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1.1Editorial N otes

This document was produc&®m Novenber 20190 November2020 by the subworking groupi As s et Admi ni st
S h e df th@Platform Industrie 4.0 \bfking Groupfi Bference Architectures, Standards and Ndims

The second version V2.0 of thitbcument was produceugust 2018 to November 20by the subworking group
AAsset niAdmrati on Shel |l 0 o forkinglGmupR BfaréntecArchiteturen, Gtardardsiared 4 . 0
Norms#. Version 2.0.1 was published in May 2020.

The first version of thislocument was produceikegember2017 toJuly 2018 by a joint working group with members

from ZVEI S G Mddels and Standards a n tlornPiidastrie 4.0 Workig Groupfi Bference Architectures, Standards

and Normdh. The document was subseqWonmtli nwg\vid@feliodegtclditecturesy t h e
Standards and Nornfis

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

This specification is versioned usigSgmantic Versioning 2.0 @emver) and follows the semver specificafié8].

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT", "SHOULD", "SHOULD NOT",
"RECOMMENDED", "NOT RECOMMENDED", "MAY", and "OPTIONAL" in this document are to be interpreted as
described iBCP 14RFC2119RFC8174

1.2Scopeof this Document

The aim of this document is to make selected specifications of the structurédhthestration Shelin such a way that
information about assets and |€£0mponents can be exchanged in a meaningful way between pantaeralue creation
network.

This part of this document therefore focuses on the question of how such informatiotorespiocessed and structured.
In order to make these specifications, the document formally stipulates a few structural prindipdeSdofinistration
Shell This part does not describe technical interfaces of Aldeninistration Shellor other systemsot exchange
information, protocols or interaction patterns.

This document focuses on:

1 Exchange format for thigansportof informationfrom onepartnerin the value bainto the next
1 Metamodel for specifying information of an Asgetministration Shellndits submodels

91 Identifiers

1 Access Control

1 Mappings to suitable technologies to be used in different life cycle pbhagroduct

This document assumes some famitiamwith the concept of the Asset Adminsitration Shell. For convenience some of
the concepst are repeated in tnnex A The main stakeholders addressed in thisidwmt are architects and softwar
developers aiming to implement a digital twin using the Asset Adminsitration Shell in an interoperable way. Additionally
the contentcan also be used asput for discussions withinternational standardizatiororganisationsand further
cooperatios.

1.3 Structure of the Document

Clause? provides terms and definitions as well as abbreviations, footabbrevaions used in the document and for
abbreviations that may be used for elements of the metamodel defined in this document.

Clause3 summarises relevant, existing cent from thestandardizatiorof Industrie 4.0. Inother words, thiclause
provides an overview and explains the motives, and is not absolutely necessary for an understandingsefinensu
definitions.

Clause4 stipulates sufficient structural principles of tAdministration Shellin a formal manner in order to ensure an
exchange of information between thdministration Shei. An excerpt of a UML diagm is dréted for this purpose. A
more comprehensive UML discussion which does not set standards can be found in theSeomety topics are
discussed in Clauge


https://semver.org/spec/v2.0.0.html
https://tools.ietf.org/html/bcp14
https://tools.ietf.org/html/rfc2119
https://tools.ietf.org/html/rfc8174
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Clauseb describes the promotiaf attribute based access models for information security.

Clause6 describes, how the infmation of one or more Administration Shells could be packed into a compound file
format (AASX). Background information with repectttos format can be found iinnex B

Clause7 provides detailed efinitions for the exchangef information compliant to this specificatiom existing data
formats like XML, AutomationML, OPC UA irdrmation models, JSON or RDF. An explanation is provided for each of
these data formats stating how information is to dqgresented (metamodel), and an example of a representation is
provided.

ClauseB deals with filtering infomation before exchange with external partners.

In Clause9 hints on existing open source teolhat can be used for editing, implementing or managing Asset
Administration Shells are given.

Finally, Clausel0 summarizes the content and gives an outlook on future work.

The Annex contains details w.r.t. the mappings don€lause6 (Annex Fto Annex J plus additional bekground
informationon asset administration shélinnex A). In the Annex also information abt UML (Annex D) and the tables
used to specify UML classe8ifnex Q are catained.

Metamodel changes compared to previous versions are descridemen K For developrs there are alsselected
metamodel diagrams including all inherited attributes providekhimex E

1.4Principles of the Work

The work is based on the following principle=ep it simple but do not simplify if it affects inteeggbility.

For creating a detailed specification of théministration Shellaccording to the scope of part-1 Clausel.2), result
paperspublished by Plattform Industrie 4.@he Trilateral cooperation with France and Italyd ainternational
standardizatiomesults werenalysedand takes as source of requiremdatgshe specification processsAnany ides as
possible from the discussion papessre considered

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

Design alternates were intensively discussed within the working group. An extensive feedback prodessensb
called "sounding board" of this doment series, with the Plattform's working groups and with associated partners were
engagedn th discussion ofhe desig alternatives and the final content of the specification.

Guiding principle for the specification was provide detaéd information which can be easily implementedso by
small and mediumsized enterprises



2 Terms, Definitions and Abbreviations



Terms, Definitions and Abbreviationjs19

2.1Terms & Definitions

Forward notice

Definition of terms are only valid in a certain contextisigiossary applies to the context of tdi@cument.

access control

protection of system resources against unauthorized access; a process by whichysssmofegurces is regulated
according to a security policy and is permitted by only authorized entities (users, programs, processesystanttsr
according to that policy

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

application

software functional element specificttte soluion of a problem in industrigbirocess 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 lmy under thecustodial 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)

standardizediigital representatiorof the asset corner stone of the interoperability between the applications managing
the manufacturing systems. It identifies th@ministration Shelland the assets represented by it, holds digital models of
various apects gubmodelsand describesechnical functioality exposed by thédministration Shellor respective
assets.

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

A [SOURCE: Glossary Industrie 4.0]

attribute
data element of property; a relation, or a class in informaticgchnology

A [SOURCE: ISO/IEC Guide 77-2, ISO/IEC 27460, |IEC 61360]

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

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

capability
implementatioAndepenént potential of 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 assenjirieduct,systenor plant
A [SOURCE: IEC 61666:2010, 3.6]

concept
unit of knowledge created by a unique combirmratié characteristics
A [SOURCE: IEC 61360-1, ISO 22274:2013, 3.7]

digital representation

information that represents characteristics and behavi@sentity

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 IC:IIVOC:V2.3:20201025,adaped (attributes changed to characteristics + 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: IIC Vocabulary [IC:IIVOC:V2.3:20201025, adapted (an asset, process or system was changed to an asset)]
identifier (ID)
identity information that unambiguously distinguéshone 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 a certgpe

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

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

operation

executable r&ization of a function
Note 1: The term method is synonym to operation

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

A [SOURCE: Glossary Industrie 4.0]

ontology
an explicit specification of a (shared) conceptualization

A [SOURCE: Gruber AA Translation ApproathonsopoKhawl edogeb2tqgysspeE
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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 ECLASS), 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 are provided by the manufacturers. A property instance is
also called property-value pair in certain standards.

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

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

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

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

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

qualifier

well-definedelement associated withpaopertyinstance osubmodel elementestricting the valuetatement to a certain
period of timeor 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 apach, that improves its performanaspects with integrated and intelligent use of processes and
resources in cyber, physical and famspheres to create and deliver products and services, which also collaborates with
other domains within an enterprise/alue 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 2020, 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 includedssdtheministration shell

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

Note 2: Submodels can have different life cycles.

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

A [SOURCE: Glossary Industrie 4.0]

submodel element

elementsuitable for the description and fifentiation ofassets

Note 1: extends the definition of properties
Note 2: could comprise operations, binary objects

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

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

technical functionality

functionality of theAdministration Shelthat is exposed by an application programminggriface (API) and thas
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 ofabjectin sufficient deail thatsuch objectan be instantiated using it

Note: object can be anything that has a type

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

type
hardware or software element which specifies the comattabutesshared by all instances the type
A [SOURCE: IEC TR 62390:2005-01, 3.1.25]

view

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

A [SOURCE: Unified Modelling Language - UML]
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2.2Abbreviations used in Document

Abbreviation Description

AAS AssetAdministration Shell

AASX Package file format for the AAS

AML AutomationML

API Application Programning Interface

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

CDD Common Data Dictionary

GUID Globally unique identifier

14.0 Industrie 4.0

ID Identifier

IEC International Electrotechnical Commission

IRDI International Registration Data Identifier

IRI Internationalized Resourceddtifier

ISO International Organization for Standardization
JSON JavaScript Object Notation

MIME Multipurpose InterneMail Extensions

OPC Open Packaging Conventions (ECMBX6, ISO/IEC 295042)
OPC Open PlatforrCommunications

OPCF OPC Foundation

OPC UA OPCuUnified Architecture

PDF Portable Document Format

RAMI4.0 Reference Architecture Model Industrie 4.0

RDF Resouce 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

uTC Universal Time Coordinated

VDI Verein Deutscher IngenieueeV.

VDE Verband deElektrotechnik Elektronik Informationstechnik e.V.
VDMA Verband Deutscher Maschinamd Anlagenbau e.V.
Ww3C World Wide Web Consortium

XML eXtensible Markup Language
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Abbreviation Description
ZIP archiwe file format that supports lossless data compression
ZVEI Zentralverband Elektrotechnrikind Elektronikindustrie e. V.

2.3 Abbreviations of Metamodel

The following abbreviations are not used in the document buthbeaysed as abbreviations for the elemdntshe
metamodel defined in this document.

Abbreviation Description
Asset Administration Shell
Asset Asset
Cap Capability
CD Concept Description
DE DataElement
DST DataSpecification Template
InOut inoutputVariable
In inputVariable
Id Identifier/id
Prop Property
MLP MultiLanguageProperty
Range Range
Ent Entity
Evt Event
File File
Blob Blob
Opr Operation
Out outputVariable
Qfr Qualifier
Ref ReferenceElement
Rel RelationshipElement
RelA AnnotatedRelationshipElement
SM Submodel
SMC SubmodelElementCollection
SME SubmodelElement
View View
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3.1Basic Concepts

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

3.2Leading Picture

The leading use case in thikbcument is the exchange of ass&tAdministration Shellincluding all its auxiliary
documents and artifacts from one value chain partner to another. This is, in this docurdemateleal with ta use
case of already deploygissetAdministration She# running in a specific infrastructure but only with fédgchange
between partners.

Figure 1 Use Case File Exchange between Value Chain Partners
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d/o| b consolidate d 3
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M 4/0| b — /ol b 4
delivery ‘ )

14.0-
platform RE

Picturédofimeistedpchemaccording Epple, 20

Figure 1 shows the overall picturdt depicts two value chain partners; "Supplier" is going to provide someigd
"Integrator” is going to utilize thiproductsin order to build a maddne. Two kinds ofAdministration She# are leing

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 bodkégure?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 respesalbdityand securityThere needs to bebélateral
agreement on security constraints to be fulfilled for the transfer and ustgefités. This is explained in more detail in
Clauseb.

Forusabilitya container format for exchangifites is used and a corresponding structure is definedJlseset). This
predefined strucre helps the consumén understand the content of the single files. This is important because an
AssetAdministration Shelspecifiation can be spread across several fikdditionally, the container may contain
auxiliary filesreferences by the AAS @ven executable code.
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4 .1Introduction

This clausespecifies thénformationmetamodel oftte AssetAdministration ShelBefore doing spsome general aspesct
of the handling of asset typasd instances are deftierd (se€Subdause4.2 Types and InstancesAnother very important
aspect of the AAS is the identification aspect,Selkdause4.3. In Subclause4.5aspects of event handling are discussed.
In Subclausé.3it is desaibed which elements to use for modelling composite 14.0 Components.

An overview of the metamodel of the Asset Admiratibn Shell is given in Subclaudes. In Subdause4.7 the classes
are deschied in detail together with all their attributes.

Themetanodel for security aspectd the Administration Shells desctbed inClauseb.

The legend for understanding the UML diagrams and the table specification of the atas&amd inAnnex Band
Annex D

4.2Types and Instances

4.2.1 Life Cycle with Asset Types and Instances

Industie 4.0 utilizes an extended understanding of asset, conmprdments such dactories, production systems,
equipment, machines, components, produced products and raw matesialssbprocesses and orders, immaterial assets
(such as processes, softeadocuments, plans, intellectual property, standardsjcesrand human personnahd more.

The RAMI4.0 mode[3] features one, generalized lfgcle axis whichwas derived from IEC 62890. The basic idea is
to distinguish for all assets within Industrie 4.0 between possible typessiadda. This makes it possible to apply the
type/instance distinction for all elements such as material type/materaidesipoduct type/product instance, machine
type/ machine instance and more. Business related information will be handled on ihesBulayer of the RAMI4.0
model The business layer also coverder details and workflows, again wilssetypes/ insances

Table 1 Life cycle phases and roles adssettype and instance

Phase Description

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

Usage /| Ramping up production capacity. The ‘extérnamformation
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 abbuproduction, logistics
qualification and test are associated with the asset instances.

Usage /| Usage phase by thmurchaser of the asset instances. Usage dq
Maintenance associated with the asset instance and might be shared with
value chaimartners, such as the manufacturer of the asset inst

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

Tablel gives an overview of the different life cycles phases and the role of type and instareseiplihsehe most
important relationship is between asset types and asset instance. This relationship should edntirdgaghout the
life of the asset irtances. By this relationship, updates to the asset types can be forwarded to the asseg,iegitzarc
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 relatidrigs are feedback loops/ information within the-kifecle of the asset type and instance. For
product assets, for example, information on usage and maintenance of product instameesised tamprove the
manufactiring of products as also the (next) guot type.

The third class of relationships are feedforward/ information exchange with aksditer asset classes. For example,
sourcing information from business assets can influence design aspects of prodtiesjesign 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 fourth class of relationships are between asset of different hierarchg.lEeelexample, these could be the (ayitd

relationships between manufacturing stations and products being currently produced.cdllesde also the
decompositions of production systems in physical, functional or safety hierarchies. By this clakgiafshéps,

automation equipment is elgned as a complex, interrelated graph of automation devices and products, performing

intelligent production and seléarning/ optimization tasks.

4.2.2 Example

Thefollowing figure gives an exampléor the handling of aset types and asset instaneesl for thehandlingof some
exemplary information as well. Further explanation will follow in thetrduses

Figure 3 Exemplary types and instances of assets represented toyltiple AAS

http://TOZ1555 104, com: AAS

-=__ = —— hitp://T2.com: AAS

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 e t type
instanceso. When nmrefiesttiamg etso of ymeas AAS this is exp
i nst ammnetmxupboth AAS types are synonymously wused with 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).

o
I e

There shall be a concretesastype of a temperature sensor and two uniquely identifiable phtesicpératuresensors
of this type The intention ido provide a separate AAS for the asset typeelbas for every single asset instance.

In the example,the first sensor has theiumque | D A0RAS5&a6BHAAhe second sensor
A02155%5B210AA The AAS for tuniquedRl fihgpt/adeireshelli@To harsd tthhethe AAS
second sensoials theuniqueURI fhttp://adminshellio/T 2 6 . kinddfkb ot H nist alhced. The exampl

measured temperatuagoperation timef the two sensors is different: for T1 itd8 °C, for T2 it is 100°C. For the time

being we ignore therelation$ip fderivedFrond o f the two AA®i tAilir 1 &tp:Padmic A T2 0

shellio/TO215551A/.
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Note Even though the HTTP scheme is usedhe examplethe URIs do not need to be validRUs and therefordo

not need t@oint to accessible content.

Note:

The unit can be obtained by the semantic reference of the element fime asur ed Temper at ur eo

this is not shown in the example.

For

The® two asset instances do have a lot of infitram they share: the information of the asset type (in this example a
sensor type). For this asset type an own AAS is created. Thequne | D f or httpladsin AAS

on

shellio/TO 2 1 55 5 1 Aukiqueid of thesensort y pe i s A OTRelkn®imth Ao case is AType
Al nstanceo. The information that is the same ct€lass al l
(=0Component o), t he ma n u fEagtish Desaipto n( =B mrchdi) s ea naln dt hfea

measuremen Gdwellas he val 4® WALnge 140 ACO.

Now the two AAS of the two asset instances may riefer t he AAS o0 02 1t5h5e5 laAsAsoerdlatiingmpge tih e

attributefiderivedFrono .

Note:
Note:
Note:

Note:

Note:

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

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

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

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

In the domain of the internet of things (IoT),a s s e t instances are typscawhegr @@ noaedet

types are denoted as fAProduct o.

4.2.3 AssetAdministration Shell Types and Instances

In the pevious claus, type andinstances obsset were explainedObviously the questiorhén comes up how to
harmonize AASas well asAAS types. In our exampjdét can be seethat the attributeBas s e & h &indaas well as
the global identifier (idrepresented as name of the dlass present for all AAS. Howey, if there is nstandad, it is

not
are mandatory and which are specific for the asset (type or inst@ihce)s illustratedn Figure4.

This is thepurposeof this document: The definition of a metamodel that defines which attributes are myradator
which are optiondior all AAS. ThePlatformIndustrie 4.0 metamodfdr AssetAdministration Shedis defined inClause

4,

Note:

Note:

Note:

Note:

cl ear t haido asis e adh dlimdd n & r e s forlEAAS amadritds not clear, which dfie attributes

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

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

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

It is not mandatory to define an AAS type before defining an AAS (instance). An AAS instance that does not
realize an AAS type shall be realized based on the Metamodel of an AAS as defined in this document.
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Figure 4 Exemplary relations betwveen metamodel of AASAAS types and AAS instances
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4.3Composite 14.0 Components

As described irClause4.2.1there is alass @ relationships between assets of different hierarchy levels. By this class of
relationships, automation equipment is expéd as a compleiterrelated graph of automation devices and products,
performing intelligent production and sddfarning/ optimkation tasks.

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

1 RelationshipElemerit used to dscribe relationships between assets and other elements
1 Asset/billOfMateriali A complex asset is composed out of otheftiestand assets. These entities and assets
being part of the asset are specified in the bill of material.

Note: The submodel template defining the structure of such a bill of material is not predefined by the AAS
metamodel but is assumed to contain Entity elements.

1 Not every entityEntity) that is part ofthe bill of material ofin asset has necessarily its own asset administration
shell. As described i1 2] selfmanaged entities are distinguished fronmtanaged entitie@Entity/entity Type).

0 SelfManaged Entities have their own AAS. This is why a reference to this asset is specified as well
(Entity/assét Additionally, furtherproperty statementsompare tg15]) can be added to theset that
are rot specified irthe AAS of the asset itself because they are spedéifielation to thecomplex 14.0
Component only.

o For m-managedentities there is neeparate AASThe relationships and property statemsasf such
entities are managed within the AAStbe composite 14.0 Component.

Figure5 shows an extract of the metamodel that is introduced later comgtdirérelements being the most important to
describe composite 14.0 Components.
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Figure 5 Extract from Metamodel for Composite 14.0 Components
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4 . 4ldentification of Elements

4.4.1 Overview

Identifiers are neeeddaccording td4] for the unique identification ahany differenelementsvithin the domairof smart
manufacturing For this easm, they are a fundamental element of a formal description oAdmeinistration Shell
Especially, identification iat leastrequired for:

AssetAdministration Shel,

assets,

= =A =

submodeinstances and submodemplates
1 property definitionfconceptdescriptionsn external repositories, suchBELASSor IEC CDD
Identification will take placedr two purposes:

(1) to uniquely distingish allelementof anAdministration Shelland
(2) to relate eementsto external definitions, such agbmodel templateand property definitionsjn order to bind
a semantics to these data and functiefamentof an Administration Shell

4.4.2 What Identifi ers Exist?
In [4], [20] two standaretonforming global identificationypes are defined:

(a) IRDI - 150290025, ISO IEC 6523and ISO IEC 1117% [20] as anldentifier scheme for progrties and
classifications. They are created in a process of consewism specification or internatiohatandardizatio.
To this end, users sit down together and feed their ideas into the consettindardizatiomodies. Properties
in ISO, IEC helpto safeguard key commercial interests. RepositorieHBREASSand others make it possible
to standardis a relatively arge number ofdentifiers in an appropriately short time.

(b) IRI'T IRI (Rfc 3987) or URI and URLaccording to RFC 3986s identificatbn of assetsAdministration She#
ard other (probably not standardi, but globally unique)roperties and classificatis.

The followingis also permitted:

(c) Custom - Internal customldentifiers such as GUIDs (globally uniguéentifiers®), which a manudcturer can
use for all sorts of khouse purposes within tieministration Shell

This meas that the URIs/URLs and #&tnal customldentifiers can represent and communicate manufacgpecific
information and functions in the&dministration Shelandthe 4.0 infrastrature just as well as standarelizinformation
and functions. One infrastrtuze can serve both purposes

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

Besides the globdbentifiers, there are alsédentifiers that are unique only within defined namespace, typically its
parent element. Theddentifiers are also called local identifiers. Example: Properties withinbanedel have local
identifiers.

Besides absolute URIs there are also relative URIs.

See also Nl SPEC 9140643] for further information on identificatian

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

3 https://en.wikipedia.org/wiki/Universally _unique_identifier
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4.4.3 ldentifier s for Assets andAdministration Shells

For the domain of smart maiaeturing, the assets needlie uniquelyidentified worldwide[4] [20] by the means of
identifiers (IDs). The Administration Shelhasa unique ID, as well.

Figure 6 The Administr ation Shellneeds a unique Identifier, as well as the asset being describ@diodified figure
from [4])
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PropertiesyithIDs
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|
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~

SourcePlattfornndustrid.0

An Administration Shelrepresents exactly oresset, with a unique asset IID.a batch based production, thatches
will becomethe assatand will be described by respectivéddministraion Shell If a set of assets shall be debed by
anAdministration Shellaunique ID forthe composite asseeeds to be creat¢ti?].

The ID ofthe asset rezsto complywith the restrictions for globadtlentifiers accordindo [4][20]. If the asseis featuring
further identifications, serial numbers aalike, they are not to beanfused withte unique globddentifiers of the asset
itself*.

4.4 .4 Which ldentifier s to use for whichElements

Not everyldentifier is applicable for everyelementof the UML modelrepresenting the asset administration shéie T
following table thereforguts constrairst on the various entities, which implement "ldentifiabbe""hasSemantics"
Attributes relate to the metamodel@haused.6 andClaused.7.

Table 2 Identifiables, attributes and allowed identifiers

Allowed Identifier s
Identifiable Attribute (recommended or Remarks

typical)

Asset mandatory

C id IRI (URL)
AdministratiorShell Typically, URLs will be used

4 Such additional local identifiers arercd ai ne d i n assétldentsicatomvioddle | f
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Allowed Identifier s
Identifiable Attribute (recommended or Remarks

typical)

idShort string mandatory
mandatory
id IRI
Asset Typically, URLs will beused[4]
idShort string mandatory
mandatory
id IRDI, IRI (URI) IRDI, if the defined submodel is standardiz,
and an IRDI was applied for it
mandatory
Submodel with kind o 'dShort string Typically used asdShortfor the submodel of
Template kind Instanceas well
optional

The semantic id might refer to an exteri
semanticld IRDI, IRI (URI) information  source, which explains tf]
formulation of the submodel (for example
PDF if astandard)

id IRI (URI), Custom mandatory

mandatory

idShort string Typically, theidShort orEnglishshort namenf
the submodel template referenced vig

Submodel with kind 5 .
semanticld

Instance

recommended

semanticld IRDI, IRI (URI) Typically, thesemantids an external referenc
to an external stalard defining the semantic
of the submodel.

mandatory

idShort string Typically theEnglishshortname dtheelement
referenced vidsemanticld

SubmodelElement recommended

semanticld IRDIL, IRl (URI), | |ink to a ConcepDescription or the concept
Custom definition in an external repositomia a global
id

mandatory

Concepbescriptionneeals tohave a global id
id Custom or IRDI If the concept description is a copy from

externaldictionary likeECLASSor IEC CDD
it may use the samedaflal id as it is used in th

Concepbescription external dictionary.

mandatory
idShort string

e.g.same ag&nglishshort name
isCaseOf IRDI, IRI (URI) optional

5 Note: In version V1.0 of this ggification idShort was optional for Identifiables. This changeddrd: now idShort is
mandatory for all Referables.
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Allowed Identifier s
Identifiable Attribute (recommended or Remarks

typical)

links to theconceptdefinition in an externa
repository the concept description is a co
from or that it orresponds to

idShort string mandatory
View recommended
. IRDI, IRl  (URI),
semanticld Custom links to the view definition in an externa
repository
recommended
Links to th lifier t definition i
3 . IRDI, IRl (URI), inks to the qualifier type definition in a
Qualifier semanticld external repository

Custom
IRDI, if the defined qualifier type is
standardized and an IRDI was applied for it

4.4.5 How are New ldentifiers Created?
Following the differentdentification typedrom Clause4.4.3 it can be stated

(a) IRDIs are assumed to be already existing by an external specificatistantthrizationprocess, when it comes
to the creation ba certainAdministration ShellFor bringingsuchIRDI Identifiersinto life, refer toClause4 of
the cbcument4].

(b) URIs and URLs can easily be foed by developers themselves, also on the fly wheatiogea certain
Administration ShellAll that is neededs a validauthority, for example of the company, ataimake sure that
the way in which hhe domain (e.gadminshellio) is organised ensures that the pajbended tthe hostname
is reserved in s&emantically unique way for thesgentifiers. In this way, @ach developer can create an arbitrary
URI or URL by combining the hostame and some chosen path, which only needs to be unique in the developer's
organisation.

(c) Custom dentifiers can also be eiisformed by developers themselves. All that is necessary is a corresponding
programmatic functionality to be retrieved. It is neaegs$o ensure that internaistomidentifiers can be clearly
distinguished from (a) or (b).

(d) Local identfiers can also bereated on the fly. They have to iniquewithin their namespace.

4.4.6 Best Practice for Greating URI Identifier s

The approach for semaeg and interaction for 14.0 componefit3] suggests the use of the following structure for $RlI
which is slightly modified herélhe dea is to always structure Usfbllowing ascheme of different elementdowever,
this is ust a recommendation and not mandatoyeased.

Table 3 Proposed structure for URIs

Element De<ription Syntax
component
Organisation Legal body, administrative unit or company issuing the ID A
Organisational subunit - . . L
Sub entity in organisation above, or released specification or publicati
Documen ID/ L P
. organisation above.
Document subunit
. Submodel of functional or knowledgeise domain of asset édministration
Submodel / Doma#tiD . P
Shell theldentifierbelongs to.

5 URLs are also URIs



38| The Metamodel of the Administration Shell

puHication

Version Version numbein line with release of specification or publicationaentifier | P
- Revision numbern line with release of specification or publication
Revision " P

Identifier
Property / ElementD Property or further structural element IDthe Administration Shell P
Individual numbering of the instances within release of specificatio
Instance number P

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

<AASURI> YYT

<scheme>

<authority> ::=

<path>
<subunit> Y YT
<domain>Y Y I
<release>Y Y I

<element> Y YT

faOKSYSBH [<paths§
a valid URI scheme

<Organisation>

W O04akKé

<subunit> <domain> <release> qedmt>

aYeo

W) <Budbrmadel iDoma#D>

W O04akKé

®w o6&k €

GYEO on>* 4 SNEA2Y D ®

FhNBFYA&lLIGA2YI

Flodzi K2 NA G @

GaKE H AYED

FAtYNE -LPS Ndhsianc@ hunieSy*(]

Using this schemejalid URNs and URLSs can be creajdubth beingJRIs. For the use oAdministration Shel, URLs
are preferreds well as functionality (such as REST services) can be bound ldethtfiers. Examples of sucldentifiers

aregiven inTable4.

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

Identifier Description Property class Examples
Administration Shel| 1D of the urn:zvei:SG2:aas:1:1:demo11232322
- . Basis
ID Administration Shell http://www.zvei.de/SG2/aas/1/1/demo11232322
Identification of type| Selected ~submode] UM:GMA:7.20:contractnegotiation:1:1

SubmodellD (Type)

of submodel

are basis, others free

http://www.vdi.de/gma720/contractnegotiation/1/1

Identification of the

urn:GMA.:7.20:contractnegotiation:1:1#001

(not used by
metamodel)

and status instance

Submodel D | .

(Instance) instance  of  the Free http:/Awww.vdi.de/gma720/
submodel contractnegotiation/1/1#001

o urn:PROFIBUS:PROFIBUSA:V3-

Property/parameter’s Identification of the _ 3 02:Parameter:1:1:kTemp
property, paramete] Domainspecific

atus type IDs and status types http:/www.zvei.de/SG2/aas/1/1/demo11232322/m3

emp

Property/parameter/s urn:PROFIBUS:PROFIBUSA:V3-

atus instance IDg Identification of the 02:Parameter:1:1: Maxfnp0002
property  parameter| Domainspecific

http://www.zvei.de/SG2/aas/1/1/demo11232322/m4
emp#0002

{ dzo dzy' A Gk 5 2 O d2"

F WS
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Note: the last row of the table is only used for completion; the metamodel does not foresee identifiers for
property/parameter/status instances.

4.4.7 Creating a Submodel hstance based oran Existing Submodel Template

In order to instantiate axistingsubmodel templat¢hereshouldbe apublic specification of thsubmodel tmplate e.g.
via publication by Plattform Industrie 4.8\s a special case, instantiating a subdeidfrom anon-public submodel
template such as ananufacturer specification, is also possible.

As of October2020, there are no finallypublished standardidesubmodel templageavailable but some examples are
describedn [6], which provides simpleables listing properties in a predefined hierarchy.

In eachsubmodel templatethe Identifier s of property definitions to be used asemantic referencesare already
predefined. An instantiation of suchsubmodemerelyrequires the creation pfopertiesachwith a semantic reference
to the property definitiomndattachavalue.

What remains is to create &tentifier of the submodanstance itself, which is in the regular case an URI/URL.

4.4.8 Can New or Proprietary Submodels be Brmed?

It is in the inteest of Industrie 4.0 for as many submodels as possible, including free and proprietary submodels, to be
formed ¢ [4],AiFree property setso). A sub mo dAdminigration Shetof ah or me d
asset. Fothis purpose, the provider of tAeministraton Shellcan form irhouseddentifiers for the type and instance of

the submodel in lie with Sectiom.4.5 All 14.0 systems are called on to ignore submodels and propertiegréhatot
individually known, and simply to fAoverl|l ooko yihegm. For
manufaturerspecific or usespecifici information, submodelsr properties in administration 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.

4.4.9 Usage of dort ID for Identifiable Elements

The Administration Shelfosters the use of worldwédunique identifiers to a large degree. Howeiresome cases, this
may lead to inefficiencies. An example might bfengng to a poperty, which is part of a submodel which is part of an
Administration Shelland each of these identified by globhdéntifiers [4]. For example, in an apipation featuring a
resource oriented architecture (ROA), a worldwide unimgssurce locator (URL) might be composed of a series of
segments, which in turn do not need to be worldwide unique:



40| The Metamodel of the Administration Shell

Figure 7 Motivation of exemplary identifiers and idShort

El . Identifier Identifier Identifier Identifier
ement: GlobalAssetld AdminShell + Submodel SubmodelElement
| http://pk.comp http://smart.co http://smart.co

FE;.emp ary .com/357PLPG mp.com/aas/343 | <— | mp.com/submod not identifiable

1a: NFL2 43433432434 els/960594795

Exemplary http://pk.comp http://smart.co

id respectively .com/3S7PLPG mp.com/aas/343 / energyefficiency set-point

idShort: NFL2 43433432434

& ™ =represented by <«— =belongs to / = chained together

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Source: Platfform Industrie 4.0

In order to allow such efficient addressingetdmentdy an API of arAdministration ShellidShort is providedor a set
of classe®f the metamodel, which inherit from alzsit classkeferablein order to refer to th dependerglementg-

4.6). However, an external systemdaessing resources of @dministration Shells required to check the respective
semanticsi.e. the alue ofsemanticldfirst, before accessinglementsy id or idShort(- 4.7.2.

4.5Events

4.5.1 Overview

Events are a very versatilgechanism of the AAS. In the following sections, first someoases for events are described.
Different types of eventare summarized in ordéo depict requirements. SubmodelElemeriiEvend is introduced,
which is able to declare events of an AASeTgeneral format of event messages is specified.

4.5.2 Brief Use Cases forEvents Used in Asset Administration Shells

1 An integator hagpurchased a device. Later in time, the supplier of the device provides a new firmware. The
integrator wants to detect the effof a new firmware and wants to update the firmware after evaluating its
suitability ("forward events")The mechanismsj that adependent AAS ("D4") detects events from a parent or
type AAS ("D1"), which is described by tlierivedFronrelation.

1 An integrator/ operator operates a motor purchased from a supplier. During operation, condition monitoring
incidents occur. Botpartiesagree on a business model providing availability. So, the supplies teamonitor
devicestatusesvhich are further in thgalue chain ("reverse events").
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Figure 8 Forward and Revers Events

y @'—' Supplier y .E. Integrator

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

@ <E reverseevents 1 H

product 'DE" . 'DE" A

delivery

1 An operator is operating aertain #.0 component over time. Changes occasionally occur to these 14.0
components from different systems. For documentation adiiregy 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

> % Operator

Outer (message)

infrastructure ’—> 8

Outer system

Error Maintenance Upgrade new product

Operation of machine asset(years)

System boundary AAS + asset

1 An operator is operating different 14.0 components, which are deployed to roamefaclouds. The operator
wants to integrate data from these components, according to DIN SPEC 92222. Thefefanetion needs to
be forwarded to the operator cloud ("value push®).
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Figure 10 Value Push Events across Clouds

valuepush

Cloud "Supplier A" Cloud "Supplier B" Cloud "Operator"

3

{=r

4.5.3 Input and Output Directions of Events

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

Direction Descriptions

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

Input The software entity, which implements the resped®eéerable can handle
incoming events These incoming events will be delivered by an o
message infrastructure, e.g. by OPC UA o™ or AMQP, to the
software entity of thdReferable

4.5.4 Types of BEvents

According to the above usmses, different types of events are pdeasibhe followingtable gives an impressiam
possible event types. Each event type will be identified $gnaaticld and will feature &pecialized payload.

Group Direction” Motivation / conditions
Structural changes of tt Out 1 CRUD? of Submodels, AssgtSubmodeliements and such
AAS
In 1 Detect updates on parent/ typletivedFromAAS
Updates ofProperties an Out 1 update ofvalues of SubmodelElements

dependent attribute

=

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

Operation of A/ Out 1 monitoring of (longlasting) execution oDperationElemen
and updating eves while execution

7 see lelow

8 Create, RetrieveJpdate, Delete
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Monitoring,  conditimal, 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

respectiveReferable (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 servic

Alarms & events Out 1 alarms and evés management analog to distributed cor
systans (DCS)

Custom event types

In any case, it is possible to define custom event types by using a proprietary, but worldwide emauéckl for this

event type. Such customized events can be saeteived by the software entity of the respectiveeRaddle, based on
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 sopes

Events can be stated with ahservableReferende theReferableof AAS, Submoded, SubmodelElementCollections
andSubmodelElement3heseReferablesre defining the scope of tlegents, which are to be received or sent.

Event attached to. Scope

AAS This event is monitoring/ representing all lcgli elements of ai
Administration Shell, such aSAS, Asset, Views, Submodels

Submodel This event is monitoring/ representing alyjical elements of the respecti
Submodelnd all logical dependents.

SubmodelElementCollection | This event is monitoringepresenting all logical elements of the respec
SubmodelElementCollectiamd all Iggical dependents.

SubmodelElemer(bthers) This event is monitoring/ representing a singtemic SubmodelElemen
e.g. a data elementhich might include the contesitof aBlob or File.

4.5.5 Possible Future Atributes of an Event

Up to now the metamodel offers a very simple modeling of an event. Bés&laherited attributes that are available for
everyReferableonly one attribute for referencing the data or otheme&nts being observed is added. This is expected
to be a goodtarting point.

For future extensions other attributes like explaimethe following tablesnight be added to the normative part of this
specification.

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
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Class:

Attribute
(*=mandatory)
(+=inherited)

idShort-

EventElemen{non normative only for discussion)

Explanation

Identification of the element itself. Provides
unique identification for a possible event flo
scheduling.

string

attr

semanticle

Semantic idetification of the event type.

Reference

attr

observableReferenc

Reference to the Referable, which defines
scope of the event. Can be AASSubmodel,
SubmodelElementCollection q
SubmodelElement.

Reference

attr

direction

Can be { Input, Output.}

Enum

attr

State

Can be { On, Off }.

Enum

attr

messageTopic

Information for the outer message infrastruct
for sdcheduling the event to the respecti
communication channel.

string

attr

messageBroker

Information, which outer message infrastiure
shall handle messages for the EventElem
Refers to a Submaodel,
SubmodelElementCollection, which contai
DataElenents describing the proprieta
specification for the message broker.

Note: for different message infrastructure,
e.g. OPC UA or MQTT or AMQP,
these proprietary specification could
be standardized by having
respective Submodels.

Reference

attr

lastUpdate

Timestamp in UTC, when the last event W
received (input direction) or sent (outp
direction).

xsd:dateTime

attr

0.1

mininterval

For input direction, reports on the maximu
frequency, the software entity behind t
respective Referable can hanliput events.

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

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

xsd:dateTime

attr

0.1

maxInterval

For input direction: not applicable.

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

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

xsd:dateTme

attr

0.1
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Attributes of the event message

Eventssent or received by AAS always comply to a general forBateption: events ehanged in the course of an 14.0
interaction pattern.

Class: EvenMessag€non normative,only for discussion)

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

Inherits from: -

Attribute Explanatbn Kind

(*=mandatory)

source Reference to the source EventElement, inclug Reference attr 1
identification of AAS, Submodel
SubmodelElemds.

sourceSemanticld semanticld of the source EventElement,| Reference attr 0.1
available

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

Submod&Element.

observableSemanticl| semanticld of the Referable, which defines | Reference attr 0.1
scope of the event, if available. Samove.

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

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

payload Event specific payload. Detailed in annex. string attr 0.1
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Figure 12 Metamodel package @erview
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Note: The abstract classes are numbered hO_, hl_ etc. but Aliases are defined for them without this prefix. The

reason for this naming is that in the tooling used for UML modelling (Enterprise Architect) no order for inherited
classes can be defined, they are ordered in an alphabetical way.For some serializations the order is important

(for example for XML).

In this clause an overview of the main concepts of the Asset Administ&tielhmetamodel ipresented.

The main parts of an Asset Administration Shell (AAS) are one the one hand side thetinfoabaut the asset it is

representingAssetinformatiopas well as its submodels. Optionally, views may be part of the AAS. Viefireedh set

of elements selected for a specific stakeholder. For details see @aule

An AAS represents exactly one asset. Asset types and asset instances are distinguished by setting the attribute

fAssetInformation/asdenhdo .

Cl ause

e e

S

det 47.4.5s

For

concepts i

denoting reused
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f

abl eo et

fi

the UML modelling uses so-called abstract classes

i Qual

Note:
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In case of an AAS of an instance asset, a reference to thegh&senting the corresponding asset type or another asset
instancetiwas derived from may be addedkefivedFron). The &ime holddruefor AAS of an asset typeailso,types can
be derived from other types.

An asset typically may be represented by sewdff@rent identification properties like for example the serial numkeer, i
RFID code etc. Such external identifiers dedined as identifier key value pailsgsetinformatiorspecificAssetld For
details see Clause4.7.5 Additionally, a global asset identifier should be assigned to the asset
(Assetinformation/globalAsse)lch production and pperation phase.

AASs, assets, submodels and concept descriptions need to be globally uniquely ident&akifeaplg. Other elemets
like for example properties just need to be referable within the model and thus only need a local iddStifxetfiom
Referablg. For details on identification see Claus8. For details ortdentifiableandReferablesee Clausd.7.2.3

Submoded consist of a set of submodel elements. Submodel elements ngaplified by a secalled Qualifier. For
details see Clausk7.5

There are different subtypesafomodéelements like properties, operations, collectionskaicdetails see Claude?.5
A typical submodel element is shown in the overview figure: a prap&ntyoperty is a data submodel element that has
a value of simple typlike string, date etc. For details on properties see Cladsg5

Every submodel elementeds a semantic definitiggemanticldn HasSemantigs The submodel element might either
refer directly to a corresponding semardefinition provided by an external reference (e.g. to an ECLASS or IEC CDD
property definition) or it may reference ano@pt descriptionGonceptDescription For details see Claude7.2.7

A concept description may be artked from another property definition of an external staddor another concept
description ConceptDescription/isCaseDfsCaseOfis a more formal definition afourceOfDefinitiorthat is just text.

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

In case a concept description is not just a copy or refineaient external standarthe provider of the AAS using this
concept description shall be aware that no interoperability with other AAS can be ensured.

Data Specification Templates can be udgatdSpecificatiohto define a named set of additional atttdsi(besides those
predefined by the metamodel) for an eleméiot. the concept description of properties typically the Data Specification
Template following IEC 61360 is used providing forexamgple at tri bute fApreferredNameo.
Data Specification Templates to be used<kéemplate>>-dependengis used. For details see Cladsé.2.8

Data Specification Templates like the template for IEK36® property definitions DataSpecificationlEC613§0are
explicitly predefined and recommended to be used by the Plattforosthiel 4.0. For details see Claués.2 If
proprietary templates are used, interoperability with oft#® cannot be ensured.

Besides submodel elements including properties and concept descriptions also other identfiaéhdseinay use
additional templatesHasDataSpecification Data Specification Templates are selected at design time. For details see
Clause4.7.2.12

Submodel elements and the submodels themselveshenay additional qualifier (Qualifiable). PerQualifiable there
might be more than one qualifier. For details see Cldus2.8

Additionally, Views can be defad within an AAS. Views may consist of any elements that are referable
(containedElemejtA A Saf ety Viewodo, for example, contains all pro
special treatment. For detage Clausd.7.9 A View definition can also be used in different life cycle stages. For
exanple, there could be a view for engineering and all referenced artefacts are deleted before déle/ak®) to the

customer.

For evey AAS, security aspects need to be considesedfrity. In this document the aspect of access control is covered
in more detail. Secalled access permission rules are defined, that define which permission a specifiicatikesubject
has on which glect. For details see Clauge

Figure 12 gives a complete picturef all elements defined in the metamodel excluding security. Information on the
Security part is found in Clauge
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4.7Metamodel Specification Details Designators

4.7.1 Introduction

In this clausethe classes of the metamodel are sjettiin detail. INnAnnex Bthe template used to describe thesses
and relationships isxplained In Annex Dsome of the diagrams are shown together with all its inherited attributes to
give a complete overview.

For undertanding thespecificationsit is crucial to understand the common attributes fEaiset.7.2. They are reused
throughout the specifications of the other slass

(Ainherits

qualifiable etcThey are abstract, i.e. there is no object instance of such classes.

Another importat concept is the concept of referencing and hawferencés represented in theNML diagrams and the

tables. This is gdained in Clausd.7.11andAnnex Dii.

4.7.2 Common Attributes

4.7.2.1 Extensions (HasExtensions)

Figure 13 Metamodel of HasExtension

f tard podcepts dike ddentifieblej n e

«abstracty»
HasExtensions

Extension

HaosSemantics

+ extension: Extension [0..%] +

Class:

Explanation:

Inherits from:

Attribute (*=mandatory)

extension

name: string

valueType: DataTypeDef [0..1] = xsd:string

value: ValueDataType [0..1]
refersTo: Reference [0..%]

HasExtensions <<abstract>>

Element that cabe extended by pprietary extensions.

Note:
interoperability.

Extensions are proprietary, i.e.

they do not support

global

Explanation

An extension of thelement.

Extension

Class:
Explanation:

Inherits from:

Attribute (*=mandatory)

name*

Extension

Single extension of an element.

HasSemantics
Explanation
An extension of the element

Constraint  AASe077: The
name of an extension withi
HasExtensions needs to

unique.

stiing

attr
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Class: Extension

valueType Type of the value of th¢ DataTypeDef | attr 0..1
extension.

Default: xsd:string

value Value of the extension ValueDataType| attr 0.1

refersTo Reference to amlement the Reference aggr 0.1
extension refers to.

4.7.2.2 Referable Attributes

Figure 14 Metamodel of Referables

HasExtensions

aabstracts
Referable

idShort: string

displayName: LangStringSet [0..1]
category: string [0..1]

description: LangStringSet [0..1]

T

The metamodel distinguishes between elements that are identifiablaptefor none of both.
Referable elements can be referengedheidShort For details on how to do referencing sesusk4.7.11
Not every element of the metamodel is referable. There are elements that are just atfrioveésrable.

For nonidentifiable referableshe idShot shall beuniquein its name spac€Constraint AASe022). A nane spaces

defined as follows in this context: The parent element(s) an element is part of and that is either referable otadentifiab

the name space of the element. Examples: A submodel is the name space for the properties contained in it. The name
space of a submodel element being contained in a submodel element collection is the submodetaleatiemnt

Class: Referable <<bstract>>

ISCIEREUCIHE An element that is referable by its idShort. This id is not globally unifjie id isunique wihin
the name space of the element.

[iEIERie) M HasExtensions

Attribute Explanation Kind Card.

(*=mandatory)

idShort In ca® of identifiables this attribute is a short namg string attr 1
the element. In case of referable this id is
identifying string ofthe element within its nam
space.

Constraint AASd-002: idShort of Referabls shall
only feature letters, digits, underscore"};_starting
mandatory with a letter. l.e.{8A-Z][a-zA-Z0-9_]+
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Class:

Referable <<bstract>>

Constraint AASd003:idShortshall be matched cas
insensitive

Constraint AASe022: idShort of norridentifiable
referables shall beniquein its namespace.

Note: In case the element is a property and the
property has a semantic definition
(HasSemantics) conformant to
IEC61360 the idShort is typically
identical to the short name in English.

displayName

Display name. Can be provided in several langua

If no display name is definedn the language
requested by thapplication then the display name
selected in the following order if available:

- thepreferred name in the requested langu
of the concept description defining th
semantics of the elemen

- If there is a default langge list defined in
the application, then the correspondin
preferred name in the language is cho
according to this ot.

- the English preferred name of the conc
description defining the semantics of t
element

- theshort name of the concept destiop

- the idShort of the element

LangStringSet

Attr

0.1

category

The category is avalue that gives further met
informaton w.r.t. to theclassof the element. It affect
the expected existence of attributes and
applicability of constraints.

Note: The category is not identical to the
semantic definition (HasSemantics) of
an element. The category e.g. could
denote that the element is a
measurement value whereas the
semantic definition of the element would
denote that it is the measured
temperature.

string

attr

0.1

description

Description or comments on the element.
The description can be provided in several langua

If no description iglefined, then the definition of the
concept description that defines the semantics ol
element is used.

Additional information can be provided, e.g. if t
element is qualified and which qualifier types can
expected in which conté or which additionaldata
specification templates are provided.

LangStringSet

attr

0.1
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4.7.2.3 ldentifiable Attributes

Figure 15 Metamodel of Identifiables

HasExtensions

«abstract»
Referable

idShort: string

displayName: LangStringSet [0..1]
category: string [0..1]

description: LangStringSet [0..1]
«obsolete» parent: Referable® [0..1]

I

«abstract»
Identifiable

+ + + + +

+ administration: Administrativelnformation [0..1]
+ Identification: Identifier

An identifiable elemenis a referable witta globally unique identifiefldentifier). To reference an identifiable only the
global id (dentification/id shall be used because tkd&hortis not unique foran identifiable. Identifiables may have
administrative information like version etc.

Referable elementsot being identitable can be refe@nced but for doing so the context of the element is needed. A
referablenot being identifiabldas a short identér (dShor) that is unique just in its context, its name space.

Class: Identifiable<<abstract>>

SOIEUEUGHEE An elemant that has globally uniqueidentifier.

[EERie) M Referable

Attribute Explanation

(*=mandatory)

administraibn | Administrative information of ar] Administrativelnformation| attr 0.1
identifiableelement.

Note: Some of the
administrative
information like the

version number
might need to be
part of the

identification.

identification* | Theglobally uniqueidentification | Identifier attr 1
of theelement.
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4.7.2.4 ldentifi er Attributes

Figure 16 Metamodel for Identifier

«enumeration»
IdentifierType

Identifier

___________ =]  «enum» Custom
«enum» IRDI
«enum» IRI

+ idType: ldentifierType
+ id:Id

Information about identification can be foundGtause4.4. In Claus 4.4.4constraints and recommendation on when to
use which type ofdentifier can be found.

Examples foldentifiers can be fand inClause4.4.3ldentifiers for Assets anddministration Shel.

SeeClause4.4.4for information which identifier types are supported.

Class: Identifier

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

Inherits from: --

Attribute Explanation

(*=mandatory)

idType* Type of theldentifier, e.g.IRI, | IdentifierType | attr 1
IRDI etc. The supporteldientifier
types are defined in th
e nu me r ldentifieoTyped i

id* Globally unique dentifier of the | Id attr 1
element.

Its type is defined indType

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 IRl according to RfB987. Evey URI is an IRI.

Custom Customidentifierslike GUIDs (globally uniquedentifiers)
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4.7.2.5 Templateor Instance of Model Element Attributes (HasKind)

Figure 17 Metamodel of HasKind

«abstract» «enumeration»

HasKind ModelingKind
+ kind: ModelingKind [0..1] = Instance |~——————~ = «enum» Template
«enum» Instance

Class: HasKind

Explanation: An elementwith a kind is an element thatan either representtemplateor an instance.

Default for an element is that it is representindgrstance.

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 ofdimdateor Instance.

Enumeration: ModelingKind

Explanation: Enumeration for denoting whether an elementtenaplateor an instance.

Inherits from --

Literal Explanation

Template
Software element which specifies the common attributes shared by all
instances of the template.
[SOURCE: IEC TR 62390:2005-01, 3.1.25] modified

Instance

Concrete, clearly identifiable component of a certain template.

Note: It becomes an individual entity of a template, for example a
device model, by defining specific property values.

Note: In an object oriented view, an instance denotes an object of a
template (class).

[SOURCE: IEC 62890:2016, 3.1.16 65/617/CDV] modified
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4.7.2.6 Administrativ e Information Attributes

Figure 18 Metamodel of Administrative In formation

Referable

«abstract Administrativelnformation

Identifiable T~ ~="1+ version: string [0..1]
+ revision: string [0..1]

+ administration: Administrativelnformation [0..1]
+ Identification: Identifier

Everyldentifiablemay have administrative information. Administrative informaiiociudes for example

1 Information abouthe version of the element

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

1 Information about théanguages 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 ntamodel only version information is definéal administrative informationin later
versons additional attributes may be added.

Version corresponds in priipte to theversion_identifiemccording to IEC 62832 but is nasedfor concept identifies
only (IEC TS 628321) but for all identifiable element¥ersion and revision together compesd to the version number
according to IEC 62832.

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

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

Class: Administrativelnformation

Explanation: Administrativemetanformation for an element like version information.

Inherits from: HasDataSpecification

Attribute Explanation

(*=mandatory)

version Version of the element. string attr 0..1
revision Revision of theslement. string attr 0.1

ConstraintAASd-005: A revision
requires a version. This means,
there is no version there is 1
revision neither.
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4.7.2.7 Semantic Referencedttributes (HasSemantics)

Figure 19 Metamodel for SemanticReferences (HasSemantics)

wabstract»
HasSemantics

+ semanticld: Reference [0..1]

Class: HasSemantics<abstract>>

Explanation: Element that can have a semantic definition.

Inherits from: --

Attribute Explandion Kind Card.
(*=mandatory)

semantitd Identifier of the semantic definition of th| Refeence
element. It is called semantic id of th
element.

4.7.2.8 Qualifiable Attributes

Figure 20 Metamodel of Qualifiables

«abstract» «abstract»
Qualifiable @ | _____= Constraint

+ qualifier: Constraint [0..*]

Class: Qualifiable<<abstract>>

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

Inherits from: --

Attribute Explanation
(*=mandatory)

Constraint

qualifier Additional qualification of a qualifiale element.

ConstraintAASd-021: Every qualifiable can onl
have one qualifier with the san@ualifier/type
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4.7.2.9 Constraint Attributes

Figure 21 Metamodel of Constraint Types

«abstract»
Constraint

Class: Constrain<abstract>>

Explanation: A constraint is used to further qualify restrictan element.

Inherits from: --

Attribute Explanation

(*=mandatory)

4.7.2.10 Overview of Constraint Types

SeeFigure22 for defined subtypes of constraintgialifier and formula.

Figure 22 Metamodel of Constraint Types

Constraint

o

+ dependsOn: Reference® [0..] ‘

«abstract»

HasSemantics Formula ‘

Qualifier

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

+ + + +




58| The Metamodel of the Administration Shell

4.7.2.11 Qualifier Attributes

Figure 23 Metamodd of Qualifiers

Constraint
HasSemantics

Modeling::Qualifier

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

+ + + +

For qualifiable elementaidditional qualifiers may be defineBesides other quifiers, a level qualifier defining the level
type minimal value, maximum value, typical value and nominal value can be found in 86& B2Additional quafier
typesaredefined in DIN SPEC 92000 like for example expressions semantics and expression logi

If there are no predefined qualifier types or the additional qualification iscpritelexthen instead of a set of qualifiers
also a formula can be defined.

Class: Qualifier

Explanation: A qualifier is a typevaluepair that makesdditional statments w.r.t. the value of th
element.

Constraint AASE063 If the semanticld of a Qualifier references a ConceptDescription
the ConceptDescription/category shall be one of following values: QUALIFIER.

Inherits from: ConstraintHasSemantics

Attribute Explanation

(*=mandatory)

type* The qualifier type describes thg QualifierType | attr 1
type of the qualifier that is applie|
to the elenent.

valueType* Data type of the qualifier value. | DataTypeDef | attr 1
value The qualifier value ighe value of| ValueDataType| attr 0.1
the qualifier.

ConstraintAASd-006: if both, the
valueand thevalueldof aQualifier
are present then the value need;
be identical to the value of the
referenced coded value
Quialifier/valueld.

ConstraintAASd-020: The value
of Qualifier/lvalue shall be
consistent to the data type
defined inQualifierivalueType




The Metamodel of the Administration Sh¢b9

Qualifier

valueld Reference to the globaniqueid | Reference aggr 0.1
of a coded vale.

It is recommended to addsamanticldor a Qualifier.

4.7.2.12 Formula Attrib utes

Figure 24 Metamodel of Formulas

Constraint
Modeling::Formula

+ dependsOn: Reference® [0..%]

In Figure 25 an example for a formuladependy on t he property fAStatusodo is show
defined for the AAS.

Note: With this mechanism it is not possible so far to formulate formulas containing complex objects (e.g. submodel
element collections or relationship elements). It is restricted to data elements or other elements for which
there is a serialization as a string available and defined.

Figure 25 Example Formulaii Mac hi ne St atus not Runningo

<aas:Formula>
<aas:dependsOn>
<Keys><Key CT Al | g h&diAdhinistrationShell 1 1 O @Rl &tly:/nly Shell </Key>
CWUJ  aiGdl A @ _Beowoddll i O aidherd laschine</Key>

WUJ aGdl A g Pegsrtyl 1 O ®dherd_Sthtus</Key>

[

</aas:dependsOn> != RUNNING

</aas:Famula>

Class: Formula

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

Inherits from: Constraint

Attribute Explanation

(*=mandatory)

dependsOn A formula may depend o] Reference agor 0..*
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 canbe evaluated in thi
formula to true or false in th
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Formula

corresponding logical expressic
it is used in.

4.7.2.13 UsedTemplates for Data Specification Attributes (HasDataSpecification)

Figure 26 Metamodel of HasDataSpecifcation

«abstract»
HasDataSpecification

+ dataSpecification: Reference [0.."]

Figure 27 Metamodel for HasDataSpecification

Class: HadataSpecificatiork<abstract>>

Explanation Element thatcan be extended by usindata specificationemplates. Adata
specificationtemplate defines named set addditional attributes an eleme
may orshall haveThe data specifications used are explicitly specified with t
globalid.

Constaint AASA050 If the DataSpecificationConten
DataSpecificationlEC61360 is used for an element then the valu
hasDatSpecification/dataSpecificati@hall contain thelgbal reference to th
IRI of the corresponding data specification templatdtps.//admin
shell.io/DataSpecificationTemplates/DataSpecificationlEC61360/2/0

Inherits from: --

Attribute (*=mandatory) Explanation Type Kind Card.

dataSpecification Global reference tdhe data| Reference aggr 0.*
specification template useq
by the element.
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4.7.3 AssetAdministration Shell Attributes

Figure 28 Metamodel AssetAdministrationShell

===
T

]
W |
Identifiable |
‘ Security ‘ HasDataSpecification| - — -
- - - - AssetAdministrationShell
+ accessControlPolicyPoints: AccessCantrolPolicyPoints
+ certificate: Gertificate [0..1] < --—* security: Security [0..1] Referable
+ requiredCertificateExtension: Reference [0..1] + derivedFrom: AssetAdministrationShell* [0..1] - HasSemantics
HasDataSpecification
View
\ + containedElement: Referable® [0..1]
«enumerations | Assetinformation
AssetKind +  assetKind: AssetKind
cenum» Type =~ ———|+ globalAssetld: Reference [0..1]
) | 'y? + specificAssetld: IdentifierKeyValuePair [0..%]
fenum nstance +  billOfMaterial: Submodel* [0..%]
+ defaultThumbnail: File [0..1]
! |
0 i
W |
HasSemantics| 1
IdentifierKeyValuePair Identifiable
+  key: string HasKind
+  value: string HasSemantics
+ externalSubjectld: Reference Qualifiable
HasDataSpecification
Submodel

An Administration Shelis uniquely identifiable since it inherits froldentifiable

The derivedFromattributeis used tcestablish a reteonship between twéssetAdministration Shel that are derived
from each other~or more detailed information dhe derivedFromconcept se€lause4.2 Types and Instances

Class: AssetAdminstrationShell

Explanation: An AssetAdministration Shell

Inherits from: Identifiable HasDataSpecification

Attribute Explanation

(*=manddory)

derivedFrom The reference to the AAshe AAS | AssetAdministrationShel| ref* 0.1
was derived from.

secuity Definition of the security relevan|{ Security aggr 0.1
aspects of the A&

asseinformatiort | Meta information abut theasset thg Assetnformation aggr 1
AAS is representing.

submodel Reference to aubmodel of the AAS| Submodel ref* 0.~

A submodel is a descripth of an
aspect of the asset the AAS
representing.

The aset of an AAS is typically
described by one or more submodse

Temporarily no submodel might K
assigned to the AAS.

view A stakeholder specific view defing View agor 0.*
for the AAS.
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AssetAdminstratinShell

If neededstakeholder specific view
can be defined on the elements of
AAS.

4.7.4 AssetAttributes

Figure 29 Metamodel of Asset

Identifiable
HasDataSpecification

Asset

TheAssetcan be referenced vigdobalAssetldbf the AssetAdministrationShell/assetinfmation

Class: Asset

Explanation: An Assetdescribes meta data of an asset that is represented by aramdAB
identicd for all AAS representing this asset.

The asset has dajpally unique identifier

Inherits from: Identifiable HasDataSpecification

Attribute (*=mandatory) | Explanation

4.7.5 AssetInformation Attributes

Figure 30 Metamodelof Asset Information

— Assetinformation ‘ eenumeration»
Identifiable AssetKind
HasDataSpecification +  assetKind: AssetKind
Asset - -——-|+ globalAssetld: Reference [0..1] | =———= wenum» Type
may be + specificAssetld: IdentifierKeyValuePair [0..*] CENUM? In-st'ance
refamesd vz +  billofMaterial: Submodel* [0..*]
globalazzstid
+ defaultThumbnail: File [0..1]
|
|
v
HasSemantics
ldentifierKeyValuePair
+  key: string
+  wvalue: string
+ externalSubjectld: Reference
Class: Assetnformation
Explanation: In Asseinformationidentifying meta data ofheasset that is repsented by an AAB defined

The asset may either represent an asset type or an asset instance.

The asset has a globallynique identifier plusi if neededi additional domain specifi
(proprietary) identifiersHowever,to support the corner case of vefiyst phase of lifecycle
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Assetnformation

where a stabilised/constaglobal asset identifiedoes not already exjsthe correspondin
at ri bute Aglobal Assetl do is optional

Inherits from: --

Attribute Explanation

(*=mandatory)

assetknd* Denotes whettr theAsset s o f k i n| AssetKind attr 1
filnstanceo.

globalAssetld Reference to either afissetobject or a glbal | Reference attr 0..1
reference to the asset the AAS is representi

This attribute is required as soon as the AA§
exchanged via partners in theeli€ycle of the
asset. In a first phase of the life cycle the as
might not yet have a global id but ey an
internalidentifier. The internal identifier woulg
be mode spedifidAssetida i

ConstraintAASd-023
Assetinformation/globalAssethithe is a
reference to aAssetbject or a global

reference.

specifiiAssetld Additional domain specificspecific typically | IdentifierKeyValuePair | attr 0.*
proprietary Identifiefor the asset like e.g. seri
number etc.

billOfMateria A reference to &ubmodethat defines the bill Submodel ref* 0.*

of material of the asset represented by the A

This submodel containea set of entitieg
describing the material used to compose
composite 14.0 Component.

defaultThumbnail Thumbnailof the assetepresented by the asg File aggr | 0.1
administration shellUsed as default.

Note: Besides this asset information there still might be an identification submodel with further information. Specific
asset ids mainly serve the purpose for supporting retrieval of AAS given an asset.

Enumeration: AsseKind

Explanation: Enumeration for denoting whether an elerisra 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
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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).

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

For moe information ortypes and instances s€tause4.2

Class: IdentifierKeyVduePair

Explanation: An ldentifierKeyValuePair describes a generic identifier as\kaye pair.

Inherits from: HasSemaitics

Attribute Explanation Kind Card.

(*=mandatory)

key* Key of the identifier string attr 1

value The value of the identifierwith the | string attr 1
corresponding key.

externalSubijectid The (external) subject the key belongs to Reference attr 1
has meaning to.

For more information on the concept of subject see ClawseAttribute Based Accessontrol ABAC).

4.7.6 Submodel Attributes

Figure 31 Metamodel of Submodel

Identifiable Referable
HasKind HasKind
HasSemantics HasSemantics
Qualifiable Qualifiable
HasDataSpecification Rﬂ HasDataSpecification
Submodel «abstract»
SubmodelElement
Class: Submodel
Explanaion: A submodeldefinesa specific aspect of the asset represented by the AAS.

A submodel is used to structure the digital represemtand technicalunctionality of an
Administration Shell into distinguishable parts. Each submodel refers to alefisiéd
domain or subject matter. Submodels can become standardizéaumtoecome submodel
templates

Constraint AASdD62 If the senanticld of aPropaty references &onceptDescriptiothen
the ConceptDescription/category shall be one of following  vals:
APPLICATION_CLASS.
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Class: Submodel

Inherits from: Identifiable;HasKind;HasSemantigQualifiable HasDataSpecification

Attribute Explanation
(*=mandatory)

submodelElement A submodel consists ofero or| SubmodelElemen| aggr
moresubmodel elements.

It is recommended to addsamanticldor a submodel.
A submodel can be qualifie@qalifiable).
Submodel elemestire qualifable elements, i.e. one or more qualifier may be defineedchn ofthem.

Submodels and submodel elememtsy also havelata specificatiomemplates defined for therSo far no standardized
data specification templates for submodels and sdefrelementare defined.

In case the submodel is kind=Templatethen thesubmodel elementwithin the submodel arg@resening submalel
elementtemplates In case the submodel is kihd=Instancethenits submodel elementepresensubmodel element
instances.

4.7.7 Submodel Element Attributes

Figure 32 Metamodel for Submodel

Referable

HasKind
HasSemantics
Qualifiable
HasDataSpecification

«abstract»
SubmodelElement

Submodel elemeradtre qualifiable elenrds, i.e. one or more qualifier may be defineddach ofthem.

Submodel elementsay also havdata specificatiotemplates definefbr them.A template might for example be defined
to mirror some of the attributes likereferredNane and unit of a propety ddfinition if the AAS does not contain a
correspondingonceptescription. Otherwise there only is the property definitefarenced bysemanticlcavailable for
the property: the lookup of the attributes has to be realizedeoinlia different wayrad is not available offline.

In case the submodel is kind=Templatethen thesubmodel elementwithin the submodelare presening submodel
elementtypes. In case the submodel is &fnd=Instancethen its submodel elementeepresentsubmodel element
instances.

Class: SubmodelElement<abstract>>

Explanation: A submodel elemeri$ anelement suitable for the description and differatidin of assets

It is recommended to addsamanticldo a SubmodelElement

NLWEHCSHlull ReferableHasKind;HasSemaiits; Qualifiable HasDataSpecification;

Attribute Explanation

(*=mandatory)
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Figure 33 Metamodel Overview for Submodel Element Subtypes
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Submodel elemeniaclude data propertieas well as operations, events and other elements needed to describe a model
for an assetseeFigure 33).

4.7.8.1 Annotated Relationship Element Attributes

Figure 34 Metamodel of Annotated Relationship Elements

SubmodelElement
RelationshipElement

+ first: Referable*
+ second: Referable®

i

‘ AnnotatedRelationshipElement ‘

+ annotation: DataElement [0..*]

Class: AnnotatedRelationshipElement

Explanation: An annotatedrelationship element is eelationship element that can be annotateéth
additional data elements.

SeeConstraint AASe055

L EIIERiel MM RelationshipElement

Attribute Explaration
(*=mandatory)

A reference to a data element tlj DataElement
represents aannotation that hold:
for the relationship betweethe
two elements.

annotation

4.7.8.2 Basic Event Attributes

Figure 35 Metamodel of Basic Eveis

SubmodelElement

«abstract»
Event

‘ BasicEvent ‘

+ observed: Referable* ‘
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Class: BasicEvent

Explanation: A basic event.

Inherits from: Event

Attribute Explanation
(*=mandatory)

obsewed* Reference to a referable, e.g.| Referable
data element or a submodel, t

is being observed.

4.7.8.3 Capability Attributes

Figure 36 Metamodel of Capabilities

SubmodelElement
Capability

Class: Capability

Explanation: A capability is he implemention-independent description of the potential of an assg
achieve a certain effect in the physical or virtual world.

Constraint AASdD58: If the semanticldof a Capability submodel elememgferences ¢
ConceptDescriptiothen theConceptDescription/aagoryshall beCAPABILITY.

-- SubmodelElement

Attribute Explanation

(*=mandatory)

Note: The semanticld of a capability is typically an ontology. Thus, reasoning on capabilities is enabled.

For information and examples how to apply tbacept of capability and how to map it to one or more skills implementing
the capability pleaseefer to[36]. The mapping is done via a relationship element with the corresponding semantics. A
skill is typically a property oan operation. In more complex cases the mappinglsanbe a collection or a complete
submodel.

4.7.8.4 Blob Attributes

Figure 37 Metamodel of Blobs

Blob
+ value: BlobType [0..1] ‘

‘ DataElement

+ mimeType: MimeType

For information on mime type see cladsé.8.8on submod | el ement AFil ed.
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Class: Blob

Explanation: A BLOB is a data elemerhat represents a file that is contained withdisrse code in thé
value attribute.

Constraint AASd057: The semanticld of a File or Blob submodel element shall
reference a Conp¢Description with the category DOCUMENT.

Inherits from: DataElement

Attribute Explanation
(*=mandatory)

The value of th&LOB instance of| BlobType
a blobdata element

Note: In contrast to the file
property the file
content is stored
directly as value in
the Blob data
element.

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

The mime type states which file
extensios the file can have.

Valid values are e.g
fifapplication/ j g
ffapplication/ x|

The allowedvalues are defined 4
in RFC2046.

4.7.8.5 Data Element and Overview ofData Element Types

Figure 38 Metamodel for Data Elements

SubmodelElement

«abstract»
DataElement

[T. A A A

‘ Property ‘ ‘

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

Range ‘

ReferenceElement ‘

‘ + value: Reference [0..1] |

+ valueType: DataTypeDef
+ min: ValueDataType [0..1]
+ max: ValueDataType [0..1]

‘ MultiLanguageProperty ‘ ‘ File ‘ ‘ Blob ‘
+ value: PathType [0..1] + value: BlobType [0..1]
+ mimeType: MimeType + mimeType: MimeType

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

A data elemet is a submodel element that is not further composed out of other submatshtsle
A data element is a submodel element that has a vala@redefined number of values like range data elements.

A controlled value is a valughose meaning is given an external sourde s dSO/T8 2900210:2009(ED ) .
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The type of value differsof different subtypes of data elemer@ata Elements include properties and file handling and
reference elements, segure38.

In Table5 categories defined fatata elements except for files and blobs defined.

Category: Applicable to: ‘ Explanation:

Property

MultiLanguageProperty A con.stant property is gropertywith a valuethat does not chang
CONSTANT over time.

Range

INECLASSt hi s kind of category h
ReferenceElement

Property

MultiLanguageProperty A parameter property _Bproperty that is once set attten typically
PARAMETER does not bange over time.

Range

This is for example the case for configuration parameters.
ReferenceElement

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

ReferenceElement

Table 5 Categories for Data Elements

Class: DataElemenk<abstract>>

Explanation: A data elerentis asubmodel elemerthat is not further composed out of otlsatbhmodel
elements

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

Constraint AASd090. For data element®ataElement/categoryshall be one of the
following values: CONSTANT, PARAMETER or VARIABLEEXxception: File and Blok
data elemets.

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)
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4.7.8.6 Entity Attributes

Figure 39 Metamodel of Entities

SubmodelElement

Entity

+ o+ 4+

genumerations ‘

statement: SubmodelElement [0..%] ‘ EntityType
entityType: EntityType - 9{ genum» CoManagedEntity

globalAssetld: Reference™ [0..1] ] eenum» SellanagedEntity
specificAssetld: [dentifierkeyValuePair [0..1]

Class:

Explanation:

Inherits from:

Entity

An entity is asubmodel elemerthat is usedo modelentities.

Constraint AASdO56 If the semanticld of a Entity submodel element reference
ConceptDescription then the ConceptDescriptiatggory shall be one of following value
ENTITY. The ConceptDescription describes the elements assigned to tlye \d@at
Entity/statement.

SubmodelElement

Attribute Explanation

(*=mandatory)

statement Describestatemets applicable to th¢ SubmodelElement aggr 0.*
entity by a set of submodel elemen
typically with a qualified value.

entityType* Describes whether the entity is a-q EntityType attr 1
managed entity or a saifianaged
entity.

globalAssetld Reference d the asset the entity | Referance aggr 0.1

representing.

Constraint AASd014 Either the
attribute globalAssetld 0
specificAssetldbf an Entity must be
set if Entity/entityTypeis set to
fiSelfManagedEntity .They are nof
existingotherwise.

specificAsetld

Reference to an identifier key vall IdentifierKeyValuePair| aggr 0..1
pair representing apecificidentifier
of the asset represented by the a
administration shell.

See Constraint AAS014
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Enumeration: EntityType

Explanation: Enumeration fodenoting whether aentity is a seHmanaged entity or a €q
managed entity.

Inherits from --

Literal Explanation

CoMaragedEntity For comanaged entities there is no separate AASnfaonaged entities nee
to be part of a selfnanaged entity.

SelfManagdEntity SelfManaged Entities have their own AAS but can be part of the bi
material of a composite seifianaged ertiy.

The aset of an 14.0 Component is a seliinaged entity per definition.

4.7.8.7 Event Attributes

Figure 40 Metamodel of Events

SubmodelElement

«abstract»
Event

Class: Event <<abstract>>

Explanation: An event

Constraint AASE061: If the semanticld of a Everdubnodel element references
ConceptDescription then the category of the ConceptDescription lshalhe of the
following: EVENT.

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)

4.7.8.8 File Attributes

Figure 41 Metamodel for File Submodel Element

DataElement
File

+ value: PathType [0..1] |

+ mimeType: MimeType

A media type(also MIME type and content typg [ €4 is a twepart Identifier for file formats and format contents
transmitted on thenternet The Internet Assigned Numbers AuthoriffANA) is the official authaty for the
standardization and publication of these classifications. Media types were originally defReguiest for Comments
2045 in November 1996 as a partMfME (Multipurpose Internet Mail Extensionspecification, fo denoting type of
emailmesage content and attachmehts.

% Wikipedia.org, date: 20184-09
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Class: File

Explanation: A File is a data element that represents an address to a file. The valu&Rl that can
represent an absolute or relative path.

SeeConstraint AASe057

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)

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

The path can be absodu or
relative.

mimeType* Mime type of the content of thl MimeType attr 1
file.

The mime type states which file
extensios the file can have.

For handling of supplementary external files in exchanging AAS specification in aaeatfsee als€lause6.3
Conventions for the Assétdministration ShelPackageFile Format (AASX) An absolute path is used in the case that
the file exists independently of the AA& relative path, relative to the packag®t should be used if the file is part of
the serialized package of the AAS

4.7.8.9 Multi LanguageProperty Attributes

Figure 42 Metamodel of Multi LanguageProperties

DataElement
MultiLanguageProperty

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

Class: MultiLanguagéropety

Explanation: A property isa data elemenhat has anulti-languagevalue.

Constraint AASd052h If the semanticld ofa MultiLanguageProperty references
ConceptDescription then the ConceptDescription/category shall be one of following \
PROPERY.

Constraint AASd012 If both, the MultiLanguageProperty/value and the
MultiLanguageProperty/valueldre present therof each string in a specific language
meaning must be the same as specifidduftiLanguageProperty/valueld

Constraint AASe067: If the semantid of a MultiLanguageProperty references
ConceptDescription then DataSpecificationlEC61360/dataType | shabe
STRING_TRANSLATABLE.

SeeConstraint AASE065
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MultiLanguagéropety

SeeConstraint AASe066

Inherits from: DataElement

Attribute Explarmation

(*=mandatory)

value The value of the property instance.| LangStrirgSet attr 0.1
SeeConstraint AASd012
SeeConstraint AASd065

valueld Reference to the globahiqueid of a | Referene aggr 0.1
coded value.
SeeConstraint AASd012
SeeConstraint AASd065

4.7.8.10 Operation Attributes

Figure 43 Metamodel of Operations

SubmodelElement
Operation
+ inputVariable: OperationVariable [0.] | 4 OperationVariable ‘
+ outputVariable: OperationVariable [0..*] .
+ inoutputVariable: OperationVariable [0..*] ‘+ value: SubmodelElement ‘

Class: Operation

Explaration: An operation isa submodel element with input and output variables.

Constraint AASE060. If the semanticld of a Operation subted element references
ConceptDescription then the category of the ConceptDescrighi@hbe one of the followin
values FUNCTION.

Inherits from: SubmodelElement

Attribute Explanation

(*=mandatory)

inputVariable Input parameter ohe operation. | OperationVariablg aggr 0.*

outputVariable | Output parameter of the operatig OperationVariable aggr 0.*

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

Class: Operatioariable

Explanaion: An operatiorvariableis asubmodel elemerthat is used as input or outpeariableof an
operation.




The Metamodel of the Administration Shel75

Class: OperatioVariable

Inherits from:

Attribute Explanation
(*=mandatory)

value* Describes the needed argument for] SubmalelElement | aggr 1
operation via a submodel elemerft
kind=Template.

Constraint AASe008: The submode
element value of an operation varial
shall be okind=Template

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].

4.7.8.11 Property Attributes

Figure 44 Metamodel of Properties

DataElement
Property

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

Class: Property

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

ConstraintAASd-007: If both, theProperty/valueand theProperty/valueldare present the
the valueof Property/valueneads to bedenticalto thevalueof the referenced coded vall
in Property/valueld

Constraint AASd052a:lf the semanticld of a Proptg references a ConceptDescription th
the ConceptDescription/categoryadl be one of following values: VALUE, PROPERT

Constraint AASE065: If the semanticld of a Property or MultiLanguageProperty refere
a ConceptDescription with the category MAE then the value of the property is identig
to DataSpecificationlEC&b0/value and the valueld of the property isniitzl to
DataSpecificationlEC61360/valueld.

Constraint AASE066: If the semanticld of a Property or MultiLanguageProperty refere
a ConceptDescription with the category PROPERTY
DataSpecification|ECB360/valueList is defined the value and valuefdhe property is
identical to one of the value reference pair types references in the value i
ValueReferencePairType/valoe ValueReferencePairType/valueld, resp.

Inherits from: DataElement

Attribute Explanation Type Kind Card.
(*=mandatory)

valueType* Data t/pe of the value DataTypeDef attr 1

value The value of the property instance.| ValueDataType attr 0.1
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Property

SeeConstraint AASe065

SeeConstrain AASd-007

valueld

Reference to the globahiqueid of | Reference 0..1

a coded value.
SeeConstraint AASE065
SeeConstraintAASd-007

aggr

4.7.8.12 Range Attributes

Figure 45 Metamodel of Ranges

DataElement
Range

+ valueType: DataTypeDef
+ min: ValueDataType [0..1]
+ max: ValueDataType [0..1]

Class:

Range

Explanation:

A range data element is a data elementdkéihesa range with min and max.

Constraint AASd053 If the sematicld of a Range submodel element reference
ConceptDescription then the ConceptDescription/category shall be one of followieg:\
PROPERT.

Constraint AASED68 If the semanticld of a Rangsubmodel elementeferences ¢
ConceptDescription then ExSpecificationlEC61360/dataType shall be a numerical
i.e. REAL_* or RATIONAL_*.

Constraint AASEO69 If the semanticld of a Rae reference a ConceptDescription the
DataSpecificationlEC61360/levelType shall be identical to the set {Max}.

Inherits from:

Attribute

(*=mandatory)

valueType*

DataElement

Explanation

Datatype of the min und max DataTypeDef attr

min

Theminimumvalue of therange. | ValueDataType | attr

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

max

The maximum value of the rangg ValueDataType | attr 0.1

If the max value igmissing,then
the value is assumed to be posit
infinite.
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If the semanticldof a RangeSubmodel element is a reference to a concept descriptiorit tisea concept description
with data specification IEC61360. The value forelTypeof this data specification is the ddin, Max}.

4.7.8.13 Reference Element Attributes

Figure 46 Metamodel of ReferenceElements

DataElement
ReferenceElement

+ value: Reference [0..1]

Class: ReferencElement

Explanation: A reference element is a data element ttefines adogical reference to anothelement
within the same or anoth&AS or a reference to an external object or entity.

Constraint AASd054 If the semanticld of a ReferenceElement subrhoglement
reference a ConceptDescription then the ConceptDescription/category shall be (¢
following values: REFERENCE.

Inheritsfrom: DataElement

Attribute Explanation
(*=mandatory)

elemeant of the same of angpther
AAS or a reference to an exter
object or entity.

For more informatioron referencesee Clause4.7.11

4.7.8.14 Relationship Element Attributes

Figure 47 Metamodel of Relationship Elements

SubmodelElement
RelationshipElement

+ first: Referable®
+ second: Referable®

Class: RelationshipElement

Explanation: A relationship element is used to defineekfonship between two referable elements.

Constraint AASd055 If the semanticld of a RelationshipElement or
AnnotatedRedtionshipElement submodel element references a ConceptDescription th
ConceptDescription/category shall be onefafowing values: RELATIONSHIP.

Inherits from: SubmodelElement
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Class: RelationshipElement

Attribute Explanation
(*=mandatory)

first* Reference d the first element in the relationsh Referable ref* 1
taking the role of the subject.

second* Reference to theecond element irhé relationship Referable ref* 1
taking the role of the object.

4.7.8.15 Submodel Element Collection Attributes

Figure 48 Metamodel for Submodel Element Collections

Referable

HasKind
HasSemantics
Qualifiable
HasDataSpecification

«abstract»
SubmodelElement

)

|
SubmodelElementCollection

+ value: SubmodelElement [0..¥]
+ ordered: boolean [0..1] = false
+ allowDuplicates: boolean [0..1] = false

If allowDuplicates=true,then it is allowed that the collection contageveral elements with the same semantics (i.e. the
samesemanticlgl.

If allowDuplicatesfalse,then it is not allowed thdhe collection contains several elements with the same semantics (i.e.
the samesemanticld).

Class: SubmodelElemeftollection

Explanation: A submodel elemerdollection is a sedr list of submodel elements

Constraint AASE059: If the semanticld of aSubmodelElementCollection referenceg
ConceptDescription then the category of the ConceptDescription shall be COLLECTI
ENTITY.

Constraint AASd092: If the semanticld of a SubmodelElementCollection w
SubmodelElementCollectidallowDuplicates ==false references a ConceptDescription th
the ConceptDescription/category shallETITY .

Constraint AASd093: If the semanticld of a SubmodelElementCollection wit
SubmodelElementCollection/allowDuplicates trae references a ConceptDescription th
the ConceptDescription/category shall be COLLECTION.
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SubmodelElemeftollection

Example: A set of documents is referencing a concept désarigf category COLLECION.
A document within this collection is described as a SubmodelElementCollection referer
concept description of tegory ENTITY.

Note: this means that no generic semanticld can be assigned to an element within a
submodel element collection with allowDuplicates == false: every element within
the entity needs a clear and unique semantics.

Inherits from: SubmoddElement

Attribute Explanation

(*=mandatory)

value Submodel elememontained in thg SubmodelElemen| aggr 0.*
collection

ordered If ordered#alse,then the element| boolean attr 0.1

in thecollectionare not ordered. |
ordered4rue, then the elements i
thecollectionare ordered.

Default = false

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

allowDuplicates| If allowDuplicates=true,then itis| boolean attr 0.1
allowed that the collection contair
several elementwith the same
semantics (i.e. the  san
semanticlgl.

Constraint A/Sd026: If
allowDuplicates=false then it ig
not allowed that the -ctaction
contains several elements with t
same semantics (i.e. the sa
semanticlgl.

Default = false

4.7.9 Concept DescriptionAttributes

Figure 49 Metamodel of Concept Descriptions

Identifiable
HasDataSpecification

ConceptDescription

+ isCaseOf: Reference [0..%] ‘
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Class: Concepbescription

Explaration: The semantics of a propenty other elements that may have a semantic descrigtidefined by
aconceptescripton.

The description of theonceptshould follow a standardized schema (realizedada specificatior]
template).

Constraint AASE051: A ConceptDescription shall have one of the following categories: VAL
PROPERTY, REFERENCE, DOCUMENT, CAPABILITY, REJAONSHIP, COLLECTION,
FUNCTION, EVENT, ENTITY, APPLICATION_CLASS, QUALIFIER, VIEW. Default
PROPERTY.

Inherits from: Identifiable;HasDataSpecification

Attribute Explanation

*~mandatory)

isCaseOf Reference to an external definition theoncept is| Reference | aggr 0.*
compatible to or was derived from.

Note: Compare to is-case-of relationship in ISO
13584-32 & IEC EN 61360

Different types ofsubmodel elementequire different attributes for describing the semantics of tHdms. is whya
concept description has at least one data specification template associated with it. Within this template the attributes
needed talefine the semantics are defined.

See Clausd.8for predefined data specification templatede used.

4.7.10 View Attributes

Figure 50 Metamodel of Views

Referable
HasSemantics
HasDataSpecification

View

+ containedElement: Referable™ [0.."]

The large number cdubmodel elementsithin a sulmodel can bdiltered 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 a collectiorof referableelements w.r.t. ta specific viewpoint of one or mo
stakeholders.

Constraint AASE064: If the semanticldof aViewreferences &onceptDescriptiothen
the category of th€onceptDescriptioshall beVIEW.

Inherits from: Referable HasSerantics HasDataSpecification
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Class:

Attribute Explanation
(*=mandatory)

containedElemen{ Reference to a referebelement that if Referable ref* 0..*
contained in the view.

It is recommended to addsamanticldor a view.

4.7.11 Referencingin Asse Administration Shells

Figure 51 Metamodel for References and Keys

aenumeratians»
Key
KeyElements Reference
_______________ + type: KeyElements
enume» GlobalReference vP "f 1. aprdereds
+ walue: string
eenum» FragmentReference A
| + idType: KeyType
v .
- |
genumerations |
ReferableElements :
. - I
aenum» AccessPermissionRule |
genum» AnnotatedRelationshipElement |
«enump» BasicEvent |
genums Bloh :
aenumz Capability !
genumz» ConceptDictionary v
aenume» DataElement fenumeration»
aenuma» Entity KeyType
eenum» Event genumerations»
aenumx File LocalKeyType
aenumz MultiLanguageProperty ~
: guag pert — aenume ldShaort
genumz» Operation
cenums Fragmentld
genum» Property
eenum» Range
aenume» ReferenceElement «enumeration»
aenum» RelationshipElement |dentifierType
genum» SubmodelElement
_ —A= «enum» Custom
genumz SubmodelElementCaollection
. genums [RDI
genums» View
i aenums Rl
aenumeration»
IdentifiableElements
eenume» Asset
eenum» AssethdministrationShell
genum» ConceptDescription
genum» Submodel

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

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

E.g. asset: Assetineans thasisset: Reference witkey/type=Assefor the last Key in the Rerence
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SeeClause7.2.1for more information on global and model references etc.

Class: Reference

Explanation: Reference to eitherraodel element of the same or another AAs or to an external enti

A reference is an orderdidt of keys, each key referencing an element. The complete |
keys may for example lmncatenatetb a path that then givesigne access to an eleme

or entity.

Inherits from:

Attribute
*~mandatory)

its nam( Key

Explanation

Unique reference in
space.

Class:

Key

Explanation:

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

Inherits from:

Attribute

(*=mandatory)

type*

Explanation

Denote which kind of entity i
referenced.

In casetype= GlobalReferencehen
thekey representa global unique id

In casetype = Fragementldhe key
represents a bookmark or a simi
local identifier within its parent
element as specified by the ky th
precedes this key.

In all other cases the key referenae
model element of the same or
another AAS. The name of the mo(
element is exiitly listed.

KeyElements

attr

value*

The keyvalue, for example an IRD
if the idType= IRDI.

string

attr

idType*

Type of the key value.

Constraint AAS€080: In case
Key/ype== GlobalReferenc&Type
shall not be any LocalKeyType
(IdShort Fragmentld).

Constraint  AASd081: In case
Key/type=Ass¢AdministrationShell

not

Key/idType shall
LocalKeyTyp
Fragmentld).

be any
(IdShort

KeyType

attr
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Enumeration:

Explanation:
Set of:
Literal

GlobalRefeence

KeyElements

Enumeration of differeritey value types within a key.

ReferableElements

Explanation

reference to an element not belonging to an asset administration shell

FragmentReference

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

AccessPermissionRule

Access Permissionuke

AnnotatedRelationshipEleme

Annotated relationship element

Asset

Asset

AssetAdministrationShell

AssetAdministraton Shell

BasicEvent Basic Event
Blob Blob
Capability Capability

ConceptDescription

ConceptDescription

ConceptDictionary

ConceptDictionary

DataElement

Data Element.

Note: Data Element is abstract, i.e. i f a i Da

reference may be a Property, a File etc.

key wuses

Entity Entity
Event Event

Note: Event is abstract
File File
MultiLanguageProperty Property with a valuéhat can be provided in multiple languages
Operation Operation
Property Property
Range Range with min and max
ReferereElement Reference
RelationshipElement Relationship
Submodel Submodel

SubmodelElement

Submodel Element

Note: Submodel Element is abstract, i.e. if a key uses
iSubmodel EI e mefarenae mayh ke a Property, a

SubmodelElementCollection, an Operation etc.

SubmodelElementCollection

Collection of Submodel Elements

View

View
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Enumeration: ReferableElements

Explanation: Enumeratiorof all referable elements within an asadministration shell

Set of: IdentifiableElements

Literal Explanation

AccessermissionRule Access Permission Rule

AnnotatedRelationshipElemen{ Annotated relationship element

Asset Asset
AssetAdministrationSHe AssetAdministrationShell
BasicEvent Basic Event
Blob Blob
Capability Capability
ConceptDescription ConceptDescrption
ConceptDictionary Concept Dictionary
DataElement Data Element.
Not e: Data EIl ement is abstractt,o it.t
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 provided in multiple languages
Operation Operation

Property Property

Range Range withmin and max

ReferenceElement Reference

RelationshipElement Relationship

Submodel Submodel

SubmodelElement Submodel Eement

Note: Submodel Element is abstract, i.e. if a key uses
ASubmodel EIl ement o t he referenc
SubmodelElementCollection, an Operation etc.

SubmodelElementCollection | Collection of Submodel Elements

View View
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Explanation: Enumeration o#ll identifiable elements within an asset administration s
that are not identifiable

Set d: --

Literal Explanation
Asset Asset
AssetAdministrationShell AssetAdministrationShell
ConceptDescription ConceptDescription
Submodel Submodel

Enumeration: KeyType

Explanation: Enumeration of differeritey value types within a key.

Set of: LocalKeyType, IdentifierType

Literal Explanation

IdShort idShort of a referable element

Fragmentld Identifier of a fragmenwithin a file

IRDI IRDI according tolS0O290025 as anldentifier scheme for properties ar
classifications.

IRI IRI according toRfc 3987. EveryURI is an IRI.

Custom Customidentifierslike GUIDs (globally uniquedentifiers)

Enumeration: LocalKeyType

Explanation: Enumeration of differeritey value types within a key.

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

IdentifierTypeis defined inClause4.7.2.4

4.7.12 Templates, Inheritance, Qualifiers and Categories

On a first glance there seem to be some overlappétgeen the concept of daspecification templategnheritance,
qualifiers and categories. In thikausethe commonalities and differences ar@lained and hints for good practices are
given.

In general extension of the metamodel by inheritance is allowed. As an alternaitengidates might be used

1 Templates should only be used if different instances of the class follow different schemté® and
templates for the schemas are not known at design time. Templates might also be used if the overall
metamodel is not yet stableargh or a tool does suppidemplates but not (yet) the complete metamodel.

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

1 In case all instancexf a class follow the sae schema then inheritance and/or categories should be used.

Categories can be used if all instas of a class follow the same schema but have different constraints
depending on its categorguch a constraint might specify that @ptional attribute is andatory for this



86| The Metamodel of the Administration Shell

category (like for example the unit that is mandatory for properties reprageauttysical values).
Realizing the same via inheritance would lead to multiple inheritance what is to be omitted.

1 Qualifiers are usei the semantics of thdement is the same independent of its qualifiers. It is only the
quality or the meaning of the ke for the element that differs.

4.7.13 Data Types

4.7.13.1 Predefined BasicData Types

The predefined types used to define the metamodel use tles a@th the semanticsXML Schema Definition XSD)*°.
Additionally,t he type @Al angStringo wheRdsourncenDescripgomBramewoBDF)ess def i
used Al an g Stingivatug @ggeédwitha language code.

Constraint AASe100: An attribute with datdype "string" is not allowed to be empty.

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

11 see:https://www.w3.0rg/TR/rdfldconcepts/
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Figure 52 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

4.7.13.2 Data Types
Types that are used for specific data specification templates are listed in the corresglandaof the data specification.
Themeaning and formaif xsd types ispecified inhttps://www.w3.org/XML/Schema

Table6 listsadditional dataypes used in the metamodeigure53 specifies LangStrigSet as set of elements of rdf type
Alng Stringo.
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Table 6 Basic Types used in Metamodel

Type Basic Type Value Examples
string integer
DataTypeDef Note: any xsd simple type datatype
as string

unsignedByte
<?xm version="1.0"encoding="UTF8"?>
<schema elementFormDefault="qualified"
targetNamespace="http://www.adrshell.io/aas/®D"
xmins="http://www.w3.0rg/2001/XMLSchema"
xmins:aas="http://www.admishell.io/aas/2/0"
xmins:abac="http://www.admishell.io/aas/fac/2/0"
xmins:IEC61360="http://www.admishell.io/|[EC61360/2/0">

BlobType byte[0..%] <import namespace="http://www.admgmell.io/aas/abac/"
schemalocation="AAS_ABAC.xsd"/>
Mz %Y @
_____________________ a

i',_Li'This program cannot be run in

DOS mode.$ PE_ L Ro\~ a
https:/tusf1234%

Id string
01731#02BAA120#008

string

application/pdf

MimeType Note: any mime type as in

RFC2046. image/jpeg

\Specification.pdf

PathType string
C:\localSpecification.pdf
ExpressionSemantic

QualifierType | string

life cycle qual

ValueDataType

any xsd atomic ype as specified vig
DataTypeDef

i Thiiss a string valueo
10

15

202004-01

True
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Figure 53 Data Type LangStringSet

edataType» «dataType»
LangStringSet . langString
Class: LangStringSet <<DataType>>
Explanation: A set of strings, each annotated by the language of the stiiegm€aning of thetring

in each languge shall be the same.

Inherits from: --

Attribute Explanation
(*=mandatory)

langString A string in a specified language| langString

4.8Predefined Data SpecificationTemplates

4.8.1 Concept of DataSpecification Templates

Figure 54 Concept of Data Specification Templates

Identifiable
DataSpecification

1

«abstract»
DataSpecificationContent

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

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

A template consists of thBataSpecificationContentcontaining the addiinal attributes to be added to the element
instance that references thata specificatiotemplate and meta information about the template i(skis is why
DataSpecificationinherits fromldentifiable). In UML these are two separated classes.

4.8.2 Predefined Templates for Propertyand Value Descriptions
Conformant to the rules i@lause7.2.4the followingdata specification templateeeds tde referencedia the id
ﬁmp s://admin -shell.i  o/DataSpecificationTemplates/DataSpecif icationlEC61360  /2/0 O

(in hasDataSpecificatiodataSpeification).



90| The Metamodel of the Administration Shell

This namespace has the qualifiér| E CExamples: IEC:DataSpecificationlEC6136preferredNameor IEC:
DataSpecificationlEC6136l@vel Type/Miror IEC:LevelTyg/Min

Note: The data specification template is not identical to the data specification content as shown in Figure 55.

Figure 55 Data Specification Template for defining Property Desriptions conformant to IEC 61360

tenumeration»
DataTypelEC61360
DataSpecificationContent genum» DATE
«Template» genum» STRING
DataSpecificationlEC61360 zenums STRING_TRANSLATAELE

eenums» INTEGER_MEASURE

+ preferredName: LangStringSet | cenum» INTEGER COUNT
: 3:;’_”SEE”QEEDLE‘%QS"'”QSEt [0.-1] «enum» INTEGER_CURRENCY
+ unitld: Reference [0..1] EEEQ: EEiE_EﬂDESS'IL'JRE
: zifnrggfgr‘?:g”['gnjl]s"'”g [0-1] «enum» REAL_CURRENCY
+ dataType: DataTypelEC61360 [0.1] :zgm: EQELE’E‘N
+ definition: LangStringSet [0..1] cenums» RATIONAL
: Z:ﬂif@imﬁ;fgfft [[Dnl]] «enum>» RATIONAL_MEASURE
+ value: ValueDataType [0.1] ::zzzm: HmESTﬂMP
+ valueld: Reference [0..1]
+ levellype: LevelType [0.7] R N
: &enumeration»
: LevelType
W
genum» Min
{{dataTw-:net-:' genums» Max
ValuelList genums» Nom
genums» Typ
L.
udataTypen
ValueReferencePairType
+  wvalue: ValueDataType
+ valueld: Reference
Class: DataSpecificaionlEC61360<<Template>>
Explanation: Content of data specification template for concept descriptions conformant to IEC 61360.

Although the IEC&360 attributes listed in this template are definedpfoperties and values ar,
value listsonly it is also possible to use the template for other definition This is shown in the
Table7, Table8, Table9 andTablel0.
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Inherits from:

Attribute

(*=mandatory)

preferredName

of the Administration Sh¢®1

DataSpecificaonlEC61360<<Template>>

Constraint AASD75. For all ConceptDescriptiongsing data specification template IEC613
(http://adminshell.io/DataSpecificationTemplates/DataSpecifard EC61360/2/) values for the
attributes not being marked as mandatory or optiontablesTable7, Table8, Table9 andTable
10.depending on its category are ignored and handled as undefined.

DataSpecificationContent

Explanation

Preferred name

Constraint AASe076 For all ConceptDescriptions using da
specification template IEC61360 (http://adm
shell.io/DataSpecificationTemplates/DataSpecification|EC|
360/2/0) at least a preferred name in Englgtall be defined

LangStringSet

shortName

Short name

LangStringSet

aggr

unit

Unit

string

aggr

unitld

Unigue unit id

Reference

aggr

sourceOf
Definition

Source of definition

string

aggr

o o o ©
AN N N

symbol

Symbol

string

aggr

©
i

dataType

Data Type

Constraint AASE070 For aConceptDescription with catego
PROPERTY or VALUE using data specification templ
IEC61360 (http://admin
shell.io/DataSpecificationTemplates/DataSpecification|EC|
360/2/0)- DataSpecificationlEC61360/dataType ismdatory
and shall be defined.

Constrant AASd-071:For a ConceptDescription with categd
REFERENCE using data specification template IEC61
(http://admin
shell.io/DataSpecificationTemplates/DataSpecification|EC|
360/2/0) - DataSpecificationlEC61360/datype is STRING
by default.

ConstraintAASd-072: For a ConceptDescription with categq
DOCUMENT using data specification template IEC613
(http://admin

shell.io/DataSpecificationTemplates/DataSpecification| EC|
360/20) - DataSpecificationlEC61360/datafje shall be ong
of the following valus: STRING or URL.

Constraint AASe073:For a ConceptDescription with catega
QUALIFIER using data specification template IEC613
(http://admin
shell.io/DataSpecificationTemplat®ataSpecificationlEC61
360/2/0)- DataSpecificationlEC61360/dataType is ratory
and shall be defined.

DataTypelEC6136
0

aggr

definition

Definition in different languages

Constraint AASd074 For all ConceptDescriptions except f
ConceptDescriptios of category VALUE using dat

LangStringSet

aqor

0.1
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DataSpecificaonlEC61360<<Template>>

specifcation template IEC61360 (http://admi
shell.io/DataSpecificationTemplates/DataSpecification|EC|
360/2/0) - DataSpecificationlEC61360/definition
mandatoryand shall be defined at least in English.

valueFormat Value Format string agor| 0..1
valueList List of allowed values ValueList aggr| 0..1
value Value ValueDataType aggr | 0..1
valueld Unique value id Reference aggr | 0..1
levelType Set of levels. LevelType aggr | 0..1
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Figure 56 Example Property from ECLASS

class Data Specification conformant to IEC61360-1 2017-07 and 1SO13584-42 2010-12-15/
Property 02-BAAL2D Max. rotation speed
short name
Format INTEGER_MEASURE
Unit of measure 1/min
Definition: Greatest permissible rotation speed with which the motor or feeding unit may be operated
Values:

Figure 57 Example Property Description with Value List from ECLASS

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-BABG49#001 - Air-air heat exchanger

0173-1#07T-BABS50£001 - Air-water heat exchanger
0173-1#07-BAB592£001 - alien

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

0173-1#07T-BABTO2#003 - Heat exchanger against other cooling medium
0173-1#07-BABG5TE003 - open circuit, external cooling
0173-1#07-BAB656#003 - open circuit, internal cooling
0173-1#07-BAB5355003 - other form of cooling with primary air coolant
0173-1#07-BAB536#003 - other primary non-air coolant
0173-1#07-BABGT4£003 - self

Figure 58 Example Value Description fromECLASS

Value OL73-1#07-BABGSTH003
Classification open circuit, external cooling
short name

Definition:

Figure 59 Example Value Description from ECLASS Advanced
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Yuchange Text = Replace Mpeiete [Elcopy
General Admin Attribute History Release
Value BABG657
IRDI 0173-1#07-BAB657#003
eCl@ss v5 1D 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 Tvalpetisdbi | i sts all the all owed values f oraralistedinrarc e pt

enumeration. The value list is a set of value reference pairs.

Figure60Ty pe #fAVal uelListo

«dataType»
ValueList
{Reference to
_________ _ | ConceptDescription
with category
Lo VALUE}
«dataType»

ValueReferencePairType

+ value: ValueDataType
+ valueld: Reference

Class: Valuelist <<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. Eaciue has a global unique id defining
semantic.

Inherits from: --

(
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Class: ValueReferencePair <<DataType>>

Attribute Explanation

(*=mandatory)

value* the value of the reference ValueDataType aggr 1
concet definition of the value in
valueld

valueld* Global unique id of the value | Reference aggr 1

For the meaning of theontentattributes of the IEC6136@ata specificationemplate please raféo IEC 61360 and/or
ECLASS

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

SeeFigure61 for how data specification templates astatedto concept descriptions (showing mheritedattributes as
well). In a similar waydata pecificationtemplates for other elements in theoimhation model can be fileed and used.
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Figure 61 Concept Descriptions for Properties conformant to IEC61360

Identifiable
Data Specification Templates HasDataSpecification
Identifiable ConceptDescription
DataSpecification + isCaseOf: Reference [0.."]

::h6_HasDataSpecification
+ dataSpecification: Reference [0.."]

:h2_Identifiable
+ administration: Administrativelnformation [0..1]

=h2_ldentifiable
+ administration: Administrativelnformation [0..1]
+ identification: Identifier

h1_Referable

+ idShort: string ! I + identification: Identifier
+ displayName: LangStringSet [01] external global .'.'h?__Referabfe_
o referencefor |+ jdShort: string
+ category: string [0..1] dataspecification . .
+ description: LangStringSet [0..1] - dlsplayName.: LangStringSet [0..1]
+ «obsoletex parent: Referable* [0..1] +  category: string [0..1]
-h0 HasExtensions + description: LangStringSet [0..1]
= + «obsolete» parent: Referable® [0..1]

+ extension: Extension [0..7]

:-h0_HasExtensions
+ extension: Extension [0.."]

N

may be used as Data

1 Specification

«abstract»

DataSpecificationContent «Template»

DataSpecificationlEC61360

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

unitld: Reference [0..1]

source OfDefinition: string [0..1]
symbal: string [0..1]

dataType: DataTypelEC61360 [0..1]
definition: LangStringSet [0..1]
valueFormat: string [0..1]
valueList: ValueList [0..1]

value: ValueDataType [0..1]
valueld: Reference [0..1]
levelType: LevelType [0..7]

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

The following tables recommerusingspecific categories to distingn which kind of concept is described. They also

give advice which attributes need to be filled for which category of concept description. These tables are not part of the
specification because in a way the existitaga specificatiotemplate for descrihg concept descriptions for properties

and coded Maes is misused to also describe other concepts. In later v&osithre standards and this specificatitirere

might bedata specifications faroncept descriptits better suited for the purpose.
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>
=
=
o
c
=
@
2,
N

Category of SubmodeElement CONSTANT | VARIABLE

preferreddmé? m m m m m
shortName (m) (m) (m) (m) (m)
unit (m) (m) (m) - (m)
unitld (m) (m) (m) - (m)
sourceODefinition 0 0 0 0 o]
symbol o} o} o} - -

INTEGER_* or

dataType mt4 mts m16 ?;i:\’l\l S?:AT ABLE Eiﬁ:_o_;AL_* or
definition (m) m m m m

valueFomat o o o] -- 0

valueList - o o} -- --

value m - - - -

valueld o] -- -- -- --

levelType -- -- -- -- {Min, Max}

Table 7 Concept Description with IEC612360 Data Specification Template for Properties and Ranges

2 m= mandatory, o =mtional, (m) = conditionally mandatory or recommended to be added

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

5 Except STRING_TRANSLATABLE. In this case MultiLanaguageProperty shalubed.

16 ExceptSTRING_TRANSLATABLE. In this case MultiLanaguageProperty shall be used.
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>
=3
=
=
=
=
(o)
N
=

Category
Submode}
Element

19

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

unit -- -- -- - - -

unitld -- -- -- - - -

sourceOf
Definition

symbol -- - - - - -

dataType STRING | URL STRING | -- - -

definition m m m m m m

valueFormat - -- - - - -

valuelList -- -- -- - - -

value - -- - - - -

valueld - - -- - - -

levelType - - - - - -

Table 8 Concept Description with IEC612360 Data Specification Template foother Data Elements
Relationships Elements andCapabilities

" m= mandatory, o = optional, (m) = conditionally mandatory or recommended to be added
8 Template oly used until explicit template for defining the corresponding sypleelements are ailable.

9 Mandatory in at least one language. Preferrable an English preferred name should allways be defined.
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v
)
)

anquy

[@)
=
19
o
=
o
=]
L
=y
o]

=
o
3
<)
o
@
m
o
3
o)
=)
23

a157U0199]|0D

uswa|gepowqgn

Category of
Element

preferredNan® m m m m m

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

unit - - - - -

unitld -- -- - - -

sourceODefinition o] o] o] o] o]

symbol - - - - -

dataType - -- - -- --

definition m m m m m

valueFormat -- -- - - -

valueList - - - - -

value - -- -- -- -

valueld -- -- - - -

levelType - -- - - -

Table 9 Concept Description with IEC612360 Data Specification Template for oter Submodel Elements

category APPLICATION_CLASS QUALIFIER VIEW

20 Mandatory in at least one language. Preferrable arisbngileferred name should allways be defined.
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Y|

=
=4
o
c
=1
@,
2

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 10 Other Elements with semanticld

4.8.3 Predefined Templates forUnit Concept Descriptions

Conformant to the rules i€lause7.2.4 the following data specification template should be referenced via the id
ﬁmp s:/ladmin - shell.io/DataSpecificationTemplates/DataSpecificationTemplat es/ DataSpecification PhysicalUnit/1/0 o]
(in hasDataSpecificatiodataSpecification

The recommendation i s t o assleadfiscisindClasel.8amespace qual.i
ExamplesiEC:DataSpecificationRysicalUnit/unitNamer IEC:DataSpeciftationPhysicalUnit/definition

Units are used in data specdiion templates for properties when defining the unitld
(IEC:/DataSpecificationlEC61250/unitlgeeFigure 62). The unit value coasponds then to thenitNameas specitd
in theconcept description referenced wiaitld.

The data specification template for concept descriptions for unit$-{gese62) is defined conformant to IEC61360
and 1SO1385412 andis following thexml schema UnitMLAN example unit is shown iRigure63.
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Figure 62 Data SpecificationTemplate for Physical Units (DataSpecificationPhysicalUnitiand its Usage

DataSpecificationContent

« Template»
DataSpecificationPhysicalUnit

unitName: string

unitSymbol: string

definition: LangStringSet
siNotation: string [0..1]
siName: string [0..1]
dinNotation: string [0..1]
eceName: string [0..1]
eceCode: string [0..1]
nistName: string [0..1]

source OfDefinition: string [0..1]
conversionFactor: string [0..1]
registrationAuthorityld: string [0..1]
supplier: string [0..1]

+ + + + + + + + + + + + +

Figure 63 Example of a concept descriptin for a unit: 1/min (from ECLASS)

class Data Specification Units conformant to IEC61360-1 and 1SO13584-42 (NE\N)/

1D

Name

Primary language
Structured Naming
Short Name
Definition

Source

Comment
S| Notation

SI-Name
DIN Notation

ECE Name

ECE-Code

NIST-Name

Conversicon factor
Registration authority ID
Supplier

0173-1#05-AAA650#002

1/min

German

min~?

1/min

reciprocal of the unit minute

NIST Special Publication 811:1995

1/min

reciprocal minute
min-?

reciprocal minute

C94

revolutions per minute
1.0/60

0173-1

ECL




102| The Metamodel of the Asset Administration Shell w.r.t. Security

5 The Metamodel of the Asset Administration She

w.r.t. Security

AstheAAS is a central point for data access, there is the need to support fine grained access control trsatrsuiipert

roles as well as separatecass control policies fandividual nodes or submodels in the AAS. Access Control is based
on Identity Management and can only faaecessfullyimplemented in a secure environment. These aspscieell as
concepts taupportdata usage control and datayenance trackingre going to be developed further in the futinence

not describedn detail in this chapterFor this document, focus lies on the supported access control model and support
for X.509v3 cerificates.

5.1Passng AccessPermissiors

When haing a look at the leading pictur&igure 1 in Clause3.2) also security aspects have to be considered when
transferring information from one value chain partioethe next.

WhenAAS content is passddom one partner tanotherthis is typicallyrelated to a change in the access control domain
of the partners involved (supplier, integrator, operator), i.e. the scope of the validity of access control policies.

Thereforefor the example that the supgr passes odatato the integratqrthe bllowing typical stepsre carried out

1 Step AXA2: The supplier makes a choice which data is to be passddeerClause8), ard thus
determines the eaent of the A/SX packagegee Clausé).

Step A2A3: The AASX package is transferred to the integrator.

1 Step A3A4: The integrator receives the package and imsgbe content into his security domaiuring
this stepthe integratohasto establish access rights according to the requirements in his own security
domain.

ABAC is a very flexible approaclhat also encompasses rilased access asrole can beonsidered as one attribute
in this contet. Other attributes might bthe time-of-day,the location of the asset, thdginating address and others.

In addition to the AAS content itself, also tthefinedaccess permissiofigve to be transferred betwethe partners due
to the following two easons:

(1) Access permissions to informaiti elements of an AAS must be established in eackss contralomain.

(2) One partner must be able to pass a suggestion which access permissions should be establishest:fdehdhe as
is describd in the AAS.

An exanple for the requiremer{):

A robot manufacturer suggests that for the robot the following roles shall be defined: machine setter, operator and a
maintenance role. Note that the roles have to be expressadans of attributes of the AAS representingritzot.

He also suggests permissionstiwese roles, e.g. an instal(@rtegrator)does have writ@ccess to the program of the

robot, but an operator does not.

The above example motivates that the acceamigsion rules need to be passed fromawtess controldomain to the
other.The pasing on of the access permission rules is implemented by following means:

1 Definition of access permissionBhe detailed access permission (e.g. read, write, deletég dreaoke method
etc.) are defined in a domagpecific submode{seedefaultPermissinsand selectablePermissioria Clause
5.3.5.

1 Definition of the access peission rules, based on the defined access permisdibase are defineas part of
access contrdsee Clausé).

1 Assocation ofaccespermissiorrulesto each information elemefabject)of the AAS. This means is realized
by the information structure of the AAS, itsedieePermissionsPerObjedh Clause5.3.4).

Effective accespermissionsare determined based on thecess permission ruledgachsubmodel elemerih the AAS
shall haveulesthat defines its a@ss permissions for eashbject. The subject is assumed to be already authenticated.

If a subnodel elementoes not havéhese rulesit will automatically use the table for the element where it is included
(Ai nher it an.cleemostupper dijbintirecAAS itself, i.e. the AAS is thetarting point for the inheritance.
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As indicatedbefore, subjectidentification, ule definiions and also permissisnould be different for the receivirgarty

as it may be in a different access conttoimain.When the receiving party establishes access permissions during step
A3-A4, it must mergethe passdon accessdefinitions (permissions ad access permission rules) the existing
definitions in itsaccess contralomain.

In [19] examples and more background information on attribute access control and access gerteshircan be found.
The classes arttieir attributes ar defined in ClausB.3.

5.20verview Metamodelof Administration Shell w.r.t. Security

Securityrelated attributes are part of any AAS. In this version of the spatidi two sets of securityelated attribigs
are considered:

1 Access Control: The objective of access control is to protect system resources (here: AAS content) against
unauthorized access. The protection measures are specified in access controlviudiséssope of
validity is defined by secusi domains dedicated to access control.

i1 Digital Certificates: Among others, the objective difjital certificates isto prove the ownership of a
public key. In an AAS, X.509 certificates are used.

In this vergon of this specification mainly the aspedtaccess permission is dealt with and further described below.

Note 1: Further specifications on security aspects and security related AAS submodel elements will follow in future
versions of this document.
Note 2: The implementation of access control in an 14.0 System needs support by dedicated infrastructure services,
e.g. for identity management, digital certificate management, authentication and access control enforcement.
This is work under progress and will be speci fi ed i n further detadobumentseriehe AAAS i
Hence, the security-related attributes specified in this version shall be considered as preliminary.

The underlying conceptpplied for access contrid the concept oéttributebased accascontrol (ABAC) In general,
the ABAC request flowis described irf22]. Originally, ABAC relies upon the datfiow model and language model of
the OASIS ex¢nsible Access Control Markup Language (XACML) specificafibns

OASIS XACML includes concepts such as:

1 Policy adminigration point (PAP): The system entity that creates a policy set.

1 Policy decision point (PDP): The system entity that evaluateapaticable policy and renders an
authorization decision.

1 Policy enforcement point (PEPThe system entity that performs assecontrol, by making decision
requests and enforcing authorization decisions.

1 Policy information point (PIP): The system entitatlacts as a source of attribute values.
Thegeneral request flovg depicted in Figwe 117:

1 A subjectis requesting accassan object (1). In the context of an AAS object igypically a submodel
or a property or any other submodel element conneottte asset.

1 The implemented access control mechanism of the AAS evaluates the pegesssion rules (2a) that
include castraints that need to be fulfilled w.r.t. the subject attributes (2b), the object attributes (2¢) and
the environment condition2dq).

1 After theevaluationa decisionstaken and enforceglpon the object (3), i.ehé access to the submodel
element is pemitted or declined.

21 Seehttp://docs.oasiepen.org/xacml/3.0/xacr8.0-corespecos-en.pdf.


http://docs.oasis-open.org/xacml/3.0/xacml-3.0-core-spec-os-en.pdf
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Figure 64 Attribute Based Access Control[22]

Access Control
Policy

Environment
Conditions

Object

Access Control
Mechanism

( Clearance

Subject Attributes

Object Attributes

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

In Figure 1B an overview oftie information model of the AAS w.rthe above twaecurityaspectss given. The focus
is on access control.

An object in the context of ABAC corresponds typically to a submodel or to a submodel element. Thatwijetts
again are modelled as subdeb elements.

Subject Attributes need to be accesséttier via an external policy information poi(RIP) or they are defined as
properties within a special submodel of the AAS. A typical subject attribute i¢etSte role is the only subject attuiie
definedwhen ABAC is applied amle-based accesontrol.

Optionally, environment conditions can be defined. In-li@eed access contrab environment conditions are defined.
Environment conditions can be erpsed via formula constraints. To lisesto do so the values needed should be defined

as poperty or reference to data within a submodel of the AAS.
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Figure 65 Overview Metamodel Security of AAS

Security «abstracty BlobCertificate

Identifiable|
HasDataSpecification ‘
AssetAdministrationShell
+ security: Security [0.1] | oo_______= *
+  derivedFrom: AssetAdministrationShell* [0..1] *

+ accessControlPolicyPoints: AccessControlPolicyPoints | — — =
certificate: Certificate [0..%]
requiredCertificateExtension: Reference [0..%]

Certificate +  blobCeriificate: Blob

+ containedExtension: Reference [0..%]
+ lastCertificate: boolean

‘ PolicyAdministrationPoint ‘

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

v

T + authenticates: Identifiable™ [0..%]
v

‘ AccessControlPolicyPoints

PolicyDecisionPoint ‘

+  policyAdministrationPoint: PolicyAdministrationPoint
policyD Point: PolicyD Point
+  policyEnforcementPoint: PolicyEnforcementPoint

+ extemalPolicyDecisionPoints: boolean ‘

J PolicyEnforcementPoint |

AccessControl

selectableSubjectAttributes: Submodel* [0..1]
defaultSubjectAttributes: Submodel*
selectablePermissions: Submodel* [0..1]
defaultPermissions: Submodel*
selectableEnvironmentAttributes: Submodel* [0..1]
defaultEnvironmentAttributes: Submodel® [0..1]
accessPermissionRule: AccessPermissionRule [0..%]

+ o+ o+t

+ externalPolicyEnforcementPoint: boolean ‘

\‘1 PolicylnformationPoints ‘

+ intemalinformationPoint: Submodel™ [0..7]
+  extemalinformationPoints: boolean

authenticated subject attributes (kind=Template)
are defined in submodel
selectableSubjectAttributes in AccessControl,

‘ Constraint|

Formula

‘+ dependsOn: Reference* [0..*]

Environment Conditions are
specified in formulas
(inherited via Qualifiable)

v

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

AccessPermissionRule

Referabl

Qualifiable|

| SubjectAttributes ‘

+ targetSubj

ibutes: Subj ibutes
+ permissionsPerObject: PermissionsPerObject [0..%]

- >|+ subjectAttribute: Property [1..%] ‘

v

‘ PermissionsPerObject

|

ObjectAttributes |

+ object: Referable®
+ targetObjectAttributes: ObjectAttributes [0..1]
+  permission: Permission [0..%]

[+ objectartribute: Property [1..%]

v

permission for example: allow
read, write, delete
as defined in submodel

| Permission

+  permission: Property®
+  kindOfPermission: PermissionKind

selectablePermissions in
AccessControl

«enum» Allow
«enum» Deny

«enum» NotApplicable
«enum» Undefined
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Figure 66 Metamodel Overviewfor Access Contrdin an AAS

Identifiable
HasDataSpecification

AssetAdministrationShell

security
includes

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

| PolicyAdministrationPoint ‘

+ externalAccessControl: boolean

+ localAccessControl: AccessControl [0..1] ‘

W

AccessControl
+ selectableSubjectAttributes: Submodel® [0..1]
+ defaultSubjectAttributes: Submodel* authenticated subject &
+ selectablePermissions: Submodel® [0..1] attributes (kind=Template)
+ defaultPermissions: Submodel* are deﬁ'neb‘ in submodel
+ selectableEnvironmentAttributes: Submodel® [0..1] selectableSubjectAttributes
+ defaultEnvironmentAttributes: Submodel* [0..1] in AccessControl.
+ accessPermissionRule: AccessPermissionRule [0..%] An authenticated subject is
1 described via its attributes
Constraint | like OPC UA role,
Formula : qualification {in case of
| human subjects), ...
|

|+ dependsOn: Reference® [0..%] ! i
.’" V :
. Referable >‘ I

Qualifiable|- - = SubjectAttributes |

Environment
Conditions are AccessPermissionRule

+  subjectAttribute: Property [1..%]

specified in
formulas (inherited
via Qualifiable)

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

v
‘ PermissionsPerObject ‘ >I ObjectAttributes |

+ object: Referable® |+ objectAttribute: Property [1..%]
+ targetObjectAttributes: ObjectAttributes [0..1]
+ permission: Permission [0..%]

v permission for example: allow
read, write, delete
_____________ as defined in submodel
selectablePermissions in

‘ Permission |

+ permission: Property®

+  kindOfPermission: PermissionKind AccessControl

=y «enumeration»
PermissionKind

aenum? Allow
wenum®» Deny

«enum» NotApplicable
«enum?® Undefined

By means ofaccess contrgbolicies(e.g. in terms oficcess permissiamles, it is defined which gbjectis allowed to
access whicbbjectg?within the AAS.It is assumed that the subject is alreadpenticatedObjects can be any refetab
elements, i.e. they include submajeassets, concept descriptions, views Mtire generaltican be specified whether

2The term fAobjecto i s riwmaneid futbre alsa otisee objects like ®r examplecattriputen af

classes may be incled besides elements.
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an authenticated subjeistallowed or deiedaccessingnobjecta . s . o . i Ac ¢ edf thedsspegified germisdiors 0 n
on an eément of the AAS. Which permissions aedectable is not defined by the metamodel of the AAS. The selectable
permissions are defined via a submodstldctablePermissions The same holds for the subject attributes
(selectableSubjectAttributesThe defalt subject attribute and default perrasions are used if they are not overwritten

by the owner of the AASAs for permissions the used authenticated subject attributes are defined in submodel
selectablSubjectAttribtes

Accessrights may be constrainefurther For exampleapolicyrulemays peci fy that the role fin
(to be more precise: an authenticated subject with sub
write configuration parameters if the machine (#set) is not running. Séégure 25 in Clause4.7.2.8for a formal

expression of this access rule basedenthpr operty fiStatuso.

Object Attributes are handled & different way. It is assumed thaygproperty of the object in focus can additionally
take over the role of an object attributdereforethere is no special submodel for default or selectablkecobjtributes.

Figure67 gives an overview of all elements defifor security issues in thmetamodel

Figure 67 Security Overview Packags

Access Control

E + AccessControl
Security El + AccessControlPolicyPoints
. E + AccessPermissionRule
+
5 + Security |2 + ObjectAtributes
1 + Access Contral —— == = + Permission
7 + Certificate Handling amgore | + PermissionsPerObject
E + PolicyAdministrationPoint
E + PolicyDecisionPoint
" = + PolicyEnforcementPoint
. 5 + PalicylnformationPoints
h E + SubjectAtiributes
wimports + PermissionKind

Certificate Handling

E + BlobCertificate
E + Certificate

5.3Metamodel Specification Details: Designators

5.3.1 Introduction

In this clausethe classes of the metamodelated tosecurityare specified in detailt is an extension of the metamodel
as described i€lause4.7.

For understanding the extension the basics @mmon abstract classes néedbe understood (see especidliause
4.7.2 Clause4.7.11andClause4.7.12.
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5.3.2 Security Attributes

Figure 68 Metamodel for Security Attributes of AAS

Identifiable|
HasDataSpecification| | Security
AssetAdministrationShell
- - -— - ==+ accessCantrolPolicyPaints: AccessControlPolicyPaints

* sec_unt_f: Security [0..1] - + certificate: Certificate [0.*]

+ derivedFrom: AssetAdministrationShell* [0..1] + requiredCertificateExtension: Reference [0.."]
Class: Security
Explanation: Containerfor security relevaninformationof the AAS.

Inherits from: -

Attribute (*=mandatory) Explanation Kind Card.
accessControlPolicyPoirits Access control policy points ¢ Acces€ontrolPolicy | aggr 1

the AAS. Points
certificate AuthentificatingCertificates of| Certificate aggr 0.*

the AASand its submodels et

requiredCertificateExtension | Certificate  extensions g Reference aggr 0.*
required by the AAS

In general,it has to be considered how to enable the first configuration of the AAS w.utitgedhis would include
setting the athorization provider endpoint etc.

Attributes of certificates are defined in X509. A required extension of an ASNL1 certificate cagiftered via an OID.
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5.3.3 Certificate Attributes

Figure 69 Metamodel for Certificates

aabstract»
Certificate

A
iy

:

BlobCertificate DataElement
Blob

blobCertificate: Blob
containedExtension: Reference [0..%] ~|* value: BlobType [0..1]

|lastCertificate: boolean + mimeType: MimeType
authenticates: Identifiable™ [0..%]

+ + o+ 4+

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

Class: Certificate <<dstract>>

Explanation: Certificate

Inherits from: --

Attribute (*=mandatory) Explanation Kind Card.

policyAdministationPoint* | The access control administratiQ PolicyAdministrationPoint aggr

policy point of the AAS.

Class: BlobCertificate

Explanation: Certificate provided as BLOB

Inherits from: Certificate

Attribute (*=mandatory) Explanation

blobCertificate* Certificate as BLOB. Blob aggr 1

containedExtension Extensions contained in thertificate. | Reference aggr 0.*

lastCertificate* Denotes whether this certificate is t| boolean attr 1
certificated that fast addéalst.
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5.3.4 AccessControl Policy Point Attributes

Figure 70 Metamodel for Access ControlPolicy Points

AccessControlPolicyPoints ‘

policyAdministrationPoint: PolicyAdministrationPoint PolicyDecisionPoint

policyDecisionPoint: PalicyDecisionPaint + externalPolicyDecisionPoints: boolean
policyEnforcementPoint: PolicyEnforcementPoint
policylnformationPoints: PolicylinformationPoints [0..1]

+ 4+ o+ 4+

PolicyEnforcementPoint ‘

| |
| |
| |
| |
| | + extemalPolicyEnforcementPoint: boolean ‘
| |

| |

V V

‘ PolicylnformationPoints ‘ ‘ PolicyAdministrationPoint ‘

+

+ internalinformationPoint: Submodel* [0..*]
+ externallnformationPoints: boolean

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

Class: AccessControlPolicyPoints

Explanation: Containerfor access control policy points.

Inherits from: --

Attribute (*=mandatory) Explanation

policyAdministrationPoint*| The access control administrati¢ PolicyAdministrationPoint aggr 1
policy point of the AAS.

policyDecisionPoirtt Theaccess contrgdolicy decision point PolicyDecisonPoint aggr 1
of the AAS.

policyEnforcementPoifit | The access contrgbolicy enforcemen{ PolicyEnforcementPoint | aggr 1
point of the AAS.

policylnformationPoing The access contropolicy information| PolicylnformationPoirg aggr 0.1

points of the AAS.

Class: PolicyAdministratiorPoint

Explanation: Definition of a securitypolicy administratiorpoint (PAP).

Inherits from: --

Attribute Explanation

(*=mandatory)

localAccessControl | The policyadministrationpoint of acess controasrealized| AccessContr | aggr | 0.1
by the AASitself. ol

Constraint AASs-009 Either there is an externglolicy
administration point endpoint defined
(PolicyAdministrationPoint/externalPolicyDecisionPoints
rue) or the AAS has its own access control.
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PolicyAdministratiorPoint

externalAccessContrd If externalAccessControlfrue then anEndpoint to an boolean attr | 1
I* external access contrdéfining a policyadministratiorpoint
to be used by the AABeeds to be configured.

The definition of the Policy Administration point is taken fr§22]. The PAP isesponsibldor managing administering
policies and also includes access control for the policies itself. Policies are deployed to the PDP for evaluation of access
control deci®ns.

Class: PolicylnformationPoirg

Explanation: Definesthe securitypolicy informationpoints (PIP).

Serves as the retrieval source of attributes, or the data required for policy eva
to provide the information needed by fi@icy decision pointo make the decisions

Inherits from: --

Attribute (*=mandatory) ‘Explanation Kind Card.

internalinformationPoint | Referenceto a Submodeldefining information| Submodel ref* | 0.*
used by security access permission rules.

externallnformationPoist | If externalinformationPoirgTrue then tleast one boolean aggr | 1
Endpoint to external available infortian needto
be configured for the AAS.

The definition of policy information point (PIP) is taken frai@2]. The difference between external and internal
information points is whtter the AAS needs access via an enafptm an exterrlasource of information or whether the
AAS stores the neededfarmation itself. There might also be external and internal information points for an AAS to be
considered for decision taking.

Class: PdicyEnforcementPoints

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

Inherits from:
Attribute (*=mandatory) Explanation Kind Card.

externalPolicyEnforcementPoin{ If externalPolicyEnforcementPoifitue then an boolean
Endpoint to ex¢rnal available enforcement poi
taking needs to be configured for the AAS.

The definition of policy enforcement point (PEP) is taken ff@@}. The PEP is the gateway that regulates access control
decisions and is lated directly where data access in téchlly enabled (e.g., all REST interfaces must be access
controlled by a PEP). THeEP does not compute access decisise$f butforwards these decision requests to the Policy
Decision Point.
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Class: PolicyDecisonPoint

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

Inherits from:

Attribute (*=mandatory) Explanation Kind | Card.

externalPolicyDecisionPoints| If  externalPolicyDecisionPoints True then| boolean
Endpoints to external available decisipoints
taking into consideration faccess control for th
AAS need to be configured.

The definition of policy decision point (PDP) is taken frfid2]. The PDRcomputes access decisions by evaluating the
applicable écision points and meta policies. Orfettee main functions of the policy decision point is to mediate or

deconflict decision policies according to meta policigther the decision taking is donethin the AAS. Then, the AAS

is autonomous and indepentiérom an external access control systér the decision taking is done outside the AAS.

Then, the AAS needs to be able to access this external endpoint for decision taking.

5.3.5 Local AccessControl Attr ibutes

Figure 71 Metamodel for Access Control

AcceaaControl

selectableSubjectAtiributes: Submaodel™ [0..1]
defaultSubjectAttributes: Submodel*
selectablePermissions: Submodel* [0..1]
defaultPermissions: Submodel*
selectableEnvironmentAttributes: Submaodel* [0..1]
defaultEnvironmentAttributes: Submodel* [0..1]
accessPermissionRule: AccessPermissionRule [0..1]

‘ PolicyAdministrationPoint ‘

+ localAccessControl: AccessControl [0..1][~~~ =

+ externalAccessControl: boolean

o T T R

v

Referable
Qualifiable
AccessPermissionRule

targetSubjectAtiributes: SubjectAtiributes
permissionsPerObject: PermissionsPerObject [0..%]

Class: Acces€ontrol

Explanation: Access Control defines the lo@icess control policy administratipoint.

Access Control has the major task to define the ageassission rules.

Inherits from: --
Attribute (*=mandatory) ‘ Explandion Kind Card.

accessPermissiGule

Access permissionrules of the AAS| AccessPermi aggr
describing the rights assigned falready| ssiorRule
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authenticated) subjects access elements
the AAS.

selectabl8ubjectAttributs

Reference to a subrdel defining the
authenticatedubjectghat are configured fo
the AAS. They are selectable by the acg
permissiorrulesto assign permissions to tf
subjects

Default:reference to the submodel refereng
via defaultSubjectAttributes

Submodel

ref*

defaulSubjectAttributs*

Referencdo a submodel defining the defal
s u b | attdbutesor the AASthat can be
usedto describe access permission rules

The submodeiks of kind=Template

Submodel

ref*

selectablePermissiohs

Reference to a subrdel defining which
permissions can bessigned to theubjects.

Default:reference to the submodel refereng
via defaultPermissions

Submodel

ref*

defaultPermissiorfs

Reference to a submodel defining the defg
permissions for the AAS.

Submodel

ref*

selectableEnvironmentAttribu
es

Reference to a submodalefining which
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 submodefesenced
via defaultEnvironmentAttribas

Submodel

ref*

defaultEnvironmentAttributes

Reference to a submodel defining defg
environment attributes, i.e. attributes that
not describing the asset itself.

The submodeik of kind=Template

At the same type the values of the
environmen attributes need to baccessible
when evaluating the access permission ru
This is realized as a policy information poi

Submodel

ref*
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Attributes forAccess PermissioRule

Figure 72 Metamodel for Access PermissioRule

Referable
Qualifiable ‘ SubjectAttributes ‘

- _>‘ + subjectAttribute: Property [1..7] ‘

AccessPermissionRule

+ targetSubjectAtinbutes: SubjectAtiributes

+ permmissionsPerObject: PermissionsPerObject [0.7]

v
PermissionsPerObject ‘ ObjectAttributes ‘
+ aobject Referable* -~ =+ objectAtribute: Property [1.."]
+ targetObjectAtiributes: ObjectAttributes [0..1]
+ permission: Permission [0.%]

|
W aenumeration»
‘ Permission ‘ PermissionKind

= genums Allow

genums Deny

genums» NotApplicable
genume Undefined

+ permission: Property™
+ kindOfFermission: PermissionKind

Class: AccessPermissidtule

Explanation: Table that defines access permissionsapgenticatedubjectfor a set ofobjects
(referableelements

Inherits from: Referable Qualifiable

Attribute (*=mandatay) Explanation

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

permissiosPerObject Set ofobjectpermission pas that| PermissiosPerObject aggr | 0.*
define the permissions pebjed
within theaccesgermission rule.

Class: PermissiosPaObject

Explanation: Table that defines access permissions for a spedaigect The object is any referab
element in theAAS. Additionally, object attributes ¢abe defined that further specify tf
kind of object the permissions apply to.
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Class: PermissiosPaObject

Inherits from:

Attribute Explanation
(*=mandatory)
object Elementto which permission shall be assigned| Referable attr 1
targetjectAttributes | Targetobjectattributes that need to be fulfilled § ObjectAttributes| aggr 0.1
that the access paissions apply to thaccessing
subject.
permission Permissions assigned to thigject Permission aggr 0.*
The permissions hold for adubjectsas specified
in the accespermis$on rule.

Class: ObjectAttributes

Explanation: A set of data elements that describe obgtibutes. Thesattributes need to refer todata
element within an existingubmodel

Inherits fom: -

Attribute Explandion
(*=mandatory)

Reference to data element that further classifies| DateElement
object

objectAttribute*

Class: Permission

Explanation: Description of a single permission.

Inherits from: --

Attribute Explanation

(*=mandatory)

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

ConstraintAASs-010: The property referenced in
Permission/permissionshall have the category
ACONSTANTO

ConstraintAASs-011: The property referenced i
Permissim/permissiorshallbe part of the submode
that i s r ef egseleaablePdrmissicd
attribute offiAcces€ontrolo.

kindOfPermission*| Description of the kind of permission. Possible ki PermissionKind| attr 1
of permission also include the denial dhe
permission.
Values:
1 Alow

1 Deny
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Permission

1 NotApplicable

1 Undefined
Class: Subjectittributes
Explanation: A set of data elements that further classifies a specific subject.

Inherits from: --

Attribute Explanation Kind Card.

(*=mandatory)

subjecAttribute* | A data element thaturther classifies a specifii DateéElement| aggr 1.*
subject.

Constraint  AASs015 The data elemen
SubjectAttributes/subjectAttributehall be part of
the submodel that isreferenced within th
fiselectabl&ubjectAttributes atte riodb
flAcces€ontrolo .

Enumeration: PermissionKind

Explanation: Enumeration of the kind of permissions that is given to the assignment of a permiss
subject

Literal Explanation
Allow Allow the permission given to treulject
Deny Explicitly deny the permission given to thebject
NotApplicable The permission is not applicable to thebject
Undefined It is undefined whether the permission is allowed, not applicable or denfedsubject




6 Package File Format fo the  Asset
Administration Shell (AASX)
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6.1General

In some useases it is necessary to exchange the full or partial structure of theddigsigistration Shellith or without
associated values and/or make the infation persistent (e.g. store it in kefserver). This would mean that it is necessary
to define a fie format that can hold and store this information. Thereforpackage file format for the Asset
Administration Shel(AASX) is defined based on the foWing requirements:

1 Generic packagelé format to include the Assétdministration Shelktructure,data and other related
files

1 Main use casg are the exchange between organizations/partners and storage/persistency of the Asset
Administration Sheli 6 formation.

1 Without any legal restrictio and no royalties. Preferably based on an international sthadtd high
guarantees of future maintainability of that format

Existence of APIs to create, read and write this format
1 Digital signatures & encryptionapabilities must be provided
Policies br authenticity and integration of package fifes

The following process ifrigure73is defined for creating and consuming AASX packages.

Figure 73 Process for generating and consuming AASpackages

-Ig- I 5 ) = -I%— I
/ User of User of DN H@a
H’ %I partner "A" D1/E1 = LI NIy S$J\u§\ b %I
AAS Environment / Hosting AAHSX ’o’j AAS Environment / Hosting
m =
= Transport S
,% Policies =
Encrypt =
= Sign - = Verification
.I Pack I E I Secure l E IJ,:,;‘\ I—E " Validation Unpack II
AASX AASX j,j AASX [S,j j
Serialized files F Serialized files
_ Package Secure Secure i Ny
Suppl. files 9 Package Package Valid Package Suppl. files
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) into files (according to the serialization mechanisms
described in this document), as well as exporting other supplementary files amhitles mentioned in the structure o

the AAS, such as manuals, CAD files, etc.). All odsh files will be packaged together into the AASX ZIP file format

and will be followed by several security steps that defines the policies for modifiability péinorgnd digitally signing

of the files inside the AASX. The final AASX can then be transported from the AASX producer (in this case partner A)
to the AASX consumer (partner B), by digital media suchmait, USB Sticks, etc. The consumer needs firstatidate

and verify the incoming AASXunpack 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 followingssghions.

6.2Basic Concepts of the Open Packaging Converdns

The packaging model specified Itlye Open Packaging Conventions descripaskages parts, and relationships.
Packages hold parts, which hold content and resources, dilel?AsEvery file in a package has a unique WRmpliant
file name along wh a specifiedcontenttype expressed ithe form of a MIME media type.

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

#The term Afiledo will be used instead of #dAparto.
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Relationships are defined to connect the package to files, and to connect various files in the package. The definition of
the relationshipgalong with the files” names$ thelogical model of the mckage. The resource thata source of a
relationship must be either the package itself or a data component (file) inside of the package. The target resource of a
relationship can be any URIddressable resource inside or outside of thkguge It is pesible to have more thame
relationship that share the same target file (see exad@nplm ISO/IEC 2950: 2013.

The physical modelmaps tlese logical concepts to a physical format. The result of this mapping is a physical package
format(a ZIP archie format) in which filesappear in a directorlike hierarchy(adapted fronj27] and[28]).

6.3Conventions for the AssetAdministration Shell PackageFile Format
(AASX)

The AssetAdministration ShellPackage (AASX) format derives from th@pen Package Conventions standards,
consequently inheriting its characteristitevertheless, sonmnventiors shall be defined for the AASX

1 Package format and rules according to ISO/IEC 295Q012. Any derivatédormat from this standard
(such as thdASX format) requires the definition of a logical model, physical model and a security
model.Those specific aoventions are described in the next subsections.

File extension for the AASX formataasx
MIME -type for he AASX format: application/assatimiristration-shellpackagé
Icon for the AASX.

The AASX format can be identified by the file extension and MIME type. Contes#, it is possible to
identify it when reading the first relationship file /_rels/.relsdefned in Open Packaging Conventions)
and looking for a relationship tygstp://admin-shell.io/aas¥relationships/aasxorigin (which is the
entry point for the logical model of the Asgadministration Shell.

=2 =4 A =4

1 The following paths and filenames in the kage are already reserved by the OpeckBging
Conventions specification and therefore shall not be used for any derivative format:
/[Content_Types].xml_rels/.rels/<file_path>/_relskfilename>.rels(where filename> is a file in the
package that isogirce of relationships andfile_path> is the path to thailé).

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

relationships and files for the ¢€#ifer ent of foi cenayfimmael sbe pres
http://schemas. openxmlformats.org/officeDocument
document).

6.4ECMA -376 Relationships

As mentioredbefore, it is necessary tefine a logical model for formats omptef Open PackagingdbventionsFigure

74 definesa set of relationship types (URIs) and the corresponding source files as a part of the logicdbntbdel
AASX format In addition (no shown inFigure74), a specific relationship instance has also a unique ID and a target
resource (URI of a target file inside or outside the pacdkage

25The currenty MIMEtypeis provisory and needs to be requesiffitially.
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Figure 74 Relationship Types for AASX Packages

(root)

<rel>/metadata/thumbnail 0.1 D

<rel>/metadata/core-properties 0..1 |:|

<rel>/digital-signature/origin ~ 0..1
[

<rel>/digital-signature/signature 1..*
<rel>/digital-signature/certificate  0..1

]

<rel_aas>/aasx-origin 1
<rel aas>/aas-spec

1.*
<rel aas>/aas-suppl 0.1 D

rel = http://schemas.openxmlformats.org/package/2006/relationships
rel aas = http://admin-shell.io/aasx/relationships

The relationshipgypesfor thumbnail, coreproperties, digitabignatures (origin, signature and certificate) are defbyed
Open Packaging Conventions, so no need to reinvent. The other relatitypaswere specifically defined to support
the AASX package formatHere a shdrdesciption on each relationshiype?® of Figure74:

il

thumbnail 7 Optional. Required to define a thumbnail for that package (e.qg. picture of thestcated
device). The thumbnkpicture can be shown instead ofttep k age 6s i con based on t
MIME type.

core-properties i Optional. There is a schema for describing the package through "core properties,"
which uses selected Dublin Gometadata elements in additimnsome Open Packaging Conventions
spedfic elements. The corproperties do not describe thelministration Shell but the package itself.
Some elements of the cepeoperties may be similar/equal to elements ofttiministration Shell Some
corepropertes are: Title, Subject, Creator, Keyms, Description, LastModifiedBy, Revision,
LastPrinted, Created, Modified, Category, Identifier, ContentType, Language, Version, ContentStatus.

digital-signature/origin, digital-signature/signature and digitalsignature/certificate i Optional.

Required ifyou need to sign files and relationships inside the package. Their relationships basically target
files that contain the data on si giptantlaterie this (e. g.
document bhout digital signatures.

aasxorigin i Mandatory.This relationship targets an aaspgin file which shall bean empty file or a

pl ain text file containi hg the bngrypointefar tall add pedfie nt i on
relationships and filemside the package. The source of tasxrigin relationship must be the package

root.

aasspeci Mandatory:Targetshefile ( i a a stleainconéains the structuspecificationof one or more
identifiable elements (sucks AAS, Submodel or ConceptDdgtion), according to the XML or JSON
formatdefined in this documenthe source of the aaspec relationship must be the aasigin file.

aassuppl i Optional. Targets any additional filethich isreferenced (not stored as bldbym within
the data ban AAS via Fileelement (see Clauge7.8.9. The source any aasxsuppl relationship must
be the file containing the AAS structure/specification.

Note: Not every File element inside the specification of an Submodel may target a file stored within the same AASX
package. Only a relative URI reference (absolute-path or relative-path reference) shall be interpreted as a
reference to a supplementary file within the AASX package.

26 To avoid the long names of the relationstyipes we will usethe short name along the text.
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6.5File Name Conventions

Using the ECMAS75 relationkips (6.4) allows to locatdfiles within the AASX package independently from the file
name. For example, one package producer might store -@peeide in /aasx/device.xml, the other one in /aszdnin
shell/productX123.xmlbut both use the same aibnship tyje to target thafile. To have a more consistent approach,
the followingconventionsaaredefined fornamindfiles inside the AASX package

1 /aasx/shall be theeommon prefix for all files containingASX package spedif information.
91 /aasx/aasxorigin shallbe the target of the aasxigin relationship without content (empty file).

1 /aasxHata.<extension>shall be the target dhe aasspec relationship, whereextensior isfi x ml 0 or
fij sono, thétys of skriakition.

1 Itis also possible to havesrialization of the same data in battrialization formatéxml, json)stored
in the same AASXpackageln this case, the different serialization formats can be stored in pasatigl
the aforementioneelxtensiols andappropriate ECMA376 Content Type@VIME type). In this case, for
both of these files the appropriate -@appl relationships, targeting the supplementary files, must be
created.
An example of an AASXackageas shown inFigure 75. It shows the content of tHeASX package listed in a tree view

using the relationship typetefined inFigure 74 and following the file name conventions as defined abbvehis
example, tiis assumed that the AAspecificdion files are serialized into XML.

Figure 75 Example of an AASX packagecontent showing file names in dree view (left) and ECMA-376
relationship types (right)

/aasx/ aasx-origin

L data.xml
- AAS my_aas_id
- AAS another_aas_id
- Submodel another_submodel_id
- Submodel my_submodel_id
- ConceptDescription my_color |

aasx-origin

aasx-spec

data.xml

— suppl/ |

In addition to the AASX specific files, files common to all ECAN8&6 packages such as relationship paisrels) and
the Content Types stream ([Content_Types].xmiust be contained in @ASX package in its physical representation
as a .zip archive. For more information oesth files, please refer to the ECM3X6 ecification.

6.6Digital Signatures

A digital signing feature is already provided by the Open Packaging Conventions spenifatidience, his signing
framework for packagesan also be used for AASX packages. To ensure the ityte§the AAS data, all relevant files
within the package (aasxigin file, AAS structure specificatiofile, supplementary files) and the associated relationship
parts shall be signed.
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6.7Encryption

The Open Packaging Conventions specification (ISO/IE&D@2 : 201 2) me n tbasecpskageshshall nofi Z | P
includeecr ypti on as described in the ZIP specificat#t#on. Pa
However, an Open Packaging Conventions package may be encrypted with othesimdesorae applications using this

packaye format as the basis farmore specific format, may use encryption during interchange or DRM for distribution

[24].

An example is the Office Document Cryptography Structure-OFFCRYPTO) usd ty derivate office formats. Some

usel technol ogies may be covered by Patents from Microso
Digital Rights Management (DRM) can also be used to encrypt content elements in a package with apesifiglats

granted to authorize usgsee the implementation in the system.io.packaging nameg#re

Regarding encryption and confidentiality, the following ridball be followed:

1. Decide if there is a need of including ciaigintial content in a package. If théseno reason, then the confidential
content should not be included.

2. If encryption is desired for a temporary communication act (engaei | e X ¢ hr d mAABX neetly to he
stored somewhere so that it can bermukElater by the same entity, then eyption methods can be used that
specific mean (e.g. use BitLocker when storing the AASX in Windoased systems that support it, use
S/MIME for exchaging encrypted -enails between entities, etc.).

3. For all othemuse casé8where encryption is requirddr some or all of the content of the AASX:

T Encryption methods can be used for individual f
version eplaces the original file in the package, the MIME type o&tieyption format is known, and
the MIME type must be listed in the [ConteRgpe].xml. The relationships as defined in this document
remain the same, whenever content is encrypted or nottiNt®pen Packaging Conventions related
files as well as relanship files shall not be encryptedydadigital signing must be performed after
encryption. One example of an encryption standard is the Secure MIME (S/MIME), where the
encrypted content shtzlbe stored in application/pkcsifime format as defined in RFRB52 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 using Secure MIME and saving thergpted package in application/pkesiime file format).
In this case, the signature of the conterthef package must be done before the encryption.

27 The reason for tB might be related to the transparency requirement for the package format as weathss lic
requirements of PKWARE. For the ISO/IEC 213P(Document Container File: Core) there is the following statéme
AEncryption of i ndiratdirettorgis pradhibitede lenca this prodilé of ZIFh BK isneme transparent
thanitspaent f[3Dr mat . O

28 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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7.1General

It should be possible to shardormation between different systems throughout the area @d\sthe entire RAMI4.0
model[1] [2]. OPC UA has beetargetedas a format for information models in the domain of production operations, but
there is a need for other formats for the other areas anuiténeelationships between them.

This document describee Asset AdministrationShell together with itsubmodels in different data form#its

Table 11 Distinction of different data format for the AAS
Data format Purpose / motivaton

OPC UA Information| Access toall information of theadministration data and sharing of live data within produc
models operations. Access for hightavel factory systems to this information.

Sharing of type and instance informatioroabassets, particularly during engiriag. Transfer

AutomationML of this information into the operational phase (cf. OPC UA and the corresponding mappin
XML, JSON Serialisation of this information for the purpose of technical communication between phasg
RDF Mapping of this information to enable fullse of the advantage§semantic technologies.

Figure 76 Graphic View onExchange Data Formats for the AssetAdministration Shell=°

AutomationML

Asset Administration Shell ~—OPC-L
Representation v Information
modell

Data Exchange Format/
Payload

XML & JSON & RDF

Connected
World
Enterprise

OPC-UA /" Work Center
(Client/Server =~ I
Communication : . & Pub/Sub) Control Device
' . Field Device
Product

Concept Description

Source: Bosch Rexroth AG. Plattform Industrie 4.0
The specifications of the precediolquseare now speifically transferred to the individuaataexchangdormats.
7.2General Rules

7.2.1 Model and Global References
In the following we distinguish between global and model keys. They are defined as follows:

1 A global keyis a key with idType <> IdShort.

1 A model keyis a key with type <> GlobalReferenés. it references a model element within the same
AAS or within another AAS

XThe abbreviated use of the word @dat auchasinforanatisndmodels,c | u d e
schemes, transmission protocols, etc.

30 Only data formats considered in this document so far are mentioned in the figure.
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1 A similar distinction is done for references:

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 whicthe last key is a global key with type =

GlobalReference.

7.2.2 Encoding

For blobs the following encoding is required: base64 string.

7.23Seri alization of Val ues of Type AReferenceo

In some mapping oserializatims,the Typefi Ref er ence o i s cgring/ la this eade we recommead s i n ¢
usingthe followingserialization

<Reference> ::= <KeyH, <Key>}*

<Key> = (<KeyType>)[<Keyl dType>]<KeyValue>
<KeyType> ::=value of AAS:Key/type
<KeyldType> ::= value of AAS:Key/.idType
<KeyValue> ::= value of AAS:Keylvalue

Note 2: An | RI may contain also special symbols | i ke

of a new key a blank is added before the new key.

Examples:

(ConceptDestption)[IRDI]0173-1#02BAA120#008
(GlobalReference)[IRDI]0173#01-AFZ615#016

(Submodel)[IRI]http:/&xample.cordemo/aas/1/1/1234859590,(Property)[ldShort]Temperature

7.2.4 Semantic Identifiers for Metamodel and DataSpecifications

o 11

A(n, i, » and

To enable the unique identifition of concepts as used and defimethe metamodel of the asset administration shell
rules for creating such identifiers are defined.

The following grammar is used to create valid identifiers:

?

=+

<Namespace>= ( <AAS Namespace>|<Data Specification Nspace> )
<Namespace Qualifier> ::= <&ANamespace Qualifier>{Data Specification Qualifier>
<AAS Namespace>:= <Shelb | YSaA Lk IOISHKEF + SNEAZ2YH
<Data Specification Namespace> ::=

<ShelNamespace&5 I G { LISOAFTA O G A 2y &k & rnkR¢rdioa>NIi

<ShelNamespace> ::ehttps://admin-shell.iok
<Version> ::= <Digit>€/¢<Digit>H¢/ é<Character+]
<Digit> == 0]1]|2|3]|4|5|6]7]8]9

<Character>::= an unreserved character permitted i}{N SPEC 91406

.= zeroorone

;.= 0ne or more

2F 5141 { LSO


https://admin-shell.io/
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Up to nowtwo data specificatioiemplates arelefined For every data specification it needs to be defined which data
specification namespace to use.

<AAS Namespace Qualifier> :=a! ! { Y§¢
<Data Speification Qualifier> ::= defined per &a Specification
A concrete unique identifier is defined as follows:
<AAS Unique Concept Identifiery¥ YT 6f bl YSa LI} OSH u bl YSaLl OS vdzr f AFASH
<AAS Concept Identifier>::= <AAS Class Nanm{é=AAS Attribute>|<AAS Enumeration>)]
<AAS Attribute>Y YT ak éf ! ! { | {0 NMarimiteNarheb)fSH 09I ak € s ! ! {
<AAS Enumeration¥ YT w9 akéf! ! { 1 GGNROdzGS bl YSHYFB8E&Kkér! I { 9ydzy

Examples fowvalid unique AAS Concept Identifiers:
https://admin-shell.io/aas/2/0/AssetAdministrationSHatiministration/version
AAS:AssetAdministrationShell/administration/version

AAS:/Asset/kind/Instance

The application of the pattern is explained in the following:
The concept identifier of a Class followse pattern
<AAS Class name>
This also holds foabstract classes atypes including Enumerations.
Examples: AAS:View, AAS:Submodel, AAS:Qualifier, AAS:Reference, AAS:MimeType, AAS:IdentifierType

Attributes of Cl asses anatibussegn darefdreactd likeythis fif thahcreteAefemloleis n h e r
important in the context.

Basic Pattern:

<AAS Class namété<AAS Attribute Name>

Example$: AAS:Referable/idShort or AAS:Property/idShort or AAS:Asset/assetldentificationModelor
AASQualifier/senanticldor AAS:Identifier/id

This al® holds for attributes of attributes if the cardinality of the attributes involved is not greater than 1:
<AAS Class Nam&<AAS Attribute Name>f{ E<AAS Attribute Name>}*]
ExamplesAAS:Submodel/identifation/id or AAS:Identifiable/administration/veisn
This also holds for values of enumerations
<AAS Class NameB[£<AAS Attribute Name>}*[if €&<AAS Enumeration Value>]

Examples:  AAS:Submodel/identification/idType/IRDI or AAS:Identifiable/identification/idType/IRDI  or
AAS:Identifier/idType/IRDor AAS:IcentifierType/IRDI

In case ofan attribute withcardinalitét greater thahno further attributes or enumeration values can becadde

31 For simplicitymost 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
annotatedby t he plur al s o.

Examples: AAS:Operation/IputVariables or AAS:AssetAdministrationShell/submodels  or
AAS:SubmodelElementCollamtisubmodelElements

AAS:AssetAdministrationShell/submodels/administration/vergionAASSubmodel/Property/idShorare no  vad
concept identifier.

A concrete example how these rules are applied is givelnirex L.iii: the identifiers are used as values for the
RefSemantiattribute n AutomationML Mapping of the Asset Adinistration Shell. These identifiers are also used in
OPC UA (Claus®) to describe the semantics of the metamodel via the OP8déPictionaryEntryreference type.

For specific serializabins and mappings additional identifemight be needed. For example forset of asset
administration shells or a set of available assets or concept descriptions etc. Here, the AAS metamodel and specification
does not give any recommendations.

Data Specifition Handling is special. Data Spication Templates do not belong the metamodel of the AAS.
However, only the predefined data specification templates as specified in this specification are supported in the
serializations. For these the correspogdiame space qualifier are definedividiually.

Examples]EC:DataSpecitationlEC61360/preferredNam@ee Clausd.8.2 or IEC:DataSpecificationlEC61360/unit
(see Clausé.8.3.

For the data spedtfation itself the AAS namespace idsAAS:DataSpecifciationlEC61360

In xml and JSON data specifications are embedded into the schema itself using the attribute
fembeddedDat aSpeci toncepaitientifien shall beFused. l.e. hes e no

AAS:Concetbescription/embeddedDataSpecification

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

7.2.5 Embedded Data Specifications
This specification predefines data spemwfions that can be used within an AAS to ensusraperability.

Thus, some serializaths or mapping support exactlyetle data specifications defined in this specification and no others
although the metamodel as such is more flexible and would alpedypoprietary data specifications.

In this casef restricted data specificationsteb used t he notation i s t hlaRigured7 fiemb e
the realization is explained: instead of a set of external global references to externally defined data specfieettiof

pairs consisting of an extnal global reference to a data specification as well as the data specification content itself is

dr ectly fembeddedo. In this realization the dataalspeci
concept the data specification inding its content are not part of the schema. This is similar to the conseptafticlds

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

data specificationseferences is allowed.
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Figure 77 Realization of Embedded Data Specifications

Identifiable
ConcepiDescription

+ isCaseOf Reference [0..%]

Data Specification Template Data Specification Templates J
Identifiable Identifiable ‘ HasDataSpecification ‘
DataSpecification B ) Identifiable + dataSpecification: Reference [0..%]
"""""" =1 zabsfracts :
I

DataSpecification

HasDataSpecification

s ‘ «abstracty ‘

| . .

1
N ~

wabstract» ‘

DataSpecificationContent | - — _ _ _ _ e = cabstrach

DataSpecificationContent ‘ Py EmbeddedDataSpecification ‘

+ hasDataSpecification: Reference [D..W]‘

DataSpecificationlEC61360

preferredName: Lang String Set
shortName: LangStringSet [0..1]
unit: string [0..1]

unitld: Reference [0..1]
sourceOfDefinition: string [0. 1]
symbol: string [0..1]

dataType: dataTypelECE1360
definition: LangStringSet [0..1]
valueFormat: string [0..1]
valuelist: Valuelist [0 1]
value: anySimpleType [0..1]
valueld: Reference [0..1]
isLevel: boolean [0..1] = False
levelType: LevelType [0..%]

7.3Unified example

The following example is used tordenstrate the main features of the data formats as explained in the following clauses
for different chta formats. Intention is to motivate the equivalency of information in different representations. The
examples thengdves can be found in the annex.

It shows an AAS with three submodels: TechnicalData, OperationalData and Documentation. The asset, trahibto
i s represent i nigtp:/examplecdiessen/KHBYZASQKID i

The TechnicalData submodel caints data that is available at engirieg time: the maximum rotation speed measured

in 1/min. Its semanticld i91731#02BAA120#008 It is anECLASSIRDI. However, in this example a copy of the
ECLASSentry values are copied to a corresponding concegurigi¢gion with the same IRDI. The uritl / mi no has
a uni OL781#05AAA65D#002 .

The third submodel i fafodocunmeet rthte aperatiogntanualo nt ai ns a

ol )
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7.4 XML

7.4.1 General

In the following clauses an overvieof the main concepts of the AssetAdministration Shell XML serialization is
presented. Foimport and export scenarios the metamodel of an AssetAdministration Shell needs to be serialized. A
serialization format is XM. The information is divided in thrggarts. The first part discusses the rules, in the second part
are examples for some specifules and in the third part the schema and a complete example is shown in the annex.

7.4.2 Introduction

eXtensible Markup LanguadXML %) is very well suited to derivininformation 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 possibiliés of scheme definitions which can be used to syntactically validate

the represented information in each step. For this reason, this document provides leasécdsfimitions to permit a
validation of information whah is shared.

The XML schema definitins are divided into three different files:

1 Core definitions for the AssetAdministration Shell and its export container: aas.xsd
o Namespacehttp://www.adminshel.io/aasB/0"

1 IEC61360 datatype definition: iec61360.xsd
o Namespacéehttp://www.adminshell.iolEC613608/0"

1 Attributed based access control definition: aas_abac.xsd
o Namespacéehttp://www.adminshell.io/aas/abasd/0"

The namespace reflects the currensiar 3.0) of the specification.

Subsequently, an exampteXML is provided.

7.4.3 XML Mapping Rules

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

(1) XSD global Typesre used for modeling

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

(2) If present, names are taken from the information model.
For comprehensibility reasons the XML key names shbalthe same as the representing Elearimethe metamodel.
(3) Allidentifiables have an aggregation on root level.

The identifiables are AssetAdnigtrationShells, Assets, Submodels, ConceptDescriptions. To reduce redundan
instances, they are located exchedy in the toplevel aggregation.

(4) Repeating elements and their types will get the same names of their instances in Ephesgtion:
SubmoddtlementCollection her e t he name remains fAvalueo.

If the element has a cardinality of n>1 a parent elemenbwillsed with the name of the elemenplural. For example,
each element in the aggregatesseteeds to be aasset

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

32 see:https:/fwww.w3.0rg/TR/2008/REQmI-20081126/
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This rule completes theoncept of rule 3. There should be no redundant identifiable in the serialized metamodel.
(6) el ement a | anguage tag fAlango is added.

For internationalizatiopurposes this rule is necessary.

(7) The attributes of a key inraference except for the value itsaté realized as XML attributes.

(8) Data Specification Templates are directly added to the Concept Description because up to now only property
descriptions a supported.

Additionally, a new element EmbeddedDataSpeaifan is introduced that has two attites: one for the global referenc
to the data specification identifier and one for the content of the data specification.

(9) Attribute based access controls iadded as a separate XML schema that is linked by
AssetAdmirgtrationShell/security

7.4.4 Adding Data Specification Templates
In this clause it is described how to extend the schema with new data specification templates.

Please note: proprietary extensionsudtidoe avoided. Proprietary extensions can only be used ifsteor
receiver of the AAS bilatergl knows about the extensions and can support them as well. The other way around
there is no problem: Internally, extensions can be used if senders owilgepfAS without these proprietary
extensions.

For extensionghe following three steps need to bend (compare with data specification template for
IEC61360)

1. Create schema with data type for new data specificatiofexampleyourDataSpecificationt). For proprietary
data specifications an own name spas&plehttp://yournamespacewith prefixyourNg needs to be defined
and all data specifications of the same name space should be added to(dwafrilpleyourns.xsd).

2. Extend complex typedataSpecificationContent_tin AAS_dataSpecificationContent.xsd with newype
defined in step 1.

<complexTypename="dataSpecificationContent_t">
<choice>
<element name="dataSpecificationlEC61360type="IEC61360:dataSpecification|lEC61630/¢"
<element name="yourDataSpecification" type="yourNS:yourDataSpecification_t">
</choice>
</complexType>

3. Add new hema(if not yet contained) to the schema declaration section of
AAS_dataSpecificationConent.xsd

<%ml version="1.0"encoding="UTF 8"?>

<schema targetNamespace="http://www.admin -shell.io/AAS/dataSpecificationContent /x/y " elementFormDefault ="qualified"
xmlns ="http://www.w3.0rg/2001/XMLSchema" xmIns:tns ="http://www.admin - shell.io/AAS/dataSpecificationContent/x/y "
xmIns:IEC61366" http://www.admin - shell.io/IEC613608/0" xmIns:yourNS="http://yournamespace "
xmIns:QF"http://www.admin - shell.io/aas/ 3/0">

dmport namespace="http://www.admin - shell.io/I[EC613608/0" schemalocation="I[EC61360.xsd’>

dmport namespace="http://yournamespace " schemalLocation="yourNS.xsd"/>

</schema>

7.4.5 Example for Top-Level Structures

One serializabn describes one asset Administrati®imell environmenthat is a collection aAdministration Shells. The
root element of the AssetAdministration Shell environment has 4 aggregageRgyure79). For each identifiable class,
one aggregation is featured, as reediby rule 3see Clausé.4.3.
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Figure 79 Top level structure of an AssetAdministration Shell environment mapped to XML Schema

I = ¢
| ] assetAdministrationShelis_t

I- (el assetAdministrationShell [0.*] assetAdministrationShell_t %

& aasenv_t &| assets_t

(el assetAdministrationShells [0.1] assetAdministrationShells_t

[¢] aasenvi- (€] assets [0.1] assets_t

[¢) conceptDescriptions [0.1] conceptDescriptions_t

1
[¢] asset [0.*] asset_t 1

[E] conceptDescriptions_t

(e} submodels [0.1] submodels_t [¢] conceptDescription [0.*] conceptDescription_t

& submodels_t

[l submodel [0.*] submodel_t 1

Note: XSD structuring was done with Eclipse tool chain

The resulting XMLis the minimal XML.:

Table 12 Minimal XML for top level structure

<%ml version="1.0'encoding="UTF~ 8"?>
<aas:aasenvxmins:aas="hitp.//www.admin - shell.io/aas/3/0"
xmins:abac="http.//www.admin - shell.io/aas/abac/3/0" xmins:aas_common="htip.//www.admin - shell.io/aas_common/3/0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema - instance " xmins: \EC="htip.//www.admin - shell.io/I[EC61360/3/0"
xsi:schemalocation="http.//www.admin - shell.io/aas/3/0 AAS.xsd http.//www.admin - shell.io/I[EC61360/3/0 IEC6360.xsd
htip.//www.admin - shell.io/aas/abac/3/0 AAS_ABAC.xsd*
<aas:assetAdministrationShells ><hAas:assetAdministrationShells >
<aas:assets><has:assets>
<aas:conceptDescriptions><hAas:conceptDescriptions>
<aas:submodels><aas:submodels>
</aas:aasenv>

Note: € designates line-wrap for purpose of layout

7.4.6 XSD Model Groups

There are a number of attribute groups in the UML mode. identifiable or hasSemantics. These groups are modelled
as XSD model groups so they cdude reused as anonymous groups ifedéht places.

Note: Identifier/id is not modelled as attribute tba typical identification looks like this:
<aas:identificatioridType="IRI">www.adminshell.idaassample/3/&/aas:identificatior



http://www.admin-shell.io/aas-sample/3/0
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Figure 80 XSD Model Groups

k] assetAdministrationShell_t

&| extensions_t

3 1
(el extension [0.*] extension_t 1

I
o = (e extensions [0.1] extensions_t -
{¢] idShort [1.1] idShort_t !
e (€l displayName [0.1] langStringSet_t ! &l langStringSet_t
Q= (&) category [0.1] string [€] langString [1.*] langString_t }
¢} description [0.1] langStringSet_t =
{e] administration [0.1] administration_t ! {&] administration_t
(el identification [1.1] identification_t |— [€] revision [0.1] string
- [€] embeddedDataSpecification [0.*] embeddedDataSpecification_t ! () version [0.1] string
(&) security [0.1] security_t !
[€) derivedFrom [0.1] reference_t ! &) identification._t ]]
[&} submodelRefs [0.1] submodelRefs_t ! @ idType (idTypeType) i
(el assetinformation [1.1] assetinformation_t !
@ views [0.1] views_t % &| embeddedDataSpecification_t

{e] dataSpecificationContent [0.1] dataSpecificationContent_t

TP S

(el dataSpecification [0.1] reference_t

This isrealized in the according XSD as follows:

Table 13 Using XSD Model Groups

<complexType name=assetAdministrationShell_t" >
<sequerce>

<group ref="aas.identifiable"l>
<group ref="aas.hasDataSpecification'l>
<element maxOcars="Z'minOccurs="0"name="security” type="abac.security t'1>
<element maxOccurs="1'minOccurs="0"name="derivedFrom"type="aas.reference_t'1>
<element maxOccurs="1"minOccurs="0"name="submodelRefs "type="aas.submodelRefs_tI>
<element maxOccurs="1'minOccurs="1'hame="assetInformation” type="aas.:assetinformation_t"l>
<element maxOccurs="1'minOccurs="0"name="views"type="aas.views_t'1>

</sequence>

</complexType>

Note: due to XSD group mechanism, hasDataSpecification maps to an element of embeddedDataSpecification_t
and identifiable maps to multiple elements in Figure 81.

7.4.7 Keys and References

Keys and References (s€tause4.7.1]) are mapped on the same XML schema construct. Some of the attributes have
enumerations definedthese are mapped on string constraints.
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Figure 81 XSD Keys and References

i= Custom

= Fragmentld
i= IdShort
EZEIRDI

=R

{ = (typeType)

i= AccessPermissionRule
i= AnnotatedRelationshipElement
i= Asset

= AssetAdministrationShell
i= BasicEvent

i= Blob

= Capability

i= ConceptDescription

i= ConceptDictionary

i= DataElement

i= Entity

i= Event

i=File

= FragmentReference

i= GlobalReference

[E) key t
[E] reference_t | % [E] keys_t - _Ey' !
{ { @ idType  (idTypeType) |‘
}

- i k keyst = L 0.*] keyt 5
eys keyst 3 key (0.7 keyt 7 @ type (typeType)

i= MultiLanguageProperty

i= Operation

i= Property

= Range

i= ReferenceElement

i= RelationshipElement

= Submodel

i= SubmodelElement

= SubmodelElementCollection

i= View
Figure 59 XSD Constraints and Qualifiers
T
& formula_t l
(=] dependsOnRefs [0.1] references_t 1:
[E] constraints_t [E] qualifier_t

& formula [0.*] formula_t i g = [e] semanticld [0.1] semanticld_t i+
&) qualifier [0.*] qualifier_t 7 (] valueld [0.1] reference_t T
(€] value [0.1] valueDataType_t i
[e] type [1.1] qualifierType_t i
[e] valueType [1.1] dataTypeDef_t f

7.4.8 Asset Administration Shell Mapping

Asset Administration Shells are mapped using the following XML Schema contituobnsists of a set of meta data
parameters and mostiyks to other parts of the XML document or to extéaments (based on keys and refees).
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Figure 82 Overview XSD assetAdministrationShell_t

[ embeddedDataSpecification_t

[e] dataSpecificationContent [0.1] dataSpecificationContent_t
[e] dataSpecification [0.1] reference_t

T

[E] assetAdministrationShell_t

o = [& extensions [0.1] extensions_t e
& idShort [1.1] idShort_t - -
o [#] displayName [0.1] langStringSet_t I@
T — [e] category [0.1] string r
[el description [0.1] langStringSet_t i“ & subnli::)ﬁ:: C'[‘;”‘.Tfsr-e‘ferencﬂ
(el administration [0.1] administration_t -

s [#l identification .1

identification_t ( [E assetinformation_t

— a3 ficati o ficati
B (el embeddedDataSpecification [0.*] embeddedDataSpecification_t ® defaultThumbNail [0.1] file.t
€ i 0.1 ity_t
el security 0-1] security. [ globalAssetid  [0.1] reference_t
e| derivedFrol 0.1] reference_t
= aeredrrom [0-1] reference_ = [&] assetKind [1.1] assetKind_t
(el submodelRefs [0.1] submodelRefs_t

[# billOfMaterials [0.1) submodelRefs_t

[ assetinformation 1.1 ;
= ! [ (&) specificAssetlds  [0.1] specificAssetlds_t

assetinformation_t

[ views [0.1] views_t

[E views_t

(=] view [0.*] view_t

N

7.4.9 ConceptDescriptions and EmbeddedDataSpecifications Mapping

As described above, étdefinition of a concept comprises of an accordifigremce and a content, which is reall by a
data specification.

Figure 83 XSD ConceptDescription

[E] extensions_t

r
|

- = 1
[~~ ] extension [0.%] extension_t ¢

[ idShort_t|

[ langStringSet_t

conce on. } 1
~ (€] langString [1.*] langString_t ¢
@ - [€ extensions [0.1] extensions_t i [ (8 langdtring (-1 (angString. X §
{e] idShort [1.1] |dShonv_1 i T I administration.t
B - (€] displayName [0.1] langStringSet_t & -
2 € category [0.1] string | it o Ko
= 0] ..
i€} version [0.1] string
o (€] description [0.1] langStringSet_t i =
(¢} administration [0.1] administration_t i & identification_t
le] identification [1.1] identification_t i ® idType  (idTypeType)
] (¢l embeddedDataSpecification [0.*] embeddedDataSpecification_t i
le] isCaseOf [0.*] reference_t i [&] embeddedDataSpecification_t
{e] dataSpecificationContent [0.1] dataSpecificationContent_t
{e] dataSpecification [0.1] reference_t

[E] reference_t
w (€l keys keyst *

The data specification can be e.g. along of an IEC 61360 property:

Figure 84 XSD Data specification vialEC 61360 property attributes

[&] dataSpecificationContent_t
.t‘ “:;'atagpem ication_t £ [l dataSpecificationlEC61360  dataSpecificationlEC61630_t ,;,

[e] dataSpecificationContent [0..1] dataSpecificationContent_t

1
I —|
[e] dataSpecification [0.1] reference_t 7 [E] reference_t

= [el keys  keys_t ¥
= - = = ]

Full XSD and example XML can be foundAmnex D.
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7.4.10 Attribute Based Access Comrol Mapping

Security contains the access control policy points and certificate information.

Figure 85 Attribute Based Access Contol Model Mapping i XSD Security Model

accessControlPolicyPoints_t

[e] policyAdministrationPoint [1.1] policyAdministrationPoint_t *i«

[e] policyDecisionPoint [1.1] policyDecisionPoint_t *lr

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

[e] policylnformationPoints 0.1 olicylnformationPoints_t +

[2] accessControlPolicyPoints [1.1] accessControlPolicyPoints_t i pocy 10.1]_policy - |
[e] certificates [0.1] certificates_t

certificates_t

[el requiredCertificateExtensions [0.1] references_t

[e] certificate [1.*] certificate_t %

references_t

N 1
reference [0.%] reference_t ¥

Figure 86 Attribute Based Access Control Model Mappingi XSD Policy Points Model

policyAdministrationPoint_t

[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

[¢] policyEnforcementPoint ~ [1.1] policyEnforcementPoint_t policyEnforcementPoint_t

[¢] policylnformationPoints  [0.1] policylnformationPoints_t [e] externalPolicyEnforcementPoint [1.1] boolean

policylnformationPoints_t

[e] externallnformationPoints [1.1] boolean

[e] internallnformationPoints [0.*] internallnformationPoint_t '+

Figure 87 Attribute Based Access Control ModéMapping i Policy Information Points

(] policylnformationPoints_t i internallnformationPoints | i = submodelRefs_t | i = reference_t

& externalinformationPoints [1.1] boolean ‘ &) internalinformationPoint [0.%] submodelRefs_t : ‘ ¢l submodelRef [0.4] reference.t : ‘ elkeys keyst i

[e] internallnformationPoints  [0.1] internallnformationPoints 7

7.5JSON

7.5.1 General

In the following clausesan overview of the main concepts of tAeset Administration ShellJSON serialization is
presented. For import and export scenarios the metamodel AdsatAdministration Shélneeds to be serialized.
serializdion format is JSORP (JavaScript ObjecNotatior). The informationis 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 tardsebemgaiete
exampleis shownin the annex

33 see:https://tools.ietf.org/html/rfc8256r https://www.ecménternatbnal.org/publications/standards/Ec@@4.htm
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7.5.2 JSON Mapping Rules

The main concepts of the JSON serialization are explained by the following rules.

(1) If present, names are taken from the information model.
For comprehensibility reasons the JSON key namesldlbe the same as the represenfif@ment in the

metamodel.

(2) EachReferable, Qualifier and Formutteve anadditionalat t r i but e

corresponding object class as value
This rule is neeeldfor deserialization reasons.

(3) Allid entifiables have an aggregation on rot level
The identifiablesare AssetAdministrationShells, Assets, SubmodetiConceptDescriptions. To reduce
redundancy instancetheyare locateaxclusivelyin the toplevel aggregation.

(4) Identifiables which areat in the toplevel aggregations amnly references to the cosgonding instances in

one ofthe toplevel aggregations.

fimodel Typeo

This rule completes the concept of rule 3. There should be no redudelatifiable in the serialized

metamodel.

(5) Data SpecificationTemplates are directly added to the @ncept Description.

Additionally, a new elemerEmbeddedDataSpecificatiamintroduced that has two attributes: one for the

global reference to the data specification identifier and one for the content of the didteasios.

7.5.3 Example for Top-Level Structures

One serializdon describes onAssetAdministration Shelenvironmentthat is, a collection aAdministration Shells
The root element of thAsset Administration Sheknvironment has 4 aggregations. For ewentifiable classone

aggregations provided asrequred by rule 3

Figure 88 Top level structure of anAssetAdministration Shellenvironment mapped to JSON

Submodels

Concept
Descriptions

SourcePlattforrmdustrid.0

The resultingJSON is the minimavalid JSON:

Table 14 Minimal JSON for top level structure

{

"assetAdministrationShellg" ],
"assets][ ],
"submodels] 1],

"conceptDescriptions]' |

7.5.4 Examples for References to Identifiables

wi t h

As required by rulet, Identifiables are only alloweth be located in the televel aggrgations. In deeper parts of the

structure only References to the corresponding Identifiabigt betaken.
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In the Asset Administration ShelAAS1, the submodel S1 is only a Reference to$tbmodel S1 instance in thep
level Submodels aggregation.

Figure 89 Submodel reference in AssetAdministréionShellfor JSON

Asset
Administration Submodels
Shells

Concept
Descriptions

Submodels

This results in the following exemplary JSON:

SourcePlattfornndustrid.0

Table 15 Exemplary minimal JSON for References

{

"submodels":[
{

"modelType"{
"name":"Submodel"

h

"idShort":"S1",

"identification” :{
"id":"http://env.com/submodels/S1",
"idType™"IRI"

h

"submodelElements":[]

}
I
"conceptDescriptions™:[],

"assetAdministrationShel Is":[

{

"submodels":[

{
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"keys":[
{
"idType™"IRI",
"local"true,
"type":"Submodel”,

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

]
}
I
"assets":[]

}

A ReferenceElement has a Reference as value. This Referereeduggegatiorof keyswhich represents a key chain.
The resolvedkey chain points to an element. it example the ReferenceElentemalue points to a property ofiather
submodel in anotir Asset Administration She#nvironment. The first key is a global keyi t h  fattrilbute @6t 10
false, i.e.the referencés not part of the own environmenth& second key is modelkey which is used to defe the

corresponding property in the ethenvironment by its IdShort. It is best practice to use the sh&gg chain if there are
multiple options.

Figure 90 Usage of Referendélement in JSON

Submodels Submodels

Reference
Element

SourcePlattfornndustrid.0

This results in an exemplary JSON as such:

Table 16 Exemplary ReferenceElement in JSON

{
"modelType"{
"name":"ReferenceElement”
h
"kind":"Instance",
"semanticld":{

"keys":[
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{

"type":"GlobalReference",
"value":"0173 1#02 BAA120#007"
"idType™"IRDI"
}
]
h
"idShort":"MaxRotationSpeed",
"category""PARAMETER"
"value":{
"keys":[
{
"idType™"IRI",
"type":"Submodel",
"value":"http://admin - shell.io/submodel s/012"
h
{
"idType""ldShort",
"type":"Property"”,
"value":"MaxRotationSpeed"
}
]
}

7.5.5 Examples for GlobalReference

Sometimes it is seful to refer to another standandsmmething that is ngirovidedby the ownAsset Administration
Shellenvironment. In this example the semantics of a Property ref&BiGLASS

Figure 91 Usage of GlobalReference in JSON

Submodels

External
.| Destination
g e.g.
eCl@ss

SourcePlattfornmdustrid.0

This results in an exemplary JSON astsuc
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Table 17 Exemplary GlobalReference in JSON

{ "modelType" {
"name" : "Property"

’ "kind" : "Instance"
"semanticld"  {
"keys" [

"type" : "GlobalReference" ,
"v alue" :"0173 - 1#02- BAA120#007" ,
"idType" :"IRDI"

}

]
I
"idShort"  : "MaxRotationSpeed"
"category” :"PARAMETER!
"value" :"560" ,
"valueType" : ‘integer"

}
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7.6 RDF

7.6.1 General

The Resource Description Framework (R3] is recommended standard of th&8®@/to unambiguously model and
present semantic data. RDF documents are structured in the form of triples, consisting of subjemts, aad objects.

The resulting model is often interpreted as a graph, with thecidojd object elements as the noaies the relations as
the graph edges.

RDF is closely related to Web standarillsistrated by the fact that atlements are encodeding (HTTR)URIs. As a

common practice, the provision of additional informatiothatreferenced locatioof an RDF entif directly allows the
interlinking of entitied* based on the Web. This process, the following of links in order to discover nglfatedation,

is called dereferencing a resource and is supported by any browser oliemtbConnecting distributed datawsces

through the Web in the described manner is referenced by the term Linked Data. Connecting the available resources and
capabilities of Linked Data with the expressiveness of the Asset Shell is one motivatitie lRDF serialization.

In addition, RIF is the basis of a wide range of logical inference and reasoning techniques. Vocabularies like RDF
Schema (RDFS) and the Web Owoy Language (OWL) combine the grapased syntax of RDF with formal
definitions and axims. This allows automated reasortersinderstand the relation between entities to some extent and
draw conclusions.

Combining both features, the RDirappingof the AsseAdministrationShell can provide the basis for complex queries
and requests. SPARQLhe standard query language for Bemantic Web, can combine reasoning features with the
integration of external datsources. In order to benefit of these abilities, the AAS requires a clear scheme of its RDF
representation. In the following, the neaystransformation rules are presehtillowed by an illustration of relevant

parts of the scheme and an examplee Tdmpletalata model together with the RBEheme aréstedin Annex H

7.6.2 RDF Mapping Rules

(1) The default seriaization format is Turtle.
Several equivalent serializations exist for RDF. Among them, the Turtle syntax is regarded as the most
appropriate compromise tveeen readability and to@upport. Other formats (RDF/XML, JSODND, N3, etc.)
can be used without gross of information.

(2) Shape Graphs epresent the validation rules.
The data model itself is an RDF ontology. As RDF itself is following the -@paid-assimption, SHACL
[38] constraints are necessary in order to enable schema vali&itialarly to XSDfor XML, the SHACL
format can be useth describe contraints (shapes) of RDF graphs

(3) Every entity is encoded as either an IRI or a Literal.
RDF usedRIs for both entities and relations. If iRl is predefined, globally uniquelRlI is generated.
Primitive values are encoded as Typed tals.

(4) Entities are enhanced with welknown RDF attributes.
Interoperability of concepts and attributes is the mdiraatageof the RDF mapping. Applying common
attributes (rdf:type, rdfs:label, and rdfs:comment) éesmthe usage of standard tools ameirfaces.

(5) Repeating elements arelescribed once and then linked usintheir IRI identifier.
If a distinctelementappeas more than one time in the original model but in a different confiexinstance in
more tharone submodethe RDF entity represets the combination of all attributes

(6) Keys must have an index attribute.
Keysof a Referenchave a defined order, however RDF is explicitlyls@sed. The index attribute encodes
the position in the original sequen€&@onsequentlyKeys belonging to oned®erence must have unique
numbersn the range [OkeyCounl, ascending from Qf only one Key is supplied, the index attribute can also
be skippedimplyinga def ault value of 606.

34 Note: entity as a generic term and entity as a specific submodel element subtype need tobe distinugished.



Mappings to Data Formats to Share 14@bmpliant Informatior] 143

(7) Multilanguage Strings are split into distinct language $ring s.
Objects #e expected to contain a singular information entity, and the currently available toolsnebuld
recognize the different pattern used.

7.6.3 Example Overview

RDF is often regarded as a graph model, as it provides the figxibiinterlink entities at any stge. In the following,

the running example is originally provided in Turtle lagcompaniedvith visualizations of the represented graph.
Attributes referencing neliteral valuesare shown as directed links while Litexalues are drawn together with the
corresponding entity itself. In order to increase readability, the namedpeleeating seains are omitted. The complete

example with all namespaces can be fourhinex Hiii . The instances ohe core classes, the AssetAdministrationShell,

the Asset, Submodels, and ConceptDescriptions are shdviguire92. A short snippet of the AssetAdministrationShell

is also provided iTablel8. The RDF idatifiers are visualized in a condensed formahimfigure but represent complete

URIs, as displayed ifiable18.0ne can see the additionally inserted triplegdfitype (1), rdfs:label (2),and
rdfs;comment  (3) as determined bRu |l e 4. The first attribute states th
commonly used name, for instance based on the idShort attribute. rdfs:comment supplies a short description about the
regarded entity, basl on the descriptiomalue. The genally 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 short
explanations based on the conmtse

Figure 92 Simplified graph of the core classes in the example

AssetAdministr.

Submaodel

e

type

Submodel F13

type

AAS9175_T0.

propertyCategory

ASSET_INSTA..

Table 18 Turtle excerpt of an AssetAdministrationShell class

<http://lexample.com/aas/9175_7013 7091_9168>
rdf:type aas:AssetAdministrati onShell ; Q)
<https://admin - shell.io/aas/3/0/RC01/Referable/idShort> "ExampleMotor" xsd:string ;
rdfs:label "ExampleMotor"xsd:string ; 2)
<https://admin- shell.io/aas/3/0/ RCO1/Referabbe/description> "A very short description of the AAS instance."@en ;
rdfs:comment "A very short description of the AAS instance."xsd:string ;  (3)
<https://admin - shell.io/aas/3/0/RC01/AssetAdministrationShell/assetinformation>
°  AAE 1 AGRU _égge .. UfjAyeaU:1Cy. AEEUgE.|WK+2 »V

<https://admin - shell.io/aas/3/0/RC01/AssetAdministrationShell/submodel>

° . AAE "1 AGhU _e&gge-’ fys:UijAyeaU: 1T Cy.gJeu.1|. 1. ELw
<https://admin - shell.io/aas/3/0/RC01/AssetAdministrationShell/submodel>
°  AAE 1 AGARU _éggeé” ivi: UjAyeaU:T¢Ey.gieu. 1| 1
<https://admin - shell.io/aas/3/0/RC0O1/AssetAdministrationShell/submodel>
°  AAE 1 AGRU _égge  ..iv:UijAyeaU: T¢y. i AEGAAT|U. L .1
<https://admin - shell.io/aas/3/0/RC0O1/AssetAdministrationShell/submodel>
°  AAE 1 AGRU _éggeée ..y UfjAyeaU:TEy.gIeU. 1. 1.1

<https://admin - shell.io/aas/3/0/RC01/Identifiable/identification> <http://example.com/aas/9175_7013_7091_63>.
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7.6.4 Example Schema Shape

The Shape€onstraint Language (SHACI38] introduces a W3C recommendation for validation mechanisms on RDF
graphs. The definition of required attributes, cardinality of relations or datatype restrintithesform of shapeésee
Table19for an example shap& an important aspect to enable data quality assurance in any productive system. Some
tools are already created to assist the creation of SHACL sleages Protéggluginand as a part of TopBraid Composer.

As SHACL shapeare also defined in RDF, they share the same format and thereby reduce the required technology stack
and reduces the amountrafcessaryibraries

Table 19: A SHACL Shape for the AssetAdministrationShell and its asskattribute

aas:AssetAdministrationShellShape a sh:NodeShape ;

sh:targetClass aas:AssetAdministrationShell ;

rdfs:subClassOf aas:HasDataSpecificationShape ;

rdfs:subClassOf aas:ldentifiableShape ;

sh:propety [
a sh:PropertyShape ;
sh:pmath <https://admirshell.io/aas/3/0/RC01/AssetAdministrationShell/assetinformation> ;
sh:class aas:Assetinformation ;
sh:minCount 1 ;
sh:maxCount 1 ;

sh:message "Exactly one <Bsetinform#on</i> attribute having an <i>Assetinforation</i> entity is
required."Mxsd:string ;

sh:name "assetIinformation"~xsd:string ;

1 5 é

7.6.5IRI Mapping

Every enitiy in RDF is either a Resource or a Literal. While Literals present data valuesiitigg stumbers or any
sequence of characte Resources represent the nodes and edges in the data graph. As Resources must be identified
through IRIs (preferable even URISs), the creation of suitable IRIs is fundamental for the mapping. Whenever resources
of anAAS are already identified through I&x(see also Sectigh4.6, these IRIs/URIs are also utilized in the RDF model.
However, in cases where no IRl is given, a defined procedure has to be followed. The following decist®iestejse

the necessary stgjin orde to create an unambiguous IRI for every element of the AAS.

These steps are only executed once per distinct element. If elements occur more than one time, always the same IRI
identifier has to be used. This is espbgiglevant for theallback solutim (2b and 3) where the initial character sequence
must be reused. Different elements must not get the same sequence under any circumstances.

1. Ifthe element has IdentifierType #R1":
Usethe value of thédentification attribute else:
2. If the enclosind\AS has arldentifierType="IRI":
a. If the element inherits from Referable:
Apply the template: <AAS identification URI>/<path/to/element>/<idShonixere the path to
the element is the concatenation of the respedtiShorts separatdny slashesglse:
b. Apply the template: <AAS identification URI>/<path/to/elementafidom characters>
3. Use randomized character sequence:
<scheme>://<random characters>
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7.6.6 Example Mapping

Several mapping languages have been createdi@r tw transform structured data iR®F graphs. Most prominently,
R2RML (relational data only) and RML (relational data, XML, JSON, etc.) are used to specify the necessary mappings.
A RML mapping can be sl to transform a given Asset Administration $freim its XML or JSON serializatioto any
potential RDF serialization. The snippetTiable 20 illustrates an RML TplesMap used to convert the XML example

from Annex E. The AssetAdministrationShell elements are iteratelld gicalSource ) and, among others, all
relations to referenced Submodels are extractgutédicateObjectMap ).

Table 20 RML TriplesMap snippet for parsing XML to RDF

_:AssetAdministrationShellMap rdf:itype rr:TriplesMap ;
rml:logicalSource [
r ml : s o u/cust@mer' cpré has 9175 7013 7091 9168.aas.xml";
rml:referenceFormulation gl:XPath ;
rml:iterator "//*[locatname()="assetAdministrationShell]"
1
rr:subjectMap [
rml:reference “identi€ation" ;
rr:.class aas:Ass&tministrationShell
l;
rr:predicateObjectMap [
rr:predicate aas:submodel ;
rr:objectMap [
rml:reference "submodelRefs/submodelRef/keys/key" ;

rr:termType rr:URI

7.6.7 Example Submocel with Property

Submodels contain the relevant information for a use E&gpare93 shows the Idetification Submodel with the Property
containing the manufacturer of the asset. In the RDRitelogy, every relation actually ealled a property. In the data
model of the Asset Administration Shell however, a Property is a defined sub class of thedSl@ement. The
distinction is made through the namespaddf:Property for every relation,aas:Property for certain

SubmodelElemegts (seeTable20).
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Figure 93 Graph of the relations between a Submodel (F13E8576F6488342) and a Property (Manufacturer)

Submodel Property
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semanticld

submodelElement
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Table 21 Exemplary Submodel stating its semantic ID and cotaining one SubmodelElement

<http://i40.example.conype/1/1/F13E8576F6488342> rdf:type aas:Submodel ;
<https://admipshell.io/aas/3/0/RC0O1/Referable/idShort> "ldentification" xsd:string ;
<https://admipshdl.io/aas/3/0/RC0O1/HasSemantics/semald> [
a aas:Reference ;
<https:/adminshell.io/aas/3/0/RCO1/Reference/key> [
a aas:Key ;
<https://admirshell.io/aas/3/0/RC0O1/Keyl/index> "0""xsd:integer ;
<https://adminshell.io/aas/3/0/RC0O1/Keyfpe> aas:GLOBAL_REFERENCE_KEY_ELEMENT ;
<https://admirshell.io/aas/3/0/RC0O1/Key/value> "011801-ADN198#009" xsd:string ;
<https://admirshell.io/aas/3/0/RCO1/Key/idType> aas:IRDI_IDENTHR_TYPE ;

<https://admirshell.io/aas/3/0/RC01/Identifiable/identification>
<http://i40.example.com/type/1/1/F13E8576F64&33 ;

<https://admirstell.io/aas/3/0/RCO1/Submodel/submodelElement> [
rdf:type aas:Property ;
rdf:subject <http://i40.example.com/type/1/1/F13E8576F6488342/Manufacturer> ;
<https://admirshell.io/aas/3/0/RCO1/Referabledort> "Manufacturer" xsd:strg ;é
<https://admirshell.io/aas/3/0/RCO1/HasSemantics/semanticld> [

a aas:Reference ;

<https://admirshell.io/aas/3/0/RCO1/Reference/key> [
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a aas:Key ;

<https://adminshell.io/aas/3/0/RCO1/Keipdex> "0" xsd:integer ;
<https://adminrshell.io/aas/3/0/RC0O1/Key/type> aas:GLOBAL_REFERENCE_KEY_ELEMENT ;
<https://adminrshell.io/aas/3/0/RC0O1/Key/value> "011802-AA0677#002"xsdstring ;
<https://adnm-shell.io/aas/3/0/RC0O1/Key/idType> aas:IRDI_IDENTIFIER_TYPE ;

7.6.8 Example MultiLanguage String

The Identification Submodel imable 22 has two descriptia) one in English and one in Germ&DF proposes the
usage of LangStrings, typed Literals with a languagenagle23illustrates, how Rule 7 leads to different object values.

Table 22 Exemplary MultiLang uage description of a Submodel

<aas:ulbmodel>
<aas:idShort>ldentification</aas:idShort>
<aas:description>
<aas:langString lang="EN">Identification from Manufacturer</aas:langString>
<aas:langString lang="DE">Hersteller Identifikation</aas:langString>

</aas:description>

</aas:submodel>

Table 23 RDF serialization of attribute values in different languages

<http://i40.example.com/type/1/1/F13E8576F6488342>
<https://admin- shell.io/aas/3/0/RC01/Referable/de scription> "ldentification from Manufacturer"@en ;

<https://admin- shell.io/aas/3/0/RC01/Referable/description> "Hersteller - Identifikation"@de .

7.6.9 Example Concept Desciption

A Concept Description defes the meaning of the entities usedthe Asset Administration Shells, Assets, and
SubmodelsTable 24 illustrates a description fahe organization name of a constant. The core building blocks of the
example are the referente the data specification key (1),etlactual content conforming to IEC 61360 (2), and the
reference to the actual identifier in the previously used elements (3)

Table 24 ConceptDescription Example in RDF

<http://www.vdi2770.com/bl att1/Entwurf/Okt18/cd/Organization/Or ganizationOfficialName>
rdf:type aas:ConceptDescription ;
<https://admin- shell.io/aas/3/0/RC01/Referable/idShort> "OrganizationName" xsd:string ;
rdfs:label "OrganizationName"xsd:string ;

<https://admin- shell.io/aas/3/0/RC01/Identifiab le/identification>
<http://lwww.vdi2770.com/blattl/Entwurf/Okt18/cd/Organization/OrganizationOfficialName> ;

<https://admin- shell.io/aas/3/0/RC 01/HasDataSpecification/dataSpecification> [ 1)
rdf:type aas:Reference ;

<https://admin - shell.io/aas/3/0/RC01/Reference/key> [

a aas:Key ;
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<https://admin- shell.io/aas/3/0/RC01/Key/ index> "0"xsd:integer ;
<https://admin- shell.io/aas/3/0/RC01/Key/type> aas:GLOBAL_REFERENCE_KEY_ELEMENT ;

<https://admin - shell.io/aas /3/0/RC01/Key/value>
<http://admin- shell.io/DataSpecificationTemplates/DataSpecificationlEC61360> ;

<https://admin - shell.io/aas/3/0/RC01/Key/idType> as:IRI_IDENTIFIER_TYPE ;

1
<https://admin- shell.io/aas/3/0/RC01/ConceptDescription/content> [ 2)
rdf:type aas:DataSpecificationlEC61360 ;

<https://admin - shell.io/DataSpecificationTemplates/DataSpecificationlEC61360/3/0/RC01/DataSpecificationlEC61360/preferredName>
"offizieller Name der Organisation"@de ;

<https://admin - shell.io/DataSpecificationTemplates/DataSpecificationlEC61360/3/0/RC01/DataSpecificationlEC61360/preferredName>
"official name of the organization"@en ;

<https://admin - shell.io/DataSpecificationTemplates/DataSpecificationlEC61360/3/0/RC01/DataSpecificationlEC61360/shortName>
"OrganizationOfficialName"@en ;

<https://admin - shell.io/DataSpecificationTemplates/DataSpecificationlEC61360/3/0/RC01/DataSpecification|EC61360/dataType>
"STRING"Mxsd:string ;

<https://admin- shell.io/DataSpecificationTemplates/DataSpecificationlEC61360/3/0/RC01/DataSpecificaton|EC61360/definition>
"Der offizielle Name der Organisation."@de ;

1
<https://admin - shell.io/aas/3/0/RC01/ConceptDescription/isCaseOf> [ (©))
rdf:type aas:Reference ;
<https://admin- shell.io/aas/3/0/RC01/Reference/key> [
a aas:Key ;
<https://admin- shell.io/aas/3/0/RC01/Key/index> "0"xsd:integer ;
<https://admin- shell.io/aas/3/0/RC01/Key/type> aas:CONCEPT_HERIPTION_IDENTIFIABLE_ELEMENT ;
<https://admin- shell.io/aas/3/0/RC01/Key/value> "01731#02 AAO677#002"Mxsd:string ;
<https://admin- shell.io/aas/3/0/RC01/Key/idType> aas:IRDI_IDENFIER_TYPE ;
I
I;

7.70PC UA

7.7.1 General

The works of the mapping to the OPC Bidl Architecture are currently carried out in a joint working gfdbetween
OPC Foundation, ZVEI and VDMA. In the following the main aspects for the mapping are descril3&d tihe detds
of the companion specification chefound.

Not e: Boxes i lHasRjatienaryEntlyd J k&r ¢ denoting el ements (object ty /s pes, r
predefined in the OPC UA Specifications.

35 see:https://opcfoundation.org/collabation/i4aas/
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Figure 94 Overview OPC UA Information Model for AAS
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Figure 95 Submodel Element Subtypes in OPC UA
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7.7.2 OPC UA Mapping Rules

The rules for mapping of the AAS information model to OPC UA information model are given in the fgjlowi
subsequent clauses exples fa the rules are given.

General Rules:

For alll class elements in AAS an object type with
Example:AASAssetType for Asset, AASSubmodelElementType for SubmodelErthAASQualifierType for

Qudifier. These Types are derived frdBaseObjectTypdException:ConceptDescription 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
sameame + suf fi x @ DatoaT yEpxxeAdhSpdsatigimdbdtalyder AsSefKHidException:
LangStringSets mapped to the predefinedPCC  t lopaézediTexi .

Attributes of <c¢classes in AAS that have ncaswthinthel e da
object type. The BroseName corresponds to the name in the AAS UML model but is starting with Capital
Letter. ExampleAASAdministrativelnformationTypkas propertwersionwi t h data type AStril
The cardinality of an association or aggméon is specified via OPC Modellingles. The OPC modelling rule
fiOptionadb i s wused i f the car di naluil elgnddatosyd Zies ou soeed 1i.f Tthhee
i s One. The OPQptidiaRiaechdldein g sr wlse ddity i$ zerb, loree oranare tthan one

e ement. The OP MantamgRldcdholdgrg or dlse ued i f the comerdi nal
element.

Aggregation and composition attributes of classes i
the object type.

In case of cardiridy O .. 1 or 1 the BrowseName corresponds to the name in the AAS UML model but is
starting with Capi a | Letter. E x a mpSAssetTy@ebh @ c¢ saocomppreedt witl
AAssetl dentificationModel 0.

In case of cardinality > 0 the Browsaie corresponds to the idShort in the AAS UML model. Example:
AASSubmodelTypbhas OPC components wi®PC TypeDefinitioPAASSubmodelElementTypa submodel

el ement may have the i dShor tenénvaoftReocomnponemistSpeedo. T
AMaxRotoamaSpeedd as well

Since OPC UA does not support mulQudlfiabdlee fidentifabled ¥ anc e
are not modelled via subtype reference in OPC UA. The corresponding attributegaiggs and compositions

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

Rules forSubmodelElements

10.

Specificfor theBlob SubmodelElement typASBlobType t he pr edef i ne dFileT®C itsy pe
used forthe value Re f er e nEileTgpeo faanmpynges offthe object type. The browser name is not
Aval ued but AFiIi | ed. OPEEieType ara theérgfgreenot adsled.dracontrastdadf the ORG:
FileType mime type is mandatory to be filled.

Specificfor the File SubmodelElement typeAASFileTypé the value attribute is mapped to an OPC property
with BrowseName AFillleRedrrehjcedt dAfddtiypeonfaFi l eTypebo
added similar as for the Blob. Since this is optidhalmime type is modelled as OPCmeaty. 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
AiSubmodel EI e ment Co IhAS®OderedSubmodelElsment@olettiond el theaedationship

between collection and submodel elements is realized vipréuefined OPC UAfHasOrderedComponeat

reference type. Otherwise a AB8bmodelElementCollectionTyiseused.

For Operations first alAS(perationTypeis defined but then th® P CMethod is used for describing the
operation. The nG@peratordf t he met hod is i

Hint: The OPC UA Specification Amendment 3: Method Metadata allows to add meta information to individual
argumenty(HasArgumentDscription). This is used to realizeemanticldby using the OPC reference type
fiHasDictionaryEntry .
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11. For AAS references as usedReferenceElemenf RelationshipElemergee rule for referencing.
12.For AAS submodel e | e me nAASEveitijppde mted etrteen c@elsj eamthe OtPyCp eU /
referene t GeneratdEvendt .

Rules forReferablesindldentifiables

13. For Referable and Identifiable separate OPC object types are defined that are referenced from the corresponding
object types representing thencrete referables amdentifiables v i a tHhstnter@é®C Rief er ence t
The naming convention for this is as |INASIdehtifiablesTypgd | AA S <

14.1n case of referenced referablerso wort hii Meonddeal thé rnygP | rat
atributeidShortof AAS Referables is represented by the browse name of an element. Since there are cases like
for Asset AdministrationShell/ asset wheidShortashwell, br ows
idShort is modelled additiory. In cases with no prefined browse name the browse name arid$hertshould
be identicial.

15. <<obsolete>%f The parentattribute ofReferabless not explicitly modelled because OPC UA supports native
navigation.

16. In case of redrenced referables with modellingeul A Opt i onal 6 or fiMandatoryo t h
the AAS attribute name and the display name shall be identical to theridSh

Rules forQualifiables

17. Qualifier of an element are modelled with OPC BlasCanponent reference type. Since quatifi are not
referable they do not have a browse name that corresponds to an AAS attribute. Instead the name should be
generated as falivs: qualifier:<value of AAS:Qualifier/ type>=<value of Qualifierhalue>.

Rules forsemanticldandConcept Descriptions

18. Aconcept description i s i nrdiRigtionarnyEmrgd fdiriDiofionaryEatryop.r e d e f
This is why there are bothbgy e c t AAYIrdi€@onceptD@scriptionType o r IritCéngepDescription
Ty p e @ notaamly one like for the other AASBlasses. Additionally for idType = Custom a new Type
AAASCustomConceptDescriptionTgpe i s cr eat ed i nDidionantEntmTypédi r ect |y f r o

19. Concept descriptions are added to a folder on the server side. fleeMop | f ol d e r Distioreaie®d . be na
Below additional subfolders can be created.

20. semanticldi s model l ed by wusing t he HasDi¢idharyEntyoe da n@P C sr eefiet
referencing an object of typet yipAeA Sil AAS UWroinCGoenpct eDpetsixer si
o of type AAASCustomConceptDescriptionTypeo.

21. Additionally a concept description has at least one-Adi allow the usage of the IECB60 data specification
template (see rules for data specifications).

Rules forDataSpecifications

22. Concrete dataspdcii cati ons are i nher i tAASDgtaSpecificationtType AAS obj ec
23. There is no need in OPC to distinguish between the steification properties and the data specification
content defining the propertielsat shall be added to the object typat uses the data specification. The AAS
attributes ofDataSpecificationare modelled as OPC UA properties or components (rulebaspof the
AASDataSpecificationTypmit are not instantiate@his is always the @ in OPC UA if there are no modegjin
rules attached to a property or component.

3¢ Parent attribute was removed in V3.0RCO01, no change in OPC UA needed
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24. The concept of embedded data specifications is used. The element that is using thectfaiation uses the
OPC r ef erdasAddim t y P e-indise\mhics of elemen one property being the global erdal
reference to a data specification, the other one the data specification content.

Rules forReferencing

25. For AAS references as usedReferenceElemenf RelationshipElemera new norhierarchial Reference Type
fiAASReferenée i s i nt r o dReferende. TypéHagCon@pBn€at i s not directly useé
element because OPC references canmfiérence to elements within its own name space. For AAS, however,
also global external references are possibte elements in other AAS on oth@PC Servers or to entities
completely outside the s &aSReferamdeTypeA Qding fRcuaique key chaint wi t
to the referenced el ements and optRefnarldrnyc ed@nr afedreq
is no speial rule for the browse name in this case. The display nhame 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 descliusdir.2

Rules forSemantics of Model Elements

27.The AHasDictionaryEntryo reference type of OPC UA |
also of object types. For doing so the rules for creating identife defined in Clauge2.2are used.

7.7.3 Example Overview

Figure 96 shows an OPC UA Server with an AAS containing several submodels: Documentation, Identification
OperationalDatand TechnicalDataFor TechnicalData the attributes Cooling¥ey 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 théollowing subclauses.
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Figure 96 Overview OPC UA Sewer with Max Rotation Speed
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7.7.4 |dentifiables and Referables

Identifiables and Referables are modelled as interfacedgsigase 97As exaplained in the rules idShort is not only a
property but incases with no predefined browse naats® the browse name of an object.

Figure 97 Identifiables and Refrables in OPC UA

BaselnterfaceType

IAASReferableType
PropertyType::
Category
PropertyType::
IdShort
IAASIdentifiable Type

Identification ——»» AASlIdentifierType

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

AASAdministrativelnformationType

PropertyType::
Version
PropertyType::
Revision

7.7.5 Example Submodel with Property etc.

In Figure98 an example for a submodelwithomeg oper t y fi Max Rot aTthe examBlpiemmtccamplets s h o
some attributes like kind etc. are missing. In the next Clause the same example is showseadlmig|d

In Figure9%the definition of the submodel type is shaw

In Figure100the same example frofigure98is shown in UAEXxpert.
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Figure 98 Example Submodel TechnicalData (Extract)

AASSubmodelType::
TechnicalData
DisplayName =
Submodel:TechnicalData AASIdentifierType::
Identification
PropertyType:: PropertyType::
IdShort N w1 1d = http//i40.customer.com/type/
Uscnicalbein 1/1/7A7104BDAB57E184
PropertyType::
IdType = IRI
AASPropertyType::
— :
MaxRotationSpeed
PropertyType::
IdShort =
MaxR otationSpeed
PropertyType::
Value = 5000

Figure 99 OPC UA Structure Submodel

semanticld icti xc
AASSubmodelElementType D'fg?&?;ﬁ?;%?ff
HaslInterface
IAASReferableType
AASReferenceType::
<DataSpecification>

47 PropertyType::
Kind

AASQualifierType::
<Qualifier>
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Figure 100 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

7.7.6 Example Property of a Submodel with Semanticld

In the following Figure101) the example from Claus@.7.4is extended and now also includes a semantic reference to a
concept description ofr HaaDichoaryErtry on&peredn¢emodgpéedf vOR

The propertywith idShort and thus brose nameViaxRotationSpeetias a refemece to a dictionary entry with IRDI
01731#02BAA120#008 1. Since the AA8Ii@omdeptescdptionTygpes agtantiatdrlD | t h
AASIrdiConceptDescriptionTygs inheriting fromt he OPC UA OdiDicéonaryErfryTppd As def i ned
the Amendment for Dictionary Entries.

Figure 101 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::
M MaxRotationSpeed HasDictonaryEntr 01731#02-BAA 1204008
PropertyType::
IdShort =
MaxRotationSpeed I
SOl Spes Hasaddin | pataSpecification|EC61360Type::
DataSpecification|EC61360
PropertyType::
Value = 5000
PropertyType::
PreferredName =

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

N PropertyType::
Unit = 1/min

SubmodeltementCollection is mapped to AASOrddSubmodelElementCollectionType if ordered=True and
AASSubmodelElement@lection if ordered=Falsd-{gure 102).

7.7.7 Examples Submodel Element Collections

An Example for a collection is shown kigure103,
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Figure 102 Structure CollectionType and OrderedCollectionType

AASSubmodelElement
CollectionType

AASSubmodelElementType::
<SubmodelElement>

PropertyType::
AllowDuplicates

AASOrderedSubmodelElement
CollectionType

PropertyType::
AllowDuplicates

HasOrderedComponent AASSubmodelElementType::
<SubmodelElement>

Figure 103Example 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

7.7.8 Example Asset

Asset as radelled as a nnal component of the AAS object (Seéigurel106). Figure104shows as an example an Asset
with idShort AServoDCMot or tficatidn¥odel Figurel05skofvetiesame exantple int h e

UAEXxpert.
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Figure 104 Example ServoDCMotor as Asset

AASIdentifierType::

Identification

PropertyType:: PropertyType::
44 |dShort = —% Id = http://customer.com/aas/ ‘
ExampleMotor 9175 7013 7091 9168
PropertyType::
AASAssetAdministrationType:: IdType = IRI
ExampleMotor
AASAssetType::
Asset AASIdentifierType::
DisplayName = Identification
ServoDCMotor PropertyType::
IdShort = ..
PropertyType::
ServoDCMotor % Id = http://customer.com/assets/
KHBVZJSQKIY
PropertyType::
PropertyType:: I d'IF')yp g :y|%|
AssetKind = Instance
AASReferenceType::
AssetldentificationModel
< AASRef
AASSubmodelType:: ereren
Identification
Figure 105Example UAExpert Asset ServoMotor
’ Unified Automation UaExpert - The OPC Unified Architecture Client - NewProject™
Eile View 3Server Document 3Settings Help
\ddress Space & x Data Access View
¥ Mo Highlight ~ # Display Name Value Datatype
2 Root a1 Cateqory String
v & Objects 2 Kind Instance ) String
X J 3 Id http://customer.com/assets/KHBVZISQKIY String
v O AASROOT 4 I1dType URI String
v & AssetAdministrationShell:ExampleMotor 5 Keys {'(Submodel)(local)[URI]i40.customer.com/type/1/1/F13EB5T6F 64883427 String
vilAsset L\s S
v & AssetldentificationModel
v Keys
¥ Category
v & |dentification
v Id
# IdType
# Kind
¢ Category

& |dentification

& Submodel:Documentation
& Submodelldentification

& Submodel:OperationalData
& Submodel:TechnicalData

Figure 106 Structure AssetAdministration Shell with Asset and Submodels



160| Mappings to Data Formats to Share [4Gbmpliant Information

AASAssetAdministrationShell Type

HasInterface®  |AASIdentifiable Type

AASReferenceType::
<DataSpecification>

AASAssetType::
Asset

AASSubmodelType::
<Submodel>

| AASReferenceType:: | AASSubmodelType::
'| <SubmodelReference> AASReference <Submodel>

AASConceptDictionary Type::
<ConceptDictionary>

AASViewType::
<View>

DerivedFrom <DerivedFrom>

AASReferenceType:: % AASReference AASAssetAdministrationShell Type::

7.7.9 Example File

In Figure 107 the OPC UA types foBlob and File submodel elements are shown (inheritance fRaf§&Submodel
ElemenTypeis not shown, seBigure95). InFigurel08an exampl e how to mdieél i a shbwmo
for a documentation submodel conformant to \@JI70 containingan operationma n u a | . ThehileGpa ity pe
used for modlling the file itself. InFigure109the same example is shown in UAExpert.
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Figure 107 OPC UA Types for SubmodeElementsFile and Blob

AASBlob Type

L

File

FileType:

AASFileType

PropertyType::
FileReference

PropertyType::
Mime Type

FileType::
File

Figure 108 Example OperationManual as AASHleType

AllowDuplicates = False

PropertyType::
ldShort =
DigitalFile_PDF

%

MimeType = application/pd

PropertyType:: }
f

PropertyType::
IdShort =
Documentation
AASSubmodelType::
Documentation
AASIdentifierType::
. L Identification
AASSubmodelElement AASIriConceptDescriptionType::
CollectionType:: HasDictionaryEntry—b - www.vdi2770.com/blatt1/Entwurf/
OperationManual Okt18/cd/Document PropertyType::
Id = http://i40.customer.com/type/
PropertyType:: 1/1/1A7B62B529F19152
IdShort =
OperationManual
PropertyType::
IdType = IRI
PropertyType::

AASIriConceptDescriptionType::

- » http://vdi2770.com/blatt1l/Entwurf/
sAfaﬁlﬂelTylE”eDF HasDictionaryE ntry—» Okt18/cd/

lgitalrile StoredDocumentRepresentation/
DigitalFile

PropertyType::

FileReference = /aasx/OperatingManual.pdf ‘

FileType::File

DisplayName = OperationManual.pdf

Size = 2761

Writable = False

UserWritable =
False

Figure 109 Example OperatingManual File in UAExpert
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Address Space
#3 Mo Highlight I}

8 x

-

Data Access View

# Display Name Value
2 Root Al Category PARAMETER Su
. 2 Kind Instance 5t
V- O_b‘lec“ 3 MimeType application/pdf St
v (O AASROOT 4 Value [aasx/OperatingManual.pdf St
v & AssetAdministrationShell.ExampleMotor 5 Keys {"(ConceptDescription){local) [URIwww.vdi2770.com/blatt1/Entwurf/Okt18... St
& Asset 6 MimeType application/pdf 5t
7 OpenCount 0 ul
@ Category 8 Size 194061 ul
& |dentification 9 UserWritable true Bc
10 Writable true Be
v & Submodel:Documentation 11 InputArguments % Ex
# Category 12 InputArquments . Edit Value Ex
et 13 InputArguments Ex
&'I({.:Ie;tlllcatmn 14 OutputArguments Name Value Ex
¥ Kin 15  InputArguments 1 Ex
v & OperatingManual 16 OutputArguments v () :rgumem Amayl2] Ex
. 17 InputArguments v rgument Ex
@ AllowDuplicates 18 OutputArquments Name FileHandle Ex
@ Category 19 InputArguments Ex
v & DigitalFile PDF v DataType Nodeld
P Categor; Namespacelndex 0
v & File IdentifierType 0 (Numeric)
% Close Numeric 7
% GetPosition \.I'alueRr.ank . -1
@ MimeType ArrayDimensions  UlInt32 Array(0]
& Open Description |
@ OpenCount v [1] Argument
© Read Name Data
% SetPosition v DataType Nodeld
@ Size Namespacelndex 0
@ UserWritable IdentifierType 0 (Numeric)
¢ Writable Numeric 15
& Write ValueRank -1
@ Kind ArmayDimensions  UlInt32 Amay[0]
@ MimeType Description |
& Semanticld
@ Value
& DocumentClassld
7.7.10 Example Operation and Capabilities
In Figurell0an operation fAScano i s shown pecHicatdrefdr Aumkeld i n t he OF
Itisvisible t hat met hods are not directy contained as part o

first. This is because on the one side to be consistent with the other submodel elements and on tthe otihenmgs
no DictionaryEntryreference can be added: this is not forseen so far in OPC UA Amendment for Dictionary Entries.

The predefined r ef ldasfegumeatDdasqyigiian
output varables. Theeferences variable witthite de s cr i
information.

t he

ferumedhodsdiéscribe
fiHasDi cti ona

ption has the

In Figurellla different modelling is shown, notyetugin t he pr edef i MHasArgumentDescrippnoc eb utty p e
just explicitly modelling lhe input and output variables as components.
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Figure 110Example 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:: | | yicionaryenuy»|  http://opcfoundation.org/UA/
HasArgumentDescription Settings Autold/Scan/Settings
) . AASIriConceptDescriptionType::
BaseDatavariableType:: | | hiionanenys|  http:/opcfoundation.org/UA/
o Results Autold/Scan/Results
HasArgumentDescription
. . AASIriConceptDescriptionType::
BaseDataVariableType:: | . picionayenry»|  http:/fopcfoundation.org/UA/
Status Autold/Scan/Status

Figure 111 Example Operation Scan in UAExpert

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

File View YServer Document Settings Help

Address Space & x Data Access View
3 No Highlight h # Display Name Value Datatyp
2 Root 1 Category ) ) string
~ 2 Objects 2 Keys {'{GlobalReference)(no-locall [URIIhttp://opcfoundation.ora/UA/Autol d/Sca’t String
3 Category VARIABLE String
v 3 AASROOT 4 Value String
& AssetAdministrationShell:ExampleMotorType 5 ValueType String
. P 6 Category VARIABLE String
v & fi\ssemd.m\nlstratlUnShEH.Scar\ner 7 Value String
v &% ldentification 8 ValueType String
@ Id 9 Category VARIABLE String
1T 10 Value String
¢ ldType 11 ValueType String
v & Submodel:Methods 12 Keys (‘{GlobalReference)(no-local) [URI]hitp://opcfoundation.ora/UA/Autol d/Scan/Results’] String
& Identification 13 Keys {"(GlobalReference)(no-local) [URIIhttp://fopcfoundation.org/UA/Autold/Scan/Status't String
Ki 14 Keys {"(GlobalReference)(no-local) [URIhttp://opcfoundation.org/UA/Autold/Scan/Settings} String
v ind
vsan
@ Category
% Operation
v & OperationlnputVariables
v & Settings
@ Category
& Semanticld
@ Value
@ ValueType
~ & OperationOutputVariables
& Results
& Status

& Semanticld

7.7.11 Example Refaences

In Figure112an example is show how to use references. References are for exaatple ReferenceElements and in
RelationshipElements. For this there is a predefii@@Referenceeference type defined that is used fderences to
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local elementsKey/locakTrue). Local in this case means the referenced object is on the same OPQvEAaSdhe
AAS. For global references (Key/local=False) AdSReferencean be used. In this example the global reference is
fihttp://iA0example.contype/1/1/1A7B62B529F191%P.

Figure 112 Example References shown for the referende a submodel

AASReferenceType::
Keys
DisplayName=SubmodelRef:Documentation

AASSubmodelType::

AASReference———»| .
Documentation

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

7.7.12 Example Qualifier
In Figure113the OPC UA Type for Qualifier is shown

InFigurell4da Sub model ATechnical Datado with the qualifier of
is shown.. Normally the name of an OPC UA element corresponds igiSthertwithin the AAS metamodel. Hower,
gualifiers do not have dadShot because they are no referables. Therefore the name in OPC UA needs to be created, itis
ALi feCycle=SPECO.

In Figure115the example is shown in UA Exp€&rt

37 In the example the name of the submodéliEe c hni cal Dat a_SPECH.
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Figure 113Qualifier Type in OPC UA

semanticld

AASQualifierType

PropertyType:: ‘
Type

PropertyType:: ‘
Value

DictionaryEntryType::
<DictionaryEntry>

AASReferenceType::
Valueld

Figure 114 Example Qualifiers for Submodel

SubmodelType::
TechnicalData

AASQualifierType::
Qualifier:life cycle qual=SPEC

}7H asDictionaryEntry—», AASIrdiConceptDescriptionType::

0112/2///61360_4#AAF575

PropertyType::
Type=life cycle qual

PropertyType::
Value=SPEC

i IrdiCon DescriptionType::
AASReferenceType | HasDictionaryEntryb] AASIrdiConceptDescriptionType
Valueld 01122///61360 4#AAF579
AASPropertyType::
MaxRotationSpeed
Figure 115Example 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 Twel life cycle qual Swing
& MaxTorque 3 Value SPEC 10112/2///61360_4#AAF579) g
4 Key: {'(GlobalReference)(no-local)[IRD110112/2///61 # trin
v ¥ Qualifierlife cycle qual=SPEC 5 Keys {(GlobalReference)no-localIRDII0112/2///61360_4H#AAF 575 String

v & Semanticld
v Keys
¢ Type
¢ Value
v & Valueld
¢ Keys
& Semanticld
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7.7.13 Example Concept Description

In Figure116i t i s shown how to add the semanticld to a prope
references the concept description. The difference between emalxteference and adal referencdo 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 that can have a dictionaryErgnceefeshown iRigure116. A concrete

example how it is realized in an OPC UA Server is showFignre117.
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Figure 116 Example ConceptDescription Max. Rotation Speed (Extract)

AASIrdiConceptDescriptionType::
01731#02-BAA 1234008

HasAddin | pataSpecification|EC61360Type::
DataSpecificationlEC61360

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

PropertyType::
Unit = 1/min

Figure 117 ConceptDescription MaxRoationSpeed in OPC UA Server
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7.7.14 Example Data Specification

In Figure 118the data specification template for IEC61360 is defined. In this cagkdhd idShort are fixed. It also da
a version. Additionally th®8 r ows e Name is fixed since it HasAddwmedr asmm ac
OPC UA).

The usage of the template was discussed in CIadsE3

Figure 118 Example Data Specification Template IEC61360

DefaultinstanceBrowseName
AASDataSpecificationlEC61360Type MataSpecificitionl EC61360"

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

. . PropertyType::
Identification

PropertyType::
Id = http://admin-shell.io/
DataSpecificationTemplates/
DataSpecificationlEC61360/2/0

|

Administration

PropertyType::
Version = 2

PropertyType::
Revision =0

PreferredName LocalizedText

ShortName LocalizedText

1
17

7.7.15 Example Event
In Figure119Evert Type in OPC UAthe event type in OPC UA is shown. It uses the Event Mechanism of OPC UA.
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Figure 119Event Type in OPC UA

AASEventType

GeneratesEvent

BaseEventType

7.7.16 Example HasDictionaryEntry for Model

In Clause?.7.6it was shown how to describe the semantics of an instance of an OPC UA type. Using trefeyamee
type fAHas Di clsoithe semantcbBfritte tyyes, vadables etc. themselves can be describésishidien for
the submodel ifrigure120

Figure 120HasDictionaryEntry for Submodel

AASIriConceptDescriptionType::

AASSubmodelType HasbietonaEny——— py45,-// admin-shellio/ aas’ Submodel
. i AASIriConceptDescriptionType::
Hasinterface——#, IAASIdentifiable Type HasDictionaryEniry————%] http:// admin-shellio/ aas Identifiable
AASReferenceType:: HasDictionaryEnt AASIriConceptDescriptionType::
<DataSpecification> &4 http:// admin-shellio/ aag HasDataSpecificatiotdataSpecification
PropertyType:: - AASIriConceptDescriptionType::
HasDictonaryEntry——3 http:// admin-shellio/ aas HasKindkind
AASQualifierType:: AASIriConceptDescriptionType::

HasDictionaryEntry—»|

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

AASSubmodelElementType::
<SubmodelElement>

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

HasDictionaryEntry—

7.8 AutomationML

7.8.1 General

For impat and export scenarios the metamodel of an Asset Administration Shell needs to be serialized. In the following
clauses an overview of the main concepts of the Asset Administration Shell serializtignAutomationML (IEC
62714) are prEented. As a sdailization format, AutomationML is especially suitable for the engineering phase.

In general the serialization approach is to map each object of the Asset Administration Shell metamodel to an
AutomationM. Role Class or to an AutomationML RoClass accompéd 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 modelledammationML System Unit Classesas Internal Elenmas 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 Roler&lass Lib
resp. an Interface Class Libraayedefined 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 existidgitomationML models such as the uptog
AutomationML Component Descriptioitherefore, the definition of the serialization approach defined in this clause is
interleaved with the AutomationML definitions and applies the AutomationML technology defmitiotiely on
https://www.automationml. org/o.red.c/dateien.html

The exampleistsown i n t ool iAut omati onML Editoro of Automati ol

7.8.2 Rules

The rules for mapping of the AAS information model to AutomationML information model are given in the fgllowin
In subsequent clauses examplesliierrules are given. For reasons of dinify 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 presentAML role class and attributeameare taken from thAAS metanodel.

(2) If present, AML element names are the same as the vald8luditinformation from the AAS. If not present,
a sufficiently unique element name is to be generated.

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

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

The values of RefSeamtic follow therulesasdescribed irClause7.2.2

Example for RefSemantic valueSAS:Qualifier AAS:Qualifier/type AAS:Qualifier/value
For a complete list of all RefSemantic values Aeaex L.iii .

Note: RefSemantic is not identical to semanticld in AAS. The difference is explained in Clause 7.8.8.

(5) Attributes on AML Elements are createdonly if required.
Attributes, such asategoryare onlycreatedor AML elementsif values are present in the A&d vice
versa.
6) Val ues of Attri but e sReferencéA /A4S ewhsiecrh adriez eadf atsy pset rfi ng.
9 The rules for serialization can be found in Cladse?2
1 Example: (Submodel)RI] http://www.myuri.de
1 Every internal elementthat represents information ofthe AAS metanodel. A Tool with AASX-
Import would search only for the AAS roles in the AML file. However, an AutomationhL ¢ould
also export/write a file containin§AS 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_THAN) O
1 Subordinate attributes of the qualifier are mapped to subordinate attributes of the attribute in AML, e.g.
for qualifier type, qualifier value with aoeding AML RefSemantic
(8) View asinternalElementwith RoleClas View groups mirror elements
The internal elements with the assigned role diassi  egm@@pone to many mirror elements as a child. The
target of themirror elements theAAS entity identifiedby the AAS Viewas acontained elentd. A mirror
el ement p oRefBaseSysiemnitPadliribdtesto the UUID of the corresponding AML element.

Rules for subtypes of AAS SubmodelElement:

(9) All AAS SubmodelElementsare mapped to AML InternalElementsth an associated role class eqtmathe
respectiveSubmodelElemesubtype (e.g. AAS Property to AML Role Class Property).
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(10) For submodel elemerftile an interfaceFileDataReferencewi t h it 6s predefined att
MIMEType is usedor refererting the file. Attribute value of subodé element File is not needed.

(11)For submodel elemen®eferenceElementand RelationshipElementthei n t e rRéferableReférencé i s
used to reference to the corresponding objéttsase of a local reference (AAS¥bcal = True) the interface
fiReferbleReferencé 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®A8eKgy/local= False) no
Internallink is set for the interface. Insteatie valueattribute carries a serialization of the AAS Reference.
(12)For Operation, theOperation is mapped &nInternalElement in AML with Role Clag3peration
1 Input~/output~/inoutputVariablettributes of an AAS Ogrationare mapped ttnternalElemergin
AML with RoleClassOperationinputVariablesOperationOutputVariablesesp.
OperationlnoutputVariablesThesdnternalElementgontain subordinatehternalElementgor the
submodel elements.
(13)SubmodelElementCollecion is mapped to an InternalElement in  AML with RoleClass
SubmodelElementCollectiolt contains subordinatddternalElementgor contained elements.

Rules for the instance hierarchy of AML

(14)For an AASX Tool with AML Export typically an instance hierayafeeds to be createbhis instancédiierarchy
needs a name. If there is no other naming convention or no existing instance hierarchy that shall be used a
possible name f or AssetAdnimstaticBhellndtanceliezarchyh yl ti deassdtai n s
administratimn shells contaiing elements okind=Instance. Elements within this hierarchy have the role
fAssetAdministrationShell.

Not e: The AML i mport to an AASX T odAssetAdministtationShelld s hot | bok f be

names of the instance hierarchies.

(15)For anAAS 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 instance hierarchy

then a pesible mme for thenstanceHierarchy #\dsetAdministrationShellConceptDescriptoa . It cont q
the concept descriptions used or that can be used within the asset administration shells. The role of the elements

contained in thiGonceptiDstrigtionc e hi erarchy i s A

Note: The AMLimport t o an AASX Tool | ust Caneepthescriptionol, omlotf éort| éder olaa

of the instance hierarchies.

(16)For each AAS rel ated el e mssetAdmmistiattonShéll atnh e ndiogrealaecsep owni
within AssetAdministration®IlIRoleClassLibis assigned.

(17)In case of an AAS element having a data specification additionally an instance of the corresponding template
with Role DataSpecificationConcentwithin the corresponding yStemUnitClassLikis assiged. Thus, all
attributes defied 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

el ement wDataSpecifratom@Gaendfii s EmifeddedDataSpecification. | f mor e t han
specification template is used then the element containing the different elements has the name
AEmbeddedDataSpecifications (no rol e) a pekbments i t &e nanteb

AEmbeddedDataSpecificicatiorrNumber>0 because the names need ¢oumique.

(19)In case of a concept description AAS has a predefined data specification templat®gRd@pecificatioh
c a | IDa&tabpeidificationlEC61360Template Thi s templ ate is usediaihngr a ¢
its content, i.e. element with o IDataSpecificationConteat

(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 choosen as follows:
<value ofAAS:ConceptDescription/idShort>__<walof
AAS:ConceptDescription/identification/idType>_<value of AAS:ConceptDescription/identification/id>

Rules for the Role Class Library of AML:
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(21)There is a predefined RoleClassLibrary wi t h n AssetAdmirfistrationSHBloleClassLib .
It contains all rolespecific 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.

(23)A small number of rolelasses are requiredrfentities that have cardinality >ahd different names like
fiOperationinputVariabled , OpdrationOutputVariables . OperationindutpWariablesd of Oper at i ¢

Rules forSystemUnit Class libraries:

(24)For an AASX Tool with AML Export a system unitlass library needs to be createdhietAASX contains
submodels or submodel elemeanfkind=Template This system unit class library needs a name. If there is no
other naming conventioar no other system unit class lib that canuseda possible name fahelibrary is
fiAssetAdministratioBhellSystemUnitClasses |t contains the asset administ
kind=Type. Elements within thisbraryh a v e t AssetAdnoidiseatiomShell.

Note: The AML import to an AASX Tool justneeds t o | ook AseetAdnirtisération8Hel®d , i n o t for the
names of the system unit class libraries.

(25)If an AAS contains a submodel bihd=Template then a correspondirfgystemUnitClasis created for:

0 the AAaMf8 itself,
0 the s ub mo da&Swithkimd=Template t he
(26)The same rokeas for AAS with submodels of kind=Instance are assigned.
(27)There is a predefinedSystemUnitClassLibrarywi t h rAaseRelminifitratiorshelDataSpecification
Templates .
It contains thepredefined data specificatitemplates as defined in Asset Admtrégion Shell in Detail. These
data specifications have the role fiDataSpecificatioc
(28)A Data Specificati on h aPBata8pecificationGontetta Id ed li exmeriigtesaw il t K h
available when using ¢éhdata specification.
(29)In case theresithe need to assign more than one data specification template to an element a system unit class
containing the needed data specification content elements needs to be. defined

Rules forlnterfacelibraries:

(1) There is a predefined InterfaceClassLibrary with n a meAssefiAdministrationShellinterfaceClassLd .
It contains the predefined interfaces used within the asset administration shell.

(2) FileDataReferencé s an interface derived ExtemaDaaReferendéu.t olnmatii ©

used asinterfaceor submodel el ement HAFil eo.
(3) ReferableReferenceis an interface for realizing references as used within submodel elements
fiReferenceElemenit a RetHiorfshipElemert ( and it s sasshtadmnistatoiseghs wi t hi n

7.8.3 Example Overview

In Figure121the example is shown in the AutomationML Editor. Details are explained in the following subclauses.
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Figure 121 Example in Automation ML Editor
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7.8.4 Example Property and Concept Description
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Figurel22s hows t he

Pl ease

Theval ue of

Figure 122 Example Property MaxRotationSpeed

=5 Attributes : MaxRotationSpeed

HEx B

Name Value
idShort MaxRotationSpeed
category PARAMETER
kind Instance
semanticld

value 5000

property

note: the
only indirectly via its semanticld (séegure123).

fil/ mindcoul d

attri

(ConceptDescription)(local)[IRDIJ017 3-1#02-BAA120#008

fisemant i cl dioClausse2d

Semantic

AAS:Referable/idShort

AAS:Referable/category

t

iMaxRotationSpeedo.

te aalue. Honvevemit iscadadablel

he

AAS:HasKind/kind

semanticld

AAS:HasSemantics/

AAS:Property/value

reference

Datalype
xs:string
xs:string
xs:string

xs:string

xsiinteger

Figure 123Example DataSpecificatimContent of Concept Description MaxRotationSpeed conformant to

template DataSpecificationlEC61360Template

. Attributes

Attribute-Table
MName
~ preferredName
aml-lang=de
aml-lang=en
~  Attribute
shortName
unit

unitld

dataType
~ definition

aml-lang=de

aml-lang=en

Attributes

Internal Links

Value * O x

max. Drehzahl

Max. rotation speed

1/min
(GlobalReference)(no-local)[IRDI)
0173-1#05-AAAB50#002

INTEGER_MEASURE

Héchste zuldssige Drehzahl, mit
welcher der Motor oder die
Speiseinheit betrieben werden darf

Greatest permissible rotation speed
with which the motor or feeding
unit may be operated

Unit

"B

t

S

(
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7.8.5 Example Attributes of Attributes

Complex Types are realized as attributes with-atittbutes(see Figure124).
Figure 124 Example Identification with two subattributes

Attributes

4 B identification
@ idType
<A id

7.8.6 Example Language Tagged Strings
For attributes of type langString or LangStringSet the predeE d A ML a tl tarnighdu ti eFigired®ld ( s e e

Figure 125Example for attribute value in multiple languages

a | °8 AssetAdministrationShelllnstanceHierarchy B Attributes

a [If] ExampleMotor { Class Role AssetAdministrationShell } Attributes
w [If] ServoDCMotor { Class Role Asset }
a [if] Identification { Class Role Submodel }
w [I]] Manufacturer { Class Role Property }
« [IE] GLN { Class Role Property } L
& |« description
w [IE] ProductDesignation { Class Role Property }
w [if] SerialNumber { Class Role Property }
@ aml-lang=DE

« | @ identification
@ idShort
> category

w [if] TechnicalData { Class Role Submodel }
w [If] OperationalData { Class Role Submodel }

w [If] Documentation { Class Role Submodel }

@ kind
> semanticld
A Attribute Detail: aml-lang=EN
Description
Unit
AttributeDataType
DefaultValue

Value Identification from Manufacturer
RefSemantic [0]

7.8.7 Example Asset

In Figurel26t he asset represented by an assets atdini aad sitgrmmd d otno
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Figure 126 Example Asset in Instance Hierarchy

[(X] AWV
~ °B InstanceHierarchy
4 [If] ExampleMotor { Class Role AssetAdministrationShell }
v [IE] ServoDCMotor { Class Role Asset}
v [1E] Identification { Class Role Submodel}

7.8.8 Example RefSenantic

Note: RefSemantic is an attribute of AutomationML whereas semanticld is an attribute of Asset Administration Shell.

RefSemant describes tb semantics of the metamodel. Thus thalues reference to a description within the Asset
Administration Shell Specification.

Semanticldlescribes the semantics of an instance.

RefSemantit or t he AML attri bute 0 sMexRatationScd dd® fodr aenx aArvl ee | sean
thesemantics as defined for the attribute fisemanticldo w
that it is the maximum rotation speed (§égurel27).

For a complete lisdf all RefSemantic se&nnex Liii .

BInthetm | ing it is sometimes just denoted as ASemanti ch.
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Figure127Ex ampl e f or Ref Semantic and semanticld of the Pr o]

MaxRotationSpeed - 0

E4+ @
@ jdShort
@« category
@ kind

semanticld

@ yalue

Attribute detail: semanticld

Value 2
Value (ConceptDescription)(local)[IRDIJ0173-1#02-BAA120#008
Default Value D}
Data Type xs:string v
Unit
Constraint Constraint collection +
Relations 2
¥  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.

7.8.9 Example References

References are serialized intosigle string. See example Figure 128 The value of the semanticld is typed as
AReferenced and is serialized as string.

Exceptions: ReferenceElement and RelationshipElement including its subsywed as Views.
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Figure 128 Example for setialized 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)[IRDI}J0173-1#02-
BAA120+#008
value 5000

Internal Links

7.8.10 Example ReferenceElement

In Figure129 an examfe for a reference element is given: it references another element within the AAS by asing th
interface fRef ebluebdolteel Re repeesents eclraednallink to the target referenced element (not visible
here).

Figure 129Example for ReferenceElement with Interface

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

7.8.11 Example File

In Figure130an AAS File submodel elemeis shown. It is realized with the predefined AML interfagePataReference

from Interface Class Library MfAAssetAdministrationShel
AExt PateReafler eoemcddtferr f ace Cl asMLRBRPRPRIrmatrer fidhae ©lmag $ oi bo t ha
the AMLinter f ace fAExternal DataConnector o as def intarealassn t he
Li bo. Th EileDamRefererfcalready has a MAEType inherited that is conformatd AAS:/File/mimeType.

Figure 130Example File

7.8.12 Example Operation
Operation is mapped to InternalElement in AML with Role Class Operation.

InoputVariables/OutputVariables/InoutputVariablgmapped to InternalElements in AML WwiRoleClas®peration
InputVariables resp. ~Output~ The® InternalElements contain subordinatedernalElementsfor the submodel
elements.

The in or out element can be empty, i.e. does not need to have child elements


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































