g. D1 and E1) edédditcording to the serialization mechanisms
described in this document), as well as exporting other supplementary files (which are files mentioned in the structure of
the AAS, such as manuals, CAD files, etc.). All of those files will be packaged togethé¢he AASX ZIP file format

and will be followed by several security steps that defines the policies for modifiability, encryption and digitally signing
of the files inside the AASX. The final AASX can then be transported from the AASX producers(zatig partner A)

to the AASX consumer (partner B), by digital media suchami, USB Sticks, etc. The consumer needs first to validate

and verify the incoming AASX, unpack the contained files and then import them to generate the new AAS in the consumer
environment. The process will be explained in detail in the followingssgtions.

7.2Selection of theReferenceFormat for the AssetAdministration Shell
PackageFormat

TheFuhrungskreis Industrie 4 0UAG Verwaltungsschaleas decided to use tpen Pakaging Conventions (OPé&)
format as the reference for the AsAeministration Shelpackage format definition, due to the following reasons:

31 Role-based policies to access this package is not defined, as this is a feature of the systems that host ske AASs (
sectionb)

%2 Not to be confused with OPC (Open Platform Communication) of the OPC Foundation. Therefore, we will use the full
term of fAOpen Packaging Conventionso instead of the ab
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1 Open Packaging Conventions is an international standard specified in ISO/IEC-22602 and
ECMA-376.

1 Open Packging Conventions is based on ZIP (as a package container) and XML (for the description of
some internal files and definitions). Those two technologies are the most widely used in their respective
domains and are also addressed for {mmg archiving.

1 OpenPackaging Conventions can be used as package feoffioa applications too (there are many
examples available, such as NuGet, FDI packages, etc.). It provides a logical model that is independent
from how the files are stored in the package. This logwatel can be expanded to any sort of
application.

1 Open Packaging Conventions is also used in the scope of Industry (e.g. FDI packages) and currently in
di scussion as possible container fuseceset f or s ome

1 Open PackaginGonventions (and Open Document Format packages too) supports digital signing. It can
be done for individual files inside the package.
(it only mentions what shall not be don&hyway, encryption istill possible (see later)

T There are some APls to handl e Open Packaging Cor
without the need of much knowledge on the technical specification

1 Chunking in Open Packaging Conventions is encouraged, i.e. sgdifrito small chunks. This is better
for reducing the effect of file corruption and better for data access.

1 There are some international organizations that recommend using Open Document Format (ISO/IEC
263063) instead (e.g. EU, daianlis®elateetd the fdymats usedspesificalle ¢ o mi
in office applications.

1 The Office Open XML and Open Packaging Conventions specifications originated from Microsoft
Corporation and later standardized as ISO/IEC 29500 and E@RBA Current and future veosis of
ISO/IEC 29500 and ECMA76 are covered by Microsoft's Open Specification Promise, whereby
Microsoft "irrevocably promises” not to assert any claims against those making, using, and selling
conforming implementations of any specification coverethieypromise (so long as those accepting the
promise refrain from suing Microsoft for patent infringement in relation to Microsoft's implementation
of the covered specificatior[24]

1 Office Open XML (including the Open Packaging @entions format) and Open Document Format are
politically conflicting formats(see details ifi25]and[26]). Choosing Open Packaging Conventions as
the option for storing the Ass@dministration Shelinformation was solely a technical decision based
on the arguments mentioned here.

1 Open Packaging Conventions was chosefavour of iiRDS (v1.0). The scope of iiRDS might not be
aligned with the requirements of the As8éiministration Shelli.e. iiRDS is mostlya format for storing
technical documentation of industry devices based on concepts of ontology.

7.3Basic Concepts of the Open Packaging Conventions

The packaging model specified by the Open Packaging Conventions degadb@ges parts, andrelationships.
Packages hold parts, which hold content and resources, sfiles*3sEvery file in a package has a unique t@mpliant
file name along with a specified contdgpe expressed in the form of a MIME media type.

Relationships are defined to connect thekpge to files, and to connect various files in the package. The definition of

the relationships is thiegical model of the package. The resource that is a source of a relationship must be either the
package itself or a data component (file) inside ofpghekage. The target resource of a relationship can be any URI
addressable resource inside or outside of the package. It is possible to have more than one relationship that share the sam
target file (see exampl¥ 6 in ISO/IEC 2950€2: 2012.

The physical model maps those logical concepts to a physical format. The result of this mapping is a physical package
format (a ZIP archive format) in which files appear in a directidy hierarchy. Any individual or organization can

Y

¥The term fufsielde d nwitleladbeof fdAparto.
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design a physical package forrbgtmapping logical package concepts to a desired physical format. Thus, package format
designers can design and optimize a physical format for the specific needs of an application without compromising the
logical structure of the packagadapted fronj27]and[28]).

7.4Conventions for the AssetAdministration Shell package file format
(AASX)

The AssetAdministration ShellPackage (AASX) format derives from the Open Package Conventions standards,
consequently inheing its characteristicdevertheless, sonmnvention shall be defined for the AASX

1 Package format and rules according to ISO/IEC 2950012. Any derivate format from this standard
(such as the AASX format) requires the definition of a logical maa®}sical model and a security
model.Those specific conventions are described in the next subsections.

File extension for the AASX formataasx
MIME -type for the AASX formatapplication/asseadministratiorsheltpackagé
Icon for the AASX.

The AASX format can be identified by the file extension and MIME type. Contése, it is possible to
identify it when reading the first relationship file /_rels/.rels (as defined in Open Packaging Conventions)
and looking for a relationship tygetp://admin -shell.io/aasxrelationships/aasxorigin (which is the

entry point for the logical model of the Asgaministration She)l.

=A =4 =4 =

1 The following paths and filenames in the package are already reserved by the Open Packaging
Conventions specification and therefore shalbt nbe wused for any derivative format:
/[Content_Types].xml_rels/.rels /<file_path>/_relskfilename>.rels(where dilename> is a file in the
package that is source of relationships &fié_path> is the path to that file

I It is not mandatory to opemé AASX format in any existing Office Open XML / Open Packaging
Conventions compatible offieapplication (e.g. Microsoft Office, LibreOffice), because the required

rel ationships and files for t he di fferent 0
http//ct hemas. openxml formats. org/ officeDocument/ 2006
document).

7.5Logical Model

As mentiored before, it is necessary to define a logical model for formats on top of Open Packaging Conventions.

Figure127defines thdogical model for the AASX formatt is made of a set of relationship types (URI), their cardinality

(how many relationships of that type are possible) and the source of the relationshiptidn @dot shown inFigure

127), a specific relationship instance has also a unique ID and a target resource (URI of a target file inside or outside the
package).

34 The currenty MIMEtype is provisory and needs to be requesfédially.
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Figure 127 Logical model for the AASX format3®

(root)
0.. ttp://schemas.openf
Iformats.org/ )

0.. ttp://schemas.openf http://schemas.openx
[formats.org/ [formats.org/

J

0.. ttp://schemas.openf ttp://schemas.openx
[formats.org/ [formats.org/

J

1 [http:/adminshell.io/
aasx/relationships/
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The relationships for thumbnail, cepeoperties, digitakignatures (origin, signature and certificate) are defined by Open
PackagingConventions, so no need to reinvent. The other relationships were specifically defined to theppesdet
Administration Shelbpecific files.Here a short description on each relation&wop Figure 127:

1 thumbnail 7 Optional. Required to define a thumbnail for that package (e.g. picture of the administrated
device). The thumbnail picture can be shown inst
MIME type.

core-properties T Optional. There is a schema for describing the package through "core properties,"
which uses selected Dublin Core metaddéanents in addition to some Open Packaging Conventions
specific elements. The copoperties do not describe tAelministration Shellbut the package itself.
Some elements of the cepeoperties may be similar/equal to elements ofttiministration Shit. Some
coreproperties are: Title, Subject, Creator, Keywords, Description, LastModifiedBy, Revision,
LastPrinted, Created, Modified, Category, Identifier, ContentType, Language, Version, ContentStatus.

=

91 digital-signature/origin, digital-signature/signatue and digital-signature/certificate i Optional.
Required if you need to sign files and relationships inside the package. Their relationships basically target
files that contain the data on signaturiethis (e. g.
document about digital signatures.

1 aasxorigin i Mandatory. Origin of the AASX specific relationships and files. From this origin one or
more AAS can be defined. The producer should not create any content in tharigaskile itself,
meaningt h at the file is e mmntentionaly empt@As tha Opers Patkigang t h e
Conventions relationship model does not allow to target directories inside the ZIP, the alternative is to
create an empty file that serves as the eptiipit for the AASX information (this is the same approach
as it is used for digital signatures).

1 aasspeci at least one relationship of this type is mandatory. Targets the file that contains the
structuréspecificationof one or more AAS (aasenvis defined in thissocument. Optionally, some of

35 Note that the logical model does not state anything about the format / content of the target files of relationships. This
will be addressed in the phyalamodel.

36 To avoid the long names of the relationships, we will use the short name along the text.
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thespecificatonc an be fAsplittedo i nto s eyediesstikmahdatbre s | bu
andcontairs at least the nosplittable information.

1 aasspeecsplit i Optional. This relationship will target file containing a splittable part of the AAS
specification(aasenv) Some serialization formats allow that parts of the Agspecificationcan be
splitted into several files. Those files are then referenced by this relationship type, so that any consumer
of the AASX can "reassemble" the AAS information.

1 aassuppli Optional.Targets any additional file, especially if it is referenced (not stored as blob) in the
data of an AAS (via File property).

Note: not all of the references inside the specification of an AAS may target files that are also stored inside the
AASX. Arelative URIs mentioned in the serialized files is an indication that the file is inside the AASX.

7.6PhysicalModel

The physical model defines how the different files are stored in the padieesgel on Open Packaging Conventions and
how files are addressed in the relationships. As mentioned before, the physical package format is a ZIP file that can be
open and edit in any PKWARE/ZIP compatible application.

In order to utilize the identifiers &dministration Sheland SubModeldriendly namesarerequired The friendly name
of such entities ivuilt by searchingall characters of the identifier, which are tetters or digits and substituting them
with anunderscore "_"

A feature of this phyisal and logical model is that the filename and location of those files can be customized (if associated
relationships have a correct URI to those files, and therefore can be used to locate the files according to the logical
structure). For example, onegkage producer might store an &p&cfile in /aasx/device.xml, the other one in /asset
adminshell/productX123.xml, but both use the same relationship type for that files. To have a more consistent approach
on the physical model, the followirmestpracice is defined for storing files inside the AASX package

1 Open Packaging Conventions related files should be stored according to the API that was used to
generate/manipulate the AASX package (it is not recommended to do this manually).

1 Jaasx/shall be theoot folder for the AASX package specific information.
laasx/aasxorigin shall be the target of the relationship aasigin without content (empty file).

1 /aasx/<aasfriendly-name>/ shall be the folder for storing all files for a specific AAS, wheeax
friendly-name> is the friendly name of the AAS.

1 /aasx/<aasfriendly-name>/<aasfriendly-name>.aas.<extension>shall be the target of a relationship
of type aasspe¢ where extensior is the extension based on the type of serialization (e.g. .xml, .json).

1 /aasx/<aasfriendly-name>/<aasfriendly-name>.<viewidshort>.view.<extension>shall be the target
of a relationship of type aapeesplit that contains specific viewdefinitions of an AAS. This is only
requiredifthevi ew def i ni t i o thetargetfderftadisped ef i ned i n

1 Jaasx/<aasfriendly-name>/<aasfriendly-name>.cdic.<extension>shall be the target of a relationship
of type aasspeesplit that contains th€oncepbictionarydefinition of an AAS. This is only required if
theConcepbDictionayi s nét defi ned i-spect he target file of aa:

1 /aasx/<aasfriendly-name>/<aasfriendly-name>.secattrib.<extension> shall be the target of a
relationship of type aaspeesplit that contains the Securityodelof an AAS. This is only required if the
Secuity modelsi sné6t defi ned i-spect he target file of aas

1 /aasx/<aasfriendly-name>/<submodeifriendly-name>/ shall be the folder to store files related to a
submodel of an AAS (targets of asispplrelationships that are referenced in that submaddl spits
containing submodel informatipn<submodefriendly-name> is the friendly name of the submodel.

1 /aasx/<aasfriendly-name>/<submodelffriendly-name>/<submodelfriendly-
name>.submodel.<extensior> shall be the target of a relationship of type-sasesplit that contains a
submodel definition of an AAS. This is onl-y requ
spec

1 Those file names must only contain characters that can be used for file names.
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1 The conventions defined here shall not bedutor other files. E.g. any other file in a submodel folder
shall not contain the substring fAA.submodel . 0 in

1 Note that the format of the files targeted by the relationships@esand aaspeesplit depend on the
serialization formatthatwasue d t o generate them (e.g. xml, jsor

1 Itis also possible to have different serialization formats of the gain@nistration Shelktored in the
same AASX. In this case, the different serialization formats can be stored in parallel with different
extersion, different MIME type and different relationships. For example, Waterpump24634.aas.xml and
Waterpump24634.aas.json are stored in the same folder Waterpump24634, but are targets of different
relationships (different IDs) of the same relationship typgespac Both are then the entpoint of
different source relationship branches (each one having its own .rels file, i.e.
Waterpump24634.aas.xml.rels and Waterpump24634.aas.json.rels).

1 To avoid duplication of data, it is possible to target the same fildiffigrent relationships (e.g. two
different relationships of type aasipplmay have the same target file).

An example of a physical model for an AASX based on a sample product is shbiganrel128. It shows the content of

the package listed in a tree view and one example mapping to the logical model as defiigeoida27. The physical

structure is based on the best practice mentioned before. Note that in the example there is only one AA%kagéhe pac

one submodel (programs) is stored in a separate file and the certificate is embedded into the signature file (so no need of
the additional relationship). It is also assumed in this example that thespecHicatiorfiles are serialized into XML.

Figure 128 Physical model for an AASX based on a sample product (left) and an example of mapping to the
logical model (right)

i1 waterpump24634.aasx

r _rels

ti:, .rels
r aasx
’- _rels

" aasxorigin.rels | 9f6dd5efr56fnnggta

r Waterpump24634
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r digital-signature

’- _rels

%, origin.rels

origin
% signatures.xml
K [Content_Types].xml
%, core-properties.xml

.4 Thumbnail.jpeg

It is possible to classify the files in a AASX package into the following types: 1) files that arenceférin the
relationships of the |l ogical model and must match the
target of any relationshimét allowedas they do not follow the logical model defined in this document and might impact
some aspects regarding digital signatures and its verification) and 3) Open Packaging Conventions specific files that
arendét associated to the |l ogical model (relationships)
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1 /[Content_Types].xmli contains a list of extensions and MIME type of all filpeg inside the package.
The element override can specify the MIME type for specific files independent of the extension. The
MIME type of AAS-specific files depends on the type of serialization that was used to generate the
content of the files (e.g. if XMlwas used for some files, then the MIME type "text/xml" together with
the used file extensions must appear in [Content_Types].xml. If there is no specific MIME type for some
files, then "application/octettream" shall be used.

1 /_rels/.relsi contains allr el ati onships coming from the source
binding the source with a target (the URI of an internal file or external resource). For example, for the
thumbnail relationship it looks like this:

1 <Relationship Type = "http://selmas.openxmlformats.org/package/2006/
relationships/metadata/thumbnail” Target = "/Thumbnail.jpeg” Id = "Rc76d59d18bd7440f" />

1 This means that the target data for this thumbnail relationship is stored in /Thumbnail.jpeg.

/<file_path>/_rels/<filename>relsi nonroot relationships are stored in those files. E.g. the relationship
based on type aa&peesplit starting from the source file Waterpump24634.aas.xml are stored in file
laasx/Waterpump24634/_rels/Waterpump24634.aas.xml.rels.

An AASX can be generatday using different means:

1 Manually by adding files (changing files) to (of) a Zip file. This requires a deep understanding of the
Open Packaging Conventions for mat, because addir
enough (i.e. need to #dhe [Content_Types].xml and some of the .rels files too)

1 Programmatically generating and changing the package format (e.g. using .NET System.|O.Packaging).
This will typically avoid the errors that can be done when creating manually the packagetitm atiai
Open Packaging Conventions specific procedures, the logical, physical and security model defined for
the derived AASX must be considered.

7.7Digital Signatures

Essentially the digital signature of an electronic document (in this case the fileslaimhships inside the container)
aims tofulfil the following requirementR9]:

1 that the recipient can verify the identity of the sender (authenticity);
9 that the sender cannot deny that he signed a documentdpodiation);
1 thatthe recipient is unable to invent or modify a document signed by someone else (integrity).

A digital signature does not "lock" a document or cause it to become encrypted (although it may already be encrypted).
Document content remains unchanged after bsigged. Digital signatures do not prevent signed content from being
viewed by unintended consumers.

A digital signing feature is already provided by the Open Packaging Conventions specifi2&@{iomhis signing
framework for packges uses the XML Digital Signature Standard, as defined in the W3C Recommendation XML
Signature Syntax and Processing. This recommendation specifies the XML syntax and processing rules for producing and
storing digital signatures.

1 The package files definefdr the signing framework are the origin file, the signature file(s), and the
certificate file(s).

1 digital-signature/origin file T starting point for navigating through the signatures in a package. The
origin file is targeted from the package root using digital signature origin relationship (as shown in
the logical model ifrigure127). Multiple signature files may be targeted from the origin file. If there are
no signatures in the package, the origin file will not be present.

i digital-signature/signature file(s)i contain markup defined in the W3C Digital Signature standard as
well as in the packaging namespace. The files are targeted from the origin file with the signature
relationship (as shown in the logical modeFigure127).

1 digital-signature/certificate file(s)7 The X.509 certificate required for identifying the signer, if placed
in the package, may be embedded within a signature file, or stored in a separate certificate file. The



Package File Format for the Asset Administration Shell $XA| 175

optional cetificate file is targeted from a signature file with the certificate relationship. The certificate
file can be shared between multiple signature files.

In the package, individual files and relationships can be independentlyEjgnedning that it is poise to select which

files and relationships need a signature and which certificate to be used to sign. When the relationships file (edks) is sig
as a whole, all the relationships defined in that file are signed too. Moreover, it is possible toeuemone certificate

to sign files and relationships.

The Open Packaging Conventions signing framework is quite flexible, and consequently some considerations must be
taken, especially when defining policies. The Open Packaging Conventions specifiicesonot define policies, only
mentions that #fAdesigners that include digital signatur e
Besides guaranteeing authenticity, frepudiation and integritydigital signatures shall als@hused to define policies

that are intended by the sign&r@typically the package producers) in agreement with the package consunters.

consumer will only accept package with signed content). The decisions taken during the signature procesbkighpact
consequent operations can be verified (e.g. allowingmposlification of a file, adding new relationsh@p3.

There is no need of a separate file in the package about policies, because these policies information can be retrieved on
how signing is pdormed. Signing a specific file in the package will implicitly express the intention of the signer on what

is or isndét allowed with that f i |Feringtande, sigeirigaht aadrgid i | e s
relationship file will nd permit adding new AAS to the package. If new AAS are added anyway, this will invalidate the
original signature and nobody can blame the original signer for that change.

A package producer shall follow a digital signing policy based on the followingregpti

1. Sign nothing
2. Sign everything and thus foll owing@gable2sl i cy fANo chang
3. Custom signing according to one or more policie$aifle28.

The package consumer may followalidation process based on the policy of the signer(s) or an internal verification of

the package according to its own policies. The signature policy defined by the signer(s) does not directly tell that the
consumer should validate the package, but tells it is intended by the signer(s). Nevertheless, validation might be
mandatory for joint applications where several parties (package producers and consumers) need to follow the same rules.
The following process fovalidatior?® for AASX packages is esthéhed:

1. The validation process must start by checking that the consumed package is according to the Open Packaging
Conventions specification and that its implements the logical model according to the AASX definition.
Optionally it mayanalyséf the physi@l model is according to the bgsiactice for storing files inside the AASX
package.

2. Files that arené6ét source or target of any relation
specific files).

3. After these steps, the existing certifesithat were used to sign the content of the package must valid and trusted.

4. All signed content must then be verified and valid against the provided certificate information.

5. The signed content will also reveal a set of polifidefined by the signers oefined in agreement with the
several parties (package producers and consumers), that must be followed by the consumer when changing the
package without invalidating it (sdable28).

6. A package is only valid, if all previous stegre performed successfully. Any change done to the package by the
consumer requires a revalidation of the package.

37 Individual files and relationships can be signed, but not the full package. This is a question of definition, but signing
the full package could mean $@n all files inside the package (except the signature file).

%8 The policies described here are for the AASX package and what can be changed. It does not define any policy e.g. on
how to use an AAS.

39 Validation. The assurance that a product, servicesystem meets the needs of the customer and other identified
stakeholders. It often involves acceptance and suitability with external customers. Contrast with verification, which is
often an internal process. (Adapted from The PMBOK guide, a standard cibydEEEE, 4 edition)

40 These policies are for the AASX package and not for the AAS itself.
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Any of the steps mentioned in the validation can be performed independently without the other ones, but doing so, it is
not considered aglidation (e.g. internal verification process by a consumer may only require to check if the package is
according to the Open Packaging Conventions and implementing the AASX logical model, without checking the
signatures).

Table 28 Set of possible policies based on how package files are signed, how to enable a given policy and the
consequences of a policy
Policy How to enable the policy Consequence

No change allowed to the package Sign all files and relationshif Invalidates any change in t
in the pakage (except fgsigned files. New files that a
[Content_Types].xmt and the added afterwards do not have

signature file(s)) signature and
any relationship, thus invalidatir
those files.

No change kkowed to the content ¢ Sign file X inside the packag Invalidates tampering the conte

file X or deletion of file X (e.g. AAS a submodel file, an| or deletion of file X.

file, &)
No change allowed to a relationsl Sign relationship X Invalidatestampering or deletio
X of the relationship entry (i.e. tf

relationship type, id and targ
URI) in the correspondin
relationship file. This will no
invalidate the content of sour
and target files of a relationsh
once tampered.

No change allowed to any|Sign relationship file X (X.relg Invalidates adding, changing

relationships that have source file removing any  relationsh
mentioned in that relationsh
file. This will also invalidate th
addition of new files that woul
otherwise being targein that
relationship file. For example,
there is no relationship for tk
thumbnail in the root relationsh
file before the signing of that fil¢
a posterior addition of thumbng
relationship is then invalidated.

Enable digital signatures The  digitl-signature/origir Will enable digital signatures (b
relationship must be sign¢does not specify the rules f
(alternatively, sign th| signing, e.g. if new signatures ¢
complete root relationship fil be added).

that contains this relationshig

< | Enable coreproperties The metadata/cosproperties Will enable the corgroperties o
o relationship must be sign¢the package.
& (alternatively,  sign  th

41When reading an AASX package, do not rely on the trustability of the file [Content_Types}.xml, as it was not possible
to signthisfile.
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complete root relationship fi
that contains this relationshig

Enable thumbnail

The metadata/thumbniz
relationship must be signe
(alternatively, sign th
complete root relationship fi
that contains this relationshig

Will enable the thumbnail for th
package.

Forbid countesignatures (addin
new signatures)

Sign the signature orig
relationship fie

Invalidates countesignatures.

Forbid modifying existingSign  object inside th Invalidates any change in t
file/relationship digests fg corresponding signature fi digests and addition of new fi
signatures based on a certificate |that  contains all th| digests.

file/relationship digests

Enable AASX specification

The aasyorigin relationshiy
must be signed (alternative
sign the complete ro
relationship file that contain
this relationship).

Will  enable the  AASX
specification ontop of the Ope
Packaging Conventions.

Forbid adding a new AAS (
removing an existing AAS.

Sign the
relationship file

aaswrigin

Invalidates adding or removi
AAS.

Forbid adding a new splittable pa
or removing an existing one to/frg
an AAS

Sign the aasspecrelationship
file

Invalidates adding or removing
splittable parts to/from an AAS.

Forbid adding a newupplementar

Sign the aaspecrelationshig
file

Invalidates adding or removing
extra files to/from an AAS.

file or removing an existing o
to/from an AAS

IAASX-specific

7.8Encryption

The Open Packaging Conventions specification (ISO/IEC 225002 0 1 2 ) me n tbasedpsackagds ahall n6tZz | P
include encryption as described in the ZIP specification. Package implementers shall enforce this@estrict f2M3 . 9] 0
However, an Open Packaging Conventions package may be encrypted with other means and some applications using this
package format as the basis for a more specific format, may use encryption during interchange or DRM for distribution.
[24]

An example is the Office Document Cryptography Structure-OFF-CRYPTO) used by derivate office formats. Some
used technol ogies may be covered by Patents from Micro
Digital Rights Management (DRM) can also be used to encrypt content elements in a package with specific access rights
granted taauthorizeuserg(see the implementation in the system.io.packaging namefgide

Regarding encryption and caaéntiality, the following rules shall be followed:

1. Decide if there is a need of including confidential content in a package. If there is no reason, then the confidential
content should not be included.

42 The reason for this ight be related to the transparency requirement for the package format as well as license
requirements of PKWARE. For the ISO/IEC 213P(Document Container File: Core) there is the following statement:
AEncryption of i ndi vdrattarai$ prohibitedeHenca thisiprobld of ZIFh K iscnmne transpdrent
than its p[@8@ent format. 0
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2. If encryption is desired for a temporary communicatat (e.g.enai | exchange, ¢€é) or if
stored somewhere so that it can be opened later by the same entity, then encryption methods can tretised for
specific mean (e.g. use BitLocker when storing the AASX in Windoased systems thaupport it, use
S/MIME for exchanging encryptedraails between entities, etc.).

3. For all otheruse cas&® where encryption is required for some or all of the content of the AASX:

1 Encryption methods can be used for individual files in the AASX package,asnss as t he fienc
version replaces the original file in the package, the MIME type of the encryption foknatvs,and
the MIME type must be listed in the [Conténgpe].xml. The relationships as defined in this document
remain the same, whenevemtent is encrypted or not. Note that Open Packaging Conventions related
files as well as relationship files shall not éecryptedand digital signing must be performed after
encryption. One example of an encryption standard is the Secure MIME (S/MIMiE)e the
encrypted content should be stored in application/pkaisiie format as defined in RFC 5652 and use
the file extension *.p7m.

1 Besides encrypting the content of the package (individual files) it is possible to encrypt the full package
(e.g. also usg Secure MIME and saving the encrypted package in applicationAokicsé file format).
In this case, the signature of the content of the package must be done before the encryption.

43 A use caseould be to encrypt a submodel and only provide the access to the unencrypted data after paying a fee.
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8.10pen Source Tools

This clause gives some hints with respect to available open source tools supporting the creation and operating of an asset
administration shell. It is not necessarily complete. There might be other implementations as well.

The aasx package explorer is an openambrowser and editor for creating asset administration shells as .aasx packages
[40]. The aasx package explorer supports the xml and JSON serialization of the asset administration shell. Additionally
expat formats for AutomationML or server generation for OPC UA are provided. But also additional export formats like
BMEcat etc. are supported. Since it is an open source implementation new features are added contijddkBls®n
additional information and code in the context of the asset administration shell can be found.

BaSyx, a software platform, is another open source impelementation for the asset administration shell and provides
software developement kitsrfaC++, C# and Javid2].
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In this documenta metamodel for the structural viewpoint of tAesetAdministration Shelis definedusing UML It
covers security aspects as well as featuoehéndling composite 14.0 Componeriata specification templates for
definingconceptdescriptiondor propertiesand physical units are provided.

Several serilializations and mappings are offered:

1 XML and JSON for Exchange between partners via exchémget.aasx
1 RDF for reasoning

1 AutomationML for the engineering phase

1 OPC UA for the operation phase

Additional parts of the document series caver

1 Interfaces and API for using a single AAS information model described in Part 1 (access, modify, query and
execute information and active functionality)

1 The infrastructure, which hosts and interconnects multigiseAAdministration Sheltogether. It implements
registry, discovery services, endpoint handling and more.
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Annex A. Conceptsof the Administratio n Shell

i. General

In this clause, a general information is given about sources of information and relevant concepts for the Asset

Administration Shell Some of these concepts are explained in a general manner. Some concepts are update in order to
reflect actial design decisions. No new concepts are introduced. Thus, the clause can be taken as a fully informative
(annex) to the specification of thaministration Shell

ii. RelevantSources and cuments

The following documents were used to identify requirememdscancepts for thAdministration Shell

1 Implementation strategy of Plattform Industrie fL{[2]

Aspects of the research roadmap in application scer@lios

Continuation of the application scenar[8%

Structure of theAdministration Shel[4] [18]

Examples for thédministration Shell of the Industrie 4.Co@ponent$6]
Technical Overvi g% fASecure identitieso
Security of theAdministration Shel[14]

1 Relationships between 14.0 componéentSomposite components and smart produdtid

=A =4 =4 =4 -4 =4

Note: The global Industrie 4.0 glossary can be found at: https://www.plattform-
i40.de/Pl140/Navigation/EN/Industrie40/Glossary/glossary.html

Note: The online library of the Plattform Industrie 4.0 can be found at: https://www.plattform-
i40.de/SiteGlobals/P140/Forms/Listen/Downloads/EN/Downloads_Formular.html?cl2Categories_Typ_name=
veroeffentlichung

iii. Basic concepts forindustrie 4.0

Industrie 4.0 describes concepts and definitions for the domain of smart manufacturing. For Industrie 4.0, the term asset,
being any bbject which has a value for an organizatjas of central importanci] [23]. Thus, assets in Industrie 4.0

can take almost any form, for example be a production system, a product, a software installation, intellectual properties
or even humaresources

According [23], the 'teference architecturmodel Industry 4.0 (RAMI4.0) provides a structured view of the main
elements of an asset using a level model consisting of three ax&xomplex interrelationships can thus be broken down

into smaller, more mnageabl e sections by combining al/l three axe
relevant aspect.”

Assets shall have a logical representation in the "information world", for example shall be managsgdtgis. Thus,

an asset has to Ipeecisely identified as an entity, shall havespécific state within its life (at least a type or instatice)

shall have communication capabilities, shall be represented by means of information and shall be able to provide technical
functionality[23]. This logical representation of an asset is call@dhinistration Shel[4]. The combination of asset and
Administration Shelforms the secalled 14.0 Component. In international papg8], the term smart manufacturing
replaces the term Industrie 4.0.

For the large variety of assets in Industrie 4.0 Aiministration Shelhllows handling of these assets in the information
world in always the same manner. This reduces complexitgléowds for scalability. Additional motivation can be found
in [2] [4] [7] [8].
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Figure 129Important conceptsof Industrie 4.0 attached to the assgP] [23]. 14.0 Component to be formed by
Administration Shell and asset.

functionality of AAS exposed by
an application programming
interface (API)

14.0 Component

entirety of information
of AAS

communication
ability of asset

Asset
(physical world)

type/ instance
of asset

assetas uniquely
identified entity

Source: ZVE| $®dell&Standardbasedn VDI/ VDE FA GMA 7

iv. The Concept of Properties

According[20], the "IEC 61360 serieprovides a framework and an information model for product dictionaries. The
concept of product type is represented by 'classes' and the product characteristics are represented by 'properties™

Such properties are standardized data elements. The deBrofisuch properties can be found in a range of repositories,
such as IEC CDD (common data dictionary) or eCl@ss. The definition of a property (aka standardized data element type,
property type) associates a worldwide unique identifier with a definitibith is a set of weltlefined attributes. Relevant
attributes for theAdministration Shellare, amongst other, the preferred name, the symbol, the unit of measure and a
humanreadable textual definition of the property.
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Figure 130Exemplary definition of a property in the IEC CDD

Code: 0127201626838 ACE424
Vergion: 00

Revision: 01

IRDI: 0112020162683 ACE424#001
Preferred name: rated current

SYnonymous name:

Symbol: In

Synonymous symbol:

Short name:

Definition: maximum uninterrupted current equal to the conventional free-air thermal current (Ith)
Note:

Remark:

Primary unit: A

Alternative units:

Lewvel:

Data type: LEVEL{MAX) OF REAL_MEASURE_TYPE

The instantiation of such definition (just 'property’, property instance) typically associates a value to the propésty. By th
mechanism, semantically wealefined information can be conveyed by fdministration Shell

Note: Industrie 4.0 and smart manufacturing in general will require many properties which are beyond the current
scope of IEC CDD, eCl@ss or other repositories. It is expected, that these sets of properties will be
introduced, as more and more domains are modelled and standardized (next clause).

v. The Concept of iIbmodels

"The Administration Shellis the standardized digital representation of the asset, corner stone of the interoperability
between the applications managing the manufactwystems'{18]. Thus, it needs to provide minimal but sufficient
description according to thdifferent application scenarios in Industrie 4[] [8]. Many different (international)
standards, consortium specifications and manufacturer specifications can already contribute to this dglskiption

As the figure showsdnformation from different many different technical domains couldds®eiated witta respective
asset and thus, mandifferent properties are required to be representedddministration Shefi of future 14.0
Components. In order to manage these complex set of information, submodels provide a separation of concern.



ANNEX | 187

Figure 131 Examplesof different domains providing properties for submodels of theAdministration Shell

Administration shell, exemplary
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Further

Source: ZVEI $@dell& Standardd

Further

The Administration Sheliis thus made up of a series safbmodeld4]. These represent different aspectshe asset
concerned; for example, they may contain a description relating to safety or sgielriiyt could also outline various
process capabilities such as drilling or installafigin

From theperspective of interoperability, the aim is to standardise only a single submodel for each aspect / technical

domain. For example, it will thus be possible to find a drilling machine by searching fadramistration Shell

containing a sulwmothelappbDPoiplliiang properties. For commun

certain properties can then be assumed to exist. I n

then ensure that the drilling machine is able tatsutlectricity consumption when it is not in operation.

Note: side benefit of the Administration Shell will be to simplify the update of properties from product design (and
in particular system design) tools, update of properties from real data collected in the instances of assets,
improve traceability of assets along life cycle and help certify assets from data.

vi. Basic Structure of the AssetAdministration Shell

The document on the Structure of the As&dministration Shell[4] [18] presented a rough, logical view of the
AssetAdministration Shéll's s t r u AdsatAdministratidn Shell shown in bluel in the following figuret
comprises different sets of information. Both, the asset anddhenistraion Shellare identified by alobally unique
identifier. It comprisesa number of submodels for a characterisation ofgsetAdministration Shell

an
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Figure 132Basic structure of theAssetAdministration Shell

Accesson informati‘ and functionalities

Administration shell
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b

Property 2.1.1.1
Property 2.1.1.2
Property 2.1.2

Submodel 3e.g. CADmodel
Property 3.1

Property 3.1.2 —

Sifle, s TEEa f Different, complementary data
formats
Runtime data
(from the Asset) Source: ZVEI 3@dellé Standardy

Propertiesdaa and functionsvill also contain information which not every partner within a vaddded network or even
within an organisational unit should be able to access or whose integrity and availability should be guaterefede

the structure of thAdministration Shelshall be able to handle aspects such as access protection, visibility, identity and
rights management, confidentiality and integrltyformation securityneeds to be respected and has to be aligned with
anoverall securityconceptImplementation of security must go together with the implementatiathefr components

of an overallsystem

Each submodel contains a structured quantity of propertiesadhatefer to data and functions.sfandardizedormat
based on IEC 61360/ ISO 1358&-42 isenvisagedor the propertiesThus, property value definition shall follow the
same principles as also 1ISO 29a02 andIEC 628322. Data and functions may be available in various, complementary
formats.

The properties of all the submodels tHiere result in a constantly readald&ectory of the key information of the
Administration Shelland thus of the 14.0 component. To enable binding semam@sinistration She#l, assets,
submodels and properties must all be clearly identified. Perngttdxl identifiers are IRDI (e.g. it8O TS 29005,
eCl@ss andEC Common Data Dictionaries) and URIs (Unique Resource IdentiBegsfor ontologies

It shouldbe possibldo filter elementsof the Administration Shelbr submodelsiccording to dferent given views
Example C.4 if18]). This facilitates different perspectives or «seses for the application éfdministration Shels
information.



ANNEX | 189

Requirements

This sectioncollects the requirements fromarious documets that have impacbn the specific structure of the
Administration ShellThese requirements serve as input for the specific description of the structuresdshihistration
Shell

vil.

The
ar e

foll owing requirements ar e sttaiedyefilatfformroimlustren efR].dilbéy u me n t
ma r k eddrheff"I3atkihg’ Eolumn validates the requirements by linking to features of the rddiamodel

or this document in general.

|D) Requirement Tracking
way that connections between any end point (Indus&iO| part of the document series.
components) are possibl€he Industrie 4.0 components and th . .

. Common semantic model realized
contents are to follow a common semantic model. ) o
domain specific submode
(HasSemant& ConceptDescriptiorn
and byRelation3

STRAT#2 It must be possible to define the concept of an Industrie| Contentwise, many different

component in such a wayahit can meet requirements with differg submodels possible.
f ocal areas, i e. fiof fice f

STRAT#3 Industrie 4.0 compliant communication must be performed in sy Metamodel and information
way that the data of a virtual represation of an Industrie 4.( representation independent of a
component can be kept either in the object itself or in a (higher I{ deployment scenario.

IT system.

STRAT#4 In the case of a virtual representation of an 14.0 mmment in a| Integrity part of security approach.
higherlevel system, an integrity association must be ens
between the asset and its representation.

STRAT#5 | A suitable reference model must be established to describe I} Scope of upcoming part of th
higher level IT system can tka theAdministration Shellvailable| document series; not scope of tk
in an Industrie 4.0 compliant manner (SOA approai#iegation| part.
principle).

STRAT#6 | A description is required of how th&dministration Shellcan ke | Hierarchical representation by XML
Atransportedd from the ori gi|JSON and package file format allg
electrical designer) to the higher level IT system (e.g. ag for different transport scerias.
attachment to an email).

STRAT#7 Depending on the nature of the higher level systems, it maj Metamodel and information
necessary for the administration objects to allow for deployme| representation independent of al
more than one higher level IT system. deployment senario.

STRAT#8 The Industrie 4.0 component, and in particular Aagninistration | Metamodel and information
Shell its inherent functionality and the protocols concerned are { representation independent of ar
i encap<uwlpatrilsaparable” from any field busses in.uf communication scenario.

STRAT#9 The aim of the Industrie 4.0 component is to detectindostrie 4.0/ Norn-Industrie 4.0 complian
compliant communication relationships leading to or from | communication relationshigould be
0 b j eAdninissation Sheland to make them accessible ta¢o- | modelled by submodels and therefc
end engineering. made available.

STRAT#10 | It should be possible to logically assign other Industrie | References and preparations fo
components to one Industrie 4.0 compor{ewt an entire machine] Composite componens2]
in such a way that there is (temporary) nesting.

STRAT#11 | Higher level systems should be able to access all Industri¢ Scope of upcoming part of th
components in a purposkiven and restrictable mamrmeven when| document series; not scope of t
these are (temporarily) logically assigned. part.
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STRAT#12 | Characteristicgl) Identifiability Given byldentifiable
STRAT#13 | Characteristic§2) 14.0-compliant communication Not scope of part 1
STRAT#14 | Characteristic$3) 14.0-compliant services anuultiple status Standardisation of submodels
STRAT#15 | Characteristicg4) Virtual description Available by digital representatior
(SubmodeandSubmodelElements
STRAT#16 | Charateristics(5) 14.0-compliant semantics HasSemantics
STRAT#17 | Characteristic$6) Securityandsafety Security byAttribute Based & Role
Based Access
Safety not scope of part 1
STRAT#18 | Characteristic$7) Quality of services Metamodel and information
representation independent of al
communication scenario.
STRAT#19 | Characteristic$8) Status Standardisation cfubmodels
STRAT#20 | Characteristic9) Nestability Supported bybillOfMaterial of an
AssetandRelationshipElements
STRAT#21 | The minimum infastructure must satisfy the principles of Secu| Security byAttribute Based & Role
by Design (SbD). Based Access
The following requir e me nTheStractue ofthAdmamistratiom Shell t h e
Trilateral perspectiveom Franceltaly and Germany[18]. They ar e mar ked At AAS
Note: The term fipropertyo was used in a very broad sense

The metamodel in this document distinguishes between properties in a more classical sense as data element
operations,

I i ke A mémperatun@d and ot her submodel el ements 1|ike
Source ‘ Requirement Tracking
tAAS-#1 The Administration Shell shall | Identifiable
accept propertlgs frgm differet Administrativelnformation
technical domains in mutuall
distinct submodels that can I Submodel
versioncontrolled and maintaine
independently of each other.
Requirements tAASt1 implicitly contains the requirements
versioning. Versioning is supported for all elementkeriting
from Identifiable
Requirement tAAS#1 is fulfilled because several submodels
AAS are possible. Every submodel is identifiable and
Identifiable  may contain  administrative  informatio
(Administrativelnformatiopfor versioning.
The reasondr submodels to be identifiable is that they niay|
maintained independently of other submodels (Require
tAAS-#1) and that they can be reused within different A/
However, since submodel elements may refer to elements
other AAS dependencies hawe be considered in parallg
development and before reuse.
tAAS-#2 The Administration Shelshould be| HasSemantics

capable of including properties fro
a wide range of technical domai
and of [sic!] identify which domair
they derive from.

Via semantic rierences property definitions from differe
dictionaries and thus different domains can be used wi
submodels.

n

document

previ
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The only thing required is that the domain a property is der,
from has a unique idsémanticld.
tAAS-#3 For finding definitions withineach| HasSemanti¢dsemanticldsee tAAS#2)
relevant technical domain, differe ConceptDescription
procedural models should K P P
allowed that respectively meet tll Proprietary manufacturer specific propeityor more general
requirements of standard| concept descriptions or copies from external dictionaries
consortium  specifications  an supported by definin@€onceptDescriptionsThey are reference
manufacturer specifications sets. | in semanticldvia their globaid.
Up to now there is only a prededid data specification templal
for Propertyelements DataSpecification_IEC61360
Usage of proprietary concept descriptions is not recomme
because then interoperability cannot be ensured.
tAAS-#4 Different Administration Shel in | AssetAdministrationShell.derivedFrom
respect of an assenust be capabl
of referencing each other.
. The derived-rom relationship is especially designed f
In particular, elements of a . . . g, i
- . supporting the relationship between an Agsininistration Shell
Administration Shelshould be able ; . .
- N representing an asset type and the Agshinistration Shel#
to play the role of dicopyd of the . . .
. representing the asset instances of this asset type.
corresponding components fro
anotherAdministration Shell
See also tAAS#16
tAAS-#5 Individual Administration SheB | Asset/billOfMaterial
should, while retglnlng. thei RelationshipElement
structure, be combined into g
overallAdministration Shell
The billOfMaterial fo an asset defined -omanaged and self
managed entieis the asset is pased of.
Vi a t he s u b mRdlaionshipElersetite nrt e |
between entities can be defined.
tAAS-#6 Identification of assets Identifiable
Administration Shel, properties e
and relationships shall be achiey IdentificationfidType
using a limited set of identifier
SSDf;rUZ; angsg-ljallz)’ogfrgrvldlrogb Requirement tAAS#6 is fulfilled for all elements inheriting fron
UNIQUENEss P g Identifiable For example, this is the case foAsset
q ' AssetAdministrationShedind for concepdescriptions. However
properties (like any other submodel element) are only refer
However, unigue referencing is possible via the unique subn
id and theReferenceia Keys concept.
The supported id types include IRDI, URIIRI), IRl and GUID
(=Custon) as requested.
tAAS-#7 The Administration Shell should | Asset.assetldentificationModel
allow retrieval of alternative
identifiers such as a GS1 and GT
identifier in return to asset I0 Every asset has a globally unique identifidesides this globa
(deferencing). identifier additional local identifiers can be specified withir]
speci al s u laseetldeatificatoraModsle d i
The asset identification model itself is not predefined by
metamodel. This means there is the need to definkbraciel that
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can contain alternative identifiers including semantic referenc
know the meaning of the additional identifier.

tAAS-#8 TheAdministration Sheltonsists of| AssetAdministrationShell
header and body. AssetAdministrationShell/identification
AssetAdministrationShell/administration
AssetAdministrationShell/asset
The AssetAdministration Shelldoes not explicitly distinguis
between Header and Body. However, the Adsdministration
Shell has attributes defined that belong to itself like thabagl
unique id {dentificatior), version informationgdministraton), a
mandatory reference to the assetsg} it represents etc.
tAAS-#9 The header contains informatiq AssetAdministrationShédisset
he identification. . . . ) .
about the identificatio The Asset Administratiy Shell is representing an asset witl
unique id.
See also tAAS#7
See also tAAS#13
tAAS-#10 The body contains informatio| AssetAdministrationShédubmodels
about the respective asset(s).
All submodels give information with respect to or relatedn®
asset presented by the AAS.
Note: An AssetAdministration Shelis representing exactly on
asset. In case of a Composite Aséeministration Shellit is
implicitly representing several assets (see also tAB5
tAAS-#11 The information and functiotity in | Will be covered in future parts of the document series
the Administration  Shell is
accessible by means of
standardized application
programming interface (API).
tAAS-#12 The Administration Shell has a| AssetAdministrationShétientificatiorvid
unique ID.
Since AssetAdministrationShell inherits fronidentifiable
Requirement tAAS#12 is fulfilled.
tAAS-#13 The asset has a unique ID. Assefidentification(id

Since Asset inherits frortdentifiable Requirement tAAS#13 is
fulfilled.

See also Requineent tAAS#7.

SinceAssetoes not contain any specific attributes mandatory
only suitable for sensors etc. also more complex assets
industrial facilities can be modelled (Requirement tAARB!I). The
only assumption is that the industrial facildyso has a globally
unique id.

Note: See also Composite Asset Administration Shell
(see tAAS-#5) that allows the modelling of
complex assets consisting of other assets that
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are represented by an AAS

themselves.

each by

tAAS-#14

An industrial facility is #&so an asset|
it has arAdministration Sheland is
accessible by means of ID.

Asset

Assefidentificationfid

SinceAssetoes not contain any specific attributes mandatory
only suitable for sensors etc. also more complex assets
industrial faciliies can be modelled. The only assumption is
the industrial facility also has a globally unique id.

Note: See also Composite AssetAdministration Shell
(see tAAS-#5) that allows the modelling of
complex assets consisting of other assets that
are represented by an AAS each by
themselves.

tAAS-#15

Types and instances must
identified as such.

Attribute kind=Typeor kind=Instancefor Asset

AssetAdministrationShédlerivedFrom

With attribute kind of AssetRequirement tAAS#15 is fulfilled
and asset tygecan be distinguished from asset instances.

Additionally a derivedFrom relationship can be establish
between the AAS for aasset instance and the 84or the asse

type.

tAAS-#16

The Administration Shell can
include references to  othe
Administration Shels or Smart
Manufacturing information.

ReferenceElement
File
Blob

AssetAdministrationShédlerivedFrom

The derivedFromrelationship between two AAS is special ang
for example used to establish aelationship between asse
instances and the assgpe.

For composite AAS (see tAAS5) there also is theelationshipto
AAS the composite AAS is composed of.

The ReferenceElemerg very generic and can reference anot
AAS as well as information within another AAS or even so
information that is coniptely outside any AAS (as long as it h
a global unique id).

Files and BLOB can be used as submodel elements to includé
generic manufacturing information that is not or cannot
modelled via properties or the other submodel elements defing
the AssetAdministration Shell

tAAS-#17

Additional
manufacturer
possible.

properties, e. ¢
specific, must L

HasDataSpecification

ConceptDictionary
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Via Data Specification Templates additional attributes for as
properties and other submodel elemestgymodels, views an
even theAssetAdministration Shelltself can be defined an
checked by tools.

New proprietary property descriptions can be locally added tg
local concept dictionary of thé\AS and used for semant
definition in properties or otlmesubmodel elements.

An extension of the metamodel by defining proprietary cla:
inheriting from the defined classes of this metamodel is
possible.

Via API (see tAAS#11) new properties, other submodel eleme
and submodels can be addedssumedhe corresponding acce
permissions are given.

tAAS-#18

A reliable minimum number o
properties must be defined for eal
Administration Shell

hasKindfor SubmodehndSubmodelElements

A reliable minimum number of properties is defined by
metamodeltself. They are called (class) attributes.

HasKind (with kind=Templat¢ for Submodel and submodel
elemers enables the definition of submodel (eleméeatyplates
Thesetemplatesare referenced visemanticld

Note: the term property within the metamodel has a
special semantics and shall not be mixed with
the implicitly available attributes of the
different classes. Although these attributes as
well might be based on existing standards they
are no properties in the sense that a semantic
reference can be added that defines the
semantics externally: The semantics is defined
for the metamodel itself in the class tables
within this document.

tAAS-#19

The properties and other elements
information in the Administration
Shellmust be suitable for types ar
instances.

HasKind (with kind=Templateor kind=Instancg for Submodel
andSubmodelElement

All elements inheriting fromHasKind can distinguish betwee
types and instances. This is especially trueSiabmodelElemen
andSubmodel

Note: Submodels or propes ofkind=Templatedo not describe
an asset ofkind=Type This is done via properties
kind=Instance

tAAS-#20

There must be a capability
hierarchical and countabl
structuring of the properties.

DataElementCollection

Requirement tAAS#20 is fulfiled by collections of data element
The collection can be further characterized whether ordered
and whetherit may contain duplicates. Collections are b
recursively and thus contain other submodel elements of the
AAS. For referencing proptes or other submodel elements
other AAS a referencérgferenceElemenor relationship elemen
(RelationshipElemehneeds to be included as part of the comg

property.
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tAAS-#21 Properties shall be able to refereny DataElementCollection
other properties, even in oth
Administration She#. ReferenceElement
RelatiorshipElement

OperationVariablen Operation

A reference element can either reference any other element {
referable (i.e. inheriting fromReferablg¢ within the same o
another AASOr it can reference entities completely outside
AAS via its global id.

Note: For referencing elements within the same AAS it is
alwaysnecessary to use a reference property. Depending o
context also submodel element collections, relationsnagght be
more suitable.

Within operatiors also other elementze referenced or used &
input or output argumenia OperationVariable

tAAS-#22 Properties must be able to referer] Operation
information and functions of th
Administration Shell

SeealsotAAS-#21

Functions in the sense of executable entities are represen
operatiors.

The following requirements have been derived from the document "Security of the Administrative Shellh¢y4dre
marked as "SecAAS"

|D) ‘ Requirement Tracking

SecAAS#1 Identification and authentication: It mu| Securitycertificate
be ensured that the correct entit
(Administration Shellnd users) interag
with each other. This applies both in| Certificates are supported
local communication context (within
machine or plant) and in a global conte
(acloss  companies). The cle
identification (by authentication) of th
communication partners is a bag
requirement for the interaction with
management shell. Without them, furth
security  features (confidentiality
integrity, etc.)cannotbe guaranteed.

SecAAS#H2 User and rights management: /4 SecurityaccessControlPolicyPointgdlicyAdministrationPoint
AssetAdministration Shellcan have|
different interaction partners. To contr
the possibilities of interaction with th| AccessContréhccessPermissionRsle
Administration Shell a user and right
management is necessary.

AccessControl

There is no explicit subject management in the AAS: |
assumed that the identity of the subject requesting access
a given role (via theAPI - see tAAS#11) is authenticated
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outside the AAS. The AAS can check the authorization vig
endpoint to the subjeettributesprovider.

For every object in theAsset Administration Shellaccess
permission rules can be defined

SecAASH#3

Secure Communication: Communicati
with the Administrative Shell ma
include sensitive information. Likewise
a change in the communication betwe
the Administration Shell and its
communication partners can cau
serious and dangerous distiops in a
machine or plant. It is therefor
mandatory that adequate measures
taken to ensure communication secur
This must be done by using appropri
security protocols.

Not applicable

SecAASH#4

Event logging: The traceability o
interaction vith the Administration Shell
plays a crucial role in the detection

security incidents. This traceability

achieved through logging / event loggi
and auditing. The management sh
must therefore provide methods that |
accesses and changes in stafethe
management shell without modificatio
It is also important to be able to centra
collect and evaluate this eve
information.

History handling will be detailed in future parts or versions
the document (series).
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Annex B. Templates for UML Tables

In this annex, the templates used for element specification are explained.

Template 6r document classes (elements):

Class:

Explanation:

Inherits from:

Attribute (*=mandatory) Explanation

Kind is defined with semantics of UML:

1 atr: attribute (Type is no Object)
91 aggr: aggregation (doe®t exist independent of its parent)
1 ref: composition (does exist independent of its parent)

Additionally, there is kind:
T ref*: reference VvikeytipReaTyger forrnhe ks Kep thaReferensd. t h
For more information on referencing sgkuse4.7.21

Card. is the cardinalityi * 6 denotes an arbitrary numbdm.aofmodelmementmd n
n-times and maximum t i me s . For example fA0..10 means optional

Template for enumerations:

Enumeration:

Explanation:

Literal ‘ Explanation
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Annex C. Legend for UML Moddling

Figure 133 Aggregationin Metamodel in UML 1 Legend

class Legend Aggregation /

iContainment by -
Reference}

identical to

Class1

1if attribute
class2}

identical to

identical to

Aggregation

Class1

+attribute

Reference

key: Key [0.."

{type = Class2 (of last Key)}

Class1

+athibute

Class2 instance exists
independent of Clzss1

instance that it c2n be pant
of.

Class2

Figure 134 Association in Metamodel in UML - Legend

class Legend Association /

Class2

+relation

Class1 .
+inverseRelstion

+relation

Reference

key: Key [0..4]

{type = Class 2 (of |ast!
| Fewlh

Association

identical to

Class2

Reference

Clzzs1 and Clzss2 instan independent to each
other but may be in some relationship

In contrast to aggregation there is the possibility to slso
model the inverse relstonship.

key: Key [0..4]

Figure 135Composition in Metamodel in UML - Legend

class Legend Composition

identical to

Composition
Clzss2 instance does
entcat o Class1 Class2 only exist if parent
+ dam? Class? B object of type Class1
exdsts.
Figure 136ldentification in Metamodel in UML - Legend
class Legend Identification
Identification
Identifier
Class1 referenced element

ype: dentifisrTyps

may be an identifiable
madel element or an

external element.

For external elements

there is no type

defined.
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Figure 137 Inheritance Classesn Metamodelin UML - Legend

class Legend Inheritance Classes /

Inheritance
+ class2: Class2
Clazes1 Cizes?
identical to Class3 identical to Class3

sClased

+ das2: Class2

Class3

Figure 138Inheritance Enumerations in Metamodel in UML - Legend

class Legend Inheritance Enumerations /)

Inheritance for Enumerstions

«enumerations
Enumeration1

«enumeration:

s
Enumeration1

wenumerations

identical to 2 identical to Enumeration1
Aftributes a
=Enumeration2 b

+ b

«enumeration:
Enumeration2

b
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herited

N

with

UML

Metamodel

Attributes

In this annex some UML diagrams are shown together with all attrimktested for better overview.

Annex D.

Figure 139 Core Model with inherited Attributes
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Figure 140 Operation with inherited Attributes

class Operations including OperationVariables incl. inherited Attributes /

SubmodelElemgnt
Operation

+ inputVariable: OperationVariable [D..*] OperationVariable
+ outputVariable: OperationVariable|[0..*]

+ inoutputVariable: OperationVariabIe‘[O.‘.’ﬁ\"
::HasSemantics

+ semanticld: Reference [0..1]
::HasDataSpecification

+ dataSpecification: Reference [0..*]
::Referable

idShort: string

category: string [0..1]

description: LangStringSet [0..1]
parent: Referable* [0..1]
::Quialifiable

+ qualifier: Constraint [0..*]
::HasKind

+ kind: ModelingKind [0..1] = Instang¢e

+ value: SubmodelElement]

+ + + o+
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Figure 141 Access Control with inherited attributes

class Overview Attribute Based Access Control (ABAC) without ReferableElements with inhterited attributes /

HasDataSpecification
Identifiable

AssetAdministrationShell

security

+ security: Security [0..1]

+ derivedFrom: AssetAdministrationShell* [0..1]
::HasDataSpecification

+ dataSpecification: Reference [0..*]
:Identifiable

+ administration: Administrativelnformation [0..1]
+ identification: Identifier

::Referable

idShort: string

category: string [0..1]

description: LangStringSet [0..1]

+
+
+
+ parent: Referable* [0..1]

includes

AccessControl

PolicyAdministrationPoint

+ localAccessControl: AccessControl [0..1]
+ externalAccessControl: boolean

selectableSubjectAttributes: Submodel* [0..1]
defaultSubjectAttributes: Submodel*
selectablePermissions: Submodel* [0..1]
defaultPermissions: Submodel*
selectableEnvironmentAttributes: Submodel* [0..1]
defaultEnvironmentAttributes: Submodel* [0..1]
accessPermissionRule: AccessPermissionRule [0..*]

Vv

AccessPermissionRule

Qualifiable
Referable

+
+
+
+

Environment Conditions
are specified in formulas
(inherited via Qualifiable)

parent:

::Referable

idShort: string

category: string [0..1]
description: LangStringSet [0..1]

+ targetSubjectAttributes: SubjectAttributes
+ permissionsPerObject: PermissionsPerObject [0..*]

Referable* [0..1]

::Qualifiable
+ qualifier: Constraint [0..*]

SubjectAttributes

+ subjectAttribute: Property [1..%]

Vv

PermissionsPerObject

Constraint
Formula
+
+ dependsOn: Reference* [0..%] +
+

object: Referable*

targetObjectAttributes: ObjectAttributes [0..1]

permission: Permission [0..*]

ObjectAttributes

+ objectAttribute: Property [1..*]

|

|

|
Y

cenumeratfi

Permission

PermissionKind

+ permission: Property*

+ kindOfPermission: PermissionKind

Allow
Deny
NotApplicable

Undefined

oneé
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Figure 142 Submodel Element Collection with inheritance

class Submodel Element Collections incl. inherited Attributes /

CcS

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

i

SubmodelElementCollection

+ value: SubmodelElement [0..*]
+ ordered: boolean [0..1] = false
+ allowDuplicates: boolean [0..1] ¥ false
::HasSemantics

+ semanticld: Reference [0..1]
::HasDataSpecification

+ dataSpecification: Reference [0.]*]
::Referable

idShort: string

category: string [0..1]
description: LangStringSet [0..1]
parent: Referable* [0..1]
::Qualifiable

+ qualifier: Constraint [0..*]
::HasKind

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

+ + + +

HasDataSpecification hstrach
HasKind « >
HasSemantits """~ """""""""""" 7] Constraint
Qualifiable
Referable
«abstract»
SubmodelElement
::HasSemantics HasSemanti
+ semanticld: Reference [0..1] Qualifier
::HasDataSpecification + type: QualifierType
+ dataSpecification: Reference [D..*] N vaﬁuéType' Dath?’ypeDef
::Rgferable . + value: ValueDataType [0..1]
+ idShort strlng + valueld: Reference [0..1]
+ category: string [0..1] - HasSemantics
+ description: LangStringSet [0..[1] + semanticld: Reference [0..1]
+ parent: Referable* [0..1] : =
::Quialifiable
+ qualifier: Constraint [0..*]
::HasKind
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Annex E. XML schemas and complete example

i. XML Schemas for Administration Shell
The schema is splitted intbreeparts:

1 The main concepts of the Administration Shell (AAS.xsd)
1 The Daa Specification Template IEC61360 (IEC616360.xsd)
1 The Asset based access control model (AAS_ABAC.x

Subsequently, an example in XML is discussed.

ii. Schema for overallAdministration Shell

<xml version="1.0"encoding="UTF 8"?>

<schema elementFormDefault ="qualified" targetNamespace="http://www.admin -shell.io/aas/2/0"
xmins ="http://www.w3.0rg/2001/XMLSchema" xmins:aas="http://www.admin -shell.io/aas/2/0" xmins:abac="http://www.admin -
shell.io/aas/abac/2/0" xmlIns:IEC6136& http://www.admin -shell.io/IEC61360/2/0">

<import namespace="http://www.admin - shell.io/aas/abac/2/0 "schemalocation="AAS_ABAC.xsd/>

<import namespace="http://www.admin - shell.io/lEC61360/2/0' schemalocation="IEC61360.xsd/>

<attributeGroup name="keyTypes">
<attribute name="identifierType" use="optional" >
<simpleType>
<restriction base="string" >
<enumeration value="Custom"/>
<enumerationvalue="IRDI'/>
<enumerationvalue="IRI"/>
</restriction>
</simpleType>
</attribute>
<attribute name="localKeyType"use="optional">
<simpleType>
<restriction base="string" >
<enumerationvalue="idShort"/>
</restriction>
</simpleType>
</attribute>
</attributeGroup>
<complexTypename="aasenv_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="assetAdministrationShells" type="'aas:assetAdministrationShells_t" />
<elementmaxOccurs="1"minOccurs="0" name="assets" type="aas:assets_t"/>
<elementmaxOccurs="1"minOccurs="0" name="submodels" type="aas:submodels_t"/>
<elementmaxOccurs="1"minOccurs="0" name="conceptDescriptions" type="aas:conceptDescriptions_t"/>
</sequence>

</complexType>
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<complexTypename="administration_t" >
<sequence>
<elementmaxOccurs="1"minOccurs='0" name='version" type='string" />
<elementmaxOccurs="1"minOccurs='0" name="revision" type="string" />
</sequence>
</complexType>
<complexTypename="asset_t">
<sequence>
<groupref="aas:identifiable" />
<groupref="aas:hasDataSpecification"/>
<elementmaxOccurs="1"minOccurs="0" name="assetldentificationMod elRef" type="aas:reference_t"/>
<elementmaxOccurs="1"minOccurs="0" name="billOfMaterialRef" type="aas:reference_t"/>
<elementmaxOccurs="1"minOccurs="0" name="kind" type="aas:assetKind_t"/>
</sequence>
</complexType>
<complexTypename="assetAdministrationShell_t" >
<sequence>
<groupref="aas:identifiable" />
<groupref="aas:hasDataSpecification"/>
<elementmaxOccurs="1"minOccurs="0" name="derivedFrom" type="aas:reference_t" />
<elementmaxOccurs="1"minOccurs="1"name="assetRef" type="aas:reference_t" />
<elementmaxOccurs="1"minOccurs='0" name="submodelRefs" type="aas:submodelRefs_t"/>
<elementmaxOccurs="1"minOccurs='0" name="views" type="aas:views_t"/>
<elementmaxOccurs="1"minOccurs="0" name="conceptDictionaries" type="aas:conceptDictionaries_t"/>
<elementmaxOccurs="1"minOccurs="0" name="security" type="abac:security_t"/>
</sequence>
</complexType>
<complexTypename="assetAdministrationShells_t" >
<sequence>

<element maxOccurs="unbounded" minOccurs ="0" name="assetAdministrationShell"
type="aas:assetAdministrationShell_t" />

</sequence>
</complexType>
<complexTypename="assets_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="asset" type="aas:asset_t"/>
</sequence>
</complexType>
<complexTypename="basicEvent_t">
<complexContent>
<extensionbase="aas:eventAbstract_t">
<sequence>

<elementmaxOccurs="1"minOccurs="1"name="observed" type="aas:reference_t"/>
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</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="blob_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name='"value" type="aas:blobType_t/>
<elementmaxOccurs="1"minOccurs="1"name="mimeType"type="string" />
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="blobType_t'">
<simpleContent>
<extensionbase="base64Binary"/>
</simpleContent>
</complexType>
<complexTypename="conceptDescription_t">
<sequence>
<groupref="aas:identifiable" />
<groupref="aas:hasDataSpecification"/>
<elementmaxOccurs="unbounded" minOccurs="0" name="isCaseOf"type="aas:reference_t"/>
</sequence>
</complexType>
<complexTypename="conceptDescriptionRefs_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="conceptDescriptionRef" type="aas:reference_t"/>
</sequence>
</complexType>
<complexTypename="conceptDescriptions_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="conceptDescription" type="aas:conceptDescription_t"/>
</sequence>
</complexType>
<complexTypename="conceptDictionaries_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="conceptDictionary" type="aas:conceptDictionary_t"/>
</sequence>
</complexType>
<complexTypename="conceptDictionary_t">

<sequence>
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<groupref="aas:referable" />
<elementname="conceptDescriptionRefs" type="aas:conceptDescriptionRefs_t"></element>
</sequence>
</complexType>
<complexTypename="constraint_t">
<choice>
<elementmaxOccurs="1"minOccurs="0" name="formula" type="aas:formula_t"/>
<elementmaxOccurs="1"minOccurs="0" name="qualifier" type="aas:qualifier_t"/>
</choice>
</complexType>
<complexTypename="constraints_t" >
<sequerce>
<elementmaxOccurs="unbounded" minOccurs="0" name="qualifiers" type="aas:constraint_t"/>
</sequence>
</complexType>
<complexTypename="containedElements_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="containedElementRef" type="aas:reference_t"/>
</sequence>
</complexType>
<complexTypename="dataSpecificationContent_t">
<choice>
<elementname="dataSpecificationlEC61360type="IEC61360:dataSpecificationlEC61630 /"
</choice>
</complexType>
<complexTypename="dataTypeDef_t*>
<simpleContent>
<extensionbase="string" />
</simpleContent>
</complexType>
<complexTypename="embeddedDataSpecification_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="dataSpecificationContent" type="aas:dataSpecificationContent_t"/>
<elementmaxOccurs="1"minOccurs="0" name="dataSpecification" type="aas:reference_t"/>
</sequence>
</complexType>
<complexTypename="entity_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequerce>
<elementname="assetRef" type="aas:reference_t"/>
<elementname="entityType">

<simpleType>
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<restriction base="aas:entityType_t'>
<enumeration value="CoManagedEntity'/>
<enumeration value="SelfManagedEntity"/>
</restriction>
</simpleType>
</element>
<elementname="statements" type="aas:submodelElement_t"/>
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="eventAbstract_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t"/>
</complexContent>
</complexType>
<complexTypename="file_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementname="mimeType"type="string" />
<elementname="value" type="aas:pathType_t/>
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="formula_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="dependsOnRefs"type="aas:references_t"/>
</sequence>
</complexType>
<complexTypename="identification_t" >
<simpleContent>
<extensionbase="string" >
<attribute name="idType"use="optional" >
<simpleType>
<restriction base="string" >
<enumeration value="Custom"/>
<enumerationvalue="IRDI'/>
<enumerationvalue="IRI"/>
</restriction>
</simpleType>

</attribute>
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</extension>
</simpleContent>
</complexType>
<complexTypename="identifier_t" >
<sequence>
<elementmaxOccurs="1"minOccurs="1"name="id" type="string "/>
<elementmaxOccurs="1"minOccurs="1"name="idType"type="aas:identifierType_t"/>
</sequence>
</complexType>
<complexTypename="idPropertyDefinition_t" >
<simpleContent>
<extensionbase="string" >
<attribute name="idType"type="string" />
</extension>
</simpleContent>
</complexType>
<complexTypename="idShort_t">
<simpleContent>
<extensionbase="string" />
</simpleContent>
</complexType>
<complexTypename="key_t">
<simpleContent>
<extensionbase="string" >
<attribute name="idType">
<simpleType>
<restriction base="string" >
<enumeration value="Custom"/>
<enumerationvalue="Fragmentld"/>
<enumerationvalue="ldShort"/>
<enumerationvalue="IRDI'/>
<enumerationvalue="IRI"/>
</restriction>
</simpleType>
</attribute>
<attribute name="local" type="boolean"/>
<attribute name="type">
<simpleType>
<restriction base="string" >
<enumeration value="AccessPermissionRule" />
<enumeration value="AnnotatedRelationshipElement" />
<enumerationvalue="Asset"/>

<enumeration value="AssetAdministrationShell" />
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<enumeration value="BasicEvent"/>
<enumerationvalue="Blob"/>
<enumeration value="Capability"/>
<enumeration value="ConceptDescription"/>
<enumeration value="ConceptDictionary"/>
<enumerationvalue='DataElement"/>
<enumeration value="Entity"/>
<enumerationvalue='Event"/>
<enumerationvalue="File"/>
<enumeration value="FragmentReference"/>
<enumeration value="GlobalReference"/>
<enumeration value="MultiLanguageProperty" />
<enumeration value='Operation"/>
<enumerationvalue="Property" />
<enumerationvalue='Range"/>
<enumeration value="ReferenceElement"/>
<enumeration value="RelationshipElement" />
<enumerationvalue="Submodel"/>
<enumeration value="SubmodelElement"/>
<enumeration value="SubmodelElementCollection" />
<enumerationvalue="View"/>
<[restriction>
</simpleType>
</attribute>
</extension>
</simpleContent>
</complexType>
<complexTypename="keys_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs='0" ref='aas:key"/>
</sequence>
</complexType>
<complexTypename="langString_t">
<simpleContent>
<extensionbase="string" >
<attribute name="lang" type="string" />
</extension>
</simpleContent>
</complexType>
<complexTypename="langStringSet_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="1"name="langString" type="aas:langString_t"/>

</sequence>
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</complexType>
<complexTypename="multiLanguageProperty_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="valueld" type="aas:reference_t"/>
<elementmaxOccurs="1"minOccurs="0" name='value" type="aas:langStringSet_t"/>
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="operation_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="inoutputVariable" type="aas:operationsVariables_t"/>
<elementmaxOccurs="1"minOccurs="0" name="inputVariable" type="aas:operationsVariables_t"/>
<element maxOccurs="1"minOccurs='0" name="outputVariable" type="'aas:operationsVariables_t"/>
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="operationsVariables_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs ='0" name="operationVariable" type="aas:operationVariable_t"/>
</sequence>
</complexType>
<complexTypename="operationVariable_t">
<sequence>
<elementname='"value" type="aas:submodelElement_t"/>
</sequence>
</complexType>
<complexTypename="pathType_t'>
<simpleContent>
<extensionbase="string" />
</simpleContent>
</complexType>
<complexTypename="property_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="valueld" type="aas:reference_t"/>

<elementmaxOccurs="1"minOccurs="0" name="value" type="aas:valueDataType_t/>
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<elementmaxOccurs="1"minOccurs="1"name="value Type"type="aas:dataTypeDef_tI>
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="qualifier_t">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="valueld" type="aas:reference_t"/>
<elementmaxOccurs="1"minOccurs="0" name='value" type="aas:valueDataType_t/>
<elementmaxOccurs="1"minOccurs="1"name="type" type="aas:qualifierType_t'"/>
<elementmaxOccurs="1"minOccurs="1"name="valueType"type="aas:dataTypeDef_t/>
<groupref="aas:hasSemantics"/>
</sequence>
</complexType>
<complexTypename="qualifierType_t">
<simpleContent>
<extensionbase="string" />
</simpleContent>
</complexType>
<complexTypename="range_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementmaxOccurs="1"minOccurs='0" name="max" type="aas:valueDataType_t/>
<elementmaxOccurs="1"minOccurs="0" name="min" type="aas:valueDataType_t/>
<elementmaxOccurs="1"minOccurs="1"name="value Type"type="aas:dataTypeDef_t/>
</sequence>
</extension>
</complexContent>
</complexType>
<camplexTypename="reference_t">
<sequence>
<elementname="keys" type="aas:keys_t"/>
</sequence>
</complexType>
<complexTypename="referenceElement_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<element name="value" type="aas:reference_t"/>
</sequence>
</extension>

</complexContent>
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</complexType>
<complexTypename="references_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="reference" type="aas:reference_t"/>
</sequence>
</complexType>
<complexTypename="relationshipElement_t" >
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementname="first" type="aas:reference_t"/>
<elementname="second" type="aas:reference_t"/>
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="semanticld_t">
<complexContent>
<extensionbase="aas:reference_t"/>
</complexContent>
</complexType>
<complexTypename="submodel_t">
<sequence>
<groupref="aas:identifiable" />
<groupref="aas:hasKind"></group>
<groupref="aas:hasSemantics"></group>
<groupref="aas:qualifiable"/>
<groupref="aas:hasDataSpecification"/>
<elementname="submodelElements" type="aas:submodelElements_t"/>
</sequence>
</complexType>
<complexTypename="submodelElement_t">
<choice>
<elementname="annotatedRelationshipElement" type="aas:relationshipElement_t"/>
<elementname="basicEvent" type="aas:basicEvent_t'/>
<elementname="blob" type="aas:blob_t"/>
<elementname="capability" type="string" />
<elementname="entity" type="aas:entity_t"/>
<elementname="file" type="aas:file_t"/>
<elementname="multiLanguageProperty" type="aas:multiLanguageProperty_t"/>
<elementname="operation" type="aas:operation_t"/>
<elementname="property" type="aas:property_t"/>

<elementname='"range" type="aas:range_t"/>




214| ANNEX

<elementname="referenceElement" type="aas:referenceElement_t"/>
<elementname="relationshipElement" type="aas:relationshipElement_t"/>
<dement name="submodelElementCollection" type="aas:submodelElementCollection_t"/>
</choice>
</complexType>
<complexTypename="submodelElementAbstract_t" >
<sequence>
<groupref="aas:referable" />
<groupref="aas:hasKind"/>
<groupref="aas:hasSemantics"/>
<groupref="aas:qualifiable"/>
<groupref="aas:hasDataSpecification"/>
</sequence>
</complexType>
<complexTypename="submodelElementCollection_t">
<complexContent>
<extensionbase="aas:submodelElementAbstract_t">
<sequence>
<elementname="allowDuplicates" type="boolean"/>
<elementname="ordered" type="boolean"/>
<elementname="value" type="aas:submodelElements_t"/>
</sequence>
</extension>
</complexContent>
</complexType>
<complexTypename="submodelElements_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="submodelElement" type="aas:submodelElement_t"/>
</sequence>
</complexType>
<complexTypename="submodelRefs_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="submodelRef" type="aas:reference_t"/>
</sequence>
</complexType>
<complexTypename="submodels_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs="0" name="submodel" type="aas:submodel_t"/>
</sequence>
</complexType>
<complexTypename="valueDataType_t*>
<simpleContent>

<extensionbase="anySimpleType'/>
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</simpleContent>
</complexType>
<complexTypename="view_t">
<sequence>
<groupref="aas:referable" />
<groupref="aas:hasSemantics"/>
<groupref="aas:hasDataSpecification"/>
<elementname="containedElements" type="aas:containedElements_t"></element>
</sequence>
</complexType>
<complexTypename="views_t">
<sequence>
<elementmaxOccurs="unbounded" minOccurs='0" name="view" type="aas:view_t"/>
</sequence>
</complexType>
<elementname="aasenv" type="aas:aasenv_t'/>
<elementname="key" type="aas:key_t"/>
<groupname="hasDataSpecification">
<sequence>

<element maxOccurs="unbounded" minOccurs="0" name="embeddedDataSpecification"
type="aas:embeddedDataSpeification_t"/>

</sequence>
</group>
<groupname="hasKind">
<sequence>
<elementmaxOccurs="1"minOccurs="0" name="kind" type="aas:modelingKind_t"/>
</sequence>
</group>
<groupname="hasSemantics">
<sequence>
<elementminOccurs="0" name="semanticld" type="aas:semanticld_t"/>
</sequence>
</group>
<groupname="identifiable" >
<sequence>
<groupref="aas:referable" />
<elementmaxOccurs="1"minOccurs="1"name="identification" type="aas:identification_t" />
<elementmaxOccurs="1"minOccurs="0" name="administration" type="aas:administration_t" />
</sequence>
</group>
<groupname="referable" >
<sequence>

<elementmaxOccurs="1"minOccurs="1"name="idShort" type="aas:idShort_t"/>
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<elementmaxOccurs="1"minOccurs='0" name='"category" type="string" />
<elementmaxOccurs="1"minOccurs="0" name="description" type="aas:langStringSet_t"/>
<elementmaxOccurs="1"minOccurs='0" name="parent" type="aas:reference_t"/>
</sequence>
</group>
<groupname="gualifiable" >
<sequence>
<elementmaxOccurs="1"minOccurs='0" name="qualifier" type="aas:constraints_t"/>
</sequence>
</group>
<simpleTypename="assetKind_t">
<restriction base="string" >
<enumerationvalue="Instance"/>
<enumerationvalue="Template"/>
</restri ction>
</simpleType>
<simpleTypename="entityType_t">
<restriction base="string" />
</simpleType>
<simpleTypename="identifierType_t">
<restriction base="string" >
<enumerationvalue="Custom"/>
<enumerationvalue="'IRDI'/>
<enumerationvalue="IRI"/>
</restriction>
</simpleType>
<simpleTypename="modelingKind_t">
<restriction base="string" >
<enumerationvalue="Instance"/>
<enumerationvalue="Template"/>
</restriction>
</simpleType>

</schema>

1.  AAS IEC61360 Datatype

For IEC 61360a data specification is made available, individually:

<?xml version ="1.0" encoding ="UTF-8"?>
<schema elementFormDefault  ="qualified" targetNamespace =" http://www.admin
shell.io/I[EC61360/2/0 " xmlns =" http://www.w3.0rg/2001/XMLSchema "
xmins:IEC61360 =" http://w  ww.admin - shell.io/I[EC61360/2/0 ">
<attributeGroup name="keyTypes" >
<attribute name="identifierType" use ="optional" >
<simpleType>
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<restriction
<enumeration
<enumeration
<enumeration

</restriction>

base ="string" >
value ="Custom" />
value ="IRDI" />
valu e="IRI" />

</simpleType>
</attribute>
<attribute name="localKeyType" use ="optional"

<simpleType>
<restriction
<enumeration
</restriction>
</simpleType>
</attribute>
</attribut eGroup>
<complexType name="code t" />
<complexType name="dataSpecificationlEC61630_t"

base ="string" >

value ="idShort" />

>

>

<choice minOccurs ="1" maxOccurs ="unbounded" >
<element maxOccurs ="1" minOccurs ="1" name="preferredName"
type ="IEC61360:langStringSet_t" />
<ele ment maxOccurs ="1" minOccurs ="0" name="shortName"
type ="IEC61360:langStringSet_t" />
<element maxOccurs ="1" minOccurs ="0" name="unit" type ="string"
<element maxOccurs ="1" minOccurs ="0" name="unitld"
type ="IEC61360:reference_t" />
<element maxOccurs ="1" minOccurs ="0" name="sourceOfDefinition"
type ="string" />
<element maxOccurs ="1" minOccurs ="0" name="symbol" type ="string'
/>
<element maxOccurs ="1" minOccurs ="0" name="dataType"
type ="IEC61360:dat aTypelEC61360 t" />
<element maxOccurs ="1" minOccurs ="0" name="definition"
type ="IEC61360:langStringSet_t" />
<element maxOccurs ="1" minOccurs ="0" name="valueFormat" type ="string
<element maxOccurs ="1" minOccurs ="0" name="valueList"
type ="IEC61360:valueList_t" />
<element maxOccurs ="1" minOccurs ="0" name="value"
type ="IEC61360:valueDataType_t" />
<element maxOccurs ="1" minOccurs ="0" name="valueld"
type ="IEC61360:reference_t" />
<element maxOccurs ="unbounded" minOccurs ="0" name="levelType"
type ="IEC61360:levelType_t" />
</choice>
</complexType>
<complexType name="key t" >
<simpleContent>
<extension  base ="string" >
<attribute name="idType" >
<simpleType>
<restriction base ="string" >
<enumer ation  value ="Custom" />
<enumeration  value ="Fragementld" />
<enumeration  value ="idShort" />
<enumeration  value ="IRDI" />
<enumeration value ="IRI" />
</restriction>
</simpleType>
</attribute>
<attribute name="local" type ="boolean" />
<attribute name="type" >
<simpleType>
<restriction base ="string" >

<enumeration
<enumeration

value ="AccessPermissionRule"
value ="AnnotatedRelationshipElement"

/>
/>

/>

/>
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<enumeration  value ="Asset" />
<enumeration value ="AssetAdministrationShell" />
<enumeration value ="BasicEvent" [>
<enumeration  value ="Blob" />
<enumeration  value ="Capability" />
<enumeration  value ="ConceptDescription" />
<enumeration  value ="ConceptDictionary" />
<enumeration value ="DataElement" />
<enumeration  value ="Entity" />
<enumeration  value ="Event" />
<enumeration  value ="File" />
<enumeration  value ="FragmentReference" />
<enumeration value ="GlobalReference" />
<enumeration value ="MultiLanguageProperty" />
<enumeration  value ="Operation" />
<enumeration  value ="Property" />
<enumeration  value ="Range" />
<enumeration value ="ReferenceElement" />
<enumeration  value ="RelationshipElement" />
<enumeration value ="Submodel" />
<enumeration value ="SubmodelElement" />
<enumeration  value ="SubmodelElementCollection"” />
<enumeration  value ="View" />
</restriction>
</simpleType>
</attribute>
</extension>
</simple Content>
</complexType>
<complexType name="keys t" >

<sequence>
<element maxOccurs ="unbounded" minOccurs ="0" ref ="IEC61360:key" />
</sequence>
</complexType>
<complexType name="langString_t" >

<simpleContent>
<extension  base ="string" >
<att ribute  name="lang" type ="string" />
</extension>

</simpleContent>

</complexType>

<complexType name="langStringSet_t" >
<sequence>
<element maxOccurs ="unbounded" minOccurs ="1" name="langString"
type ="IEC61360:langString_t" />
</sequence>
</compl exType>
<complexType name="reference_t" >
<sequence>
<element name="keys" type ="IEC61360:keys t" />
</sequence>

</complexType>
<complexType name="valueDataType_t" />

<complexType name="valueList_t" >
<sequence>
<element maxOccurs ="unbounded” minOccurs ="1" name="valueReferencePair"
type ="IEC61360:valueReferencePair_t" />
</sequence>
</complexType>
<complexType name="valueReferencePair_t" >
<sequence>
<element name="valueld" type ="IEC61360:reference_t" />
<element name="value" type ="IEC61 360:valueDataType t" />

</sequence>
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</complexType>
<element name="key" type ="IEC61360:key t" />
<simpleType name="dataTypelEC61360_t" >
<restriction base ="string" >
<enumeration  value ="BOOLEAN'>
<enumeration  value ="DATE"/>
<enumeration  value ="RATIONAL"/>
<enumeration  value ="RATIONAL MEASURE/>
<enumeration  value ="REAL_COUNT/>
<enumeration  value ="REAL_CURRENCY>
<enumeration  value ="REAL_MEASURE/>
<enumeration  value ="STRING" />
<enumeration  value ="STRING_TRANSLATABLE'>
<enumeration  value ="TIME" />
<enumeration  value ="TIME_STAMP"/>
<enumeration  value ="URL"/>
</restriction>
</simpleType>
<simpleType name="levelType_t" >
<restriction base ="string" >
<enumeration  value ="Max" />
<enumeration  value ="Min" />
<enumeration  value ="Nom"/>
<enumeration  value ="Typ" />
</restriction>
</simpleType>
</schema>

iv. AAS Attribute Based Access Control Model

For Asset based Access Control a specification is made available individually:

<?xml version ="1.0" encoding ="UTF-8"?>
<schema xmins =" http://www.w3.0rg/2001/XMLSchema

targetNamespace =" http://www.admin - shell.io/aas/abac/2/0 "
elementFormDefault ~ ="qualified"

xmins:aas =" http://www.admin - shell.io/aas/2/0 "

xmins:abac =" http://www.admin - shell.io/aas/abac/2/0 ">

<import sch emalLocation ="AAS.xsd" namespace =" http://www.admin -
shell.io/aas/2/0 " ></import>

<complexType name="security t" >
<sequence>
<element name="accessControlPolicyPoints"
type ="abac:accessControlPolicyPoints_t" minOccurs ="1"
maxOccurs ="1" >
</ele ment>

<element name="certificates" type ="abac:certificates t"
minOccurs ="0" maxOccurs ="1" >
</element>
<element name="requiredCertificateExtensions" minOccurs ="0"
maxOccurs ="1" type ="aas:.references_t" ></element>
</sequence>

</complexType>

<complexType name="accessControlPolicyPoints_t" >
<sequence>
<element name="policyAdministrationPoint" minOccurs ="1" maxOccurs ="1"

type ="abac:policyAdministrationPoint_t" ></element>
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<element name="policyDecisionPoint" type ="abac:policyD  ecisionPoint_t"
minOccurs ="1" maxOccurs ="1" ></element>
<element name="policyEnforcementPoint"

type ="abac:policyEnforcementPoint_t" minOccurs ="1" maxOccurs ="1" ></element>
<element name="policylnformationPoints"
type ="abac:policylnformationPoints _t" minOccurs ="0" maxOccurs ="1" ></element>
</sequence>

</complexType>

<complexType name="policyAdministrationPoint_t" >
<sequence>
<element name="localAccessControl"
type ="abac:accessControl_t" minOccurs ="0" maxOccurs ="1" >
</element>
<element name="externalAccessControl" type ="boolean"  minOccurs ="0"
maxOccurs ="1" ></element>
</sequence>

</complexType>

<complexType name="policyDecisionPoint_t" >
<sequence>
<element name="externalPolicyDeci sionPoint" type ="boolean"
minOccurs ="1" maxOccurs ="1" ></element>
</sequence>

</complexType>

<complexType name="policyEnforcementPoint_t" >
<sequence>
<element name="externalPolicyEnforcementPoint" type ="boolean"
minOccurs ="1" maxOccurs ="1" ></element>
</sequence>
</complexType>

<complexType name="policylnformationPoints_t" >
<sequence>
<element name="externallnformationPoints"
type ="boolean"  minOccurs ="1" maxOccurs ="1" >

</element>
<element name="internallnformationPoints"
type ="abac:internallnformationPoints" minOccurs ="0" maxOccurs ="1" ></element>
</sequence>

</complexType>

<complexType name="internallnformationPoints" >
<sequence>
<element name="internallnformationPoint" ty pe="aas:submodelRefs_t"
minOccurs ="0" maxOccurs ="unbounded" ></element>
</sequence>

</complexType>

<complexType name="accessControl_t" >
<sequence>
<element name="selectableSubjectAttributes" type ="aas:reference t"
minOccurs ="0" maxOccurs ="1" ></element>
<element name="defaultSubjectAttributes" type ="aas:reference_t"
minOccurs ="1" maxOccurs ="1" ></element>
<element name="selectablePermissions" type ="aas:reference t"
minOccurs ="0" maxOccurs ="1" ></element>
<element name="defaultPermissions" type ="aas:reference t"

minOccurs ="1" maxOccurs ="1" > </element>
<element name="selectableEnvironmentAttributes"

type ="aas:reference t" minOccurs ="0" maxOccurs ="1" ></element>
<element name="defa ultEnvironmentAttributes”

type ="aas:reference t" minOccurs ="0" maxOccurs ="1" ></element>
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</complexType>

<complexType

<sequence>
<element name="object"
<element name="targetObjectAttributes"
minOccurs ="0" maxOccurs ="1" ></element>
<element name="permissions"
maxOccurs ="1" ></element>
</sequence>

</complexType>

<complexType name="objectAttributes_t"

<sequence>
<element name="objectAttribute"
maxOccurs ="unbounded" ></element>
</sequence>

</complexType>

<complexType name="permissions_t" >
<sequence>
<element name="permission”
maxOccurs ="1" ></element>
<element name="kindOfPermissio n"
</sequence>

</complexType>

<simpleType
<restriction
<enumeration
<enumeration
<enumeration
<enumeration
</restriction>
</simpleType>

name="permissionKind" >
base ="string" >
value ="Allow"
value
value
value

="NotApplicable"
="Undefined"

<complexType
<sequence>
<group
<group
<element
minOccurs ="1"
<element
minOccurs ="0"
</sequence>
</complexType>

ref ="aas:qualifiable"

re f ="aas:referable"
name="targetSubjectAttributes"

maxOccurs ="unbounded"
name="permissionsPerObject"

<complexType name="subjectAttributes_t"

<sequence>
<element name="subjectAttribute"
maxOccurs ="unbounded" ></element>
</sequence>

</complex Type>

<complexType
<sequence>
<element name="certificate"
maxOccurs ="unbounded" ></element>
</sequence>
</complexType>

name="certificates_t" >

name="permissionPerObject_t"

type ="aas:reference_t"

type ="abac:permissions_t"

type ="aas:property_t"

type ="aas:property_t"

type ="abac:certificate_t"

maxOccurs ="1" ></element>

<element name="accessPermissionRules"
type ="abac:accessPermissionRules_t" minOccurs ="0"
</sequence>

>

></element>
type ="abac:objectAttributes_t"

minOccurs ="0"

>

minOccurs ="1"

minOccurs ="1"

type ="abac:permissionKind" ></element>

></enumeration>
="Deny" ></enumeration>

></enumeration>

></enumeration>

name="accessPermissionRule_t" >

></group>
></group>

type ="abac:subjectAttributes_t"

></element>

type ="abac:permissionPerObject_t"

maxOccurs ="un bounded" ></element>

>

type ="aas:property_t" minOccurs ="1"

minOccurs ="1"
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<complexType name="certificate_t" >
<ch oice>
<element name="blobCertificate"
type ="abac:blobCertificate t" ></element>
</choice>

</complexType>
name="internallnformationPoints"

<element

<complexType name="accessPermissionRules_t"

</sequence>
</complexType>

type ="aas:submodelRefs t" />

>

type ="abac:accessPermissionRule_t"

<sequence>
<element name="accessPermissionRule"
minOccurs ="0" maxOccurs ="unbounded" ></element>

<complexType name="certificateAbstract_t" >
</complexType>
<complexType name="DblobCertificate_t" >
<complexContent>
<extension base ="abac:certificateAbstract_t" >
<sequence>
<element name="blobCertificate" type ="aas:blob_t" ></element>
<element name="containedExtensions"
type ="abac:containedExtensions_t" minOcc urs ="0" maxOccurs ="1" >
</element>
<element name="lastCertificate” type ="boolean" ></element>
</sequence>
</extension>
</complexContent>
</complexType>
<complexType name="containedExtensions_t" >
<sequence>
<element name="containedE xtension" type ="aas:reference_t" minOccurs ="0"
maxOccurs ="unbounded" ></element>
</sequence>
</complexType>
</schema>
A
v. XML Example

For cross reference, a complete selfitained example is given, which relates to the unified exam@airses.2.1

<?xml version ="1.0"
<aas:aasenv  xmlns:aas =" http://www.admin

encoding ="utf -8"?>

- shell.io/aas/2/0

xmins:IEC61360 =" http://www.admin

- shell.io/IEC61360/2/0

xmins:xsi =" http://www.w3.0rg/2001/XMLSchema

instance

xsi:schemalocation =" http://www.admin

- shell.io/aas/2/0

AAS.xsd

http://www.admin - shell.io/IEC61360/2/0
<aas:assetAdministrationShells>
<aas:assetAdministrationShell>
<aas:idShort>
ExampleMotor
</aas:idShort>
<aas:category>

CONSTANd/aas:category>

IEC61360.xsd"

>
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<aas:identification idType ="IRI" >
http://customer.com/aas/9175 7013 7091 9168

</aas:identification>

<aas:assetRef>

<aas:keys>
<aas:key idType ="IRI" local ="true" type ="Asset" >
http://customer.com/assets/KHBVZJSQKIY
</aas:key>

</aas:keys>
</aas:assetRef>

<aas:submodelRefs>
<aas:submodelRef>

<aas:keys>
<aas:key idType ="IRI" local ="true" type ="Submodel" >
http://i40.customer.com/instance/1/1/AC69B1CB44F07935
</aas:key>

</aas:keys>
</a as:submodelRef>
<aas:submodelRef>

<aas:keys>
<aas:key idType ="IRI" local ="true" type ="Submodel" >
http://i40.customer.com/type/1/1/1A7B62B529F19152
</aas:key>

</aas:keys>
</aas:submodelRef>
<aas:.submodelRef>

<aas:keys>
<aas:key idType ="IRI" local ="true" type ="Submodel® >
http://i40.customer.com/type/1/1/7A7104BDAB57E184
</aas:key>

</aas:keys>
</aas:submodelRef>
</aas:submodelRefs>
</aas:assetAdministrationShell>
</aas:assetAdminis trationShells>
<aas.assets>
<aas.asset>
<aas:idShort>
ServoDCMotor
</aas:idShort>
<aas:identification idType ="IRI" >
http://customer.com/assets/KHBVZJSQKIY
</aas:identification>
<aas:assetldentificationModelRef>
<aas.keys/>
</aas:assetldentificationModelRef>
<aas:billOfMaterialRef>
<aas.keys/>
</aas:billOfMaterialRef>
<aas:kind> Instance </aas:kind>
</aas:asset>
</aas:assets>
<aas:submodels>
<aas:submodel>
<aas:idShort>
Documentation
</aas:idShort>
<aas:category>
CONSTANT
</aas:category>
<aas:identification idType ="IRI" >
http://i40.customer.com/type/1/1/1A7B62B529F19152
</aas:identification>
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<aas:kind> Instance </aas:kind>
<aas:qualifier/>
<aas:submodelElements>
<aas:s ubmodelElement>
<aas:submodelElementCollection>
<aas:idShort>
OperatingManual
</aas:idShort>
<aas:kind> Instance </aas:kind>
<aas:semanticld>
<aas:keys>
<aas:key idType ="IRI" local ="true"
type ="ConceptDescri  ption" >
www.vdi2770.com/blattl/Entwurf/Okt18/cd/Document
</aas:key>
</aas:keys>
</aas:semanticld>
<aas:allowDuplicates> false </aas:allowDuplicates>
<aas:.ordered> false </aas:ordered>
<aas:value>
<aas:subm odelElement>
<aas:file>
<aas:idShort>
DigitalFile_PDF
</aas:idShort>
<aas:category>
PARAMETER
</aas:category>
<aas:kind> Instance </aas:kind>
<aas:semanticld>
<aas:ke ys>
<aas:key idType ="IRI" local ="true"
type ="ConceptDescription" >

http://vdi2770.com/blattl/Entwurf/Okt18/cd/StoredDocumentRepresentation/Digi
talFile
</aas:key>
</aas:keys>
</aas:semanticld>
<aas:mimeType>
application/pdf
</aas:mimeType>
<aas:value>
/aasx/OperatingManual.pdf
</aas:.value>
</aas:file>
</aas:submodelElement>
<aas:submodelElement>
<aas:.multiLanguageProperty>
<aas:idShort>
Title
</aas:idShort>
<aas:kind> Instance </aas:kind>
<aas:.semanticld>

<aas:keys>
<aas:key idType ="IRI" local ="true"
type ="ConceptDescription" >
http://vdi2770.com/bl attl/Entwurf/Okt18/cd/Description/Title
</aas:key>

</aas:keys>
</aas:semanticld>
<aas:value>
<aas:langString lang ="EN" >
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Operating Manual
</aas:langString>
</aas:value>
</aas:multiLanguageProperty>
</aas:submodelElement>
</aas:value>
</aas:submodelElementCollection>
</aas:submodelElement>
</aas:submodelElements>
</aas:submodel>
<aas:submodel>
<aas:idShort>
TechnicalData
</aas:idShort>
<aas:category>
CONSTANT
</aas:category>
<aas:identification idType ="IRI" >
http://i40.customer.com/type/1/1/7A7104BDAB57E184
</aas:identification>
<aas:kind> Instance </aas:kind>
<aas:semanticld>

<aas:keys>
<aas:key idType ="IRDI" local ="false" type ="GlobalReference"
0173- 1#01 - AFZ615#016
</aas:key>

</aas:keys>
</aas:semanticld>
<aas:submodelElements>
<aas:submodelElement>
<aas:property>
<aas:idShort>
MaxRotationSpeed
</aas:idS hort>
<aas:category>
PARAMETER
</aas:category>
<aas:kind> Instance </aas:kind>
<aas:semanticld>

<aas:keys>
<aas:key idType ="IRDI" local ="true"
type ="ConceptDescription" >
0173 - 1#02 - BAA120#008
</aa s:key>

</aas:keys>
</aas:semanticld>
<aas:value>
5000
</aas:value>
<aas:valueType>
integer
</aas:valueType>
</aas:property>
</aas:submodelElement>
</aas:submodelElements>
</aas:submodel>
<aas:submodel>
<aas:idShort>
OperationalData
</aas:idShort>
<aas:category>
VARIABLE
</aas:category>
<aas:identification idType ="IRI" >
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http://i40.customer.com/instance/1/1/AC69B1CB44F07935
</aas:identification>

<aas:kind> In stance </aas:kind>
<aas:semanticld>
<aas:keys/>
</aas:semanticld>
<aas:submodelElements>
<aas:submodelElement>
<aas:property>
<aas:idShort>
RotationSpeed
</aas:idShort>
<aas:category>
VARIABLE
</aa s:.category>
<aas:kind> Instance </aas:kind>
<aas:semanticld>

<aas:keys>
<aas:key idType ="IRI" local ="true"
type ="ConceptDescription” >
http://customer.com/cd/1/1/18EBD56F6B43D895
</aas:key>

</aas:keys>
</aas:semanticld>
<aas:embeddedDataSpecification>
<aas:dataSpecification>
<aas:keys/>
</aas:dataSpecification>
</aas:embeddedDataSpecification>
<aas:value>
4370
</aas:value>
<aas:valueType>
integer
</aas:valueType>
</aas:property>
</aas:submodelElement>
</aas:submodelElements>
</aas:submodel>
</aas:submodels>
<aas:conceptDescriptions>
<aas:conceptDescription>
<aas:idShort>
MaxRotationSpeed
</aas:idShort>
<aas:category> PROPERTY¥/aas:category>
<aas:identification idType ="IRDI" >
0173- 1#02 - BAA120#008
</aas:identification>
<aas:.administration>
<aas:version> 2</aas:version>
<aas:revision> O</aas:revision>
</aas:administration>
<aas:embed dedDataSpecification>
<aas:dataSpecificationContent>
<aas:dataSpecificationlEC61360>
<IEC61360:dataType> REAL _MEASUREIEC61360:dataType>
<IEC61360:definition>
<IEC61360:langString lang ="de" >
Hoéchste zulassige Drehzahl, m it welcher der Motor oder die
Speiseinheit betrieben werden darf
</IEC61360:langString>
<IEC61360:langString lang ="en" >
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Greatest permissible rotation speed with which the motor or
feeding unit may be operated
</IEC61360:langStr ing>
</IEC61360:definition>
<IEC61360:preferredName>
<IEC61360:langString lang ="de" >
max. Drehzahl
</IEC61360:langString>
<IEC61360:langString lang ="en" >
Max. rotation speed
</IEC61360:langString>
</IEC61360:preferredName>
<IEC61360:shortName>
<IEC61360:langString></IEC61360:langString>
</IEC61360:shortName>
<|EC61360:sourceOfDefinition/>
<IEC61360:unit>
1/min
</IEC61360:unit>
<|EC61360:unitld>
<|EC61360:keys>
<IEC61360:key idType ="IRDI" local ="false"
type ="GlobalReference" >
0173 - 1#05 - AAAB50#002
</IEC61360:key>
</IEC61360:keys>
</IEC61360:unitld>
</aas:dataSpecificationlEC61360>
</aas:dataSpecif icationContent>
</aas:embeddedDataSpecification>
<aas:isCaseOf>
<aas:keys/>
</aas:isCaseOf>
</aas:conceptDescription>
<aas.conceptDescription>
<aas:idShort>
Title
</aas:idShort>
<aas.category> PROPERT¥/aas:category>
<aas: identification idType ="IRI" >
http://vdi2770.com/blattl/Entwurf/Okt18/cd/Description/Title
</aas:identification>
<aas:embeddedDataSpecification>
<aas.dataSpecificationContent>
<aas:dataSpecificationlEC61360>
<|EC61360:dataType> STRING_TRANSLATABLE/IEC61360:dataType>
<IEC61360:definition>
<IEC61360:langString lang ="DE" >
Sprachabhangiger Titel des Dokuments.
</IEC61360:langString>
</IEC61360:definition>
<|EC61360:preferredName>
<|EC61360:] angString lang ="DE" >
Titel
</IEC61360:langString>
<|EC61360:langString lang ="EN" >
Title
</IEC61360:langString>
</IEC61360:preferredName>
<IEC61360:shortName>
<|EC61360:langString lang ="DE" >
Ti tel
</IEC61360:langString>
</IEC61360:shortName>
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<|EC61360:sourceOfDefinition/>
<IEC61360:unit/>
</aas:dataSpecificationlEC61360>
</aas:dataSpecificationContent>
<aas:dataSpecification>
<aas:keys>
<aas:key idType="IRI" local ="false" type ="GlobalReference"
http://admin -
shell.io/DataSpecificationTemplates/DataSpecificationlEC61360
</aas:key>
</aas:keys>
</aas:dataSpecification>
</aas:embeddedDataSpecification>
</aas:conceptDescriptio n>
<aas:conceptDescription>
<aas:idShort>
RotationSpeed
</aas:idShort>
<aas.category> PROPERT¥/aas:category>
<aas:identification idType ="IRI" >
http://customer.com/cd/1/1/18EBD56F6B43D895
</aas:identification>

<aas.embeddedDataS pecification>
<aas.dataSpecificationContent>
<aas:dataSpecificationlEC61360>
<IEC61360:dataType> REAL_MEASUREIEC61360:dataType>
<IEC61360:definition>
<IEC61360:langString lang ="DE" >
Aktuelle Drehzahl, mit welcher der Mo tor oder die
Speiseinheit betrieben wird
</IEC61360:langString>
<|EC61360:langString lang ="EN" >
Actual rotation speed with which the motor or feeding unit
is operated
</IEC61360:langString>
</IEC61360:definition>
<| EC61360:preferredName>
<IEC61360:langString lang ="DE" >
Aktuelle Drehzahl
</IEC61360:langString>
<IEC61360:langString lang ="EN" >
Actual rotation speed
</IEC61360:langString>
</IEC61360:preferredName>
<IEC61360:shortName>
<IEC61360:langString lang ="EN" >
RotationSpeed
</IEC61360:langString>
</IEC61360:shortName>
<IEC61360:sourceOfDefinition/>
<IEC61360:unit>
1/min
</IEC61360:unit>
<|IEC61360:unitld >
<IEC61360:keys>
<IEC61360:key idType ="IRDI" local ="false"
type ="GlobalReference" >
0173 - 1#05 - AAAB650#002
</IEC61360:key>
</IEC61360:keys>
</IEC61360:unitld>
</aas:dataSpecificationlEC61360>
</aas:dataSp ecificationContent>
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<aas:dataSpecification>

</aas:keys>
</aas: dataSpecification>
</aas:embeddedDataSpecification>
</aas:conceptDescription>
<aas:conceptDescription>
<aas:idShort>
Document
</aas:idShort>
<aas:category>
COLLECTION
</aas:category>
<aas:description>
<aas:langString/>
</aas:description>
<aas:identification idType ="IRI" >
http://vdi2770.com/blattl/Entwurf/Okt18/cd/Document
</aas:identification>
<aas.embeddedDataSpecification>
<aas.dataSpecificationContent>
<aas:dataSpecificationlEC61360>
<IEC61 360:dataType> URL</IEC61360:dataType>
<IEC61360:definition>
<IEC61360:langString lang ="DE" >
Feste und geordnete Menge von flir die Verwendung durch
Personen bestimmte Informationen, die verwaltet und als Einheit zwischen
Benutzern und Sy  stem ausgetauscht werden kann.
</IEC61360:langString>
</IEC61360:definition>
<IEC61360:preferredName>

<IEC61360:langString lang ="DE" >
Dokument

</IEC61360:langString>

<IEC61360:langString lang ="EN" >
Document

</IEC61360:langString>
</IEC61360:preferredName>
<IEC61360:shortName>
<IEC61360:langString lang ="EN" >
Document
</IEC61360:langString>
</IEC61360:shortName>
<IEC61360:sourceOfDefinition>
[IS O 15519 - 1:2010]
</IEC61360:sourceOfDefinition>
<|IEC61360:unit/>
</aas:dataSpecificationlEC61360>
</aas:dataSpecificationContent>
<aas:dataSpecification>
<aas:keys>
<aas:key idType ="IRI" local ="false" type ="GlobalReferenc
http://admin -
shell.io/DataSpecificationTemplates/DataSpecificationlEC61360
</aas:key>
</aas:keys>
</aas:dataSpecification>
</aas:embeddedDataSpecification>

</aas:conceptDescription>

<aas:keys>
<aas:key idType ="IRI" local ="false" type ="GlobalReference"
http://admin -
shell.io/DataSpecificationTemplates/DataSpecificationlEC61360
</aas:key>
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<aas:conceptDescription>
<aas:dShort >
DigitalFile
</aas:idShort>
<aas:category>
DOCUMENT
</aas:category>
<aas:identification idType ="IRI" >

http://vdi2770.com/blattl/Entwurf/Okt18/cd/StoredDocumentRepresentation/Digi
talFile
</aas:identification>
<aas:embeddedData Specification>
<aas:dataSpecificationContent>
<aas:dataSpecificationlEC61360>
<|EC61360:dataType> URL</IEC61360:dataType>
<IEC61360:definition>
<IEC61360:langString lang ="DE" >
Eine Datei, die die DocumentVersion reprasent
der obligatorischen PDF/A Datei kdnnen weitere Dateien angegeben werden.
</IEC61360:langString>
</IEC61360:definition>
<IEC61360:preferredName>
<IEC61360:langString lang ="DE" >
Digitale Datei
</IEC61360:] angString>
</IEC61360:preferredName>
<IEC61360:shortName>
<IEC61360:langString lang ="DE" >
digitale Datei
</IEC61360:langString>
</IEC61360:shortName>
<IEC61360:sourceOfDefinition/>
<|EC61360:unit/>
</aas:dataSpecificationlEC61360>
</aas:dataSpecificationContent>
<aas:dataSpecification>
<aas:keys>

iert. Neben

<aas:key idType ="IRI" local ="false" type ="GlobalReference"

http://admin -
shell.io/DataSpecificationTemplates/DataSpecificationlEC61 360
</aas:key>
</aas:keys>
</aas:dataSpecification>
</aas:embeddedDataSpecification>
</aas:conceptDescription>
</aas:conceptDescriptions>
</aas:aasenv>

Note: ¢ designates line-wrap for purpose of layout
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Annex F. JSON schema and complete exapte

i. JSON Schema forthe AssetAdministration Shell Environment
The following schema uses JSON Schéhraversion201909to allow validation of JSON files.

Table 29 JSON schema

{

"$schema "https://jsonschema.org/draft/2019
09schema;’

"title": "AssetAdministrationShellEnvironment"
"type"™: "object",

"$id": "urn://www.adminshell.io/schema/json/v2.0"
"required” ["assetAdministrationShells”
"submodels;’

"assets,’

"conceptDescription$;’

"propeties” {

"assetAdministrationShells{

"items" {

"$ref":
"#/definitions/AssetAdministrationShell"

}
2

"submodels’' {

"items" {

"$ref": "#/definitions/Submodel"

2

"assets!'{

"items": {

"$ref": "#/definitions/Asset"

12

"conceptDescriptions'{

}1
"required" ["value"]
3
"SubmodelElement'{
"allof": [{

"$ref"': "#/definitions/Referable"

"$ref": "#/definitions/HasDataSpecification"

"$ref": "#/definitions/Qualifiable”

"properties! {
"kind": {
"$ref": "#/definitions/ModelingKind"

1]
2

"Event" {
"allof": [{

"$Sref": "#/definitions/SubmodelElement”

2

"BasicEvent! {

44 see http://jsonschema.org/
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"items": {

"$ref": "#/definitions/ConceptDescription”

}!
"definitions™ {

"Referable’ {

"properties! {

"idShort™ {

"items": {

"$ref": "#/definitions/LangString"

2
"parent” {
"$ref": "#/definitions/Reference"”
2
"modelType" {
"$ref"; "#/definitions/ModelType"

h
"required" ["idShort",
"modelType]
2
"Ildentifiable™ {
"allof": [{
"$ref": "#/definitions/Referable"

"allof": [{

"$ref": "#/definitions/Event”

"properties! {
"observed! {

"$ref"': "#/definitions/Reference"

h
"required™ ["observed]
1]
h
"EntityType™: {
"enum"” ["CoManagedEntity,"
"SelfManagedEntity{'
h
"Entity": {
"allof": [{

"$ref": "#/definitions/SubmodelElement"

"properties! {
"statements"{
"items™: {

"$ref":
"#/definitions/SulnodelElement"

}
h
"entityType" {
"$ref": "#/definitions/Entity Type"
h
"asset! {

"$ref": "#/definitions/Reference”




ANNEX | 233

"properties! {
"identification™ {
"$ref": "#/definitions/Identifier”
3
"administration? {

"$ref":
"#/definitionsAdministrativelnformation”

%

3
"required" [“identification"|
1
2
"Qualifiable™ {

"properties? {

"qualifiers"™ {

"items" {

2

"HasSemantics'{

"properties! {
"semanticld® {

"$ref": "#/definitions/Reference"

2

"required" ["semanticld]

2
"HasDataSpecificatin™: {
"properties! {

"embeddedDataSpecificationd"

"$ref": "#/definitions/Constraint"

"required" ["entityType"|
1
h
"View": {
"allof": [{

"$ref": "#/definitions/Referable”

"$ref": "#/definitions/HasDataSpecification"

"$ref": "#/definitions/HasSemantics"

"properties! {

"containedElements’{

"items" {

"$ref"': "#/definitions/Reference"

"ConceptDictionay": {
"allof": [{

"$ref": "#/definitions/Referable"

"$ref": "#/definitions/HasDataSpecification”

"properties! {
"conceptDescriptions'{
"items": {

"$ref": "#/definitions/Reference"
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"items™ {

"$ref":
"#/definitions/EmbeddedDataSpecification”

}

2
"AssetAdministrationShell"{
"allof": [{
"$ref": "#/definitions/Identifiable"

"$ref": "#/definitions/HasDataSgification”

"properties! {
"derivedFrom? {
"$ref": "#/definitions/Reference”
2
"asset! {
"$ref": "#/definitions/Reference"

}l
"submodels!' {
"items": {

"$ref": "#/definitions/Reference"

2

"views": {
"type": "array",
"items": {

"$ref": "#/definitions/View"

2

"conceptDctionaries” {
"type": "array",

"items": {

"ConceptDescription™{
"allof": [{
"$ref": "#/definitions/Identifiable"

"$ref": "#/definitions/HasDataSpecification"

"properties! {
"isCaseOf" {
"items" {

"$ref"': "#/definitions/Reference"

"Capability™ {
"allof": [{
"$ref": "#/definitions/SubmodelElement"
1]
h
"Property" {
"allof": [{

"$ref": "#/definitions/SubmodelElement"

"$ref": "#/definitions/ValueObject"
1

"Range" {
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3
"required" ["asset]
1
2
"ldentifier”: {

"properties? {

"enum" ["Custom,
"IRDI",
"IRI",
"ldShort",
"Fragmentld]
2
"Administrativelnformation®' {
"properties! {

"version" {

12

"$ref": "#/definitions/Security”

"id": {
"type™: "string"
|3
"idType": {
"$ref"; "#/definitions/KeyType"
}
}l
"required" ["id",
"idType"]
}l
"KeyType": {

"$ref": "allof": [{
“#ldefinitions/Conceptbictionary” "$ref": "#/definitions/SubmodelElement"
J )
b {
"security" {

"properties’ {
"valueType" {

"type": "string",
"enum®” ["anyUri",
"base64Binary;'
"boolean’,

"date”,

"dateTime',
"dateTimeStamp"
"decimal’,
"integer’,

"long",

“int",

"short",

"byte",
"nonNegativelnteger”
"positivelnteger;
"unsignedLong;’
"unsignedInt
"unsignedShort"
"unsignedByte;'
"nonPositivelnteger"
"negativelnteger"
"double”,
"duration’,
"dayTimeDuration;
"yearMonthDuration;'
"float",

"gDay",

"gMonth",
"gMonthDay",
"gYear",

"gYearMonth',
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2
"LangString" {
"type™: "object",
"properties® {
"language’ {
"type": "string"
2

"text™: {

h
"required” ["language;’
"text"]

2

"Reference! {
"type™ "object",
"properties! {

"keys" {

"items": {

"$ref": "#/definitions/Key"

12

"required" ["keys'|

"properties! {

“type™: {

h
"idType": {

"$ref": "#/definitions/KeyElements"

"revision™ { "hexBinary",
"type": "string "NOTATION",
} "QName'
"string",

"normalizedString;’
"token",
"language;
"Name",
"NCName"
"ENTITY",

"ID",

"IDREF",
"NMTOKEN",

"time"]

"required” ["valueType',
"min",
"max"|
1]
h
"MultiLanguagePrperty" {
"allof": [{
"$ref": "#/definitions/SubmodelElement"

"properties? {
"value": {
"items": {

"$ref": "#/definitions/LangString"
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h
"required" ["type",
"idType",
"value",
"local"]

2

"KeyElements! {
"enum" ["Asset",
"AssetAdministrationSall",
"ConceptDescription”
"Submodel’
"AccessPermissionRulg"
"AnnotatedRelationshipElement"
"BasicEvent;
"Blob",
"Capability",
"ConceptDictionary;’
"DataElement;’
"File",
"Entity",
"Event",
"MultiLanguageProperty"
"Operation’;
"Property’,
"Range’,
"ReferenceElement"
"RelationshipElement"

"SubmodelElement"

"$ref": "#/definitions/KeyType"

h
"valueld™ {

"$ref": "#/definitions/Reference”

1]

h

"File": {
"allof": [{

"$ref": "#/definitions/SubmodelElement"

"properties! {

"value™: {

h
"required” ["mimeType",
"value'|
1]
h
"Blob": {
"allof": [{

"$ref": "#/definitions/SubmodelElement"

"properties’ {

"value": {
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"SubmodelElementCollection”
"View",

"GlobalReference"
"FragmentReferencg"

}l
"ModelTypes" {

"enum" ["Asset",
"AssetAdministrationShell"
"ConceptDescription”
"Submodel;
"AccessPermissionRulg"
"AnnotatedRelationshipElement"
"BasicEvent;
"Blob",
"Capability”,
"ConceptDictionary;'
"DataElement;’
"File",
"Entity",
"Event”,
"MultiLanguageProperty"
"Operation’;
"Property’,
"Range’,
"ReferenceElement"
"RelationshipElement"
"SubmodelElement"
"SubmodelElementCollection”
"View",
"GlobalReference"
"FragmentReference"
"Constraint’,
"Formula",
"Qualifier"]

12

"ModelType" {

h
"required” ["mimeType",
"value"|
1]
h
"ReferenceElement?
"allof": [{
"$ref": "#/definitions/SubmodelElement"
2
{
"properties® {
"value™ {
"$ref": "#/definitions/Reference”
}
}
1]
h
"Submoact|ElementCollection{
"allof": [{
"$ref": "#/definitions/SubmodelElement"
2
{
"properties® {
"value™ {
"type™: "array",
"items" {
"oneOf" [{
"$ref": "#/definitions/Blob"
h
{
"$ref": "#/definitions/File"
h
{
"$ref": "#/definitions/Capability"
h
{

"$ref": "#/definitions/Entity"
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"properties? {
"name" {

"$ref": "#/definitions/ModelTypes"

}l
"required" ["name’]

2
"EmbeddedDataSpecification{

"properties! {
"dataSpecification”{
"$ref": "#/definitions/Reference"”
2
"dataSpecificationContent{

"$ref":
"#/definitions/DataSpecificationContent”

}
h
"required" ["dataSpecification”
"dataSpecificationConterjt"
3
"DataSpecificationContent{
"oneOf": [{

"$ref":
"#/definitions/DataSpecificationlEC61360Content"

b
{
"$ref":

1]
2
"DataSpecificationPhysicalUnitContent’

"properties! {

"unitName" {

12

"#/definitions/DataSpecificationPhysicalUnitContent"

"$ref": "#/definitions/Event"

"$ref": "#/definitions/BasicEvent"

"$ref"
"#/definitions/MultiLanguageProperty"

"$ref": "#/definitions/Operation”

"$ref": "#/definitions/Property"

"$ref": "#/definitions/Range"

"$ref":
"#/definitions/ReferenceElement”

h
{

"$ref":
"#/definitions/RelationshipElement"

2

{

"$ref":
"#/definitions/SubmodelElementCollection"

1]

2

"allowDuplicates! {
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"unitSymbol* {

"items" {

"$ref": "#/definitions/LangString"

2

"siNotation" {
"type": "string"
}!

"siName" {

2

"supplier": {

"RelationshipElement'{
"allof": [{

"$ref": "#/definitions/SubmodelElement"

"properties® {
"first": {
"$ref": "#/definitions/Reference”
h
"second? {

"$ref": "#/definitions/Reference”

h
"required" ["first",
"second]
1]
h
"AnnotatedRelationshipElement{
"allof": [{

"$ref": "#/definitions/RelationshipElement"

"properties' {

"annotation® {

"items" {

"$ref": "#/definitions/Reference"

"Qualifier”: {
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h
"required” ["unitName’,
"unitSymbol",
"definition"]
2
"DataSpecificationlEC61360Content"
"allof": [{
"$ref": "#/definitions/ValueObject"

"properties* {

"dataType? {
"enum® ["DATE",
"STRING",
"STRING_TRANSLATABLE",
"REAL_MEASURE",
"REAL_COUNT",
"REAL_CURRENCY?",
"BOOLEAN",
"URL",
"RATIONAL",
"RATIONAL_MEASURE",
"TIME",
"TIMESTAMP"]

2

"definition": {
"type": "array",

"items": {

12
"preferredName”{
"type": "array",

"items": {

"$ref": "#/definitions/LangString"

"allof": [{

"$ref": "#/definitions/Constraint”

"$ref": "#/definitions/HasSemantics"

"$ref": "#/definitions/ValueObject"

"properties® {

"type”: {

h
"required” ["type"]
1
3

"Formula® {
"allof": [{

"$ref": "#/definitions/Constraint"

"properties! {

"dependsOmn"{

"items" {

"$ref": "#/definitions/Reference"

"properties! {

"accessControlPolicyPoints{
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"$ref": "#/definitions/LangString"

2

"shortName'' {
"type": "array",
"items": {

"$ref": "#/definitions/LangString"

}
h
"sourceOfDefinition? {
"type": "string"
}l
"symbol™ {
"type": "string"
}l
"unit": {
"type": "string"
h
"unitld": {
"$ref": "#/definitions/Reference"
}l
"valueFormat'' {
"type": "string"
}l
"valueList": {
"$ref": "#/definitions/ValueList"
}l
"levelType" {
"type": "array",
"items": {
"$ref": "#/definitions/LevelType"
}
}

2

"required" ["preferredNamd’

1]

"$ref":
"#/definitions/AccessControlPolicyPoints"

12

"certificate” {

"items"™ {

"oneOf": [{

"$ref": "#/definitions/BlobCertificate"

1]

2

"requiredCertificateExtension{

"items" {

"$ref": "#/definitions/Reference”

2
"required" ["accessControlPolicyPoinfs"
h

"Certificate" {

}y
"BlobCertificate" {

"allof": [{

"$ref": "#/definitions/Certificate"

"properties' {
"blobCertificate" {
"$ref": "#/definitions/Blob"
h

"containedExtension'{
"items" {

"$ref": "#/definitions/Reference”
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"LevelType" {
"type™ "string",
"enum® ["Min",
"Max",

"Nom",

“Typ']

2
"ValueList": {

"properties! {
"valueReferencePairTypes
"type": "array",
"minltems" 1,
"items™: {

"$ref":
"#/definitions/ValueReferencePairType"

}

12

"required" ["valueReferencePairTypgs"
}l
"ValueReferencePairType]

"allof": [{
"$ref": "#/definitions/ValueObject”

1

}l
"ValueObiject” {

"type": "object",
"properties! {
"value™ {
"type": "string"
|3

"valueld" {
"$ref": "#/definitions/Reference"

2

"valueType" {
"type": "string",

"enum®” ["anyUri",

"lastCertificate® {

"type": "boolean”

2

"AccessControlPolicyPoints{

"properties! {
"policyAdministrationPoint" {

"$ref";
"#/definitions/PolicyAdministrationPoint"

}!
"policyDecisionPoint’ {
"$ref": "#/definitions/PolicyDecisionPoint"
}!
"policyEnforcementPoint"{

"$ref":
"#/definitions/PolicyEnforcementPoint"

3
"policylnformationPoints' {

"$ref":
"#/definitions/PolicylnformationPoints"

}
2

"required" ["policyAdministrationPoint}
"policyDecisionPoint;
"policyEnforcementPiot"]
h
"PolicyAdministrationPoint" {
"type™: "object",
"properties® {
"localAccessControt"{

"$ref": "#/definitions/AccessControl"

}

"externalAccessControl'{

"type": "boolean"
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"base64Binary;' h

"boolean’ "required" ["externalAccessContrg|"
"date", 1

"dateTime', "PolicylnformationPoints!{
"dateTimeStamp" "type": "object’,

"decimal’, "properties! {

"integer", "internallnformationPoint"{

"long", "type™: "array",

"int", "items": {

"short", "$ref": "#/definitions/Reference"”
"byte", }

"nonNegativelnteger" 1

"positivelnteger; "externallnformationPoirst’: {
"unsignedLong;’ "type": "boolean”

"unsignedint; }

"unsignedShort" H

"unsignedByte; "required" ["externallnformationPoirst]
"nonPositivelnteger" H

"negativelnteger" "PolicyEnforcementPoint'{

"double" "type": "object",

"duration’, "properties® {

"dayTimeDuration;' "externalPolicyEforcementPoint"{
"yearMonthDuration;' "type": "boolean”

"float", }

"gDay", L

"gMonth", "required" ["externalPolicyEnforcementPoirt"
"gMonthDay", h

"gYear", "PolicyDecisionPoint!' {

"gYearMonth', "type": "object",

"hexBinary", "properties® {

"NOTATION", "externalPolicyDecisionPoints{
"QName’ "type": "boolean"

"string", }

"normalizedString;' 1

"token", "required" ["externalPolicyDecisionPoints"
"language’ 1

"Name", "AccessControl!'{




ANNEX | 245

"NCName'
"ENTITY",
"ID",
"IDREF",
"NMTOKEN",

utimeu]

2
"Asset" {
"allof": [{
"$ref": "#/definitions/Identifiablé

"$ref": "#/definitions/HasDataSpecification”

"properties! {
"kind": {
"$ref": "#/definitions/AssetKind"
}l
"assetldentificationModel"{
"$ref": "#/definitions/Reference”
}l
"billOfMaterial”: {

"$ref": "#/definitions/Reference”

2
"required" ["kind"]
1]
2
"AssetKind" {

"type"

"enum” ["Type",

string",

"Instance]

12
"ModelingKind™: {

"properties? {
"selectableSubjectAttributes{
"$ref": "#/definitions/Reference"
}1
"defaultSubjectAttributes"{
"$ref": "#/definitions/Reference"
3
"selectablePermissions{
"$ref": "#/definitions/Reference"
b
"defaultPermissions'{
"$ref": "#/definitions/Reference"
}!
"selectableEvironmentAttributes: {
"$ref": "#/definitions/Reference"
3
"defaultEnvironmentAttributes'{
"$ref": "#/definitions/Reference"

12

"accessPermissionRait {

"type™

"items": {

"$ref":
"#/definitions/AccessPermissionRule"

}

array",

2

"AccessPermissionRulef
"allof": [{
"$ref": "#/definitions/Referable"

"$ref": "#/definitions/Qualifiable"

"properties’ {




246| ANNEX

"enum" ["Template’,
"Instance]
2
"Submodel? {
"allof": [{
"$ref": "#/definitions/Identifiable"

"$ref"; "#/definitions/HasDataSpecificatit)

"$ref": "#/definitions/Qualifiable"

"$ref": "#/definitions/HasSemantics"

"properties! {
"kind": {
"$ref": "#/definitions/ModelingKind"
}l

"submodelElements'{
"items": {

"$ref":
"#/definitions/StbmodelElement"

}

1]
2
"Constraint" {
"properties! {
"modelType" {
"$ref": "#/definitions/Model Type"

"targetSubjectAttributes'{
"items™ {

"$ref":
"#/definitions/SubjectAttributes”

2

"minltems"

2

"permissionsPerObject’{

"items" {

"$ref":
"#/definitions/PermissionsPerObject"”

}

2

"properties! {
"subjectAttributes!"{
"items": {
"$ref": "#/definitions/Reference"”

2

"minltems"

2

"PermissionsPerObject{
"properties! {
"object": {
"$ref": "#/definitions/Reference”

}1
"targetObjectAttributes"{
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3

"required” ["modelType]
}l
"Operation” {

"allof": [{

"propertes": {
"inputVariable" {
"type™: "array",

"items": {

"$ref":
"#/definitions/OperationVariable”

}
3
"outputVariable® {
"type": "array",
"items" {

"$ref":
"#/definitions/OperationVariable"

}
}l
"inoutputVariale": {

"items": {

"$ref":
"#/definitions/OperationVariable"

"properties! {
"value™ {

"oneOf": [{

"$ref": "#/definitions/SubmodelElement”

"$ref": "#/definitions/ObjectAttributes”
}1
"permission’ {

"items": {

"$ref": "#/definitions/Permission”

h
"ObjectAttributes® {

"properties? {
"objectAttribute” {
"items" {
"$ref": "#/definitions/Property”
3

"minltems"

2

"Permission!' {

"properties! {
"permission? {
"$ref": "#/definitions/Reference"

}1

"kindOfPermission!' {
"enum" ["Allow" ,
"Deny",
"NotApplicable",
"Undefined

12

"required” ["permission
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"$ref": "#/definitions/Blob"
}l
{
"$ref": "#/definitions/File"
}l
{
"$ref": "#/definitions/Capability”
3
{
"$ref": "#/definitions/Entity"
3
{
"$ref": "#/definitions/Event"
}l
{
"$ref": "#/definitions/BasicEvent”
3
{
"$ref:
"#/definitions/MultiLanguageProperty"
}l
{
"$ref": "#/definitions/Operation”
}l
{
"$ref": "#/definitions/Property"
}l
{
"$ref": "#/definitions/Range"
}l
{
"$ref": "#/definitions/ReferenceElement’
h
{
"$ref":
"#/definitions/RelationshipElement"
}l
{

"kindOfPermission"
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"$ref":
"#/definitions/SubmodelElementCollection”

1]

ii. JSON Example

For cross reference, a complete setfontained example is given, which relates to the unified example @lause
5.3

Table 30JSON example

{ 3
"assetAdninistrationShells’ [{ {
"asset" { "identification™ {
"keys": [{ "id Type" "IRDI",
"type"™: "Asset", "id": "0173-1#02BAA120#008"
"local": true, h
"value" "administration? {
"http://customer.com/assets/KHBVZJSQKIY" ersion® ™,
fidTyper: "IRI" "revision": "2"
/ )
b "idShort" "MaxRotationSpeed"

submodels! [{ "category” "PROPERTY"!

"keys": [{ "modelType” {

type": "Submodel, "name" "ConceptDescription"

}1
"embeddedDataSpecifications{

"local": true,

"value™

"http.//i40.customer.com/type/1/1/7A7104BDAB57E18
"dataSpecification”{

"idType": "IRI" "keys" []
1 3
1 "dataSpecificationContent{
{ "preferredName”[{
"keys" [{ "language’ "de",
"type": "Submodel’ "text": "max. Drehzahl"
"local": true, 2
"value™ {
"http://i40.customer.com/instance/1/1/AC69B1CB44F(

"language' "en",
35" guag

_ "text": "Max. rotation speed"
"idType™: "IRI"
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1

"local": true,

"value":
"http://i40.customer.com/type/1/1/1A7B62B529F1915]

"idType™ "IRI"
1
1

"conceptDictionaries"[],

"identification™ {

"idType™: "IRI",
"id":
"http://customer.com/aas/9175_7013 7091 9168"

2
"idShort™ "ExampleMotor’
"category” "CONSTANT",
"modelType" {
"name" "AssetAdministration8ell"
}
1,

"assets! [{
"assetldentificationModelRef{
"keys" [{
"type": "Submodel;
"local": true,

"value":
"i40.customer.com/type/1/1/F13E8576F6488342"

"idType": "IRI"
1]
2
"identification™ {
"idType™: "IRI",
mig

"http://customer.com/assets/KHBVZJSQKIY"
12

ik

"shortName! ],
"unit": "1/min",
"unitld": {
"keys" [{
"type": "GlobalReference"
“local": false,
"value" "01731#05AAA650#002",
"idType™ "IRDI"
1]
2
"sourceOfDefinition® ™",
"dataType' "REAL_MEASURE",
"definition": [{
"language' "de",

"text"™: "Hochste zuldssige Drehzahl,
welcher der Motor oder die Speiseinheit betrieben we
darf"

"language' "en",

"text": "Greatest permissible rotation spg
with which the motor or feedg unit may be operated"

1]
}

1,
"isCaseOf* [{

"keys" []
1

"identification™ {
"idType™: "IRI",
"id":
"http://customer.com/cd/1/1/18EBD56F6B4385"
12
"idShort" "RotationSpeed"
"category” "PROPERTY",
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"idShort™ "ServoDCMotor',
"category” ",
"modelType" {

"name" "Asset"

2
"kind": "Instance”
1,
"submodels!' [{
"semanticld? {
"keys" [{
"type": "GlobalReference"
"local": false
"value" "0173-1#01:AFZ615#016",
"idType": "IRDI"
1]
2
"identification™ {
"idType™: "IRI",
“id":
"http.//i40.customer.com/type/1/1/7A7104BDAB57E18
2
"idShort" "TechnicalData;'
"categoy": "CONSTANT",
"modelType" {
"name" "Submodel"
3
"kind": "Instance’
"submodelElements'[{
"value" "5000",
"semanticld? {
"keys" [{
"type": "ConceptDescription,'
"local": true,
"value" "0173-1#02BAA120#008",
"idType": "IRDI"

1]

"modelType" {
"name" "ConceptDescription”
12
"embeddedDataSpecificationg{
"dataSpecification"{
"keys': [{
"type": "GlobalReference"
"local": false,

"value": "http://admin
shell.io/DataSpecificationTemplates/DataSpecification
C61360

"idType" "IRI"
1]
b

"dataSpecificationContent{
"preferredName"[{
"language’ "DE",
"text": "Aktuelle Drehzahl"

"language' "EN",

"text": "Actual rotation speed"
1,
"shortName?' [{

"language' "DE",

"text": "AktuelleDrehzahl"

"language' "EN",
"text": "ActualRotationSpeed"
1,
"unit": "1/min",
"unitld": {
"keys" [{
"type": "GlobalReference"
"local": false,

"value™ "01731#05AAA650#002",
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"constraints’ [],
"idShort" "MaxRotationSpeed"
"category” "PARAMETER",
"modelType" {
"name". "Property"
h
"valueType" {
"dataObjectType"{

"name" "integer"”

12

"kind": "Instance"

1]

"semanticld? {

"keys™ []
2
"identification™ {

"idType™: "IRI",

“id":

"http://i40.customer.com/type/1/1/1A7B62B529F1915]

2
"idShort" "Documentation;'
"category” "CONSTANT",
"modelType" {

"name" "Submodel"
3
"kind": "Instance’
"submodelElements'[{

"ordered" false,

"allowDuplicates" false,

"semanticld® {

"keys" [{
"type": "ConceptDescription”

"local": true,

1]
3
"sourceOfDefinition” ™",
"dataType® "REAL_MEASURE",
"definition"; [{

"language’ "DE",

"text": "Aktuelle Drehzahl, mit welcher d
Motor oder die Speiseinheit betrieben wird"

}1
{
"language' "EN",

"text": "Actual rotation speed with which th
motor or feeding unit is operated"

1]
}

i
"isCaseOf []

"identification™ {
"idType™ "IRI",
"id":
"www.vdi2770.com/blattl/Entwurf/&18/cd/Document"
2
"idShort™ "Document;
"modelType" {
"name" "ConceptDescription”
2
"embeddedDataSpecifications{
"dataSpecification”{
"keys" [{
"type": "GlobalReference"
"local": false

"value": "http://admin
shell.io/DataSpecificationTemplates/DataSpecification
C61360

"idType"™ "IRI"
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"value"
"www.vdi2770.com/blattl/Entwurf/Okt18/cd/Documen

"idType": "IRI"
1]
3
"constraints! [],
"idShort". "OperatingManual
"category" ",
"modelType" {
"name" "SubmodelElementCollection”
3
"value™ [{
"value" "Operating Manual"
"semanticld® {
"keys" [{
"type": "ConceptDescription”
"local": true,

"value™
"www.vdi2770.com/blattl/Entwurf/Okt18d/Description
Title",

"idType": "IRI"
1
12

"constraints'' [],

"idShort" "Title",

"modelType" {
"name". "Property"

2

"valueType" {
"dataObjectType"{

"name" "langString"

12

"kind": "Instance"

"mimeType" "application/pdf’

"value" "/aasx/OperatingManual.pdf"

1]
h
"dataSpecificationContent{
"preferredName’[],
"shortName?! [{
"language’ "EN",

"text": "Document”

"language’ "DE",
"text": "Dokument"
1,
"unit"; ",
"sourceOfDefinition* "[ISO 155191:2010]",
"dataType! "STRING",
"definition": [{
"language' "DE",

"text": "Feste und geordnete Menge von
die Verwendung durch Personen bestimmte Informatig
die verwaltet und als Einheit zwischen Benutzern
System ausgetauscht werden kann."

1]
}

1,
"isCaseOf" ],

"descriptions! []

1
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"semanticld! {

"keys"™ [{

"local": true,

"value"
"www.vdi2770.com/blattl/Entwurf/Okt18/cd/StoredDo
mentRepresentation/DigitalFile"

"idType™: "IRI"

1]
h
"constraints'' [],
"idShort": "DigitalFile_PDF",
"category” "PARAMETER",
"modelType" {

"name" "File"

b

"kind": "Instance"

1,

"kind": "Instance"

"semanticld? {
"keys" []
2
"qualifiers™ [],
"identification™ {
"idType": "IRI",
"id":
"http://i40.customer.com/instance/1/1/AC69B1CB44F(
35"

2
"idShort" "OperationalData"
"category: "VARIABLE" ,
"modelType" {

"name" "Submodel"

12

"kind": "Instance’
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"submodelElements'[{
"value™ "4370",
"hasDataSpecification{

"reference! []
h
"semanticld? {

"keys" [{

"local": true,

"value":
"http://customer.com/cd/1/1/18EBD56F6B43D895"

"idType": "IRI"
1l
2

“"constraints' [],
"idShort™ "RotationSpeed"
"category” "VARIABLE" ,
"modelType" {
"name" "Property"
h
"valueType" {
"dataObjectType"{

"name" "integer"

b
"kind": "Instance"
1
it

"conceptDescriptions'|{
"identification™ {
"idType"™: "IRI",

"id":
"www.vdi2770com/blattl/Entwurf/Okt18/cd/Descriptio
Title"

2

"idShort" "Title",
"category” "CONSTANT",
"modelType" {
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"name" "ConceptDescription”
2
"embeddedDataSpecificationgf{
"dataSpeitication": {
"keys" [{
"type": "GlobalReference"
"local": false,

"value": "http://admin
shell.io/DataSpecificationTemplates/DataSpecification
C61360"

"idType" "IRI"
1]
3
"dataSpecificationContent{
"preferredName"[{

"language’ "EN",

"text": "Title"

2

{
"language""DE",
"text": "Titel"

1,

"shortName! [{

"language' "EN",

"text": "Title"

}!

{
"language' "DE",
"text": "Titel"

B

"unit": ",

"sourceOfDefinition” ™",
"dataType! "STRING_TRANSLATABLE",
"definition": [{

"language' "DE",

"text":  "Sprachabhangiger Titel d
Dokuments."

1]
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}
1
"isCaseOf [|
h
{
"identification”; {
"idType™ "IRI",
wig

"www.vdi2770.com/blattl/Entwurf/Okt18/cd/&@edDocu
mentRepresentation/DigitalFile"

2
"idShort" "DigitalFile",
"modelType" {

"name" "ConceptDescription”
2
"embeddedDataSpecificationg{

"dataSpecification”{

"keys":

"local": false,

"value": "http://admin
shell.io/DataSpecificationTemplates/DataSpecification
C61360"

"idType": "IRI"
1]
h
"dataSpecificationContent{
"preferredName"[{
"language’ "EN",
"text": "Digital File"

3
{
"language' "DE",
"text": "Digitale Datei"
1,

"shortName! [{
"language’ "EN",
"text": "DigitalFile"
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b
{
"language' "DE",
"text": "DigitaleDatei"
1,
"unit": ",
"sourceOfDefinition? ™",
"dataType! "STRING",
"definition": [{
"language’ "DE",

"text": "Eine Datei, die die DocumentVersi
reprasentiert. Neben der obligatorischen PDF/A [
kdnnen weitere Dateien angegeben werden."

1]
}

1,
"isCaseOf! []
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Annex G. RDF schema and complete example

i. RDF Data Model for the Administration Shell

@prefix aas: <http://admishell.io/aas/2/0#> .

@prefix dash: <http://datashapes.org/dash#> .

@prefix dc: <http://purl.org/dc/eleamts/1.1/> .

@prefix dcterms: <http://purl.org/dc/terms/> .

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .
@prefix rdf: <http://www.w3.0rg/1999/02/2@if-syntaxns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdichema#> .
@prefix skos: <http://www.w3.g¢2004/02/skos/core#> .
@prefix vann: <http://purl.org/vocab/vann/> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .
@base <http://admishell.io/aas/2/0#> .

<http://adminshell.io/aas/2/0#> rdf:type owl:Ontology ;
vann:preferredNamespaceUri "hffpdminshell.io/aas/2/0#"xsd:string ;
owl:versioninfo 2.0 ;

rdfs:comment "An Ontology to represents the data model for the Asset Administration Shell accoridn
specification 'Details of the Asset Administration Shéthart 1- Version 20'."@en ;

skos:prefLabel "aas"@en ;
vann:preferredNamespacePrefix "aas" xsd:string ;

rdfs:isDefinedBy <http://admishell.io/aas/2/0#> ;

HHHH R R
# Object Properties
HHHH R R

### https://admishell.io/aas/2/0/rdf#annotation

aas:annotation rdf:type owl:ObjectProperty ;
rdfs:comment "Annotations that hold for the relationships between the two elements."@en ;
rdfs:label "has annotation"@en ;

rdfs:domain aas:AnnotatedRelationshipElement ;

### https://admishell.io/aas/2/0/rdftadministration
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aas:administration rdf:type owl:ObjectProperty ;
rdfs:comment "Administrative information of an identifiable eleti&@en ;

skos:note "Some of the administrative information like the version number might need to be part
identification."@en ;

rdfs:label "has administration"@en ;
rdfs:domain aas:ldentifiable ;

rdfs:range aas:Administrativelnimation ;

### https://admishell.io/aas/2/0/rdf#asset

aas:asset rdf:type owl:ObjectProperty ;
#rdfs:domain aas:AssetAdministrationShell;
rdfs:comment "The asset the AAS is representing."@en ;

rdfs:label "has asset"@en .

### htps://adminshell.io/aas/2/0/rdf#assetKind
aas:assetKind rdf:type owl:ObjectProperty ;
rdfs:domain aas:Asset ;
rdfs:range aas:AssetKind ;
rdfs:label "has asset kind" xsd:string ;

rdfs:comment "Denotes whether the Asset of of kind 'Tgp&nstance'."@en ;

### https://admishell.io/aas/2/0/rdf#tassetldentificationModel
aas:assetldentificationModel rdf:type owl:ObjectProperty ;
rdfs:domain aas:Asset ;
rdfs:range aas:Reference ;

rdfs:comment "A reference to a Submottet defines the handling of additional domain specific (propriet
Identifiers for the asset like e.g. serial number etc."@en ;

rdfs:label "has Asset Identification Model"xsd:string .

### https://admirshell.io/aas/2/0/rdf#billOfMaterial
aas:blilOfMaterial rdf:type owl:ObjectProperty ;
rdfs:domain aas:Asset ;
rdfs:range aas:Reference ;

rdfs:comment "Bill of material of the asaset represented by a submodel of the same AAS. This submode
a set of entities describing the miaal used to compose the composite 14.0 Component."@en ;

rdfs:label "has Bill of Material"*xsd:string ;
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### https://admirshell.io/aas/2/0/rdf#blobCertificate

aas:blobCertificate rdf:type owl:ObjectProperty ;
rdfs:comment "Certificate as B)B."@en ;
rdfs:domain aas:BlobCertificate ;

rdfs:range aas:Blob ;

### https://admishell.io/aas/2/0/rdftcertificate

aas:certificate rdf:type owl:ObjectProperty ;
rdfs:comment "Certificates of the AAS."@en ;
rdfs:label "has certificat'*xsd:string ;
rdfs:domain aas:Security ;

rdfs:range aas:Certificate ;

### https://admirshell.io/aas/2/0/rdf#conceptDescription
aas:conceptDescription rdf:type owl:ObjectProperty ;
rdfs:domain aas:ConceptDictionary;
rdfs:range aa€onceptDescription ;

rdfs:comment "The semantics of a property or other elements that may have a semantic description is de
concept description. The description of the concept should follow a standardized schema (realized as datasp
template)."@en ;

rdfs:label "has concept description™ .

### https://admirshell.io/aas/2/0/rdf#conceptDictionary

aas:conceptDictionary rdf:type owl:ObjectProperty ;
rdfs:domain aas:AssetAdministrationShell;
rdfs:range aas:ConceptDictiany ;

rdfs:comment "An AAS max have one or more concept dictionaries assigned to it. The concept dictionaries
contain only descriptions for elements that are also used within the AAS (via HasSemantics)."@en ;

rdfs:label "has concept dionary" .

### https://admirshell.io/aas/2/0/rdf#containedElement
aas:containedElement rdf:type owl:ObjectProperty ;
rdfs:comment "Referable elements that are contained in the view."@en ;

rdfs:label "contains element"~xsd:string ;
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rdfs:domain aas:View ;

### https://admirshell.io/aas/2/0/rdf#containedExtension
aas:containedExtension rdf:type owl:ObjectProperty ;
rdfs:comment "Extensions contained in the certificate."@en ;
rdfs:label "contains extension"xsd:string ;
rdfs:domain aas:BlobCertificate ;

rdfs:range aas:Reference ;

### https://admishell.io/aas/2/0/rdf#content
aas:content rdf:type owl:ObjectProperty ;
rdfs:label "has content"xsd:string ;
rdfs:comment ""@en ;
rdfs:domain aas:DataSpedciition ;

rdfs:range aas:DataSpecificationContent ;

### https://admishell.io/aas/2/0/rdf#dataSpecification

aas:dataSpecification rdf:type owl:ObjectProperty ;
rdfs:comment "Global reference to the data specification template used by thatél@mee ;
rdfs:label "has Data Specification"@en ;
rdfs:domain aas:HasDataSpecification ;

rdfs:range aas:Reference ;

### https://admishell.io/aas/2/0/rdf#tdefaultEnvironmentAttributes
aas:defaultEnvironmentAttributes rdf:type owl:Obfperty ;

rdfs:comment "Reference to a submodel defining default environment attributes, i.e. attributes that
describing the asset itself. The submodel is of kind=Type. At the same type the values of these environment
need to be aessible when evaluating the access permission rules. This is realized as a policy information po

rdfs:label "has default environment attributes" xsd:string .

### https://admirshell.io/aas/2/0/rdf#defaultPermissions
aas:defaultPermissismrdf:type owl:ObjectProperty ;

rdfs:comment "Reference to a submodel defining the default permissions for the AAS."@en ;
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rdfs:label "has default permissions"~xsd:string .

### https://admirshell.io/aas/2/0/rdf#defaultSubjectAttributes
aas:@faultSubjectAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Reference to a submodel defining the default subjects attributes for the AAS that can be
describe access permission rules. The submodel is of kind=Type."@en ;

rdfs:label "fas default subject attributes" xsd:string .

### https://admishell.io/aas/2/0/rdf#¥dependsOn
aas:dependsOn rdf:type owl:ObjectProperty ;
rdfs:domain aas:Formula ;
rdfs:range aas:Reference ;

rdfs:comment "A formula may depend on referableeven external global elementsassumed that can |
referenced and their value may be evaluatdet are used in the logical expression."@en ;

rdfs:label "depends on"@en .

### https://admishell.io/aas/2/0/rdf#derivedFrom

aas:derivedFrom rdfzpe owl:ObjectProperty ;
rdfs:subPropertyOf <http://www.w3.0rg/TR/2013/RpEov-0-20130430/#wasDerivedFrom> ;
rdfs:domain aas:AssetAdministrationShell ;
rdfs:range aas:Reference ;

rdfs:comment "This relation connects instances of AAS widlir respective types. Refer to Asset Kind for furt
information of instance and type kinds."@en ;

rdfs:label "was derived from"~xsd:string .

### https://admishell.io/aas/2/0/rdf#describes
aas:describes rdf:type owl:ObjectProperty ;
rdfs:danain aas:AssetAdministrationShell;
rdfs:range aas:Asset ;
rdfs:comment "Connect the Asset with the Administration Shell"@en ;

rdfs:label "describes"@en .

### https://admirshell.io/aas/2/0/rdf#tembeddedDataSpecification
aas:embeddedDataSyfeation rdf:type owl:ObjectProperty ;
rdfs:label "has embedded data specification" xsd:string ;

rdfs:comment "' @en ;
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### https://admirshell.io/aas/2/0/rdf#entityType
aas:entityType rdf:type owl:ObjectProperty ;
rdfs:label "has entityype"xsd:string ;
rdfs:domain aas:Entity ;
rdfs:range rdfs:EntityType ;

rdfs:comment "Describes whether the entity is amamaged entity or a sathianaged entity."@en ;

### https://admirshell.io/aas/2/0/rdf#idType
aas:idType rdfytpe owl:ObjectProperty ;

rdfs:comment "Type of the Identifier, e.¢RI, IRDI etc. The supported Identifier types are defined in
enumeration 'ldentifierType'."@en ;

rdfs:domain aas:ldentifier ;
rdfs:range aas:ldentifierType ;

rdfs:label "has idType"@en

### https://admishell.io/aas/2/0/rdf#identification
aas:identification rdf:type owl:ObjectProperty ;
rdfs:domain aas:ldentifiable ;
rdfs:label "has identification"@en ;

rdfs:comment "The globally unique identiftcan of the element."@en ;

### https://admirshell.io/aas/2/0/rdf#inputVariable
aas:inputVariable rdf:type owl:ObjectProperty ;
rdfs:comment "Input parameter of the operation."@en ;
rdfs:label "has input variable"~xsd:string ;
rdfs:domain aas:Operation ;

rdfs:range aas:OperationVariable ;

### https://admirshell.io/aas/2/0/rdf#inoutputVariable
aas:inoutputVariable rdf:type owl:ObjectProperty ;
rdfs:comment "Parameter that is input and output of the operation.;’@en
rdfs:label "has input/output variable" xsd:string ;
rdfs:domain aas:Operation ;

rdfs:range aas:OperationVariable ;




ANNEX | 265

### https://admirshell.io/aas/2/0/rdf#inAccordanceWith
aas:inAccordanceWith rdf:type owl:ObjectProperty ;
rdfs:domain aas:Submodel ;
rdfs:comment "The Submodel is in accordance with a given standard specified in the STO ontology"@en

rdfs:label "is in accordance With"@en .

### https://admishell.io/aas/2/0/rdf#isCaseOf

aas:isCaseOf rdf:type owllfectProperty ;
rdfs:subPropertyOf dcterms:identifier ;
rdfs:comment "Global reference to an external definition the concept is compatible to or was derived from
skos:note "Compare to-aseof relationship in ISO 135832 & IEC EN 6160."@en ;
rdfs:label "is case of*xsd:string ;

rdfs:domain aas:ConceptDescription ;

### https://admishell.io/aas/2/0/rdf#tkeyElement
aas:keyElement rdf:type owl:ObjectProperty ;
rdfs:comment ""@en ;
rdfs:label "has key element"®éd:string ;
rdfs:domain aas:Key ;

rdfs:range aas:KeyElement ;

### https://admirshell.io/aas/2/0/rdf#key

aas:key rdf:itype owl:ObjectProperty ;
rdfs:comment "Unique reference in its name space."@en ;
rdfs:label "has key""xsd:string

rdfs:range aas:Key ;

### https://admirshell.io/aas/2/0/rdf#kind
aas:kind rdf:type owl:ObjectProperty ;
rdfs:domain aas:HasKind ;
rdfs:range aas:ModelingKind ;

rdfs:label "has kind"xsd:string ;
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rdfs:comment "Modelingiad of the element: either type or instance."@en ;

### https://admirshell.io/aas/2/0/rdf#max
aas:max rdf:type owl:ObjectProperty ;
rdfs:domain aas:Range ;
rdfs:range rdfs:Literal ;
rdfs:label "has maximum value"@en ;
rdfs:comment The maximum value of the range."@en ;

skos:note "Constraint AASA12-3: In case of a range with kind=Instance either the min or the max value o
need to be defined."@en ;

### https://admishell.io/aas/2/0/rdf#mimeType

aas:mimeType rdf:typevd:ObjectProperty ;
rdfs:domain [ rdf:type owl:Class ; owl:unionOf ( aas:File aas:Blob) ;] ;
rdfs:range xsd:string ;

rdfs:comment "Mime type of the content of the BLOB. The mime type states which file extension the file ha
values are g@. 'application/json’, ‘application/xIs', 'image/jpg' The allowed values are defined as in RFC2046."

rdfs:comment "Mime type of the content of the File."@en ;
rdfs:label "has mimetype"~\xsd:string ;

rdfs:seeAlso "http://uri4uri.net/vocdiiml/#MimetypeDatatype"xsd:string ;

### https://admirshell.io/aas/2/0/rdf#min
aas:min rdf:type owl:ObjectProperty ;
rdfs:domain aas:Range ;
rdfs:range rdfs:Literal ;
rdfs:label "has minimum value"@en ;
rdfs:comment "The mininim value of the range."@en ;

skos:note "Constraint AASA12-3: In case of a range with kind=Instance either the min or the max value o
need to be defined."@en ;

### https://admirshell.io/aas/2/0/rdf#object
aas:object rdf:type owl:ObjectPreqty ;
rdfs:comment "Element to which permission shall be assigned."@en ;

rdfs:label "has object"xsd:string .
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### https://admirshell.io/aas/2/0/rdf#observed

aas:observed rdf:type owl:ObjectProperty ;
rdfs:comment "Reference to the dateother elements that are being observed."@en ;
rdfs:label "observed by"*xsd:string ;
rdfs:domain aas:BasicEvent ;

rdfs:range aas:Reference ;

### https://admishell.io/aas/2/0/rdffobjectAttribute
aas:objectAttribute rdf:type owl:ObjdRroperty ;
rdfs:comment "A data element that further classifies an object."@en ;

rdfs:label "has object attribute"xsd:string .

### https://admishell.io/aas/2/0/rdf#outputVariable
aas:outputVariable rdf:type owl:ObjectProperty ;
rdfs:icomment "Output parameter of the operation."@en ;
rdfs:label "has output variable"@en ;
rdfs:domain aas:Operation ;

rdfs:range aas:OperationVariable ;

### https://admirshell.io/aas/2/0/rdf#parent
aas:parent rdf:type owl:ObjectProperty ;

rdfs:comment "Reference to the next referable parent element of the element. ConstraHd0AASdd parent in
case of noadentifiable elements."@en ;

skos:note "This element is used to ease navigation in the model and thus it enables mmonamé@en ;
rdfs:label "has parent"@en ;
rdfs:domain aas:Referable ;

rdfs:range aas:Referable ;

### https://admirshell.io/aas/2/0/rdf#preferredName
aas:preferredName rdf:type owl:ObjectProperty ;
rdfs:comment "This is the pferredName of a ConceptDescription object"@en ;

rdfs:label "has preferred name"~xsd:string .

### https://admirshell.io/aas/2/0/rdf#propertyCategory




268| ANNEX

aas:propertyCategory rdf:type owl:ObjectProperty ;
rdfs:label "has property category"xsdisg ;

rdfs:comment "The following categories are defined for properties andlamdtiiage properties: aas:CONSTAN
aas:PARAMETER, and aas:VARIABLE."@en ;

### https://admishell.io/aas/2/0/rdf#qualifier

aas:qualifier rdf:type owl:ObjectProperty
rdfs:comment "Additional qualification of a qualifiable element."@en ;
rdfs:label "has qualifier**xsd:string ;
rdfs:domain aas:Qualifiable ;

rdfs:range aas:Constraint ;

### https://admishell.io/aas/2/0/rdf#qualifierType

aas:quhbfierType rdf:type owl:ObjectProperty ;
rdfs:comment "The qualifier type describes the type of the qualifier that is applied to the element."@en ;
rdfs:label "has qualifier type"~"xsd:string ;
rdfs:domain aas:Qualifier ;

rdfs:range xsgbtring ;

### https://admishell.io/aas/2/0/rdf#qualifierValue

aas:qualifierValue rdf:type owl:ObjectProperty ;
rdfs:comment "The qualifier value is the value of the qualifier."@en ;
rdf:label "has qualifier value"~xsd:string ;

skos:nde "Constraint AASeDO06: if both, the value and the valueld are present then the value needs to be i
to the short name of the referenced coded value in qualifierValueld."@en ;

rdfs:domain aas:Qualifier ;

rdfs:range rdfs:Literal ;

### https://admirshell.io/aas/2/0/rdf#qualifierValueld

aas:qualifierValueld rdf:type owl:ObjectProperty ;
rdfs:comment "Reference to the global ungiue id of a coded value."@en ;
rdf:label "has qualifier value id"*xsd:string ;
rdfs:domain aas:@lifier ;

rdfs:range aas:Reference ;
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### https://admirshell.io/aas/2/0/rdf#relationshipFirst

aas:relationshipFirst rdf:type owl:ObjectProperty ;
rdfs:comment "First element in the relationship taking the role of the subject."@en ;
rdfs:label "has first relationship"~xsd:string ;
rdfs:domain aas:RelationshipElement ;

rdfs:range aas:Referable ;

### https://admishell.io/aas/2/0/rdf#relationshipSecond

aas:relationshipSecond rdf:type owl:ObjectProperty ;
rdfs:comment "Second element in the relationship taking the role of the object."@en ;
rdfs:label "has second relationship"~xsd:string ;
rdfs:domain aas:RelationshipElement ;

rdfs:range aas:Referable ;

### https://admishell.io/aas/2/0/rdf#sedty

aas:security rdf:type owl:ObjectProperty ;
rdfs:comment "Definition of the security relevant aspects of the AAS."@en ;
rdfs:label "has security"xsd:string ;

rdfs:domain aas:AssetAdministrationShell ;

### https://admirshellio/aas/2/0/rdf#tselectableEnvironmentAttributes
aas:selectableEnvironmentAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Reference to a submodel defining which environment attributes can be accessed via the p
rules defined for the AAS,e. attributes that are not describing the asset itself. Default: reference to the su
referenced via defaultEnvironmentAttributes"@en ;

rdfs:label "has selectable environment attributes" xsd:string ;

### https://admirshell.io/aas?/0/rdf#tsemanticld
aas:semanticld rdf:type owl:ObjectProperty ;
rdfs:subPropertyOf rdfs:seeAlso ;
rdfs:label "has semantic ID"xsd:string ;

skos:altLabel "has Semantic Expression"@en ;
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rdfs:comment "Points to the Expression Semantic oftifemodels"@en ;

rdfs:comment "The semantic id might refer to an external information source, which explains the formulatia
submodel (for example an PDF if a standard)."@en ;

rdfs:domain aas:HasSemantics ;

### https://admishell.io/aag/0/rdf#statement
aas:statement rdf:type owl:DatatypeProperty ;
rdfs:label "has statement"xsd:string ;

rdfs:comment "Describes statements applicable to the entity by a set of submodel elements, typicall
qualified value."@en ;

rdfs.domain aas:Entity ;

rdfs:range rdf:SubmodelElement ;

### https://admirshell.io/aas/2/0/rdf#subjectAttribute
aas:subjectAttribute rdf:type owl:ObjectProperty ;
rdfs:comment "A data element that further classifies a specific subject."@en ;

rdfs:label "has subject attribute" xsd:string .

### https://admishell.io/aas/2/0/rdf#submodel

aas:submodel rdf:type owl:ObjectProperty ;
rdfs:domain aas:AssetAdministrationShell ;
rdfs:range aas:Submodel ;

rdfs:comment "Points from the Adn Shell to the Submodels that describe the Admin Shell of a given Asset

rdfs:label "has Submodel"@en ;

### https://admishell.io/aas/2/0/rdftsubmodelElement
aas:submodelElement rdf:type owl:ObjectProperty ;
rdfs:domain aas:Submade
rdfs:range aas:SubmodelElement ;
rdfs:comment "A submodel consists of zero or more submodel elements."@en ;

rdfs:label "has Submodel Element"@en .

### https://admirshell.io/aas/2/0/rdf#targetObjectAttributes

aas:targetObjectAttrilias rdf:type owl:ObjectProperty ;
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rdfs:comment "Target object attributes that need to be fulfilled so that the access permissions apply to the
subject."@en ;

rdfs:label "has target object attributes" xsd:string .

### https://admirshell.io/aas/2/0/rdf#targetSubjectAttributes
aas:targetSubjectAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Target subject attributes that need to be fulfilled by the accessing subject to get the pe
defined by this rule."@en ;

rdfs:label "has target subject attributes" xsd:string .

### https://fadmishell.io/aas/2/0/rdf#value
aas:value rdf:type rdf:Property ;
rdfs:comment "The value, for example an IRDI if the idType=IRDI, a literal, or anything else."@en ;

rdfs:label "has value" xsd:string ;

### https://admishell.io/aas/2/0/rdf#tview
aas:view rdf:type owl:ObjectProperty ;
rdfs:domain aas:AssetAdministrationShell;
rdfs:range aas:View ;
rdfs:comment "Points to the differents views assted to the Administration Shell via the Submodels."@en
rdfs:label "has View"@en ;

skos:prefLabel "view"@en .

BHHH R R R R R R R B R R R R
# Data properties
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### https://admishell.io/aas/2/0/rdf#allowDuplicates
aas:allowDuplicates rdf:type owl:DatatypeProperty ;

rdfs:comment "If allowDuplicates=true then it is allowed that the collection contains the same element
times. Ddault = false"@en ;

skos:altLabel "allow duplicates" xsd:string ;
rdfs:domain aas:SubmodelElementCollection ;

rdfs:range xsd:boolean ;

### https://admirshell.io/aas/2/0/rdf#category
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aas:category rdf:type owl:DatatypeProperty ;
rdfs:label "has category"xsd:string ;

rdfs:comment "The category is a value that gives further meta information w.r.t. to the class of the element.
the expected existence of attributes and the applicability of constraints."@en ;

rdfs:domainaas:Referable ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#conversionFactor
aas:conversionFactor rdf:type owl:DatatypeProperty ;
rdfs:comment ""@en ;
rdfs:label "has conversion factor"~xsd:string ;
rdfs:domainaas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://admirshell.io/aas/2/0/rdf#datatype
aas:datatype rdf:type owl:ObjectProperty ;
rdfs:label "has datatype"~xsd:string ;
rdfs:comment ""@en ;
rdfs:domain aas:DaSpecificationlEC61360 ;
rdfs:range aas:DataTypelEC61360 ;

### https://admirshell.io/aas/2/0/rdf#definition

aas:definition rdf:type owl:DatatypeProperty ;
rdfs:label "has definition"xsd:string ;
rdfs:comment "'@en ;
rdfs:domaimaas:DataSpecificationContent ;

rdfs:range rdf:langString ;

### https://admirshell.io/aas/2/0/rdf#description
aas:description rdf:type owl:DatatypeProperty ;
rdfs:subPropertyOf rdfs:comment ;
rdfs:label "has description"~xsd:string ;
rdfs:domain aas:Referable ;

rdfs:range rdfs:Literal ;
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rdfs:comment "Description or comments on the element. The description can be provided in
languages."@en ;

### https://admirshell.io/aas/2/0/rdf#dinNotation
aas:dinNotatiomdf:type owl:DatatypeProperty ;
rdfs:comment ""@en ;
rdfs:label "has DIN notation"xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://admirshell.io/aas/2/0/rdf#eceCode
aas:.eceCodelf:type owl:DatatypeProperty ;
rdfs:comment ""@en ;
rdfs:label "has ECE code"xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdfteceName
aas.eceName riifpe owl:DatatypeProperty ;
rdfs:comment "' @en ;
rdfs:label "has ECE name"xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#externalPolicyDecisionPoint
aas:externalPolicyDecisionPoint rdf:type owl:DatatypeProperty ;

rdfs:comment "If externalPolicyDecisionPoints True then Endpoints to external available decision point
into consideration for access control for the AAS need to be configured.;@

rdfs:label "is external policy decision point defined" xsd:string ;
rdfs:domain aas:PolicyEnforcementPoint ;

rdfs:range xsd:boolean ;

### https://admishell.io/aas/2/0/rdf#externalPolicyEnforcementPoint
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aas:externalPolicyEnfoementPoint rdf:type owl:DatatypeProperty ;

rdfs:comment "If externalPolicyEnforcementPoint True then an Endpoint to external available enforceme
taking needs to be configured for the AAS."@en ;

rdfs:label "is external policy enforcemeartint defined" xsd:string ;
rdfs:domain aas:PolicyEnforcementPoint ;

rdfs:range xsd:boolean ;

### https://admishell.io/aas/2/0/rdf#id
aas:id rdf:type owl:DatatypeProperty ;
rdfs:domain aas:ldentifier ;
rdfs:range rdfs:Liteig
rdfs:comment "A globally unique identifier which might not be a URI. Its type is defined in idType."@en ;

rdfs:label "has identification"@en .

### https://admishell.io/aas/2/0/rdf#identification
aas:identification rdf:type owl:Datatypeiperty ;
rdfs:domain aas:ldentifiable ;
rdfs:label "has identification" xsd:string ;

rdfs:comment "The globally unique identification of the element."@en ;

### https://admirshell.io/aas/2/0/rdf#idShort
aas:idShort rdf:type owl:Datatgproperty ;
rdfs:subPropertyOf dcterms:identifier ;
rdfs:label "has short id"~xsd:string ;
rdfs:comment "ldentifying string of the element within its name space."@en ;

skos:note "Constraint AASE01: In case of a referable elemerdt being an identifiable element this id
mandatory and used for referring to the element in its name space."@en ;

skos:note "Constraint AASE02: idShort shall only feature letters, digits, underscore ('_"); starting mandator
a letter."@en

skos:note "Constraint AASA03: idShort shall be matched cassensitive."@en ;

skos:note "Note: In case the element is a property and the property has a semantic definition (HasSem
idShort is typically identical to the short namneEnglish. "@en ;

skos:note "Note: In case of an identifiable element idShort is optional but recommended to be defined.
used for unique reference in its name space and thus allows better usability and a more performant impleme
this case it is similar to the '‘BrowserPath' in OPC UA."@en ;

rdfs:domain aas:Referable ;

rdfs:range xsd:string ;
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### https://admirshell.io/aas/2/0/rdf#index
aas:index rdf:type owl:DatatypeProperty ;
rdfs:label "has index"Mxsd:str ;

rdfs:comment "The index attribute states the position of each key instance in the sequence of all othg
keys."@en ;

rdfs:domain aas:Key ;

rdfs:range xsd:integer ;

### https://admishell.io/aas/2/0/rdf#lastCertificate

aaslastCertificate rdf:type owl:DatatypeProperty ;
rdfs:comment "Denotes whether this certificate is the certificated that fast added last."@en ;
rdfs:label "is last certificate"xsd:string ;
rdfs:domain aas:BlobCertificate ;

rdfs:range xsdhioolean ;

### https://admishell.io/aas/2/0/rdf#local
aas:local rdf:type owl:DatatypeProperty ;

rdfs:comment "Denotes if the key references a model element of the same AAS (=true) or not (=false). |

local = false the key may reference adal element of another AAS or an entity outside any AAS that has a ¢
unique id."@en ;

rdfs:label "is local"xsd:string ;
rdfs:domain aas:Key ;

rdfs:range xsd:boolean ;

### https://admishell.io/aas/2/0/rdf#nistName
aas:nistName rdfype owl:DatatypeProperty ;
rdfs:comment "' @en ;
rdfs:label "has NIST name""xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#siName
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aas:siName rdf:typewl:DatatypeProperty ;
rdfs:comment " @en ;
rdfs:label "has SI name"~xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#siNotation
aas:siNotation rdf:typewl:DatatypeProperty ;
rdfs:comment ""@en ;
rdfs:label "has S| notation" xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#ordered
aas:ordered rdf:typewl:DatatypeProperty ;

rdfs:comment "If ordered=false then the elements in the property collection are not ordered. If ordered=
the elements in the collection are ordered. Default = false"@en ;

rdfs:label "ordered"~xsd:string ;
rdfs:domain aas:SubmodelElementCollection ;

rdfs:range xsd:boolean ;

### https://admirshell.io/aas/2/0/rdf#preferedName
aas:preferedName rdf:type owl:DatatypeProperty ;
rdfs:label "has prefered name" xsd:string ;
rdfs:comment "'@en ;
rdfs:domain aas:DataSpecificationlEC61360 ;
rdfs:range rdf:langString ;

### https://admirshell.io/aas/2/0/rdf#registrationAuthority
aas:registrationAuthority rdf:type owl:DatatypeProperty ;
rdfs:comment "' @en ;
rdfs:label "has regtration authority"*xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;
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### https://admirshell.io/aas/2/0/rdf#revision
aas:revision rdf:type owl:DatatypeProperty ;
rdfs:subPropertyOf dcterms:hasVersion

rdfs;:comment "Revision of the element. Constraint AAB&: A revision requires a version. This means, if th
is no version there is no revision neither."@en ;

rdfs:label "has revision"@en ;
rdfs:domain aas:Administrativelnformation ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#shortName
aas:shortName rdf:type owl:DatatypeProperty ;
rdfs:label "has short name" xsd:string ;
rdfs:comment ""@en ;
rdfs:domain aas:DataSpecificationlEC61360 ;
rdfs:range rdf:langString ;

### https://admishell.io/aas/2/0/rdftsourceOfDefinition
aas:sourceOfDefinition rdf:type owl:DatatypeProperty ;
rdfs:label "has source of definition"*xsd:string ;
rdfs:comment ""@en ;
rdfs:domain aas:DataSpeciftanContent ;

rdfs:range rdf:langString ;

### https://admirshell.io/aas/2/0/rdf#supplier
aas:supplier rdf:type owl:DatatypeProperty ;
rdfs:comment ""@en ;
rdfs:label "has supplier*~xsd:string ;
rdfs:domain aas:DataSpecificatPmysicalUnit ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#symbol

aas:symbol rdf:type owl:DatatypeProperty ;
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rdfs:label "has symbol"xsd:string ;
rdfs:comment "'@en ;
rdfs:domain aas:DataSpecificationlEC61360 ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#unit
aas:unit rdf:type owl:DatatypeProperty ;
rdfs:label "has unit"xsd:string ;
rdfs:comment ""@en ;
rdfs:domain aas:DataSpecificationlEC61360 ;

rdfs:range xsd:ging ;

### https://admishell.io/aas/2/0/rdf#unitld
aas:unitld rdf:type owl:DatatypeProperty ;
rdfs:label "has unit id"xsd:string ;
rdfs:comment ""@en ;
rdfs:domain aas:DataSpecificationlEC61360 ;

rdfs:range aas:Reference ;

### https://admirshell.io/aas/2/0/rdf#unitName
aas:unitName rdf:type owl:DatatypeProperty ;
rdfs:comment "' @en ;
rdfs:label "unit has name" xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;

### https://adminrshell.io/aas/2/0/rdf#unitSymbol
aas:unitSymbol rdf:type owl:ObjectProperty ;
rdfs:comment "' @en ;
rdfs:label "unit has symbol"*xsd:string ;
rdfs:domain aas:DataSpecificationPhysicalUnit ;

rdfs:range xsd:string ;
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### https://admirshell.io/aas/2/0/rdf#valueFormat
aas:valueFormat rdf:type owl:DatatypeProperty ;
rdfs:label "has value format"~xsd:string ;
rdfs:comment ""@en ;
rdfs:domain aas:DataSpecificationlEC61360 ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#valueld
aas:valueld rdf:type owl:ObjectProperty ;
rdfs:label "has value list"xsd:string ;

rdfs:comment "The Type 'ValueList' lists all the allowed values for a concept description for which the &
values are listed in an enumeration. The value list is a set of value reference pairs."@en ;

rdfs:domain aas:DataSpecificationlEC61360 ;

rdfs:range xsd:string ;

### https://admishell.io/aas/2/0/rdf#tversion
aas:version rdf:type owl:DatatypePenty ;
rdfs:subPropertyOf dcterms:hasVersion ;
rdfs:domain aas:Administrativelnformation ;
rdfs:range xsd:string ;
rdfs:comment "Version of the element."@en ;

rdfs:label "has version"@en ;

HH AR R R R R R R
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### https://admirshell.io/aas/2/0/rdf#AssetKind

aas:AssetKind rdf:itype owl:Class ;
rdfs:comment "Enumeration for denoting whether an eléisemtype or an instance."@en ;
rdfs:label "Asset Kind"*xsd:string ;

owl:oneOf (aas:ASSET_INSTANCE aas:ASSET_TYPE) ;
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### https://admirshell.io/aas/2/0/rdf#AnnotatedRelationshipElement
aas:AnnotatedRelationshipElement rdf:type owl:Class
rdfs:subClassOf aas:RelationshipElement ;

rdfs:comment "An annotated relationship element is an relationship element that can be annotated with g
data elements."@en ;

rdfs:label "Annotated Relationship Element"*xsd:string ;

### https://admishell.io/aas/2/0/rdf#AccessControl
aas:AccessControl rdf:type owl:Class ;

rdfs:comment "Access Control defines the local access control policy administration point. Access Contrg
major task to define the access pesian rules."@en ;

rdfs:label "Access Control"Mxsd:string ;

### https://admirshell.io/aas/2/0/rdf#AccessControlPolicyPoints
aas:AccessControlPolicyPoints rdf:type owl:Class ;
rdfs:comment "Container for access control policy points."@en ;

rdfs:label "Access ControlPolicy Points"xsd:string .

### https://admishell.io/aas/2/0/rdf#AccessPermissionRule
aas:AccessPermissionRule rdf:itype owl:Class ;
rdfs:subClassOf aas:Referable ;
rdfs:subClassOf aas:Qualifiable ;

rdfscomment "Table that defines access permissions per authenticated subject for a set of objects
elements)."@en ;

rdfs:label "Access Permission Rule"xsd:string ;

### https://admishell.io/aas/2/0/rdftAdministrativelnformation
aas:Admirstrativelnformation rdf:type owl:Class ;
rdfs:subClassOf aas:HasDataSpecification ;

rdfs:comment "Every Identifiable may have administrative information. Administrative information includ
example’] Information about the version of the elent Information about who created or who made the last ch
to the element Information about the languages available in case the element contains text, for translating
also themmaster or default language may be definedin the first versienAS metamodel only version informatic
as defined by IEC 61360 is defined. In later versions additional attributes may be added."@en ;

rdfs:label "Administrative Information" xsd:string .

### https://admishell.io/aas/2/0/rdf#AssetAdministianShell
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aas:AssetAdministrationShell rdf:type owl:Class ;

rdfs:subClassOf aas:HasDataSpecification ,
aas:ldentifiable ;

owl:disjointWith aas:Asset ;

owl:disjointWith aas:ConceptDescription ;

owl:disjointWith aas:Formula ;

owl:disjointWith aas:Qualifier ;

owl:disjointWith aas:Submodel ;

owl:disjointWith aas:SubmodelElement ;

owl:disjointWith aas:View ;
rdfs:label "Asset Administration Shell"@en ;
skos:altLabel "Administration Shell"@en , "Verwaltungssch@lde ;
skos:definition "Describes the Administration Shell for Assets, Products, Components, e.g. Machines"@¢
rdfs:comment "Describes the Administration Shell for Assets, Products, Components, e.g. Machines"@e

skos:prefLabel "Asseddministration Shell"xsd:string ;

### https://admishell.io/aas/2/0/rdftAsset
aas:Asset rdf:itype owl:Class ;
rdfs:subClassOf aas:HasDataSpecification ,
aas:ldentifiable ;
skos:altLabel "Object"@en ;
skos:definition "Clarly identifiable asset for the Administration Shell"@en ;
skos:prefLabel "Asset"@en ;
rdfs:label "Asset"@en ;

skos:definition "Eindeutig identifizierbarer Gegenstand, der aufgrund seiner Bedeutung in der Informati
verwaltet wird"@le ;

rdfs:comment "An Asset describes meta data of an asset that is represented by an AAS. The asset
represent an asset type or an asset instance. The asset has a globally unique identifien@hded’ additional
domain specific (@prietary) identifiers."@en ;

skos:note "Objects may be known in the form of a type or of an instance. An object in the planning phase
as atype"@en ;

owl:disjointWith aas:Administrativelnformation ;
owl:disjointWith aas:AssetAdmistrationShell ;
owl:disjointWith aas:ConceptDescription ;
owl:disjointWith aas:Constraint ;
owl:disjointWith aas:Submodel ;
owl:disjointWith aas:SubmodelElement ;

owl:disjointWith aas:View ;
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### https://admirshell.io/as/2/0/rdf#BasicEvent
aas:BasicEvent rdf:type owl:Class ;
rdfs:subClassOf aas:Event ;
rdfs:label "Basic Event" xsd:string ;

rdfs:comment "' @en ;

### https://admishell.io/aas/2/0/rdf#Blob
aas:Blob rdf:type owl:Class ;
rdfs:subCassOf aas:DataElement ;

rdfs:comment "A BLOB is a data element that represents a file that is contained with its source code in t
attribute."@en ;

rdfs:label "Blob Data Element"@en .

### https://admishell.io/aas/2/0/rdf#BlobCertificat
aas:BlobCertificate rdf:type owl:Class ;
rdfs:comment "Certificate provided as BLOB."@en ;

rdfs:label "Blob Certificate" xsd:string ;

### https://admirshell.io/aas/2/0/rdf#Capability
aas:Capability rdf:type owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;

rdfs:comment "A capability is the implementatimmlependent description of the potential of an asset to achi
certain effect in the physical or virtual world."@en ;

rdfs:label "Capability"xsd:string ;

### https://admirshell.io/aas/2/0/rdf#Category

aas:Category rdf:type owl:Class ;
rdfs:comment "A Category specifies the nature of a Property or a MultiLanguageProperty."@en ;
rdfs:label "Category"xsd:string ;

owl:oneOf (aas:CONBANT aas:PARAMETER aas:VARIABLE) ;

### https://admishell.io/aas/2/0/rdf#Certificate
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aas:Certificate rdf:type owl:Class ;
rdfs:comment "A technical certificate proofing the identity through cryptographic measures."@en ;

rdfs:label "Certificate"xsd:string ;

### https://admirshell.io/aas/2/0/rdf#ConceptDescription
aas:ConceptDescription rdf:type owl:Class ;
rdfs:subClassOf aas:HasDataSpecification ,
aas:ldentifiable ;
owl:disjointWith aas:Administrativelnfonation ;
owl:disjointWith aas:Asset ;
owl:disjointWith aas:AssetAdministrationShell ;
owl:disjointWith aas:Formula ;
owl:disjointWith aas:Qualifier ;
owl:disjointWith aas:Submodel ;
owl:disjointWith aas:SubmodelElement ;
owl:digointWith aas:View ;
rdfs:label "Concept Description"xsd:string ;

rdfs:comment "The AAS itself can also define its own dictionary that contains semantic definitions of its sy
elements. These semantic definitions are called concept deswipConceptDescription). It is optional whether
AAS defines its own concept dictionary (ConceptDictionary) or not."@en ;

rdfs:comment "The semantics of a property or other elements that may have a semantic description is de
concept dscription. The description of the concept should follow a standardized schema (realized as data spe
template)."@en ;

### https://admirshell.io/aas/2/0/rdf#ConceptDictionary
aas:ConceptDictionary rdf:type owl:Class ;
rdfs:subClassOf agReferable ;
rdfs:label "Concept Dictionary"~xsd:string ;

rdfs:comment "A dictionary contains elements that can be reused. The concept dictionary contains
descriptions. Typically a concept description dictionary of an AAS containgonbept descriptions of elements ug
within submodels of the AAS."@en ;

### https://admirshell.io/aas/2/0/rdf#Constraint
aas:Constraint rdf:type owl:Class ;
dash:abstract true ;

rdfs:comment "A constraint is used to further quadifyelement."@en ;
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rdfs:label "Constraint"@en ;

skos:prefLabel "Constraint"@en ;
owl:disjointWith aas:Administrativelnformation ;
owl:disjointWith aas:Asset ;

owl:disjointWith aas:AssetAdministrationShell ;
owl:disjointWith a&:DataSpecificationContent ;
owl:disjointWith aas:ldentifier ;

owl:disjointWith aas:ReferableElement ;
owl:disjointWith aas:HasKind ;

owl:disjointWith aas:Qualifiable ;
owl:disjointWith aas:Reference ;

owl:disjointWith aas:Suimodel ;

### https://admishell.io/aas/2/0/rdf#DataElement
aas:DataElement rdf:type owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
owl:disjointWith aas:Event ;
owl:disjointWith aas:Operation ;
owl:disjointWith aas:OperationVaitide ;
owl:disjointWith aas:RelationshipElement ;
owl:disjointWith aas:SubmodelElementCollection ;
dash:abstract true ;

rdfs:comment "A data element is a submodel element that is not further composed out of other submodel
A data element is a submodel element that has a value. The type of value differs for different subtypeg
elements."@en ;

rdfs:label "Data Element" xsd:string ;

### https://admirshell.io/aas/2/0/rdf#DataTypelEC61360
aas:DataTypelEC61360 rdfie owl:Class ;
rdfs:label "Data Type IEC61360"xsd:string ;
rdfs:comment "Enumeration of all IEC 61360 defined data types."@en ;
owl:oneOf (
aas:DATE_IEC6360 DATATYPE
aas:STRING_IEC6360_DATATYPE
aas:STRING_TRASLATABLE_IEC6360_DATATYPE
aas:REAL_MEASURE_IEC6360_DATATYPE
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aas:REAL_COUNT_IEC6360_DATATYPE

aas:REAL_CURRENCY_IEC6360_DATATYPE
aas:BOOLEAN_IEC6360_DATATYPE
aas:URL_IEC6360_DATATYPE
aas:RATIONAL_IEC6360DATATYPE
aas:RATIONAL_MEASURE_IEC6360_DATATYPE
aas:TIME_IEC6360_DATATYPE

aas: TIMESTAMP_IEC6360_DATATYPE

)

### https://admishell.io/aas/2/0/rdf#DataSpecification
aas:DataSpecification rdf:type owl:Class ;
rdfs:subClassOf aas:ldentifiable ;
dash:abstract true ;
owl:disjointWith aas:Administrativelnformation ;
owl:disjointWith aas:Asset ;
owl:disjointWith aas:AssetAdministrationShell ;
owl:disjointWith aas:ConceptDescription ;
owl:disjointWith aas:Submodel ;
owl:disjointWith aas:SubmodelElement ;
owl:disjointWith aas:View ;

rdfs:comment "Element that can have data specification templates. A template defines the additional attr
element may or shall havéen ;

rdfs:label "DataSpecification"@en ;

### https://admishell.io/aas/2/0/rdf#DataSpecificationContent
aas:DataSpecificationContent rdf:type owl:Class ;

owl:disjointWith aas:Constraint ;

owl:disjointWith aas:HasDataSpecification

owl:disjointWith aas:ldentifier ;

owl:disjointWith aas:Key ;

owl:disjointWith aas:KeyElement ;

owl:disjointWith aas:HasKind ;

owl:disjointWith aas:Qualifiable ;

owl:disjointWith aas:Reference ;

rdfs:label "Data Becification Content" xsd:string ;
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rdfs:comment "' @en ;

dash:abstract true ;

### https://admirshell.io/aas/2/0/rdf#DataSpecificationlEC61360
aas:DataSpecificationlEC61360 rdf:type owl:Class ;
rdfs:subClassOf aas:DataSpecificationeon ;
rdfs:label "Data Specification IEC 61360"\xsd:string ;

rdfs:comment "Data Specification Template for defining Property Descriptions conformant to IEC 61360.'

### https://admishell.io/aas/2/0/rdf#DataSpecificationPhysicalUnit
aas:DataSpecificationPhysicalUnit rdf:type owl:Class ;
rdfs:subClassOf aas:DataSpecificationContent ;
rdfs:label "Data Specification Physical Unit"xsd:string ;

rdfs:comment "Data Specification Tempate for Physical Units."@en ;

### htps://ladminshell.io/aas/2/0/rdf#Entity

aas:Entity rdf:itype owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
rdfs:label "Entity"xsd:string ;

rdfs:comment "An entity is a submodel element that is used to model entities."@en ;

### htps://adminshell.io/aas/2/0/rdf#Entity Type
aas:EntityType rdf:type owl:Class ;
rdfs:label "Entity Type"~xsd:string ;

rdfs:comment "Enumeration for denoting whether an entity is ensatfaged entity or a emanaged entity."@e

owl:0neOf (aas:CO_MANAGED_ENTITY aas:SELF_MANAGED_ENTITY ) ;

### https://admirshell.io/aas/2/0/rdf#Event

aas:Event rdf:type owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
rdfs:label "Event"xsd:string ;

rdfs:comment " @en ;
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### htps://adminshell.io/aas/2/0/rdf#EventElement
aas:Eventdf:itype owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
rdfs:label "Event Element" xsd:string ;

rdfs:comment "Defines the necessary information fodsenor receiving events."@e

### https://admishell.io/aas/2/0/rdf#EventMessage
aas:EventMessage rdf:type owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
rdfs:label "Event Message"\xsd:string ;
rdfs:comment "Defias the necessary informationasf event infance sent out or received."@en ;

skos:note "nonnormative, just only for discussion (as of November 2019)."@en ;

### https://admishell.io/aas/2/0/rdf#File
aas:File rdf:type owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
rdfs:comnent "A File is a data element that represents a file via its path description."@en ;

rdfs:label "File Submodel Element"@en ;

### https://admirshell.io/aas/2/0/rdf#Formula
aas:Formula rdf:type owl:Class ;
rdfs:subClassOf aas:Constraint ;
dc:description "A formula is used to describe constraints by a logical expression."@en ;

rdfs:label "Formula"@en ;

### https://admishell.io/aas/2/0/rdf#¥HasDataSpecification
aas:HasDataSpecification rdf:type owl:Class ;
dash:abstradrue ;

rdfs:comment "Element that can have be extended by using data specification templates. A data spe
template defines the additional attributes an element may or shall have. The data specifications used are
specified with tleir id."@en ;

rdfs:label "Has Data Specification"@en ;
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### https://admirshell.io/aas/2/0/rdf#HasKind
aas:HasKind rdf:type owl:Class ;

rdfs:comment "An element with a kind is an element that can either represent a type or an insfanttcfoban
element is that it is representing an instance."@en ;

rdfs:label "Has Kind"@en ;

### https://admishell.io/aas/2/0/rdf#¥HasSemantics
aas:HasSemantics rdf:type owl:Class ;
dash:abstract true ;
rdfs:label "Has Semaias"xsd:string ;

rdfs:comment "Element that can have a semantic definition. Identifier of the semantic definition of the ele
is called semantic id of the element. The semantic id may either reference an external global id or it mag e
referable model element of kind=Type that defines the semantics of the element."@en ;

skos:note "In many cases the idShort is identical to the English short name within the semantic defi
referenced vi aits semantic id."@en ;

### https://admirshell.io/aas/2/0/rdf#ldentifiable
aas:ldentifiable rdf:type owl:Class ;
dash:abstract true ;
rdfs:subClassOf aas:Referable ;
rdfs:comment "An element that has a globally unique identifier."@en ;

rdfs:label "Identifiablé@en ;

### https://admirshell.io/aas/2/0/rdf#IdentifiableElement
aas:ldentifiableElement rdf:type owl:Class ;
rdfs:subClassOf aas:ReferableElement ;
rdfs:label "Identifiable Element" xsd:string ;

rdfs:comment "Enumeration of albentifiable elements within an asset administration shell that are
identifiable"@en ;

owl:oneOf (
aas:ASSET_IDENTIFIABLE_ELEMENT
aas:ASSET_ADMINISTRATION_SHELL_IDENTIFIABLE_ELEMENT
aas:CONCEPT_DESCRIPTION_IDENTIFIABLEELEMENT
aas:SUBMODEL_IDENTIFIABLE_ELEMENT

)
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### https://admirshell.io/aas/2/0/rdf#ldentifier
aas:ldentifier rdf:type owl:Class ;
rdfs:comment "Used to uniquely identify an entity by using an identifier."@en ;

rdfs:label "Icentifier"@en ;

### https://admirshell.io/aas/2/0/rdf#ldentifierType
aas:ldentifierType rdf:type owl:Class ;
rdfs:subClassOf aas:KeyType ;
rdfs:label "ldentifier Type" xsd:string ;
rdfs:comment "Enumeration of different typedaéntifiers for global identification"@en ;
owl:oneOf (
aas:IRDI_IDENTIFIER_TYPE
aas:IRI_IDENTIFIER_TYPE
aas:CUSTOM_IDENTIFIER_TYPE ) ;

### https://admishell.io/aas/2/0/rdf#Key
aas:Key rdf:type owl:Class ;
rdfs:comment "A key is a reference to an element by its id."@en ;

rdfs:label "Key"*xsd:string .

### https://admirshell.io/aas/2/0/rdf#KeyElement
aas:KeyElement rdf:type owl:Class ;
rdfs:label "Key Elements" xsd:string ;

rdfs:comment "Enumetian of different key value types within a key. Contains KeyElements, ReferableEler
and IdentifiableElements."@en ;

owl:oneOf (
aas:ACCESS_PERMISSION_RULE_REFERABLE_ELEMENT
aas:ANNOTATED_RELATIONSHIP_ELEMENT_REFERABLE_ELEMENT
aas:BASIC_EVENT_REFERABLE_ELEMENT
aas:BLOB_REFERABLE_ELEMENT
aas:CAPABILITY_REFERABLE_ELEMENT
aas:CONCEPT_DICTIONARY_REFERABLE_ELEMENT
aas:GLOBAL_REFERENCE_KEY_ELEMENT
aas:DATA_ELEMENT_REFERABLE_ELEMENT
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aas:FILE_REFERABLE_ELEMENT
aas:ENTITY_REFERABLE_ELEMENT
aas:EVENT_REFERABLE_ELEMENT
aas:MULTI_LANGUAGE_PROPERTY_REFERABLE_ELEMENT
aas:OPERATION_REFERABLE_ELEMENT
aas:PROPERTY_REFERABLE_ELEMENT
aas:RANGE_REFEABLE_ELEMENT #
aas:REFERENCE_ELEMENT_REFERABLE_ELEMENT
aas:RELATIONSHIPT_ELEMENT_REFERABLE_ELEMENT
aas:SUBMODEL_ELEMENT_REFERABLE_ELEMENT
aas:SUBMODEL_ELEMENT_COLLECTION_REFERABLE_ELEMENT
aas:VIEW_REFERABLE_ELEMENT

aas:ASSET_IDENTIFIABLE_ELEMENT
aas:ASSET_ADMINISTRATION_SHELL_IDENTIFIABLE_ELEMENT
aas:CONCEPT_DESCRIPTION_IDENTIFIABLE_ELEMENT
aas:SUBMODEL_IDENTIFIABLE_ELEMENT

aas:GLOBAL_REFERENCE_KEY_ELEMENT
aasFRAGMENT_REFERENCE_KEY_ELEMENT

)

### https://admirshell.io/aas/2/0/rdf#KeyType
aas:KeyType rdf:itype owl:Class ;
rdfs:label "Key Type"Mxsd:string ;

rdfs:comment "Enumeration of different key value types within a key. Containstifieldfype and
LocalKeyType."@en ;

owl:oneOf (
aas:IRDI_IDENTIFIER_TYPE
aas:IRI_IDENTIFIER_TYPE
aas:CUSTOM_IDENTIFIER_TYPE
aas:IDSHORT_LOCAL_KEY_TYPE
aas:FRAGMENT_ID_LOCAL_KEY_TYPE

)

### https://admirshell.io/aag2/0/rdf#LocalKeyType
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aas:LocalKeyType rdf:type owl:Class ;
rdfs:subClassOf aas:KeyType ;
rdfs:label "Local Key Type" xsd:string ;
rdfs:comment "Enumeration of different key value types within a key."@en ;
owl:oneOf (
aas:IDSHORT_LOCAL_KEY_TYPE
aas:FRAGMENT _ID_LOCAL_KEY_TYPE

)

### https://admishell.io/aas/2/0/rdf#ModelingKind

aas:ModelingKind rdf:type owl:Class ;
rdfs:comment "Enumeration for denoting whether an element is a type or an instance."@en ;
rdfs:label "Kind"Mxsd:string ;

owl:oneOf (aas:INSTANCE aas:TEMPLATE) ;

### https://admirshell.io/aas/2/0/rdf#MultiLanguageProperty
aas:MultiLanguageProperty rdf:type owl:Class ;

rdfs:subClassOf aas:DataElement ;

rdfs:comment "A proerty is a data element that has a multi language value."@en ;

rdfs:label "Multi Language Property"@en ;

### https://admirshell.io/aas/2/0/rdf#ObjectAttributes
aas:ObjectAttributes rdf:type owl:Class ;

rdfs:comment "A set of data elemertiat describe object attributes. These attributes need to refer to a data ¢
within an existing submodel."@en ;

rdfs:label "Object Attributes"xsd:string .

### https://admishell.io/aas/2/0/rdf#Operation
aas:Operation rdf:type owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
rdfs:comment "An operation is a submodel element with input and output variables."@en ;
rdfs:label "Operation"@en ;
owl:disjointWith aas:DataElement ;
owl:disjointWith aas:Event ;

owl:disjointWith aas:OperationVariable ;
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owl:disjointWith aas:RelationshipElement ;

owl:disjointWith aas:SubmodelElementCollection ;

### https://admirshell.io/aas/2/0/rdf#OperationVariable
aas:OperationVariable rdf:itype owl:Class ;

dc:description "A operation variable is a submodel element that is used as input or output variablg
operation."@en ;

rdfs:label "Operation Variable" xsd:string ;
owl:disjointWith aas:DataElement ;
owl:disjointWith aas:Event ;

owl:disjointWith aas:Operation ;
owl:disjointWith aas:RelationshipElement ;

owl:disjointWith aas:SubmodelElementCollection ;

### https://admishell.io/aas/2/0/rdf#Permission
aas:Permission rdf:itype owl:Class ;
rdfs:comment "Description of a singbermission."@en ;

rdfs:label "Permission" xsd:string ;

### https://admishell.io/aas/2/0/rdf#PermissionKind
aas:PermissionKind rdf:type owl:Class ;

rdfs:comment "Enumeration of the kind of permissions that is given to the assignmemteohiasion to g
subject."@en ;

rdfs:label "Permission Kind"*xsd:string ;
owl:oneOf (

aas:ALLOW

aas:DENY

aas:NOT_APPLICABLE
aas:UNDEFINED

)

### https://admirshell.io/aas/2/0/rdf#PermissionsPerObject

aas:PermisensPerObject rdf:type owl:Class ;
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rdfs:comment "Table that defines access permissions for a specified object. The object is any referable ¢
the AAS. Additionally object attributes can be defined that further specify the kind of objearthesgions apply
to."@en ;

rdfs:label "Permission Per Object" xsd:string ;

### https://admishell.io/aas/2/0/rdf#PolicyAdministrationPoint
aas:PolicyAdministrationPoint rdf:type owl:Class ;
rdfs:comment "Definition of a security administion point (PDP)."@en ;

rdfs:label "Policy Administration Point" xsd:string ;

### https://admishell.io/aas/2/0/rdf#PolicyEnforcementPoint
aas:PolicyEnforcementPoint rdf:type owl:Class ;
rdfs:comment "Defines the security policy enforegmpoints (PEP)."@en ;

rdfs:label "Policy Enforcement Point" xsd:string ;

### https://admishell.io/aas/2/0/rdf#PolicyDecisionPoint
aas:PolicyDecisionPoint rdf:type owl:Class ;
rdfs:comment "Defines the security policy decision poinBBRP "@en ;

rdfs:label "Policy Decision Point"xsd:string ;

### https://admirshell.io/aas/2/0/rdf#PolicylnformationPoints
aas:PolicylnformationPoints rdf:type owl:Class ;

rdfs:comment "Defines the security policy information points (PHe)ves as the retrieval source of attributeg
the data required for policy evaluation to provide the information needed by the policy decision point to n
decisions."@en ;

rdfs:label "Policy Information Points"xsd:string ;

### httpsladminshell.io/aas/2/0/rdf#Property
aas:Property rdf:type owl:Class ;
rdfs:subClassOf aas:DataElement ;
rdfs:comment "A property is a data element that has a single value."@en ;

rdfs:label "Property"@en ;
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### https://admirshell.io/aaf2/0/rdf#Qualifiable
aas:Qualifiable rdf:type owl:Class ;
dash:abstract true ;
rdfs:comment "Additional qualification of a qualifiable element."@en ;

rdfs:label "Qualifiable"@en .

### https://admishell.io/aas/2/0/rdf#Qualifier
aas:Qualier rdf:type owl:Class ;
rdfs:subClassOf aas:Constraint ;
rdfs:subClassOf aas:HasSemantics ;
owl:disjointWith aas:Administrativelnformation ;
owl:disjointWith aas:Asset ;
owl:disjointWith aas:AssetAdministrationShell ;
owl:disjointWith aas:ConceptDescription ;
owl:disjointWith aas:Formula ;
owl:disjointWith aas:Submodel ;
owl:disjointWith aas:SubmodelElement ;
owl:disjointWith aas:View ;

rdfs:comment "A qualifier is a typealue pair that makes additional statemsew.r.t. the value of the element."@

rdfs:label "Qualifier"@en .

### https://admishell.io/aas/2/0/rdf#Range
aas:Range rdf:type owl:Class ;
rdfs:subClassOf aas:DataElement ;

rdfs:comment "An element that is referable by its idShihis id is not globally unique. This id is unique with
the name space of the element."@en ;

rdfs:label "Range"@en ;

### https://admishell.io/aas/2/0/rdf#Referable
aas:Referable rdf:type owl:Class ;
dash:abstract true ;

rdfs:conment "An element that is referable by its idShort. This id is not globally unique. This id is unique
the name space of the element."@en ;

rdfs:label "Referable"@en ;
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### https://admirshell.io/aas/2/0/rdf#ReferableElement
aas:ReferabElement rdf:itype owl:Class ;
rdfs:subClassOf aas:KeyElement ;
rdfs:label "Referable Elements" xsd:string ;

rdfs:comment "Enumeration of all referable elements within an asset administration shell. C
IdentifiableElements"@en ;

owl:oneOf (
aas:ACCESS_PERMISSION_RULE_REFERABLE_ELEMENT
aas:ANNOTATED_RELATIONSHIP_ELEMENT_REFERABLE_ELEMENT
aas:BASIC_EVENT_REFERABLE_ELEMENT
aas:BLOB_REFERABLE_ELEMENT
aas:CAPABILITY_REFERABLE_ELEMENT
aas:COICEPT_DICTIONARY_REFERABLE_ELEMENT
aas:GLOBAL_REFERENCE_KEY_ELEMENT
aas:DATA_ELEMENT_REFERABLE_ELEMENT
aas:FILE_ REFERABLE_ELEMENT
aas:ENTITY_REFERABLE_ELEMENT
aas:EVENT_REFERABLE_ELEMENT
aas:MULTI_LANGUAGE_RROPERTY_REFERABLE_ELEMENT
aas:OPERATION_REFERABLE_ELEMENT
aas:PROPERTY_REFERABLE_ELEMENT
aas:RANGE_REFERABLE_ELEMENT #
aas:REFERENCE_ELEMENT_REFERABLE_ELEMENT
aas:RELATIONSHIPT_ELEMENT_REFERABLE_ELEMENT
aas:YYBMODEL_ELEMENT_REFERABLE_ELEMENT
aas:SUBMODEL_ELEMENT_COLLECTION_REFERABLE_ELEMENT
aas:VIEW_REFERABLE_ELEMENT

aas:ASSET_IDENTIFIABLE_ELEMENT
aas:ASSET_ADMINISTRATION_SHELL_IDENTIFIABLE_ELEMENT
aas:CONCEPT_DESCRIPON_IDENTIFIABLE_ELEMENT
aas:SUBMODEL_IDENTIFIABLE_ELEMENT

)

### https://admirshell.io/aas/2/0/rdf#Reference

aas:Reference rdf:itype owl:Class ;
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rdfs:comment "Reference to either a model element of the same or another AAs orteoraal ertity. A reference
is an ordered list of keys, each key referencing an element. The complete list of keys may for example be co
to a path that then gives unique access to an element or entity."@en ;

rdfs:label "Reference" xsd:string

### https://admishell.io/aas/2/0/rdf#ReferenceElement
aas:ReferenceElement rdf:type owl:Class ;
rdfs:subClassOf aas:DataElement ;

rdfs:comment "A reference element is a data element that defines a logical reference to anothewilemtre
same or another AAS or a reference to an external object or entity."@en ;

rdfs:label "Reference Element" xsd:string ;

### https://admishell.io/aas/2/0/rdf#RelationshipElement
aas:RelationshipElement rdf:itype owl:Class ;
rdfs:subClassOf aas:SubmodelElement ;
dc:description "A relationship element is used to define a relationship between two referable elements."@
rdfs:label "Relationship Element"@en ;
owl:disjointWith aas:DataElement ;
owl:disjointWith aas:Evet ;
owl:disjointWith aas:Operation ;
owl:disjointWith aas:OperationVariable ;

owl:disjointWith aas:SubmodelElementCollection ;

### https://admishell.io/aas/2/0/rdf#Security
aas:Security rdf:type owl:Class ;
rdfs:comment "Container for serity relevant information of the AAS."@en ;

rdfs:label "Security" xsd:string .

### https://admirshell.io/aas/2/0/rdf#SubjectAttributes
aas:SubjectAttributes rdf:type owl:Class ;
rdfs:comment "A set of data elements that further classfigsecific subject."@en ;

rdfs:label "Subject Attributes" xsd:string ;

### https://admishell.io/aas/2/0/rdf#Submodel
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aas:Submodel rdf:type owl:Class ;
rdfs:subClassOf aas:HasDataSpecification ;
rdfs:subClassOf aas:HasKind ;
rdfs:aubClassOf aas:HasSemantics ;
rdfs:subClassOf aas:ldentifiable ;
rdfs:subClassOf aas:Qualifiable ;

rdfs:comment "A Submodel defines a specific aspect of the asset represented by the AAS. A submodel
structure the virtual representatiand technical functionality of an Administration Shell into distinguishable p
Each submodel refers to a wedkfined domain or subject matter. Submodels can become standardized a
become submodels types. Submodels can have differenytifes"@en ,

"Describe the different types of Data related to the 14.0 Asset"@en ;
rdfs:label "Submodel"@en ;
owl:disjointWith aas:Administrativelnformation ;
owl:disjointWith aas:Asset ;
owl:disjointWith aas:AssetAdministrationShell ;
owl:disjointWith aas:ConceptDescription ;
owl:disjointWith aas:Formula ;
owl:disjointWith aas:Qualifier ;
owl:disjointWith aas:SubmodelElement ;

owl:disjointWith aas:View ;

### https://admirshell.io/aas/2/0/rdf#SubmodelElement
aas:slbmodelElement rdf:type owl:Class ;
rdfs:subClassOf aas:HasDataSpecification ;
rdfs:subClassOf aas:HasKind ;
rdfs:subClassOf aas:HasSemantics ;
rdfs:subClassOf aas:Qualifiable ;
rdfs:subClassOf aas:Referable ;
dash:abs#ct true ;
rdfs:comment "A submodel element is an element suitable for the description and differentiation of asset
rdfs:label "Submodel Element"~xsd:string ;

skos:note "The concept of type and instance applies to submodel &leferperties are special submo
elements. The property types are defined in dictionaries (like the IEC Common Data Dictionary or eCI@ss)
not have a value. The property type (kind=Type) is also called data element type in some standardgeftye
instances (kind=Instance) typically have a value. A property instance is also called pvapertypair in certair
standards."@en ;

owl:disjointWith aas:Administrativelnformation ;
owl:disjointWith aas:Asset ;

owl:disjointWith aasAssetAdministrationShell ;
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owl:disjointWith aas:ConceptDescription ;
owl:disjointWith aas:Formula ;
owl:disjointWith aas:Qualifier ;
owl:disjointWith aas:Submodel ;

owl:disjointWith aas:View ;

### https://admishellio/aas/2/0/rdf#SubmodelElementCollection
aas:SubmodelElementCollection rdf:type owl:Class ;

rdfs:subClassOf aas:SubmodelElement ;

owl:disjointWith aas:DataElement ;

owl:disjointWith aas:Event ;

owl:disjointWith aas:Operation ;

owl:disjointWith aas:OperationVariable ;

owl:disjointWith aas:RelationshipElement ;

rdfs:comment "A submodel element collection is a set or list of submodel elements."@en ;

rdfs:label "Submodel Element Collection"@en ;

### htts://adminshell.io/aas/2/0/rdf#View
aas:View rdf:type owl:Class ;
rdfs:subClassOf aas:HasDataSpecification ,
aas:Referable ,
aas:HasSemantics ;
owl:disjointWith aas:Administrativelnformation ;
owl:disjointWith aas:Asset ;
owl:disjointWith aas:AssetAdministrationShell ;
owl:disjointWith aas:ConceptDescription ;
owl:disjointWith aas:Formula ;
owl:disjointWith aas:Qualifier ;
owl:disjointWith aas:Submodel ;
owl:disjointWith aas:SubmodelElement ;
rdfs:comment "Different views associated to the Administration Shell via the Submodels"@en ;

rdfs:comment "A view is a collection of referable elements w.r.t. to a specific viewpoint of one or
stakeholders."@en ;

rdfs:isDefinedBy "https://www.pkiform-i40.de/l40/Redaktion/DE/Downloads/PublikationA2018trilaterale
coop.html"@de ;

rdfs:label "Sicht"@de ,
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"View"@en .

B
# Individuals
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### https://admishell.io/aas/2/0/rdf#INSTANCE
aas:INSTANCE rdf:type owl:NamedIndividual ,
aas:ModelingKind ;
rdfs:comment "Concrete, clearly identifiable component of a certain template."@en ;

skos:note "lbecomes an individual entity of a template, for example a device model, by defining specific p
values."@en ;

skos:note "In an object oriented view, an instance denotes an object (of a template) (class)."@en ;
rdfs:label "Instance"@en ;

owl.differentFrom aas:ASSET_INSTANCE ;

owl:differentFrom aas: TEMPLATE ;

### https://admirshell.io/aas/2/0/rdf#TYPE
aas:TEMPLATE rdf:type owl:NamedIndividual ,
aas:ModelingKind ;

rdfs:comment "Software element which specifies the room attributes shared by all instances of
template."@en ;

rdfs:label "Template"@en ;
owl:differentFrom aas:ASSET_TYPE ;
owl:differentFrom aas:INSTANCE ;

### https://admishell.io/aas/2/0/rdf#ASSET_INSTANCE
aas:ASSET_INSTANCE rdf:typowl:NamedIndividual ,
aas:AssetKind ;
rdfs:comment "Concrete, clearly identifiable component of a certain type."@en ;
rdfs:label "Asset Instance"@en ;
owl:differentFrom aas:INSTANCE ;
owl:differentFrom aas:ASSET_TYPE ;
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### htps://adminshell.io/aas/2/0/rdf#ASSET_TYPE

aas:ASSET_TYPE rdf:itype owl:NamedIndividual ,
aas:AssetKind ;

rdfs:comment "hardware or software element which specifies the common attributes shared by all instan
type."@en ;

rdfs:label"Asset Type"@en ;
owl:differentFrom aas:INSTANCE ;
owl:differentFrom aas:ASSET_INSTANCE ;

### https://admishell.io/aas/2/0/rdf#CONSTANT
aas:CONSTANT rdf:type owl:NamedIndividual ,
aas:Category ;

rdfs:comment "A constant propeliya property with a value that does not change over time. In eCl@ss thi
of category has the category '‘Coded Value'."@en ;

rdfs:label "Constant"@en ;

### https://admishell.io/aas/2/0/rdf#PARAMETER
aas:PARAMETER rdf:type owl:NamedIndividua
aas:Category ;

rdfs:comment "A parameter property is a property that is once set and then typically does not change ¢
This is for example the case for configuration parameters."@en ;

rdfs:label "Parameter"@en ;

### https://dmin-shell.io/aas/2/0/rdf#VARIABLE
aas:VARIABLE rdf:type owl:Namedindividual ,
aas:Category ;

rdfs:comment "A variable property is a property that is calculated during runtime, i.e. its value is a
value."@en ;

rdfs:label "Variable"@e ;

### https://admishell.io/aas/2/0/rdf#CO_MANAGED_ENTITY
aas:CO_MANAGED_ENTITY rdf:type owl:NamedIndividual ,

aas:EntityType ;
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rdfs:comment "For coananaged entities there is no separate AASnfaonaged entities need to be part of a3
managed entity."@en ;

rdfs:label "Cemanaged Entity"@en ;

### https://admirshell.io/aas/2/0/rdf#SELF_MANAGED_ENTITY
aas:SELF_MANAGED_ENTITY rdf:type owl:Namedindividual ,
aas:EntityType ;

rdfs:comment "SelManaged Entities have theitva AAS but can be part of the bill of material of a compo
selfmanaged entity. The asset of an 14.0 Component is-ansel&ged entity per definition."@en ;

rdfs:label "Selfmanaged Entity"@en ;

### https://admitshell.io/aas/2/0/rdf# GLOBAL REERENCE_KEY_ELEMENT
aas:GLOBAL_REFERENCE_KEY_ELEMENT rdf:type aas:KeyElement ;
rdfs:label "Gobal Reference"@en ;

rdfs:comment "reference to an element not belonging to an asset administration shell"@en ;

### https://admirshell.io/aas/2/0/rdBRAGMENT _REFERENCE_KEY_ELEMENT
aas:FRAGMENT_REFERENCE_KEY_ELEMENT rdf:type aas:KeyElement ;
rdfs:label "Fragement Reference"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#ACCESS_PERMISSION RULE_REFERABLE_ELEMENT
aas:ACCESSPERMISSION_RULE_REFERABLE_ELEMENT rdf:itype aas:ReferableElement ;
rdfs:label "Access Permission Rule"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#ANNOTATED_RELATIONSHIP_ELEMENT_ REFERABLE_ELEMENT
aas:ANNOTATED_RELATIONSHIPELEMENT_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "Annotated relationship element"@en ;

rdfs:comment ""@en ;

### https://admishell.io/aas/2/0/rdf#BASIC_EVENT_REFERABLE_ELEMENT
aas:BASIC_EVENT_REFERABLE_ELEMENT rdf:type aBgferableElement ;
rdfs:label "Basic Event"@en ;

rdfs:comment ""@en ;
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### https://admirshell.io/aas/2/0/rdf#BLOB_REFERABLE_ELEMENT
aas:BLOB_REFERABLE_ELEMENT rdf:itype aas:ReferableElement ;
rdfs:label "Blob"@en ;

rdfs:comment ""@en

### https://admishell.io/aas/2/0/rdf#CAPABILITY_REFERABLE_ELEMENT
aas:CAPABILITY_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "Capability"@en ;

rdfs:comment ""@en ;

### https://admishell.io/aas/2/0/rdf#CONCEPT_DICTIONRY_REFERABLE_ELEMENT
aas:CONCEPT_DICTIONARY_REFERABLE_ELEMENT rdf:itype aas:ReferableElement ;
rdfs:label "Concept Dictionary"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#DATA_ELEMENT _REFERABLE_ELEMENT
aas:DATA_ELEMENT_REERABLE_ELEMENT rdf:itype aas:ReferableElement ;
rdfs:label "Data Element"@en ;
rdfs:comment ""@en ;

skos:note "Data Element is abstract, i.e. if a key uses 'DataElement' the reference may be a Property, a Fil

### https://admishell.io/aas/2/0/rdf# ENTITY_REFERABLE_ELEMENT
aas:ENTITY_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "Entity"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#EVENT _REFERABLE_ELEMENT
aas:EVENT_REFERABLE_ELEMENTdf:type aas:ReferableElement ;
rdfs:label "Event"@en ;
rdfs:comment ""@en ;

skos:note "Event is abstract"@en ;

### https://admishell.io/aas/2/0/rdf#MULTI_LANGUAGE_PROPERTY_REFERABLE_ELEMENT
aas:MULTI_LANGUAGE_PROPERTY_REFERABLE_ELEMENrdf:type aas:ReferableElement ;
rdfs:label "Multilanguage Property"@en ;

rdfs:comment "Property with a value that can be provided in multiple languages."@en ;
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### https://admirshell.io/aas/2/0/rdf#fOPERATION_REFERABLE_ELEMENT
aas:OPERATIONREFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "Operation"@en ;

rdfs:comment ""@en ;

### https://admishell.io/aas/2/0/rdf#PROPERTY_REFERABLE_ELEMENT
aas:PROPERTY_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label"Property"@en ;

rdfs:comment ""@en ;

### https://admishell.io/aas/2/0/rdf#fRANGE_REFERABLE_ELEMENT
aas:RANGE_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "Range"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/as/2/0/rdffREFERENCE_ELEMENT _REFERABLE_ELEMENT
aas:REFERENCE_ELEMENT_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "Reference Element"@en ;

rdfs:comment ""@en ;

### https://admishell.io/aas/2/0/rdf#RELATIONSHIPT_ELEMENT_REFERAB_ELEMENT
aas:RELATIONSHIPT_ELEMENT_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "Relationship Element"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#SUBMODEL_ELEMENT_REFERABLE_ELEMENT
aas:SUBMODEL_ELEMENT_EFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "SubmodelElement"@en ;
rdfs:comment ""@en ;

skos: note " Submodel El ement is abstract, i . e.
SubmodelElementCollectip an Operation etc."@en ;

### https://admishell.io/aas/2/0/rdf#SUBMODEL_ELEMENT_COLLECTION_REFERABLE_ELEMENT
aas:SUBMODEL_ELEMENT_COLLECTION_REFERABLE_ELEMENT rdf:itype aas:ReferableElement ;
rdfs:label "Submodel Element Collection"@en ;

rdfs:comment "Collection of Submodel Elements"@en ;
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### https://admirshell.io/aas/2/0/rdf#VIEW_REFERABLE_ELEMENT

aas:VIEW_REFERABLE_ELEMENT rdf:type aas:ReferableElement ;
rdfs:label "View"@en ;

rdfs:comment ""@en ;

### https://admishell.io/aas/2/0/rdf#ASSET_IDENTIFIABLE_ELEMENT
aas:ASSET_IDENTIFIABLE_ELEMENT rdf:type aas:IdentifiableElement ;
rdfs:label "Asset"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#ASSET_ADMINISTRATION_SHELL_ IDENTIFIABLE_ELEMENT
aasASSET_ADMINISTRATION_SHELL_IDENTIFIABLE_ELEMENT rdf:type aas:ldentifiableElement ;
rdfs:label "Asset Administration Shell"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#CONCEPT_DESCRIPTION_IDENTIFIABLE_ELEMENT
aas:CONCEPT_DE&CRIPTION_IDENTIFIABLE_ELEMENT rdf:type aas:ldentifiableElement ;
rdfs:label "Concept Description"@en ;

rdfs:comment ""@en ;

### https://admishell.io/aas/2/0/rdf#SUBMODEL_IDENTIFIABLE_ELEMENT
aas:SUBMODEL_IDENTIFIABLE_ELEMENT rdf:type aas#dtifiableElement ;
rdfs:label "Submodel"@en ;

rdfs:comment ""@en ;

### https://admirshell.io/aas/2/0/rdf#IRDI_IDENTIFIER_TYPE
aas:IRDI_IDENTIFIER_TYPE rdf:type aas:ldentifierType ;
rdfs:label "IRDI"@en ;
rdfs:comment "IRDI accordg to ISO29005 as an ldentifier scheme for properties and classifications."@el
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:allvValuesFrom xsd:string ;

owl:onProperty aas:value ;

1




ANNEX | 305

### https://admirshell.io/aas/2/04f#IRI_IDENTIFIER_TYPE
aas:IRI_IDENTIFIER_TYPE rdf:type aas:IdentifierType ;
rdfs:label "IRI"@en ;

rdfs:comment "IRI. Should only be used if unicode symbols are used that are not allowed in URL."@en ;

### https://admirshell.io/aas/2/0/rdf#CUBOM_IDENTIFIER_TYPE
aas:CUSTOM_IDENTIFIER_TYPE rdf:Type aas:ldentifierType ;
rdfs:label "Custom"@en ;

rdfs:comment "Custom identifiers like GUIDs (globally unique Identifiers)"@en ;

### https://admirshell.io/aas/2/0/rdf#IDSHORT_LOCAL_KEY_TYPE
aas:IDSHORT_LOCAL_KEY_TYPE rdf:itype aas:LocalKeyType ;
rdfs:label "IdShort"@en ;

rdfs:comment "idShort of a referable element"@en ;

### https://admirshell.io/aas/2/0/rdf#FRAGMENT_ID_LOCAL_KEY_TYPE
aas:FRAGMENT_ID_LOCAL_KEY_TYPE rdf:Type adsicalKeyType ;
rdfs:label "Fragementld"@en ;

rdfs:comment "Identifier of a fragment within a file"@en ;

### https://admishell.io/aas/2/0/rdf#ALLOW
aas:ALLOW rdf:type aas:PermissionKind ;
rdfs:label "allow"xsd:string ;

rdfs:comment "Allow the permission given to the subject."@en ;

### https://admishell.io/aas/2/0/rdf#DENY
aas:DENY rdf:type aas:PermissionKind ;
rdfs:label "deny" xsd:string ;

rdfs:comment "Explicitly deny the permission given to the subject."@en

### https://admirshell.io/aas/2/0/rdf#NOT_APPLICABLE
aas:NOT_APPLICABLE rdf:type aas:PermissionKind ;
rdfs:label "not applicable"xsd:string ;

rdfs:comment "The permission is not applicable to the subject."@en ;

### https://admirshel.io/aas/2/0/rdffUNDEFINED
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aas:UNDEFINED rdf:type aas:PermissionKind ;
rdfs:label "undefined"xsd:string ;

rdfs:comment "It is undefined whether the permission is allowed, not applicable or denied to the subject.’

### https://admishell.io/aas/2/0/rdf#DATE_IEC6360_DATATYPE

aas:DATE_IEC6360_DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label "date according to IEC61360"xsd:string ;
rdfs:seeAlso xsd:date ;

rdfs:comment "' @en ;

### https://admirshell.io/aas/2/0/i#BOOLEAN_IEC6360_DATATYPE
aas:BOOLEAN_IEC6360_DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label "boolean according to IEC61360"xsd:string ;
rdfs:seeAlso xsd:boolean ;

rdfs:comment "' @en ;

##H https:/ladmirshell.io/aas/2/0/rdf#REA CURRENCY _IEC6360_DATATYPE
aas:REAL_CURRENCY_IEC6360_DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label "real currency according to IEC61360""xsd:string ;

rdfs:comment "' @en ;

### https://admirshell.io/aas/2/0/rdf#REAL_COUNT _IEC6360_DATAPE
aas:REAL_COUNT_IEC6360_DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label "real count according to IEC61360" xsd:string ;

rdfs:comment "' @en ;

#H https:/ladmirshell.io/aas/2/0/rdf#REAL_MEASURE_IEC6360_DATATYPE
aas:REAL_MEASURE_IEC&X_DATATYPE rdf:itype aas:DataTypelEC61360 ;
rdfs:label "real measure according to IEC61360"Mxsd:string ;

rdfs:comment " @en ;

### https://admirshell.io/aas/2/0/rdf#STRING_IEC6360_DATATYPE

aas:STRING_IEC6360_DATATYPE rdf:type aas:DataTypeé#360 ;
rdfs:label "string according to IEC61360" xsd:string ;
rdfs:seeAlso xsd:string ;

rdfs:comment " @en ;
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### https://admishell.io/aas/2/0/rdf#STRING_TRANSLATABLE_IEC6360_DATATYPE
aas:STRING_TRANSLATABLE_IEC6360_DATATYPE rdfipe aas:DataTypelEC61360 ;
rdfs:label "translatable string according to IEC61360"xsd:string ;
rdfs:seeAlso xsd:langString ;

rdfs:comment "'@en ;

### https://admirshell.io/aas/2/0/rdf#RATIONAL_MEASURE_IEC6360_DATATYPE
aas:RATIONAL_MEASURE_IEC6360_DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label "retional measure according to IEC61360"xsd:string ;

rdfs:comment "' @en ;

### https://admishell.io/aas/2/0/rdf#RATIONAL_IEC6360_DATATYPE
aas:RATIONAL_IEC6360_DATATYPE rdfyipe aas:DataTypelEC61360 ;
rdfs:label "retional according to IEC61360""xsd:string ;

rdfs:comment "' @en ;

##H https:/ladmirshell.io/aas/2/0/rdf#TIME_IEC6360_DATATYPE
aas:TIME_IEC6360_DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label"time according to IEC61360"xsd:string ;

rdfs:comment "' @en ;

### https://admirshell.io/aas/2/0/rdf#TIMESTAMP_IEC6360_DATATYPE
aas: TIMESTAMP_IEC6360_DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label "time stamp according to IEC6136Xéd:string ;
rdfs:comment "' @en ;

rdfs:seeAlso xsd:dateTime ;

### https://admirshell.io/aas/2/0/rdf#URL_IEC6360_DATATYPE
aas:URL_IEC6360_ DATATYPE rdf:type aas:DataTypelEC61360 ;
rdfs:label "url according to IEC61360"xsd:string ;

rdfs:comment "' @en ;

### https://admirshell.io/aas/2/0/rdf#accessControlPolicyPoints

aas:accessControlPolicyPoints rdf:type owl:ObjectProperty ;
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rdfs:comment "Access control policy points of the AAS."@en ;
rdfs:label "has access contpmlicy points"*xsd:string ;
rdfs:domain aas:Security ;

rdfs:range aas:PolicyAdministrationPoint ;

### https://admishell.io/aas/2/0/rdf#policyAdministrationPoint
aas:policyAdministrationPoint rdf:type owl:ObjectProperty ;
rdfs:comment "The access control administration policy point of the AAS."@en ;
rdfs:label "has policy administration point" xsd:string ;
rdfs:domain aas:AccessControlPolicyPoints ;

rdfs:range aas:PolicyAdministrationPoint ;

### https://admirshell.io/aas/2/0/rdf#policyDecisionPoint
aas:policyDecisionPoint rdf:type owl:ObjectProperty ;
rdfs:comment "The access control policy decision point of the AAS."@en ;
rdfs:label "has policy decision point"xsd:string ;
rdfs:domain aagccessControlPolicyPoints ;

rdfs:range aas:PolicyDecisionPoint ;

### https://admirshell.io/aas/2/0/rdf#policyEnforcementPoint
aas:policyEnforcementPoint rdf:type owl:ObjectProperty ;
rdfs:comment "The access control policy enforcementtdithe AAS."@en ;
rdfs:label "has policy enforcement point"~xsd:string ;
rdfs:domain aas:AccessControlPolicyPoints ;

rdfs:range aas:PolicyEnforcementPoint ;

### https://admirshell.io/aas/2/0/rdf#policylnformationPoints
aas:policyhformationPoints rdf:type owl:ObjectProperty ;
rdfs:comment "The access control policy information points of the AAS."@en ;
rdfs:label "has policy information points"xsd:string ;
rdfs:domain aas:AccessControlPolicyPoints ;

rdfs:range aas:PolicylnformationPoints ;
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### https://admitshell.io/aas/2/0/rdf#requiredCertificateExtension

aas:requiredCertificateExtension rdf:type owl:ObjectProperty ;
rdfs:comment "Certificate extensions as required by the AAS."@en ;
rdfs:lakel "has required certificate extension"xsd:string ;
rdfs:domain aas:Security ;

rdfs:range aas:Reference ;

### https://admishell.io/aas/2/0/rdf#localAccessControl
aas:localAccessControl rdf:type owl:ObjectProperty ;
rdfs:comment "he policy administration point of access control as realized by the AAS itself."@en ;

skos:note "Constraint AAS@O09: Either there is an external policy administration point endpoint defined
AAS has its own access control."@en ;

rdfs:lakel "has local access control"Mxsd:string ;
rdfs:domain aas:PolicyAdministrationPoint ;

rdfs:range aas:AccessControl ;

### https://admishell.io/aas/2/0/rdf#external AccessControl
aas:externalAccessControl rdf:type owl:ObjectProperty ;

rdfs:comment "Endpoint to an external access control defining a policy administration point to be use
AAS."@en ;

rdfs:label "has external access control"xsd:string ;
rdfs:domain aas:PolicyAdministrationPoint ;

rdfs:range aasglpoint ;

### https://admirshell.io/aas/2/0/rdf#texternalinformationPaint
aas:externallnformationPostdf:type owl:ObjectProperty ;

rdfs:comment If externallnformationPoints True then at least one Endpoint to external available informatisr
to be configured for the AAS@en ;

rdfs:label "has external information point" xsd:string ;
rdfs:domain aas:PolicylnformationPoints ;

rdfs:range aas:Endpoint ;

### https://admishell.io/aas/2/0/rdf#internallnformationPoint




310| ANNEX

aasinternallnformationPoint rdf:type owl:ObjectProperty ;
rdfs:comment "References to submodels defining information used by security access permission rules."
rdfs:label "has internal information point" xsd:string ;
rdfs:domain aas:PioyInformationPoints ;

rdfs:range aas:Submodel ;

### https://admishell.io/aas/2/0/rdf#taccessPermissionRule
aas:accessPermissionRule rdf:type owl:ObjectProperty ;

rdfs:comment "Access permission rules of the AAS describing the righgnadsto (already authenticate
subjects to access elements of the AAS."@en ;

rdfs:label "has access permission rule"xsd:string ;
rdfs:domain aas:AccessControl ;

rdfs:range aas:AccessPermissionRule ;

### https://admishell.io/aas/®/rdf#selectableSubjectAttributes
aas:selectableSubjectAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Reference to a submodel defining the authenticated subjects that are configured for the Al
are selectable by the access permisgibesrto assign permissions to the subjects."@en ;

rdfs:label "has selectable subject attributes"xsd:string ;
skos:note "Default: reference to the submodel referenced via defaultSubjectAttributes."@en ;
rdfs:domain aas:AccessControl ;

rdfs:range aas:Submodel ;

### https://admishell.io/aas/2/0/rdf#defaultSubjectAttributes
aas:defaultSubjectAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Reference to a submodel defining the default subjects attributes for theahA&&ntihe used t
describe access permission rules."@en ;

rdfs:label "has default subject attributes" xsd:string ;
skos:note "The submodel is of kind=Type."@en ;
rdfs:domain aas:AccessControl ;

rdfs:range aas:Submodel ;

### htps://adminshell.io/aas/2/0/rdf#selectablePermissions

aas:selectablePermissions rdf:type owl:ObjectProperty ;
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rdfs:comment "Reference to a submodel defining which permissions can be assigned to the subjects."@
rdfs:label "has selectable peissions" xsd:string ;

skos:note "Default: reference to the submodel referenced via defaultPermissions"@en ;
rdfs:domain aas:AccessControl ;

rdfs:range aas:Submodel ;

### https://admishell.io/aas/2/0/rdf#defaultPermissions

aas:defaltPermissions rdf:type owl:ObjectProperty ;
rdfs:comment "Reference to a submodel defining the default permissions for the AAS."@en ;
rdfs:label "has default permissions"~xsd:string ;
rdfs:domain aas:AccessControl ;

rdfs:range aaSubmodel ;

### https://admirshell.io/aas/2/0/rdf#selectableEnvironmentAttributes
aas:selectableEnvironmentAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Reference to a submodel defining which environment attributes can be accebsqukviaission
rules."@en ;

rdfs:label "has selectable environment attributes" xsd:string ;
rdfs:domain aas:AccessControl ;

rdfs:range aas:Submodel ;

### https://admirshell.io/aas/2/0/rdf#defaultEnvironmentAttributes
aas.defaultEnvonmentAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Reference to a submodel defining default environment attributes, i.e. attributes that
describing the asset itself. The submodel is of kind=Type. At the same type the values @fitlresenent attribute
need to be accessible when evaluating the access permission rules. This is realized as a policy information

rdfs:label "has default environment attributes"~xsd:string ;
rdfs:domain aas:AccessControl ;

rdfs:range aas:Submodel ;

### https://admirshell.io/aas/2/0/rdf#targetSubjectAttributes
aas:targetSubjectAttributes rdf:type owl:ObjectProperty ;

rdfs:comment "Target subject attributes that need to be fulfilled by the accessing subje¢héoppetnissions
defined by this rule."@en ;
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rdfs:label "has target subject attributes" xsd:string ;
rdfs:domain aas:AccessPermissionRule ;

rdfs:range aas:SubjectAttributes ;

### https://admirshell.io/aas/2/0/rdf#permissionsPerObject
aas:permissionsPerObject rdf:type owl:ObjectProperty ;

rdfs:comment "Set of objegtermission pairs that define the permissions per object within the access perr
rule."@en ;

rdfs:label "has permissions per object"xsd:string ;
rdfs:domain aas:AccessPermissionRule ;

rdfs:range aas:PermissionsPerObject ;

### https://admirshell.io/aas/2/0/rdf#object

aas:object rdf:type owl:ObjectProperty ;
rdfs:comment "Element to which permission shall be assigned."@en ;
rdfs:label "has object" xsd:string ;
rdfs:domain aas:PermissionsPerObject ;

rdfs:range aas:Referable ;

### https://admirshell.io/aas/2/0/rdf#targetObjectAttributes
aas:targetObjectAttributes rdf:.type owl:ObjectProperty ;

rdfs:comment "Taget object attributes that need to be fulfilled so that the access permissions apply to the a
subject."@en ;

rdfs:label "has target object attributes" xsd:string ;
rdfs:domain aas:PermissionsPerObject ;

rdfs:range aas:ObjectAthtes ;

### https://admirshell.io/aas/2/0/rdf#objectAttribute

aas:objectAttribute rdf:type owl:ObjectProperty ;
rdfs:comment "A data elements that further classifies an object."@en ;
rdfs:label "has object attribute"~xsd:string ;
rdfs:domain aas:ObjectAttributes ;

rdfs:range aas:DataElement ;
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### https://admirshell.io/aas/2/0/rdf#objectPermission
aas:objectPermission rdf:type owl:ObjectProperty ;

rdfs:comment "Permissions assigned to the object. The permissionfehaldsubjects as specified in the acc
permission rule."@en ;

rdfs:label "has object permission"~xsd:string ;
rdfs:domain aas:PermissionsPerObject ;

rdfs:range aas:Permission ;

### https://admishell.io/aas/2/0/rdf#permission

aas:permission rdf:type owl:ObjectProperty ;
rdfs:comment "Reference to a property that defines the semantics of the permission."@en ;
skos:note "Constraint AASA10: The property has the category CONSTANT."@en ;

skos:note "Constraint AAS@11: The permission property shall be part of the submodel that is referenced
the selectablePermissions attribute of AccessControl."@en ;

rdfs:label "has permission"~xsd:string ;
rdfs:domain aas:Permission ;

rdfs:range aas:Propgr;

### https://admirshell.io/aas/2/0/rdf#propertyValueld

aas:propertyValueld rdf:itype owl:ObjectProperty ;
rdfs:comment "Reference to the global ungiue id of a coded value."@en ;
rdfs:label "has property value id"*xsd:string ;

skas:note "Constraint AAS@O07: if both, the value and the valueld are present then the value needs to be i
to the value of the referenced coded value in valueld."@en ;

rdfs:domain aas:Property ;

rdfs:range aas:Reference ;

### https:Adminshell.io/aas/2/0/rdf#tkindOfPermission
aas:kindOfPermission rdf:type owl:ObjectProperty ;

rdfs:comment "Description of the kind of permission. Possible kind of permission also include the denig
permission."@en ;

rdfs:label "has kid of permission"~xsd:string ;
rdfs:domain aas:Permission ;

rdfs:range aas:PermissionKind ;
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### https://admirshell.io/aas/2/0/rdf#subjectAttribute
aas:subjectAttribute rdf:type owl:ObjectProperty ;
rdfs:comment "A data element tharther classifies a specific subject. "@en ;

skos:note "Constraint AASE25: The data element shall be part of the submodel that is referenced wit
selectableSubjectAttributes attribute of AccessControl."@en ;

rdfs:label "has subject atbute" xsd:string ;
rdfs:domain aas:SubjectAttributes ;

rdfs:range aas:DataElement ;
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ii. RDF Schemafor the Administration Shell
@prefix aas: <http://admishell.io/aas/2/0#> .

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix rdf: <htp://www.w3.0rg/1999/02/22df-syntaxns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdichema#> .
@prefix skos: <http://www.w3.0rg/2004/02/skos/core#> .
@prefix sh: <http://www.w3.org/ns/shacl#> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

# Metadata
<http://adminshell.io/aas/2/0#> a owl:Ontology ;
owl:imports <http://datashapes.org/dash> ;
owl:imports sh: ;
sh:declare [
a sh:PrefixDeclaration ;
sh:namespace "http://adréiell.io/aas/2/0#"xsd:anyURI ;

sh:prefix "aas"Mxsdtring ;

I

aas:AccessControlPolicyPointsShape a sh:NodeShape ;
sh:targetClass aas:AccessControlPolicyPoints ;
sh:property [
a sh:PropertyShape ;
sh:path aas:policyAdministrationPoint ;
sh:class aas:PolicyAdministrationPoint ;
sh:maxCount 1 ;
sh:minCount 1 ;

sh:message "Exactly one <i>policyAdministrationPoint</b> pointing to a <i>PolicyAdministrationPoints<
required."Mxsd:string ;

sh:name "AccessControlPolicyPoints.policyAdministrationPoint"Mxs8dg;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:policyDecisionPoint ;
sh:class aas:PolicyDecisionPoint ;

sh:maxCount 1 ;
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sh:minCount 1 ;

sh:message "Exactly one <i>policyDecisionPoint</b> pointing to iaxPdalicyDecisionPoint</i> ig
required."Mxsd:string ;

sh:name "AccessControlPolicyPoints.policyDecisionPoint"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:policyEnforcementPoint ;
sh:class aas:PolicyEnforoentPoint ;
sh:maxCount 1 ;
sh:minCount 1 ;

sh:message "Exactly one <i>policyEnforcementPoint</b> pointing to a <i>PolicyEnforcementPoint
required."xsd:string ;

sh:name "AccessControlPolicyPoints.policyEnforcementPointd&tsng ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:policylnformationPoints ;
sh:class aas:PolicylnformationPoints ;
sh:maxCount 1 ;
sh:minCount O ;

sh:message "Only one <i>policylnformationPoints</b>nfing to a <i>PolicylnformationPoints</i> i
allowed."Mxsd:string ;

sh:name "AccessControlPolicyPoints.policylnformationPoints"~xsd:string ;

I

aas:AccessControlShape a sh:NodeShape ;
sh:targetClass aas:AccessControl ;
sh:property [
a sh:PropertyShape ;
sh:path aas:accessPermissionRule ;
sh:class aas:AccessPermissionRule ;
sh:minCount O ;
sh:message "A <i>accessPermissionRule</b> must point to a <i>AccessPermissionRule</i>." xsd:str
sh:name "AccgsControl.accessPermissionRule" xsd:string ;
1
sh:property [




ANNEX | 317

a sh:PropertyShape ;

sh:path aas:selectableSubjectAttributes ;
sh:class aas:Submodel ;

sh:maxCount 1 ;

sh:minCount O ;

sh:message "Only one <i>seldd&SubjectAttributes</b> pointing to a <i>Submodel</i>
allowed."Mxsd:string ;

sh:name "AccessControl.selectableSubjectAttributes" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:defaultSubjectAttributes ;
sh:class aas:Submodel ;
sh:maxCount 1 ;
sh:minCount 1 ;

shimessage "Exactly one <i>defaultSubjectAttributes</b> pointing to a <i>Submodel</i
required."Mxsd:string ;

sh:name "AccessControl.defaultSubjectAttributes"xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:selectablePermissions ;
sh:class aas:Submodel ;
sh:maxCount 1 ;
sh:minCount O ;
sh:message "Only one <i>selectablePermissions</b> pointing to a <i>Submodeddltwed." xsd:string ;
sh:name "AccessControl.selectablePermissions"~xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:defaultPermissions ;
sh:class aas:Submodel ;
sh:maxCount 1 ;
sh:minCount 1 ;
sh:message "Exactly one <i>defaultPermissions</b> pointing to a <i>Submodel</i> is required."xsd:s
sh:name "AccessControl.defaultPermissions" xsd:string ;
l;
sh:property [
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a sh:PropertyShape ;

sh:path aas:selectabl@ironmentAttributes ;
sh:class aas:Submodel ;

sh:maxCount 1 ;

sh:minCount O ;

sh:message "Only one <i>selectableEnvironmentAttributes</b> pointing to a <i>Submodel<
allowed."Mxsd:string ;

sh:name "AccessControl.seldgisEnvironmentAttributes"xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:defaultEnvironmentAttributes ;
sh:class aas:Submodel ;
sh:maxCount 1 ;
sh:minCount 0 ;

shimessage "Only one <i>defaultEmnmentAttributes</b> pointing to a <i>Submodel</i>
allowed."Mxsd:string ;

sh:name "AccessControl.defaultEnvironmentAttributes"xsd:string ;

I

aas:AccessPermissionRuleShape a sh:NodeShape ;

sh:targetClass aas:AccessPermissionRule ;
sh:property [

a sh:PropertyShape ;

sh:path aas:targetSubjectAttributes ;

sh:class aas:SubjectAttributes ;

sh:minCount 1 ;

sh:maxCount 1 ;

sh:message "Exactly one <i>targetSubjectAttributes</b> pointing to a <i>Subjdmifes</i> is
required."Mxsd:string ;

sh:name "AccessPermissionRule.targetSubjectAttributes" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:permissionsPerObject ;
sh:class aas:PermissionsPerObiject ;

shtminCount O ;
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sh:message "A <i>permissionsPerObject</b> must point to a <i>PermissionsPerObject</i>."xsd:strin

sh:name "AccessPermissionRule.permissionsPerObject"xsd:string ;

I

aas:AdministrativelnformationShape a sh:NodeShape

sh:targetClass aas:Administrativelnformation ;
rdfs:subClassOf aas:HasDataSpecificationShape ;
sh:property [

a sh:PropertyShape ;

sh:path aas:revision ;

sh:datatype xsd:string ;

sh:maxCount 1 ;

sh:minCount 0 ;

sh:message “"<b>AdministrativelnformationShape</b>: Only one value for <i>revision</i
allowed."Mxsd:string ;

sh:name "revision""xsd:string ;
sh:nodeKind sh:Literal ;
l;

sh:property [
a sh:PropertyShape ;
sh:path aas:vern ;
sh:datatype xsd:string ;
sh:maxCount 1 ;
sh:minCount O ;
sh:message "Only one value for <i>version</i> is allowed."xsd:string ;
sh:name "version" xsd:string ;

sh:nodeKind sh:Literal ;

I

aas:AnnotatedRef@nshipElementShape a sh:NodeShape ;
sh:targetClass aas:AnnotatedRelationshipElement ;
rdfs:subClassOf aas:RelationshipElementShape ;
sh:property [
a sh:PropertyShape ;
sh:path aas:annotation ;

sh:class aas:Reference ;
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sh:minCount O ;
sh:message "An <i>annotation</i> must point to a Reference."*xsd:string ;

sh:name "annotation" xsd:string ;

I

aas:AssetShape a sh:NodeShape ;
sh:targetClass aas:Asset ;
rdfs:subClassOf aas:HasDataSpecificationShape ;
rdfs:subClassOf aas:ldentifiableShape ;
sh:property [
a sh:PropertyShape ;
sh:path aas:assetKind ;
sh:class aas:AssetKind ;
sh:maxCount 1 ;
sh:minCount 1 ;

sh:message "Exactly one <i>assetKind</i> attribute having=ahssetKind</i> entity is required."*xsd:strin

sh:name "Asset.kind" xsd:string ;
l;

sh:property [
a sh:PropertyShape ;
sh:path aas:billOfMaterial ;
sh:class aas:Reference ;
sh:maxCount 1 ;
sh:minCount O ;

sh:message "Only one <i>billOfMaterial</i> attribute having an <i>reference</i> entity is allowed."xsd

sh:name "Asset.billOfMaterial"xsd:string ;
l;

sh:property [
a sh:PropertyShape ;
sh:path aas:assetldentificatidadel ;
sh:class aas:Reference ;
sh:maxCount 1 ;
sh:minCount O ;
sh:message "Only one <i>assetldentificationModel</i> is allowed."xsd:string ;

sh:name "Asset.assetldentificationModel"xsd:string ;
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I

aas:AssetAdmimsitrationShellShape a sh:NodeShape ;
sh:targetClass aas:AssetAdministrationShell ;
rdfs:subClassOf aas:HasDataSpecificationShape ;
rdfs:subClassOf aas:ldentifiableShape ;
sh:property [
a sh:PropertyShape ;
sh:path aas:asset ;
sh:classaas:Reference ;
sh:maxCount 1 ;
sh:message "Exactly one <i>asset</i> attribute having an <i>reference</i> entity is required."xsd:stri
sh:minCount 1 ;
sh:name "asset"xsd:string ;
1
sh:property [
a sh:Propertghape ;
sh:path aas:derivedFrom ;
sh:class aas:Reference ;
sh:maxCount 1 ;
sh:minCount O ;

sh:message "Only one <i>derivedFrom</i> attribute having an <i>reference</i> entity is allowed."xs(

sh:name "derivedBm" xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:security ;
sh:maxCount 1 ;
sh:minCount O ;
sh:class aas:Security ;
sh:message "Exactly one <i>security</i> attribute to a <i>security</itya@stiequired." xsd:string ;
sh:name "security"xsd:string ;
l;
sh:property [
a sh:PropertyShape ;

sh:path aas:hasSubmodel ;
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sh:minCount O ;
sh:class aas:Reference ;
sh:message "<i>hasSubmodel</i> must have-eeference</i> entity pointing to a Submodel."xsd:string
sh:name "submodel"*xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:conceptDictionary ;
sh:minCount O ;
sh:class aas:ConceptDictionary ;
shimessage "<i>conceptDictionary</i> must point to a ConceptDictionary" xsd:string ;
sh:name "conceptDictionary" xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:view ;
sh:minCount O ;
sh:class aas:View ;
sh:message "<i>view</i> must point to a View"xsd:string ;

sh:name "view" xsd:string ;

I

aas:BasicEventShape a sh:NodeShape ;
rdfs:subClassOf aas:EventShape ;
sh:targetClass aas:BasicEvent ;
sh:property [
a sh:PropertyShape
sh:path aas:observed ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:class aas:Reference ;
sh:message "Exactly one <i>observed</i> attribute linking to a <i>Reference</i> is required." xsd:str

sh:name "observed"xsd:string ;

I
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aas:BlobCertificateShape a sh:NodeShape ;

rdfs:subClassOf aas:CertificateShape ;

sh:targetClass aas:BlobCertificate ;

sh:property [
a sh:PropertyShape ;
sh:path aas:blobCertificate ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:class aas:Blob ;
sh:message "Exactly one <i>blobCertificate</i> pointing to a <i>Blob</i> is required."xsd:string ;
sh:name "BlobCertificate.blobCertificate" xsd:string ;

1

sh:property [
a sh:PropertyShape ;
shpath aas:containedExtension ;
sh:minCount 0 ;
sh:class aas:Reference ;
sh:message "A <i>containedExtension</i> must point to a <i>Reference</i>."xsd:string ;
sh:name "BlobCertificate.containedExtension"xsd:string ;

l;

shproperty [
a sh:PropertyShape ;
sh:path aas:lastCertificate ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:datatype xsd:boolean ;
sh:message "Exactly one <i>lastCertificate</i> pointing to a <i>boolean</i> is required."rgd:str

sh:name "BlobCertificate.lastCertificate" xsd:string ;

I

aas:BlobShape a sh:NodeShape ;
rdfs:subClassOf aas:DataElementShape ;
sh:targetClass aas:Blob ;
sh:property [
a sh:PropertyShape ;

sh:path aas:mimeType ;
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sh:maxCount 1 ;
sh:message "A <i>mimeType</i> is required"xsd:string ;
sh:minCount 1 ;
sh:name "mime type"~xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:value ;
sh:maxCount 1 ;
sh:mesage "Only one <i>value</i> is allowed"xsd:string ;

sh:name "value"xsd:string ;

I

aas:CapabilityShape a sh:NodeShape ;
rdfs:subClassOf aas:SubmodelElementShape ;

sh:targetClass aas:Capability ;

aas:CertificateShape a sh:Nodg$ha
sh:targetClass aas:Certificate ;
sh:property [
a sh:PropertyShape ;
sh:path aas:policyAdministrationPoint ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:class aas:PolicyAdministrationPoint ;

sh:message "Exactly one <i>myAdministrationPoint</i> pointing to a <i>PolicyAdministrationPoint</i>
required."Mxsd:string ;

sh:name "Certificate.policyAdministrationPoint" xsd:string ;

I

aas:ConceptDescriptionShape a sh:NodeShape ;
sh:targetClass aas:ContBpscription ;
rdfs:subClassOf aas:HasDataSpecificationShape ;
rdfs:subClassOf aas:ldentifiableShape ;

sh:property [
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a sh:PropertyShape ;

sh:path aas:isCaseOf ;

sh:minCount O ;

sh:class aas:Reference ;

sh:message "<i>isg5eOf</i> must have a <i>reference</i> entity."xsd:string ;

sh:name "ConceptDescription.isCaseOf"Mxsd:string ;

I;

aas:ConceptDictionaryShape a sh:NodeShape ;

rdfs:subClassOf aas:ReferableShape ;
sh:targetClass aas:ConceptDictionary ;
sh:property [

a sh:PropertyShape ;

sh:path aas:conceptDescription ;

sh:class aas:Reference ;

sh:minCount O ;

sh:message "<i>conceptDescription</i> must have a <i>reference</i> entity pointing
ConceptDescription."Mxsdr$hg ;

sh:name "concept description"~xsd:string ;

I

aas:DataElementShape a sh:NodeShape ;
rdfs:subClassOf aas:SubmodelElementShape ;

sh:targetClass aas:DataElement ;

aas:DataSpecificationShape a sh:NodeShape ;
rdfs:subClassOf addentifiableShape ;
sh:targetClass aas:DataSpecification ;
sh:property [
a sh:PropertyShape ;
sh:path aas:content ;
sh:class aas:DataSpecificationContent ;
sh:maxCount 1 ;
sh:message "A value for <i>content</i> is requifédsd:string ;

sh:minCount 1 ;




326 ANNEX

sh:name "content"*xsd:string ;

I

aas:DataSpecificationContentShape a sh:NodeShape ;

aas:DataSpecificationlEC61360Shape a sh:NodeShape ;
rdfs:subClassOf aas:DataSpecificationContentShape ;
sh:tagetClass aas:DataSpecificationlEC61360 ;
sh:property [
a sh:PropertyShape ;
sh:path aas:preferredName ;
sh:message "Exactly one <i>preferredName</i> is required"xsd:string ;
sh:minCount 1 ;
sh:datatype rdf:langString ;
sh:name "preferredName"~xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:shortName ;
sh:maxCount 1 ;
sh:message "A <i>shortName</i> must have a LangString"~xsd:string ;
sh:minCount O ;
sh:dat#ype rdf:langString ;
sh:name "shortName" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:unit ;
sh:maxCount 1 ;
sh:message "A <i>unit</i> must have a String"~xsd:string ;
sh:minCount O ;
shdatatype xsd:string ;
sh:name "unit"xsd:string ;
l;
sh:property [
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a sh:PropertyShape ;
sh:path aas:unitld ;
sh:class aas:Reference ;
sh:maxCount 1 ;
sh:message "A <i>unitld</i> must have a Reference."xsdgstri
sh:minCount O ;
sh:name "unitld"xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:sourceOfDefinition ;
sh:maxCount 1 ;
sh:message "A <i>sourceOfDefinition</i> must have a String"xsd:string ;
sh:minCount 0 ;
sh:datatype xsd:string ;
sh:name "sourceOfDefinition" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:symbol ;
sh:maxCount 1 ;
sh:message "A <i>symbol</i> must have a stritg%tl:string ;
sh:minCount O ;
sh:datatype xsd:string ;
sh:name "symbol"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:datatype ;
sh:maxCount 1 ;
sh:message "Exactly one <i>datatype</i>eiguired."xsd:string ;
sh:minCount 1 ;
sh:name "datatype"~xsd:string ;
l;
sh:property [
a sh:PropertyShape ;

sh:path aas:definition ;
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sh:message "A <i>definition</i> must have a LangString"~xsd:string ;
sh:min@unt 0 ;
sh:datatype rdf:langString ;
sh:name "definition" xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:valueFormat ;
sh:maxCount 1 ;
sh:message "A <i>valueFormat</i> must have a string"&ugst
sh:minCount O ;
sh:datatype xsd:string ;
sh:name "valueFormat" xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:valueList ;
sh:maxCount 1 ;
sh:message "A <i>valueList</i> must have duédist" xsd:string ;
sh:minCount O ;
sh:name "valueList"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:value ;
sh:maxCount 1 ;
sh:message "A <i>value</i> must have a Literal"xsd:string ;
sh:minCount O ;
sh:nodeKind sh:Literal ;
sh:name "value" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:valueld ;
sh:class aas:Reference ;
sh:maxCount 1 ;

sh:message "A <i>valueld</i> musave a Reference" xsd:string ;
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sh:minCount O ;

sh:name "valueld"xsd:string ;

I

aas:DataSpecificationPhysicalUnitShape a sh:NodeShape ;
sh:targetClass aas:DataSpecificationPhysicalUnit ;
sh:property [
a sh:PropertyShape ;
sh:path aas:unitName ;
sh:class aas:SubmodelElement ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:message "Exactly one <i>unitName</i> which links to a <i>string</i> is required."xsd:string ;
sh:name "DataSpecificationPhysicaityunitName"~xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:unitSymbol ;
sh:datatype xsd:string ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:message "Exactly one <i>unitSymbol</i> which links to a <ipg#/i> is required."xsd:string ;
sh:name "DataSpecificationPhysicalUnit.unitSymbol" xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:definition ;
sh:class rdf:langString ;
sh:minCount 1 ;
sh:max®@unt 1 ;
sh:message "Exactly one <i>unitSymbol</i> which links to a <i>langstring</i> is required."xsd:string
sh:name "DataSpecificationPhysicalUnit.definition"xsd:string ;
l;
sh:property [
a sh:PropertyShape ;

sh:pathaas:siNotation ;




330| ANNEX

sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>siNotation</i> which links to a <i>string</i> is allowed."xsd:string ;
sh:name "DataSpecificationPhysicalUnit.siNotation" g#thg ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:siName ;
sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>siName</i> which links to a <i>string</i> is allowed."xsd.str
sh:name "DataSpecificationPhysicalUnit.siName"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:dinNotation ;
sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only er<i>dinNotation</i> which links to a <i>string</i> is allowed."*xsd:string ;
sh:name "DataSpecificationPhysicalUnit.dinNotation"~xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:eceName ;
sh:datatype xsd:strg ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>eceName</i> which links to a <i>string</i> is allowed."xsd:string ;
sh:name "DataSpecificationPhysicalUnit.eceName"~xsd:string ;
l;
sh:property [
a sh:ProprtyShape ;
sh:path aas:eceCode ;

sh:datatype xsd:string ;
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sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>eceCode</i> which links to a <i>string</i> is allowed."*xsd:string ;
sh:name "DataSpecificationPhysicaitleceCode" xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:nistName ;
sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>nistName</i> which links to a <i>strings/alowed."xsd:string ;
sh:name "DataSpecificationPhysicalUnit.nistName"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:sourceOfDefinition ;
sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount ;
sh:message "Only one <i>sourceOfDefinition</i> which links to a <i>string</i> is allowed."xsd:string |
sh:name "DataSpecificationPhysicalUnit.sourceOfDefinition"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:conversionFactor ;
sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>conversionFactor</i> which links to a <i>string</i> is allowed.""xsd:string ;
sh:name "DataSpecificationPhysicalUcitversionFactor" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:registrationAuthorityld ;
sh:datatype xsd:string ;

sh:minCount O ;
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sh:maxCount 1 ;
sh:message "Only one <i>registrationAuthorityigwhich links to a <i>string</i> is allowed."*xsd:string ;
sh:name "DataSpecificationPhysicalUnit.registrationAuthorityld"~xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:supplier ;
sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>supplier</i> which links to a <i>string</i> is allowed."xsd:string ;

sh:name "DataSpecificationPhysicalUnit.supplier"xsd:string ;

I

aas:EntityShape a sh:NodeShape
rdfs:subClassOf aas:SubmodelElementShape ;
sh:targetClass aas:Entity ;
sh:property [
a sh:PropertyShape ;
sh:path aas:statement ;
sh:class aas:SubmodelElement ;
sh:minCount O ;
sh:message "A <i>statement</i> must lioka <i>SubmodelElement</i>.""xsd:string ;
sh:name "statement"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:entityType ;
sh:class aas:EntityType ;
sh:maxCount 1 ;
sh:minCount 1 ;
sh:mesage "Exactly one <i>entityType</i> linking to a <i>EntityType</i> is required."xsd:string ;
sh:name "statement"~xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
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sh:path aas:asset ;

sh:class aas:Asset ;

sh:maxCount ;

sh:message "Only one <i>asset</i> attribute linking to an <i>Asset</i> is allowed."xsd:string ;
sh:minCount O ;

sh:name "Entity.asset"xsd:string ;

I;

aas:EventShape a sh:NodeShape ;
rdfs:subClassOf aas:SubmodelElementgha
sh:targetClass aas:Event ;

skos:note "As of November 2019, Event is not mandatory. This shape severs as a stump for further definiti

aas:EventElementShape a sh:NodeShape ;
rdfs:subClassOf aas:SubmodelElementShape ;
sh:targetClasaas:EventElement ;

skos:note "As of November 2019, EventElement is not mandatory. This shape severs as a stump f
definitions."@en ;

aas:EventMessageShape a sh:NodeShape ;
rdfs:subClassOf aas:SubmodelElementShape ;
sh:targetClass aas:Eudtessage ;

skos:note "As of November 2019, EventMessage is not mandatory. This shape severs as a stump f
definitions."@en ;

aas:FileShape a sh:NodeShape ;
rdfs:subClassOf aas:DataElementShape ;
sh:targetClass aas:File ;
sh:property [
a sh:PropertyShape ;
sh:path aas:mimeType ;
sh:maxCount 1 ;

sh:datatype xsd:string ;
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sh:message "A <i>mimeType</i> is required"xsd:string ;
sh:minCount 1 ;
sh:name "mime type"~xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:value ;
sh:datatype xsd:string ;
sh:minCount O ;
sh:maxCount 1 ;
sh:message "Only one <i>value</i> is allowed"xsd:string ;

sh:name "value"xsd:string ;

I

aas:FormulaSipe a sh:NodeShape ;

sh:targetClass aas:Formula ;

sh:property [
a sh:PropertyShape ;
sh:path aas:dependsOn ;
sh:class aas:Reference ;
sh:minCount O ;
sh:message "Only References are allowed for <i>dependsOn</i>."étrsgl;

sh:name "depends on"xsd:string ;

I

aas:HasDataSpecificationShape a sh:NodeShape ;

sh:targetClass aas:HasDataSpecification ;

sh:property [
a sh:PropertyShape ;
sh:path aas:dataSpecification ;
sh:class aas:Refmnce ;
sh:minCount O ;
sh:message "Only References are allowed for <i>dataSpecification</i>."*xsd:string ;

sh:name "data specification"xsd:string ;

I
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aas:HasKindShape a sh:NodeShape ;
sh:targetClass aas:HasKind ;
sh:prerty [

a sh:PropertyShape ;
sh:path aas:kind ;
sh:class aas:ModelingKind ;
sh:defaultValue aas:INSTANCE ;
sh:maxCount 1 ;
sh:message "Only one value for <i>kind</i> is allowed."*xsd:string ;
sh:minCount 0 ;

sh:name "kind""xsd:string ;

I

aas:HasSemanticsShape a sh:NodeShape ;

sh:targetClass aas:HasSemantics ;

sh:property [
a sh:PropertyShape ;
sh:path aas:semanticld ;
sh:maxCount 1 ;
sh:minCount O ;
sh:class aas:Reffence ;
sh:message "Only one value for <i>semanticld</i> is allowed."xsd:string ;

sh:name "semantic id"xsd:string ;

I

aas:ldentifiableShape a sh:NodeShape ;
sh:targetClass aas:ldentifiable ;
rdfs:subClassOf aas:ReferableShape
sh:property [
a sh:PropertyShape ;
sh:path aas:administration ;
sh:class aas:Administrativelnformation ;

sh:maxCount 1 ;




336| ANNEX

sh:message "Only one value for <i>administration</i> is allowed."xsd:string ;
sh:minCount Q
sh:name "administration""xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:identification ;
#sh:class aas:ldentifier ;
sh:maxCount 1 ;
sh:message "An <i>identifier</i> is required."xsd:string ;
sh:minCount 1 ;

sh:name "identification"xsd:string ;

I

aas:ldentifierShape a sh:NodeShape ;

sh:targetClass aas:ldentifier ;

sh:property [
a sh:PropertyShape ;
sh:path aas:idType ;
sh:class aas:IdentifierType ;
sh:description "identifier id type"~xsd:string ;
sh:maxCount 1 ;
sh:message "An <i>idType</i> is required"xsd:string ;
sh:minCount 1 ;
sh:name "id type" xsd:string ;

l;

sh:property [
a sh:PropertyShape ;
sh:path aas:id ;
sh:nodeKind sh:Literal ;
sh:description "identifier id"~xsd:string ;
sh:maxCount 1 ;
sh:message "An <i>id</i> is required"xsd:string ;
sh:minCount 1 ;
sh:name "id"xsd:string ;

I
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aas:KeyShap a sh:NodeShape ;
sh:targetClass aas:Key ;
sh:property [
a sh:PropertyShape ;
sh:class aas:KeyElement ;
sh:path aas:type ;
sh:maxCount 1 ;
sh:message "Exactly 1 <i>type</i> must be stated"xsd:string ;
sh:minCoum1 ;
sh:name "type"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:local ;
sh:datatype xsd:boolean ;
sh:maxCount 1 ;
sh:message "Exactly 1 <i>local</i> must be stated"~xsd:string ;
sh:mirCount 1 ;
sh:name "local"xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:value ;
#sh:datatype xsd:string ;
sh:maxCount 1 ;
sh:message "A <i>value</i> is required"xsd:string ;
sh:minCoum1 ;
sh:name "value" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:idType ;
sh:class aas:KeyType ;
sh:maxCount 1 ;

sh:message "Exactly 1 <i>idType</i> must be stated"~xsd:string ;
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sh:mirCount 1 ;
sh:name "idType"~xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:index ;
sh:datatype xsd:integer ;
sh:defaultValue "0"Mxsd:integer ;
sh:maxCount 1 ;
sh:message "Only 1 <i>indexx/can be stated"~xsd:string ;
sh:minCount O ;

sh:name "value"xsd:string ;

I

aas:MultiLanguagePropertyShape a sh:NodeShape ;
sh:targetClass aas:MultiLanguageProperty ;
rdfs:subClassOf aas:SubmodelElementShape ;
sh:property [
a sh:PropertyShape ;
sh:path aas:propertyCategory ;
sh:class aas:Category ;
sh:maxCount 1 ;
sh:name "MultiLanguageProperty.propertyCategory"~xsd:string ;
sh:message "Only one <i>propertyCategory</i> is allowed" " xsdgstri
1
sh:property [
a sh:PropertyShape ;
sh:path aas:value ;
sh:datatype rdf:langString ;
sh:minCount O ;
sh:message "A language string <i>value</i> must have a language tag"~"xsd:string ;
sh:name "MultiLanguaderoperty.value" xsd:string ;
l;
sh:property [
a sh:PropertyShape ;

sh:path aas:valueld ;
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sh:maxCount 1 ;

sh:minCount O ;

sh:class aas:Reference ;

sh:message "Only one <i>valueld</i> attribute having a <i>Referdixcis allowed" xsd:string ;

sh:name "Property.valueld" xsd:string ;

I

aas:ObjectAttributesShape a sh:NodeShape ;

sh:targetClass aas:ObjectAttributes ;

sh:property [
a sh:PropertyShape ;
sh:path aas:objectAttribute ;
sh:class aas:DataElement ;
sh:minCount 1 ;
sh:message "At least one <i>objectAttribute</i> pointing to a <i>DataElement</i> is required."xsd:str

sh:name "ObjectAttributes.objectAttribute" xsd:string ;

I

aas:OperationStpe a sh:NodeShape ;
rdfs:subClassOf aas:SubmodelElementShape ;
sh:targetClass aas:Operation ;
sh:property [
a sh:PropertyShape ;
sh:path aas:inputVariable ;
sh:class aas:OperationVariable ;
sh:minCount O ;
sh:messageOnly OperationVariables can be accepted as <i>inputVariable</i>""xsd:string ;
sh:name "input variable"xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:outputVariable ;
sh:class aas:OperationVariable ;
sh:minCount O ;

sh:message "Only OperationVariables can be accepted as <i>outputVariable</i>""xsd:string ;
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sh:name "output variable"xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:inoutputVariable ;
shclass aas:OperationVariable ;
sh:minCount O ;
sh:message "Only OperationVariables can be accepted as <i>inoutputVariable</i>""xsd:string ;

sh:name "inoutput variable"xsd:string ;

I;

aas:OperationVariableShape a sh:NodeShape ;

sh:targetClass aas:OperationVariable ;

sh:property [
a sh:PropertyShape ;
sh:path aas:value ;
sh:class aas:SubmodelElement ;
sh:maxCount 1 ;
sh:message "OperationVariable's <i>value</i> must point to a <i>SubmodelElemémxsd:string ;
sh:minCount 1 ;

sh:name "operation variable value"~xsd:string ;

I

aas:PolicyAdministrationPointShape a sh:NodeShape ;

sh:targetClass aas:PolicyAdministrationPoint ;
sh:property [

a sh:PropertyShape ;

sh:path aas:localAccessControl ;

sh:class aas:AccessControl ;

sh:maxCount 1 ;

sh:minCount O ;

sh:message "Only one <i>localAccessControl</i> attribute having a <i>AccessControl</
allowed."Mxsd:string ;

sh:name "PolicyAdhinistrationPoint.localAccessControl"Mxsd:string ;
l;
sh:property [
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a sh:PropertyShape ;

sh:path aas:externalAccessControl ;
sh:datatype xsd:boolean ;
sh:maxCount 1 ;

sh:minCount 1 ;

sh:message "Exactly one <ixernalAccessControl</i> attribute having a <i>boolean</i>
required."xsd:string ;

sh:name "PolicyAdministrationPoint.externalAccessControl"xsd:string ;

I;

aas:PermissionShape a sh:NodeShape ;
sh:targetClass aas:Permission ;
sh:propety [
a sh:PropertyShape ;
sh:path aas:permission ;
sh:class aas:Property ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:message "Exactly one <i>permission</b> pointing to a <i>Property</i> is required."xsd:string ;
sh:nane "Permission.permission"~xsd:string ;
1
sh:property [
a sh:PropertyShape ;
sh:path aas:kindOfPermission ;
sh:class aas:PermissionKind ;
sh:minCount 1 ;
sh:maxCount 1 ;

sh:message "Exactly one <i>kindOfPermissith> pointing to a <i>PermissionKind</i>
required."Mxsd:string ;

sh:name "Permission.kindOfPermission""xsd:string ;

I

aas:PermissionsPerObjectShape a sh:NodeShape ;
sh:targetClass aas:PermissionsPerObject ;
sh:property [
a shPropertyShape ;
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sh:path aas:object ;
sh:class aas:Referable ;
sh:minCount 1 ;
sh:maxCount 1 ;
sh:message "Exactly one <i>object</b> pointing to a <i>Referable</i> is required."xsd:string ;
sh:name "PermissionsPerOkjebject " xsd:string ;
l;
sh:property [
a sh:PropertyShape ;
sh:path aas:targetObjectAttributes ;
sh:class aas:ObjectAttributes ;
sh:minCount 0 ;
sh:maxCount 1 ;

sh:message "Only one <i>targetObjectAttributes</lppointing to a <i>ObjectAttributes</i> i
allowed."Mxsd:string ;

sh:name "PermissionsPerObject.targetObjectAttributes" xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:permission ;
sh:class aas:Permission ;
sh:minCount O ;
sh:message "A <i>permission</b> must point to a <i>Permission</i>."*xsd:string ;
sh:name "PermissionsPerObject.permission" xsd:string ;

I

aas:PolicylnformationPointsShape a sh:NodeShape ;

sh:targetClass aas:PolinformationPoints ;

sh:property [
a sh:PropertyShape ;
sh:path aas:internallnformationPoint ;
sh:class aas:Submodel ;
sh:minCount O ;
sh:message "A <i>internallnformationPoint</i> attribute must point to a <i>Submod#&M&¥ksd:string ;
sh:name "PolicylnformationPoints.internallnformationPoint" xsd:string ;

l;
sh:property [
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a sh:PropertyShape ;

sh:path aas:externallnformationPaint
sh:datatype xsd:boolean ;
sh:maxCount 1 ;

sh:minCount 1 ;

sh:message "Exactly one <i>externallnformationPifit attribute having a <i>boolean</i>
required."xsd:string ;

sh:name "PolicylnformationPoints.externallnformationPsiirixsd:string ;

I;

aas:PolicyEnforcementPoint&§be a sh:NodeShape ;
sh:targetClass aas:PolicyEnforcementPoint ;
sh:property [
a sh:PropertyShape ;
sh:path aas:externalPolicyDecisionPoint ;
sh:datatype xsd:boolean ;
sh:maxCount 1 ;
sh:minCount 1 ;

sh:message "Exdg one <i>externalPolicyDecisionPoint</i> attribute having a <i>boolean</i>
required."Mxsd:string ;

sh:name "PolicyEnforcementPoint.externalPolicyDecisionPoint" xsd:string ;

I

aas:PropertyShape a sh:NodeShape ;
sh:targetClass aasdprerty ;
rdfs:subClassOf aas:DataElementShape ;
sh:property [
a sh:PropertyShape ;
sh:path aas:propertyCategory ;
sh:class aas:Category ;
sh:maxCount 1 ;
sh:minCount O ;
sh:message "Only one <i>propertyCategory<firitaute having a <i>Category</i> is allowed" xsd:string ;
sh:name "propertyCategory"xsd:string ;
l;
sh:property [
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a sh:PropertyShape ;
sh:path aas:value ;
sh:nodeKind sh:Literal ;
sh:maxCount 1 ;
sh:minCount Q
sh:message "Only one <i>value</i> is allowed."xsd:string ;
sh:name "Property.value" xsd:string ;
l;

sh:property [
a sh:PropertyShape ;
sh:path aas:valueld ;
sh:maxCount 1 ;
sh:minCount 0 ;
sh:class aaReference ;
sh:message "Only one <i>valueld</i> is allowed" xsd:string ;

sh:name "Property.valueld"xsd:string ;

I

aas:QualifiableShape a sh:NodeShape ;
sh:targetClass aas:Qualifiable ;
sh:property [
a sh:PropertyShape ;
sh:path aas:qualifier ;
sh:class aas:Constraint ;

sh:name "qualifier"xsd:string ;

I

aas:QualifierShape a sh:NodeShape ;
sh:targetClass aas:Qualifier ;
rdfs:subClassOf aas:HasSemanticsShape ;
sh:property [
a sh:ProprtyShape ;
sh:path aas:qualifierType ;
sh:class aas:QualifierType ;

sh:maxCount 1 ;
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sh:minCount 1 ;
sh:message "Exactly one <i>qualifierType</i> linking to a <i>QualifierType</i> is required."xsd:string
sh:name "quifier type"~xsd:string ;
1

sh:property [
a sh:PropertyShape ;
sh:path aas:qualifierValue ;
sh:nodeKind sh:Literal ;
sh:maxCount 1 ;
sh:minCount O ;
sh:message "Only one <i>qualifierValue</i> is allowed.""xsthg ;
sh:name "qualifier value"xsd:string ;

1

sh:property [
a sh:PropertyShape ;
sh:path aas:qualifierValueld ;
sh:maxCount 1 ;
sh:minCount O ;
sh:class aas:Reference ;
sh:message "Only one <i>qualifilalueld</i> having a <i>Reference</i> entity is allowed."xsd:string ;

sh:name "qualifier value id"xsd:string ;

I

aas:RangeShape a sh:NodeShape ;

sh:targetClass aas:Range ;
rdfs:subClassOf aas:DataElementShape ;
sh:property [

a sh:PropertyShape ;

sh:path aas:min ;

sh:nodeKind sh:Literal ;

sh:maxCount 1 ;

sh:minCount O ;

sh:message "Only one <i>min</i> attribute having a <i>Literal</i> is allowed""xsd:string ;

sh:name "min""xsd:string ;

l;

sh:property [
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a sh:PropertyShape ;

sh:path aas:max ;

sh:nodeKind sh:Literal ;

sh:maxCount 1 ;

sh:minCount O ;

sh:message "Only one <i>max</i> attribute having a <i>Literal</i> is allowed""xsd:string ;

sh:nane "max"~xsd:string ;

I;

aas:ReferableShape a sh:NodeShape ;

sh:targetClass aas:Referable ;

sh:property [
a sh:PropertyShape ;
sh:path aas:category ; # todo
sh:datatype xsd:string ;
sh:maxCount 1 ;
sh:minCount O ;
sh:message "Only one value for <i>category</i> is allowed"xsd:string ;
sh:name "Referable.category"xsd:string ;

l;

sh:property [
a sh:PropertyShape ;
sh:path aas:description ;
sh:datatype rdf:langString ;
shname "Referable.description" xsd:string ;
sh:minCount O ;

l;

sh:property [
a sh:PropertyShape ;
sh:path aas:idShort ;
sh:datatype xsd:string ;
sh:maxCount 1 ;
sh:minCount 1 ;
sh:message "Exactly one <idSHort</id> is required."xsd:string ;
sh:name "Referable.idShort"*xsd:string ;

sh:pattern "NezA-Z]\\w*$"xsd:string ;
























































































































































































































































































































































































