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1.1 Editorial N otes 

This document was produced August 2018 to November 2019 by the sub working group ñAsset Administration Shellò of 

the Platform Industrie 4.0 Working Group ñReference Architectures, Standards and Norms ñ.  

The first version of this document was produced Sep 2017 to July 2018 by a joint working group with members from 

ZVEI SG ñModels and Standardsò and Platform Industrie 4.0 Working Group ñReference Architectures, Standards and 

Norms ñ. The document was subsequently validated by the platformôs Working Group ññReference Architectures, 

Standards and Norms ñ. 

For better readability, in compound terms the abbreviation "I4.0" is consistently used for "Industrie 4.0". Used on its own 

"Industrie 4.0" continues to be used.  

1.2 Scope of this Document 

The aim of this document is to make selected specifications of the structure of the Administration Shell in such a way that 

information about assets and I4.0 Components can be exchanged in a meaningful way between partners in a value creation 

network. 

This part of this document therefore focuses on the question of how such information needs to be processed and structured. 

In order to make these specifications, the document formally stipulates a few structural principles of the Administration 

Shell. This part does not describe technical interfaces of the Administration Shell or other systems to exchange 

information, protocols or interaction patterns. 

This document focuses on: 

¶ Exchange format for the transport of information from one partner in the value chain to the next 

¶ Metamodel for specifying information of an Asset Administration Shell and its submodels 

¶ Identifiers 

¶ Access Control 

¶ Mappings to suitable technologies to be used in different life cycle phases of a product 

This document currently features the second version V2.0. It targets to be adequately complete and coherent to be used 

as basis for developments and as input for discussion with international standardization organisations and further 

cooperations.  

The definitions in and the form of the document should be such that development departments in the value creation 

networks have enough detailed information to start work on internal systems for exchanging information and on 

corresponding databases. 

1.3 Structure of the Document 

Clause 3 summarises relevant, existing content from the standardization of Industrie 4.0. In other words, this clause 

provides an overview and explains the motives, and is not absolutely necessary for an understanding of the subsequent 

definitions. 

Clause 4 stipulates sufficient structural principles of the Administration Shell in a formal manner in order to ensure an 

exchange of information between the Administration Shells. An excerpt of a UML diagram is drafted for this purpose. A 

more comprehensive UML discussion which does not set standards can be found in the annex. 

Clause 5 provides detailed definitions for the exchange of information compliant to this specification in existing data 

formats like XML, AutomationML, OPC UA information models, JSON or RDF. An explanation is provided for each of 

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

provided. 

Clause 6 describes the promotion of attribute based access models for information security.   

Clause 7 describes, how the information of one or more Administration Shell could be packed into a compound file 

format. 
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The Annex contains details w.r.t. the mappings done in Clause 5 plus additional background information on asset 

administration shell. 

1.4 Principles of the Work  

The work is based on the following principle: keep it simple but do not simplify if it affects interoperability. 

For creating a detailed specification of the Administration Shell according to the scope of part 1 (­ 1.2), result papers 

published by Plattform Industrie 4.0, the Trilateral cooperation with France and Italy and international standardization 

results were analysed and takes as source of requirements for the specification process. As many ideas as possible from 

the discussion papers were considered.  

The partners represented in the Plattform Industrie 4.0 and associations such as the ZVEI, the VDMA, VDI/ VDE and 

Bitkom, ensure that there is broad sectoral coverage, both in process, hybrid and factory automation and in terms of 

integrating information technology (IT) and operational technology (OT). 

Design alternatives were intensively discussed within the working group. An extensive feedback process with the so 

called "sounding board" of this document series, with the Plattform's working groups and with associated partners were 

engaged about the design alternatives and the final content of the specification. 

Guiding principle for the specification was to provide detailed information, which can be easily implemented also by 

small and medium-sized enterprises. 
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2 Terms, Definitions and Abbreviations 
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2.1 Terms & Definitions  

Forward notice: 

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

access control  

protection of system resources against unauthorized access; a process by which use of system resources is regulated 

according to a security policy and is permitted by only authorized entities (users, programs, processes, or other systems) 

according to that policy 

Ą [SOURCE: IEC TS 62443-1-1] 

application  

software functional element specific to the solution of a problem in industrial-process measurement and control 

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

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

asset 

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

value to the organization 

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

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

asset administration shell  (AAS) 

standardized digital representation of the asset, corner stone of the interoperability between the applications managing 

the manufacturing systems. It identifies the Administration Shell and the assets represented by it, holds digital models of 

various aspects (submodels) and describes technical functionality exposed by the Administration Shell or respective 

assets. 

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

Ą [SOURCE: Glossary Industrie 4.0] 

attribute  

Ą data element of a property, a relation, or a class in information technology 

Ą [SOURCE: ISO/IEC Guide 77-2,  SO/IEC 27460, IEC 61360] 

class 

description of a set of objects that share the same attributes, operations, methods, relationships, and semantics 

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

capability  

implementation-independent 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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Ą [SOURCE: Glossary Industrie 4.0] 

component  

product used as a constituent in an assembled product, system or plant 

Ą [SOURCE: IEC 61666:2010, 3.6] 

concept  

unit of knowledge created by a unique combination of characteristics 

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

digital representation  

information that represents characteristics and behaviors of an entity 

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, in terpretation or processing 

Note 2: Behavior includes functionality (description and execution)  

Ą SOURCE: [IIC Vocabulary  IIC:IIVOC:V2.2:20190903, notes added] 

digital twin  

digital representation, sufficient 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 

Ą  [SOURCE: IIC Vocabulary  IIC:IIVOC:V2.2:20190903, adapted] 

identifier (ID)  

identity information that unambiguously distinguishes one entity from another one in a given domain 

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

Ą [SOURCE: Glossary Industrie 4.0] 

instance  

concrete, clearly identifiable component of a certain type 

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).  

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

operation  

executable realization of a function 

Note 1: The term method is synonym to operation 
Note 2: an operation has a name and a list of parameters [ISO 19119:2005, 4.1.3]  

Ą [SOURCE: Glossary Industrie 4.0] 

ontology  

an explicit specification of a (shared) conceptualization 

Ą [SOURCE: Gruber ñA Translation Approach to portable ontology specificationsò, Knowledge acquisition 5.2 (1993): 199-220] 
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property  

defined characteristic suitable for the description and differentiation of products or components 

Note 1:  The concept of type and instance applies to properties. 
Note 2: This definition applies to properties such as described in IEC 61360/ ISO 13584-42 
Note 3:  The property types are defined in dictionaries (like IEC component Data dictionary or e Cl@ss), they do 

not have a value. The property type is also cal led data element type in some standards.  
Note 4:  The property instances have a value and they provided by the manufacturers. A property instance is 

also called property-value pair in certain standards. 
Note 5: Properties include nominal value, actual value, runtime variables, measurement values, etc. 
Note 6:  A property describes one characteristic of a given object.  
Note 7:  A property can have attributes such as code, version, and revision.  
Note 8:  The specification of a property can include predef ined choices of values. 

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

qualifier  

well-defined element associated with a property instance or submodel element, restricting the value statement to a certain 

period of time or use case 

Note: qualifier can have value associated 

Ą [SOURCE: according to IEC 62569-1] 

variable  

software entity that may take different values, one at a time 

Ą [SOURCE: IEC 61499-1] 

smart manufacturing  

manufacturing approach, that improves its performance aspects with integrated and intelligent use of processes and 

resources in cyber, physical and human spheres to create and deliver products and services, which also collaborates with 

other domains within an enterprise's' value chains. 

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

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

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

Ą [SOURCE: ISO/TMB/SMCC] 

submodel  

models which are technically separated from each other and which are included in the asset administration 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.  

Ą [SOURCE: Glossary Industrie 4.0] 

submodel element  

element suitable for the description and differentiation of assets 

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

Ą [SOURCE: Glossary Industrie 4.0] 



Terms, Definitions and Abbreviations | 23 

system 

interacting, interrelated, or interdependent elements forming a complex whole 

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

technical functionality  

functionality of the Administration Shell that is exposed by an application programming interface (API) and that is 

creating added value to the respective assets(s). 

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

Ą [SOURCE: according [18]] 

template  

specification of the common features of an object in sufficient detail that such object can be instantiated using it 

Note: object can be anything that has a type 

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

type  

hardware or software element which specifies the common attributes shared by all instances of the type 

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

view  

projection of a model or models, which is seen from a given perspective or vantage point and omits entities that are not 

relevant to this perspective 

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

Abbreviation  Description 

AAS Asset Administration Shell 

AASX Package file format extension for the AAS 

AML  AutomationML 

API Application programmers interface 

BITKOM Bundesverband Informationswirtschaft, Telekommunikation und neue Medien e. V. 

BLOB Binary Large Object 

CDD Common Data Dictionary 

GUID Globally unique identifier 

I4.0 Industrie 4.0 

ID Identifier 

IEC International Electrotechnical Commission 

IRDI International Registration Data Identifier 

IRI Internationalized Resource Identifier 

ISO International Organization for Standardization 

JSON JavaScript Object Notation 

MIME Multipurpose Internet Mail Extensions 

OPC Open Packaging Conventions (ECMA-376, ISO/IEC 29500-2) 

OPC UA Unified Architecture for the Object Linking and Embedding for Process Control 

PDF Portable Document Format 

RAMI4.0 Reference Architecture Model Industrie 4.0 

RDF Resource Description Framework 

REST Representational State Transfer 

RFC Request for Comment 

SOA Service Oriented Architecture 

UML Unified Modeling Language 

URI Uniform Resource Identifier 

URL Uniform Resource Locator 

URN Uniform Resource Name 

VDE Verein Deutscher Ingenieure 

VDE Verband der Elektrotechnik Elektronik Informationstechnik e. V. 

VDMA  Verband Deutscher Maschinen- und Anlagenbau e.V. 

W3C World Wide Web Consortium 

XML  eXtensible Markup Language 

ZIP archive file format that supports lossless data compression 

ZVEI Zentralverband Elektrotechnik- und Elektronikindustrie e. V. 
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3 Basic Concepts and L eading Picture 
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3.1 Basic Concepts 

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

in the informative Annex A. 

3.2 Leading Picture 

The leading use case in this document is the exchange of an Asset Administration Shell including all its auxiliary 

documents and artifacts from one value chain partner to another. This is, in this document we do not deal with the use 

case of already deployed Asset Administration Shells running in a specific infrastructure but only with file exchange 

between partners.  

Figure 1 Use Case File Exchange between Value Chain Partners 

 

Figure 1 shows the overall picture. It depicts two value chain partners; "Supplier" is going to provide some products, 

"Integrator" is going to utilize this products in order to build a machine. Two kinds of Administration Shells are being 

provided; one for the asset being the type of a product, one for the assets being the actual product instances. "Supplier" 

and "Integrator" are forming two independent legal bodies (Figure 2). 
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Figure 2 File Exchange between two value chain partners 

 

The exchange of files needs to fulfil some requirements with respect to usability and security. There needs to be a bilateral 

agreement on security constraints to be fulfilled for the transfer and usage of the files. This is explained in more detail in 

Clause 6. 

For usability a container format for exchanging files is used and a corresponding structure is defined (see Clause 7). This 

predefined structure helps the consumer to understand the content of the single files. This is important because an 

AssetAdministration Shell specification can be spread across several files. Additionally, the container may contain 

auxiliary files references by the AAS or even executable code. 
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4 The Metamodel of the Admin istration Shell 

 

  



The Metamodel of the Administration Shell | 29 

4.1 Introduction  

This clause specifies the information metamodel of the AssetAdministration Shell. Before doing so some general aspect 

of the handling of asset types and instances are described (see Subclause 4.2 Types and Instances). Another very important 

aspect of the AAS is the identification aspect, see Subclause 4.3. In Subclause 4.5 aspects of event handling are discussed. 

In Subclause 4.3 it is described which elements to use for modelling composite I4.0 Components. 

An overview of the metamodel of the Asset Administration Shell is given in Subclause 4.6. In Subclause 4.7 the classes 

are described in detail together with all their attributes. 

The metamodel for security aspects of the Administration Shell is described in Clause 6. 

The legend for understanding the UML diagrams and the table specification of the classes are found in Annex B and 

Annex C. 

4.2 Types and Instances  

4.2.1 Life Cycle with Asset Types and Instances 

Industrie 4.0 utilizes an extended understanding of asset, comprising elements such as factories, production systems, 

equipment, machines, components, produced products and raw materials, business processes and orders, immaterial assets 

(such as processes, software, documents, plans, intellectual property, standards), services and human personnel and more. 

The RAMI4.0 model [3] features one, generalized life-cycle axis, which was derived from IEC 62890. The basic idea is 

to distinguish for all assets within Industrie 4.0 between possible types and instance. This makes it possible to apply the 

type/instance distinction for all elements such as material type/material instance, product type/product instance, machine 

type/ machine instance and more. Business related information will be handled on the 'Business' layer of the RAMI4.0 

model, as well, covering also order details and workflows, again with types/ instances.  

Table 1 Life cycle phases and roles of type and instance 

Phase Description 

Type Development Valid from the ideation/ conceptualization to first prototypes/ test. 

The 'type' of an asset is defined, and distinguishing properties and 

functionalities are defined and implemented. All (internal) design 

artefacts are created, such as CAD data, schematics, embedded 

software, and associated with the asset type. 

Usage / 

Maintenance 

Ramping up production capacity. The 'external' information 

associated to the asset is created, such as technical data sheets, 

marketing information. The selling process starts.  

Instance Production Asset instances are created/ produced, based on the asset type 

information. Specific information about production, logistics, 

qualification and test are associated with the asset instances. 

Usage / 

Maintenance 

Usage phase by the purchaser of the asset instances. Usage data is 

associated with the asset instance and might be shared with other 

value chain partners, such as the manufacturer of the asset instance. 

Also included: maintenance, re-design, optimization and de-

commissioning of the asset instance. The full life-cycle history is 

associated with the asset and might be archived/ shared for 

documentation.  

 

Table 1 gives an overview of the different life cycles phases and the role of type and instance in these phases: The most 

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

life of the asset instances. By this relationship, updates to the asset types can be forwarded to the asset instances, either 

automatically or on demand. 
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Note: for the distinction of 'type' and 'instance', the term 'kind' is used in this document.  

The second class of relationships are feedback loops/ information within the life-cycle of the asset type and instance. For 

product assets, for example, information on usage and maintenance of product instances can improve the manufacturing 

of products as also cause design improvements for the (next) product type. 

The third class of relationships are feedforward/ information exchange with assets of other asset classes. For example, 

sourcing information from business assets can influence design aspects of products; or, the design of the products affects 

the design of the manufacturing line. 

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

A forth class of relationships are between asset of different hierarchy levels. For example, these could be the (dynamic) 

relationships between manufacturing stations and products being currently produced. These could be also the 

decompositions of production systems in physical, functional or safety hierarchies. By this class of relationships, 

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

intelligent production and self-learning/ optimization tasks. 

4.2.2 Example 

The following figure gives an example for handling of asset types and asset instances, handling some exemplary 

information as well. Further explanation will follow in the next clauses.  

Figure 3 Exemplary types and instances of assets represented by multiple 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 òasset typesò and ñasset 
instancesò. When referring to types or instances of an AAS this is explicitly denoted as ñAAS typesò and ñAAS 
instancesò to not mix up both. AAS types are synonymously used with the term ñAAS templateò. 

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

There shall be a concrete asset type of a temperature sensor and two uniquely identifiable physical temperature sensors 

of this type. The intention is to provide a separate AAS for the asset type as well as for every single asset instance.  

In the example the first sensor has the unique ID ñ0215551AA_T1ò and the second sensor has the unique ID 

ñ0215551AA_T2ò. The AAS for the first sensor has the unique URI ñhttp://admin-shell.io/T1ò and the AAS for the 

second sensor has the unique URI ñhttp://admin-shell.io/T2ò. The kind for both is ñInstanceò. The example shows that 

the measured temperature at operation time of the two sensors is different: for T1 it is 60 °C, for T2 it is 100 °C. For the 
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time-being we ignore the relationship ñderivedFromò of the two AAS ñT1ò and ñT2ò with AAS ñhttp://admin-

shell.io/T0215551AAò.  

Note: Even though the HTTP scheme is used in the example, the URIs do not need to be valid URLs and therefore do 

not need to point to accessible content. 

Note:  The unit can be obtained by the semantic reference of the element ñmeasuredTemperatureò. For simplicity 
this is not shown in the example. 

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

sensor type). For this asset type an own AAS is created. The unique ID for this AAS is ñhttp://admin-

shell.io/T0215551AAò, the unique id of the sensor type is ñ0215551AAò. The kind in this case is ñTypeò and not 

ñInstanceò. The information that is the same for all instances of this temperature sensor type is the ProductClass 

(=òComponentò), the manufacturer (=òBoschò) and the English Description ñ=ôprecise and fast temperature 

measurementôò as well as the value range ñ-40 ÁC / 140 ÁCò. 

Now the two AAS of the two asset instances may refer to the AAS of the asset type ñ0215551AAò using the relationship 

attribute ñderivedFromò. 

Note:  "attribute" refers in the UML sense to the property or characteristic of a class (instance).  
Note:  Typically, if a specific asset type does exist, it exists in time before the respective asset instances.  
Note:  An AAS is used synonym to an AAS instance. An AAS may be realized based on an AAS type.  AAS types are 

out of scope of this document. 
Note:  In public standardization the AAS Types might be standardized. However, it is much more important to 

standardize the property types (called property definitions or concept descriptions) or other submodel element 
typed as well as complete submodel types because those can be reused in different AAS.  

Note:  In the domain of internet of things (IoT), asset instances are typically denoted as ñThingsò whereas asset 
types are denoted as ñProductò. 

4.2.3 Asset Administrat ion Shell  Types and Instances 

In the previous clause type and instances of assets were explained. Obviously the question then comes up how to 

harmonize AAS as well as AAS types. In our example it can be seen that the attributes ñassetIdò and ñkindò as well as 

the global identifier (id, represented as name of the class) are present for all AAS. However, if there is no standard, it is 

not clear that the semantics of ñidò, ñassetIdò and ñkindò are the same for all AAS and it is not clear, which of the attributes 

are mandatory and which are specific for the asset (type or instance). This is illustrated in Figure 4. 

This is the task of this document: The definition of a metamodel that defines which attributes are mandatory and which 

are optional for all AAS. The Platform Industrie 4.0 metamodel for AssetAdministration Shells is defined in Clause 4. 

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

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

Note:  An AAS type shall be realized based on the metamodel of an AAS as defined in this document. This Metamodel 
is referred to as the ñAAS Metamodelò. 

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



32 | The Metamodel of the Administration Shell 

Figure 4 Exemplary relations between metamodel of AAS, AAS types and AAS instances 

 

4.3 Composite I4.0 Components 

As described in Clause 4.2.1 there is a class of relationships between assets of different hierarchy levels. By this class of 

relationships, automation equipment is explained as a complex, interrelated graph of automation devices and products, 

performing intelligent production and self-learning/ optimization tasks. 

Details and examples for composite I4.0 Components can be found in [12]. 

The following modelling elements in the AAS metamodel can be used to realize such composite I4.0 Components: 

¶ RelationshipElement ï used to describe relationships between assets and other elements 

¶ Asset/billOfMaterial ï A complex asset is composed out of other entities and assets. These entities and assets 

being part of the asset are specified in the bill of material.  

Note: The 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. 

¶ Not every entity (Entity) that is part of the bill of material of an asset has necessarily its own asset administration 

shell. As described in [12] self-managed entities are distinguished from co-managed entities (Entity/entityType).  

o Self-Managed Entities have their own AAS. This is why a reference to this asset is specified as well 

(Entity/asset). Additionally, further property statements (compare to [15]) can be added to the asset that 

are not specified in the AAS of the asset itself because they are specified in relation to the complex I4.0 

Component only. 

o For co-managed entities there is no separate AAS. The relationships and property statements of such 

entities are managed within the AAS of the composite I4.0 Component. 

Figure 5 shows an extract of the metamodel that is introduced later containing the elements being the moste important to 

describe composite I4.0 Components. 
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Figure 5 Extract from Metamodel for Composite I4.0 Components 

 

4.4 Identification of Elements 

4.4.1 Overview 

Identifiers are needed according to [4] for the unique identification of many different elements within the domain of smart 

manufacturing. For this reason, they are a fundamental element of a formal description of the Administration Shell. 

Especially, identification is at least required for:  

¶ Asset Administration Shells, 

¶ assets,  

¶ submodel instances and submodel templates,  

¶ property definitions/concept descriptions in external repositories, such as eCl@ss or IEC CDD 

Identification will take place for two purposes:  

(1) to uniquely distinguish all elements of an Administration Shell, and 
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(2) to relate elements to external definitions, such as submodel templates and property definitions,  in order to bind 

a semantics to these data and functional elements of an Administration Shell. 

4.4.2 What Identifier s Exist? 

In [4], [20] two standard-conforming global identification types are defined: 

(a) IRDI  - ISO29002-5, ISO IEC 6523 and ISO IEC 11179-6 [20] as an Identifier scheme for properties and 

classifications. They are created in a process of consortium-wise specification or international standardization. 

To this end, users sit down together and feed their ideas into the consortia or standardization bodies. Properties 

in ISO, IEC help to safeguard key commercial interests. Repositories like eCl@ss and others make it possible to 

standardise a relatively large number of Identifiers in an appropriately short time. 

(b) IRI  ï IRI (Rfc 39871) or URI and URL according to RFC 39862 as identification of assets, Administration Shells 

and other (probably not standardized, but globally unique) properties and classifications. 

The following is also permitted: 

(c) Custom - Internal custom Identifiers such as GUIDs (globally unique Identifiers3), which a manufacturer can 

use for all sorts of in-house purposes within the Administration Shell.  

This means that the URIs/URLs and internal custom Identifiers can represent and communicate manufacturer-specific 

information and functions in the Administration Shell and the 4.0 infrastructure just as well as standardized information 

and functions. One infrastructure can serve both purposes. 

CLSID are URIs for GUIDs. They start with a customer specific schema. So Custom should really only be used if the 

custeomer specific identifier is no IRDI nor an IRI. 

Besides the global Identifiers there are also Identifiers that are unique only within a defined namespace, typically its 

parent element. These Identifiers are also called local identifiers. Example: Properties within a submodel have local 

identifiers. 

Besides absolute URIs there are also relative URIs. 

See also DIN SPEC 91406 [43] for further information on identification of physical objects. 

4.4.3 Identifier s for A ssets and Administration Shell s 

For the domain of smart manufacturing, the assets need to be identified worldwide unique [4] [20] by the means of 

identifiers (IDs). The Administration Shell has a unique ID, as well. 

                                                           

1 https://tools.ietf.org/html/rfc3987  

2 https://tools.ietf.org/html/rfc3986 

3 https://en.wikipedia.org/wiki/Universally_unique_identifier 
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Figure 6 The Administration Shell  needs a unique Identifier, as well as the asset being described (Modified figure 

from [4]) 

 

An Administration Shell represents exactly one asset, with a unique asset ID. In a batch based production, the batches 

will become the asset and will be described by a respective Administration Shell. If a set of assets shall be described by 

an Administration Shell, a unique ID for the composite asset needs to be created [12]. 

The ID of the asset needs to comply the restrictions for global Identifiers according [4][20]. If the asset is featuring further 

identifications, serial numbers and such, there are not to be confused with the unique global Identifiers of the asset itself4. 

4.4.4 Which Ident ifier s to use for which Elements  

Not every Identifier is applicable for every element of the UML model; the following table therefore puts constraints on 

the various entities, which implement "Identifiable" or "hasSemantics". Attributes relate to the metamodel in Clause 4.6 

and Clause 4.7. 

Table 2 Identifiables, attributes and allowed identifiers 

Identifiable  Attribute  

Allowed Identifier s 

(recommended or 

typical) 

Remarks 

Asset 

AdministrationShell 

id IRI (URL) 
mandatory 

Typically, URLs will be used 

idShort string mandatory5 

Asset id IRI mandatory 

                                                           

4 Such additional local identifiers are contained in the submodel ñassetIdentificationModelò. 

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

mandatory for all Referables. 

Source: PlattformIndustrie4.0

Asset, e.g. electrical axis system

Administration shell, with unique ID

I4.0 compliant communication

Complexdata, 

withIDs

Documents, 

withIDs

Properties, withIDs

Properties, withIDs

Properties, withIDs

I4.0 Component

Unique ID
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Identifiable  Attribute  

Allowed Identifier s 

(recommended or 

typical) 

Remarks 

Typically, URLs will be used [4] 

idShort string mandatory 

Submodel with kind = 

Template 

id IRDI, IRI (URI) 

mandatory 

IRDI, if the defined submodel is standardized 

and an IRDI was applied for it 

idShort string 

mandatory 

Typically used as idShort for the submodel of 

kind Instance as well 

semanticId IRDI, IRI (URI) 

optional 

The semantic id might refer to an external 

information source, which explains the 

formulation of the submodel (for example an 

PDF if a standard) 

Submodel with kind = 

Instance 

id IRI (URI), Custom mandatory 

idShort string 

mandatory 

Typically, the idShort or English short name of 

the submodel template referenced via 

semanticId 

semanticId IRDI, IRI (URI) 

recommended 

The semantic id may be either a reference to a 

submodel with kind = Template (within the 

same or another AAS) or it can be an external 

reference to an external standard defining the 

semantics of the submodel. 

SubmodelElement 

idShort string 

mandatory 

Typically the English short name of the element 

referenced via semanticId 

semanticId 
IRDI, IRI (URI), 

Custom 

mandatory 

link to the conceptDescription or the concept 

definition in an external repository via a global 

id 

ConceptDescription 

id Custom or IRDI 

mandatory 

ConceptDescription needs to have a global id. 

If the concept description is a copy from an 

external dictionary like eCl@ss it may use the 

same global id as it is used in the external 

dictionary.  

idShort string 
mandatory 

e.g. same as English short name 

isCaseOf 

 
IRDI, IRI (URI) 

optional 

links to the concept definition in an external 

repository the concept description is a copy 

from or that it corresponds to 

View idShort string mandatory  
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Identifiable  Attribute  

Allowed Identifier s 

(recommended or 

typical) 

Remarks 

 

semanticId 
IRDI, IRI (URI), 

Custom 

recommended 

links to the view definition in an external 

repository 

Qualifier semanticId 
IRDI, IRI (URI), 

Custom 

recommended  

Links to the qualifier type definition in an 

external repository 

IRDI, if the defined  qualifier type is 

standardized and an IRDI was applied for it 

4.4.5 How are New Identifier s Created? 

Following the different identification types from Clause 4.4.3, it can be stated: 

(a) IRDIs are assumed to be already existing by an external specification and standardization process, when it comes 

to the creation of a certain Administration Shell. For bringing such IRDI Identifiers into life, refer to Clause 4 of 

the document [4]. 

(b) URIs and URLs can easily be formed by developers themselves, also on the fly when creating a certain 

Administration Shell. All that is needed is a valid authority, for example of the company, and to make sure that 

the way the domain (e.g. admin-shell.io) is organised ensures that the path behind the host name is reserved in a 

semantically unique way for these Identifiers. In this way, each developer can create an arbitrary URI or URL 

by combining the host name and some chosen path, which only needs to be unique in the developer's 

organisation. 

(c) Custom identifiers can also be easily formed by developers themselves. All that is necessary is a corresponding 

programmatic functionality to be retrieved. It is necessary to ensure that internal custom identifiers can be clearly 

distinguished from (a) or (b). 

(d) Local identifiers can also be created on the fly. They have to be unique within their namespace, usually defined 

by the parent relationship. 

4.4.6 Best Practice for Creating URI Identifier s 

The approach for semantics and interaction for I4.0 components [17] suggests the use of the following structure for URIs6, 

which is slightly modified here. The idea is to always structure URIs following a scheme of different elements. However, 

this is just a recommendation and not mandatory to be used. 

Table 3 Proposed structure for URIs 

Element Description 
Syntax 

component  

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

Organisational subunit/  

Document ID/  

Document subunit 

Sub entity in organisation above, or released specification or publication of 

organisation above.  
P 

Submodel / Domain-ID 
Submodel of functional or knowledge-wise domain of asset or Administration 

Shell, the Identifier belongs to. 
P 

Version Version number in line with release of specification or publication of Identifier P 

Revision 
Revision number in line with release of specification or publication of 

Identifier 
P 

                                                           

6 URLs are also URIs 
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Property / Element-ID Property or further structural element ID of the Administration Shell P 

Instance number 
Individual numbering of the instances within release of specification or 

publication 
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).  

<AAS URI>  ΥΥҐ  ғǎŎƘŜƳŜҔ  άΥέ  ғŀǳǘƘƻǊƛǘȅҔ  ώ ғǇŀǘƘҔ ϐ  

<scheme>  ::=  a valid URI scheme 

<authority>  ::=  <Organisation>  

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

<subunit>  ΥΥҐ  ώ όάκέ μ άΥέύ  ғhǊƎŀƴƛǎŀǘƛƻƴŀƭ {ǳōǳƴƛǘκ5ƻŎǳƳŜƴǘ L5κ5ƻŎǳƳŜƴǘ ǎǳōǳƴƛǘҔ  ϐϝ  

<domain> ΥΥҐ  ώ όάκέ μ άΥέύ  ғ{ǳōƳƻŘŜƭ κ 5ƻƳŀƛƴ-ID> 

<release>  ΥΥҐ  ώ όάκέ μ  άΥέύ  ғ±ŜǊǎƛƻƴҔ  ώ όάκέ μ άΥέύ  ғwŜǾƛǎƛon> ]* ] 

<element>   ΥΥҐ  ώ όάκέ μ άΥέ μ άІέύ  ό ғtǊƻǇŜǊǘȅκ9ƭŜƳŜƴǘ-ID> | <Instance number> )* ]    

 

Using this scheme, valid URNs and URLs can be created, both being URIs. For the use of Administration Shells, URLs 

are preferred, as functionality (such as REST services) can be bound to the Identifiers, as well. Examples of such 

Identifiers are given in Table 4. 

 

Table 4 Example URN and URL-based Identifiers of the Administration Shell  

Identifier  Description Property class Examples 

Administration Shell 

ID 

ID of the 

Administration Shell 
Basis 

urn:zvei:SG2:aas:1:1:demo11232322 

http://www.zvei.de/SG2/aas/1/1/demo11232322 

Submodel ID (Type) 
Identification of type 

of submodel 

Selected submodels 

are basis, others free  

urn:GMA:7.20:contractnegotiation:1:1 

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

Submodel ID 

(Instance)  

Identification of the 

instance of the 

submodel 

Free 

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

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

contractnegotiation/1/1#001 

Property/parameter/st

atus type IDs 

Identification of the 

property, parameter 

and status types  

Domain-specific 

urn:PROFIBUS:PROFIBUS-PA:V3-

02:Parameter:1:1:MaxTemp 

http://www.zvei.de/SG2/aas/1/1/demo11232322/maxt

emp 

Property/parameter/st

atus instance IDs 

 

(not used by 

metamodel) 

Identification of the 

property, parameter 

and status instance  

Domain-specific 

urn:PROFIBUS:PROFIBUS-PA:V3-

02:Parameter:1:1: MaxTemp#0002 

http://www.zvei.de/SG2/aas/1/1/demo11232322/maxt

emp#0002 

Note:  the last row of the table is only used for completion; the metamodel does not foresee identifiers for 

property/parameter/status instances. 
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4.4.7 Creating a Submodel Instance based on an Exist ing Submodel Template 

In order to instantiate an existing submodel template, there should be a public specification of the submodel template, e.g. 

via publication by Plattform Industrie 4.0. As a special case, instantiating a submodel from a non-public submodel 

template, such as a manufacturer specification, is also possible. 

As of November 2019, there are no finally published standardized submodel templates available, but some examples are 

described in [6], which provides simple tables listing properties in a predefined hierarchy.  

In each submodel template, the Identifier s of property definitions to be used as semantic references are already 

predefined. An instantiation of such submodel merely has to create properties with a semantic reference to the property 

definitions and attach values to these properties.  

In such case, the Identifier for the existing submodel template is also predefined, probably as a URL, and is to be used as 

semantic reference for the submodel instance.  

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

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

4.4.8 Can New or Proprietary Submodels be Formed?  

It is in the interest of Industrie 4.0 for as many submodels as possible, including free and proprietary submodels, to be 

formed (­ [4], ñFree property setsò). A submodel can be formed at any time for a specific Administration Shell of an 

asset. For this purpose, the provider of the Administration Shell can form in-house Identifiers for the type and instance of 

the submodel in line with Section 4.4.5. All I4.0 systems are called on to ignore submodels and properties that are not 

individually known, and simply to ñoverlookò them. For this reason, it is always possible to deposit proprietary ï e.g. 

manufacturer-specific or user-specific ï information, submodels or properties in an 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.  

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

4.4.9 Usage of Short  ID  for Identif iable Elements 

The Administration Shell fosters the use of worldwide unique identifiers to a large degree. However, in some cases, this 

may lead to inefficiencies. An example might be referring to a property, which is part of a submodel which is part of an 

Administration Shell and each of these identified by global Identifiers [4]. For example, in an application featuring a 

resource oriented architecture (ROA), a worldwide unique resource locator (URL) might be composed of a series of 

segments, which in turn do not need to be worldwide unique: 
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Figure 7 Motivation of exemplary identifiers and idShort 

 

In order to allow such efficient addressing of elements by an API of an Administration Shell, idShort is provided for a set 

of classes of the metamodel, which inherit from abstract class Referable, in order to refer to such dependent elements (­ 

4.6). However, an external system addressing resources of an Administration Shell is required to check the respective 

semantics by asserting semanticId first, before accessing elements by id or idShort (­ 4.7.2). 

4.5 Events 

4.5.1 Overview 

Events are a very versatile mechanism of the AAS. In the following sections, first some use-cases for events are described. 

Different types of events are summarized in order to depict requirements. A SubmodelElement ñEventò is introduced, 

which is able to declare events of an AAS. The general format of event messages is specified. 

4.5.2 Brief Use Cases for Events Used in Asset Administrat ion Shells 

¶ An integrator has purchased a device. Later in time, the supplier of the device provides a new firmware. The 

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

suitability ("forward events"). The mechanism is, that a dependent AAS ("D4") detects events from a parent or 

type AAS ("D1"), which is described by the derivedFrom relation. 

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

incidents occur. Both parties agree on a business model providing availability. So, the supplier wants to monitor 

status of devices which are further in the value chain ("reverse events"). 

Source: PlattformIndustrie4.0
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Figure 8 Forward and Revers Events 

 

¶ An operator is operating a certain I4.0 component over time. Changes occasionally occur to these I4.0 

components from different systems. For documentation and auditing, changes to this I4.0 component shall be 

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

Figure 9 Tracking of Changes via Events 

 

¶ An operator is operating different I4.0 components, which are deployed to manufacturer clouds. The operator 

wants to integrate data from these components, according to DIN SPEC 92222. Therefore, information needs to 

be forwarded to the operator cloud ("value push"). 
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Figure 10 Value Push Events across Clouds 

 

4.5.3 Input and Output Directions of Events 

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

respective Referable. 

Direction Descriptions 

Output The event is monitoring the Referable it is attached to. An outer message 

infrastructure, e.g. by OPC UA or MQTT or AMQP, will transport these 

events to other AASes and further outer systems and users.  

Input The software entity, which implements the respective Referable, can handle 

incoming events. These incoming events will be delivered by an outer 

message infrastructure, e.g. by OPC UA or MQTT or AMQP, to the 

software entity of the Referable.  

4.5.4 Types of Events 

According to the above use-cases, different types of events are possible. The following table gives an impression on 

possible event types. Each event type will be identified by a semanticId and will feature a specialized payload. 

Group Direction7 Motivation / conditions 

Structural changes of the 

AAS 

Out ¶ CRUD8 of Submodels, Assets, SubmodelElements and such 

In ¶ Detect updates on parent/ type/ derivedFrom AAS 

Updates of Properties and 

dependent attribute 

Out ¶ update of values of SubmodelElements 

¶ timestamped updates and time series update 

¶ explicit triggering of an update event 

Operation of AAS Out ¶ monitoring of (long-lasting) execution of OperationElement 

and updating events while execution 

                                                           

7 see below 

8 Create, Retrieve, Update, Delete 

Cloud "Supplier A"

D1

Cloud "Supplier B"

E1

Cloud "Operator"

X

valuepush
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Monitoring, conditional, 

calculated events 

Out ¶ e.g. when voiding some limits (e.g. stated by Qualifiers with 

expression semantics) 

Infrastructure events Out ¶ Booting, Shutdown, out of memory .. of software entity of 

respective Referable (AAS, Submodel) 

Repository events In/ Out ¶ Change of semantics of IRDIs (associated concept definition) 

Security events Out ¶ logging events 

¶ access violations, non-fitting roles & rights, denial of service, 

.. 

Alarms & events  Out ¶ alarms and events management analog to distributed control 

systems (DCS) 

 

Custom event types 

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

event type. Such customized events can be sent or received by the software entity of the respective Referable, 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 scopes 

Events can be stated with an observableReference to the Referables of AAS, Submodels, SubmodelElementCollections 

and SubmodelElements. These Referables are defining the scope of the events, which are to be received or sent. 

Event attached to .. Scope 

AAS This event is monitoring/ representing all logical elements of an 

Administration Shell, such as AAS, Asset, Views, Submodels. 

Submodel This event is monitoring/ representing all logical elements of the respective 

Submodel und all logical dependents. 

SubmodelElementCollection This event is monitoring/ representing all logical elements of the respective 

SubmodelElementCollection und all logical dependents. 

SubmodelElement (others) This event is monitoring/ representing a single atomic SubmodelElement, 

e.g. a data element which might include the contents of a Blob or File. 

4.5.5 Possible Future Attributes of an Event 

Up to now the metamodel offers a very simple modeling of an event. Besides the inherited attributes that are available for 

every Referable only one attribute for referencing the data or other elements being observed is added. This is expected to 

be a good starting point.  

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

Attributes of the event element 

Class: EventElement (non- normative, only for discussion) 

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

Inherits from: SubmodelElement 

Attribute 

(*=mandatory) 

(+=inherited) 

Explanation Type Kind Card. 
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Class: EventElement (non- normative, only for discussion) 

idShort+ 

 

Identification of the element itself. Provides a 

unique identification for a possible event flow 

scheduling. 

string attr 1 

semanticId+ Semantic identification of the event type.  Reference attr 1 

observableReference Reference to the Referable, which defines the 

scope of the event. Can be AAS, Submodel, 

SubmodelElementCollection or 

SubmodelElement. 

Reference attr 1 

direction Can be { Input, Output }. Enum attr 1 

state Can be { On, Off }. Enum attr 1 

messageTopic Information for the outer message infrastructure 

for scheduling the event to the respective 

communication channel.  

string attr 0..1 

messageBroker Information, which outer message infrastructure 

shall handle messages for the EventElement. 

Refers to a Submodel, 

SubmodelElementCollection, which contains 

DataElements describing the proprietary 

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 0..1 

lastUpdate Timestamp in UTC, when the last event was 

received (input direction) or sent (output 

direction). 

xsd:dateTime attr 0..1 

minInterval For input direction, reports on the maximum 

frequency, the software entity behind the 

respective Referable can handle input events.  

For output events, specifies the maximum 

frequency of outputting this event to an outer 

infrastructure. 

Might be not specified, that is, there is no 

minimum interval. 

xsd:dateTime attr 0..1 

maxInterval For input direction: not applicable. 

For output direction: maximum interval in time, 

the respective Referable shall send an update of 

the status of the event, even if not other trigger 

condition for the event was not met. 

Might be not specified, that is, there is no 

maximum interval. 

xsd:dateTime attr 0..1 

 

Attributes of the event message 

Events sent or received by AAS always comply to a general format. Exception: events exchanged in the course of an I4.0 

interaction pattern. 
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Class: EventMessage (non- normative, only for discussion) 

Explanation: Defines the necessary information of an event instance sent out or received. 

Inherits from: - 

Attribute 

(*=mandatory) 

 

Explanation Type Kind Card. 

source Reference to the source EventElement, including 

identification of AAS, Submodel, 

SubmodelElements. 

Reference attr 1 

sourceSemanticId semanticId of the source EventElement, if 

available 

Reference attr 0..1 

observableReference Reference to the Referable, which defines the 

scope of the event. Can be AAS, Submodel, 

SubmodelElementCollection or 

SubmodelElement. 

Reference attr 1 

observableSemanticId semanticId of the Referable, which defines the 

scope of the event, if available. See above. 

Reference attr 0..1 

topic Information for the outer message infrastructure 

for scheduling the event to the respective 

communication channel.  

string attr 0..1 

subject ABAC-Subject, who/ which initiated the creation string attr 0..1 

timestamp Timestamp in UTC, when this event was 

triggered. 

string attr 1 

payload Event specific payload. Detailed in annex. string attr 0..1 
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4.6 Overview Metamodel of the Administration Shell  

Figure 11 Overview Metamodel of the Asset Administration Shell  
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Figure 12 Metamodel package overview 
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In this clause an overview of the main concepts of the AssetAdministration Shell metamodel is presented. 

The main parts of an Asset Administration Shell (AAS) is the asset it is representing as well as the submodels. Optionally, 

dictionaries and views may be part of the AAS. A dictionary contains concept descriptions used to describe the semantics 

of submodels. For details see Clause 4.7.3. Views define a set of elements selected for a specific stakeholder. For details 

see Clause 4.7.16. 

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

For details see Clause 4.7.2.3. 

Note:  the UML modelling uses so-called abstract classes for denoting reused concepts like ñHasSemanticsò, 
ñQualifiableò etc.  

In case of an AAS of an instance asset, a reference to the AAS representing the corresponding asset type or another asset 

instance is was derived from may be added (derivedFrom). The same holds for AAS of an asset type: also types can be 

derived from other types. 

An asset typically may be represented by several different identification properties like for example the serial number, its 

RFID code etc. Such local identification properties are defined in the asset identification submodel 

(assetIdentificationModel). For details see Clause 4.7.4. 

AASs, assets, submodels and concept descriptions need to be globally uniquely identifiable (Identifiable). Other elements 

like for example properties, single local dictionaries just need to be referable within the model and thus only need a local 

identifier (idShort from Referable). For details on identification see Clause 4.3. For details on Identifiable and Referable 

see Clause 4.7.2.1. 

Submodels consist of a set of submodel elements. Submodel elements may be qualified by a so-called Qualifier. For 

details see Clause 4.7.5. 

There are different subtypes of submodel elements like properties, operations, collections etc. For details see Clause 4.7.5. 

A typical submodel element is shown in the overview figure: a property. A property is a data submodel element that has 

a value of simple type like string, date etc. For details on properties see Clause 4.7.7. 

Every submodel element needs a semantic definition (semanticId in HasSemantics). The submodel element might either 

refer directly to a corresponding semantic definition provided by an external reference (e.g. to an eCl@ss or IEC CDD 

property definition) or it may reference a submodel element of kind = Template that defines the semantics of submodel 

elements of kind = Instance. For details see Clause 4.7.2.5. 

The AAS itself can also define its own dictionary that contains semantic definitions of its submodel elements. These 

semantic definitions are called concept descriptions (ConceptDescription). It is optional whether an AAS defines its own 

concept dictionary (ConceptDictionary) or not. For details see Clause 4.7.20. 

The concept dictionary may contain copies of property definitions of external standards. In this case a semantic definition 

to the external standard shall be added (isCaseOf). isCaseOf  is a more formal definition of sourceOfDefinition that is just 

text. 

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

The concept dictionary may also contain proprietary definitions. In this case the provider of the AAS shall be aware that 

no interoperability with other AAS can be ensured. 

Data Specification Templates can be used (DataSpecification) to define which attributes (besides those predefined by the 

metamodel) are used to define a submodel element or a concept description. For the concept description of properties 

typically the Data Specification Template following IEC 61360 is used. For denoting recommended Data Specification 

Templates to be used the <<template>>-dependency is used.  For details see Clause 4.7.2.6. 

Some Data Specification Templates like the template for IEC 61360 property definitions (DataSpecificationIEC61360) 

are explicitly predefined and recommended to be used by the Plattform Industrie 4.0. For details see Clause 4.8.2. If 

proprietary templates are used, again, interoperability with other AAS cannot be ensured.  
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Besides submodel elements including properties and concept descriptions also other identifiable elements may use 

additional templates (HasDataSpecification). For details see Clause 4.7.2.7. 

Submodel elements and the submodels themselves may have additional qualifiers (Qualifiable). Per Qualifiable there 

might be more than one qualifier. For details see Clause 4.7.2.6. 

Additionally, Views can be defined within an AAS. Views may consist of any elements that are referable 

(containedElement). A ñSafety Viewò, for example, contains all properties or operations that are safety relevant and need 

special treatment. For details see Clause 4.7.16. A View definition can also be used in different life cycle stages. For 

example, there could be a view for engineering and all referenced artefacts are deleted before delivering the AAS to the 

customer. 

For every AAS security aspects need to be considered (security). In this document the aspect of access control is covered 

in more detail. So-called access permission rules are defined, that define which permission a specific authenticated subject 

has on which object. For details see Clause 6. 

Figure 12 gives a complete picture of all elements defined in the metamodel excluding security. Information on the 

Security part is found in Clause 6.4. 

4.7 Metamodel Specification Details: Designators 

4.7.1 Introduction  

In this clause the classes of the metamodel are specified in detail. In Annex B the template used to describe the classes 

and relationships is explained. In Annex C some of the diagrams are shown together with all its inherited attributes to 

give a complete overview. 

For understanding the specifications, it is crucial to understand the common attributes first (Clause 4.7.2). They are reused 

throughout the specifications of the other classes (ñinherits fromò) and define important concepts like identifiable, 

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

4.7.2 Common A ttributes  

4.7.2.1 I dentifiables & Referables 

 Figure 13 Metamodel for Identifiables and Referables 

 

The metamodel distinguishes between elements that are identifiable, referable or none of both. An identifiable element 

as a globally unique identifier (Identifier). Referable elements can be referenced but for doing so the context of the element 

is needed. A referable has a short unique identifier (idShort) that is unique just in its context, its name space. An 

identifiable is also referable but there are elements that are not referable: they are just attributes of a referable. Identifiables 

may have administrative information like version etc. 

class Common - Identifiable and Referable

«abstract»

Identifiable

+ administration: AdministrativeInformation [0..1]

+ identification: Identifier

«abstract»

Referable

+ idShort: string

+ category: string [0..1]

+ description: LangStringSet [0..1]

+ parent: Referable* [0..1]
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A name space is defined as follows in this context: The parent element an element is part of and that is either referable or 

identifiable is the name space of the element. Examples: A submodel is the name space for the properties contained in it. 

The name space of a submodel element being contained in a submodel element collection is the submodel element 

collection. However, for identifiables the name space is not important since identifiables per definition have a global 

identifier. 

 

Class: Referable <<abstract>> 

Explanation: An element that is referable by its idShort. This id is not globally unique. This id is unique within 

the name space of the element. 

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

idShort*  Identifying string of the element within its name 

space. 

Constraint AASd-001: In case of a referable element 

not being an identifiable element this id is mandatory 

and used for referring to the element in its name 

space. 

Constraint AASd-002: idShort shall only feature 

letters, digits, underscore ("_"); starting mandatory 

with a letter. 

Constraint AASd-003: idShort shall be matched case-

insensitive. 

Note: In case of an identifiable element idShort is 

optional but recommended to be defined. It can be 

used for unique reference in its name space and thus 

allows better usability and a more performant 

implementation. In this case it is similar to the 

ñBrowserPathò in OPC UA. 

Note: In case the element is a property and the 

property has a semantic definition (HasSemantics) the 

idShort is typically identical to the short name in 

English.  

string attr 1 

category The category is a value that gives further meta 

information w.r.t. to the class of the element. It affects 

the expected existence of attributes and the 

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 languages. 

LangStringSet attr 0..1 

parent Reference to the next referable parent element of the 

element. 

Referable ref*  0..1 
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Class: Referable <<abstract>> 

Constraint AASd-004: Add parent in case of non-

identifiable elements. 

Note: This element is used to ease navigation in the 

model and thus it enables more performant 

implementation. In does not give any additional 

information. 

 

Class: Identifiable <<abstract>> 

Explanation: An element that has a globally unique identifier.  

Inherits from: Referable 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

administration 

 

Administrative information of an 

identifiable element. 

Note: Some of the administrative 

information like the version 

number might need to be part of 

the identification. 

AdministrativeInformation attr 0..1 

identification* The globally unique identification 

of the element. 

Identifier attr 1 

 

4.7.2.2 Identifi er 

Figure 14 Metamodel for Identifier  

 

Information about identification can be found in Clause 4.4. In Clause 4.4.4 constraints and recommendation on when to 

use which type of Identifier can be found. 

Examples for Identifiers can be found in Clause 4.4.3 Identifiers for Assets and Administration Shells. 

See Clause 4.4.4 for information which identifier types are supported.  

 

Class: Identifier 

Explanation: Used to uniquely identify an entity by using an identifier. 

Inherits from: -- 

class Common - Identifier

Identifier

+ idType: IdentifierType

+ id: Id

«enumeration»

IdentifierType

 Custom

 IRDI

 IRI
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Class: Identifier 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

idType* Type of the Identifier, e.g. IRI, 

IRDI etc. The supported Identifier 

types are defined in the 

enumeration ñIdentifierTypeò. 

IdentifierType attr 1 

id*  Identifier of the element. 

Its type is defined in idType. 

Id attr 1 

 

Enumeration: IdentifierType 

Explanation: Enumeration of different types of Identifiers for global identification 

Literal Explanation 

IRDI IRDI according to ISO29002-5 as an Identifier scheme for properties and 

classifications.  

IRI IRI according to Rfc 3987. Every URI is an IRI. 

Custom Custom identifiers like GUIDs (globally unique identifiers) 

 

4.7.2.3 Type or Instance of Model Elements (HasKind) 

Figure 15 Metamodel for HasKind 

  

Class: HasKind 

Explanation: An element with a kind is an element that can either represent a template (type) or an 

instance. 

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

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

kind Kind of the element: either type or 

instance. 

Default Value = Instance 

ModelingKind attr 0..1 

 

The kind enumeration is used to denote whether an element is of kind Template or Instance. 

class Common - HasKind

«abstract»

HasKind

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

«enumeration»

ModelingKind

 Template

 Instance
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Enumeration: ModelingKind 

Explanation: Enumeration for denoting whether an element is a template or 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 

 

4.7.2.4 Administrative Information  

Figure 16 Metamodel for Administrative Information  

 

Every Identifiable may have administrative information. Administrative information includes for example 

¶ Information about the version of the element  

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

¶ Information about the languages available in case the element contains text, for translating purposed also the 

master or default language may be defined 

In the first version of the AAS metamodel only version information as defined by IEC 61360 is defined. In later versions 

additional attributes may be added.  

Version corresponds in principle to the version_identifier according to IEC 62832 but is not used for concept identifiers 

only (IEC TS 62832-1) but for all identifiable elements. Version and revision together correspond to the version number 

according to IEC 62832.  

AdministrativeInformation allows the usage of templates (HasDataSpecification) but 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: AdministrativeInformation 

Explanation: Administrative metainformation for an element like version information. 

class Common - Administrativ e Information

Referable

«abstract»

Identifiable

+ administration: AdministrativeInformation [0..1]

+ identification: Identifier

AdministrativeInformation

+ version: string [0..1]

+ revision: string [0..1]
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Class: AdministrativeInformation 

Inherits from: HasDataSpecification 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

version Version of the element. 

 

string attr 0..1 

revision Revision of the element. 

Constraint AASd-005: A revision 

requires a version. This means, if 

there is no version there is no 

revision neither. 

string attr 0..1 

 

4.7.2.5 Semantic References (HasSemantics) 

Figure 17 Metamodel for Semantic References (HasSemantics) 

 

 

Class: HasSemantics <<abstract>> 

Explanation: Element that can have a semantic definition. 

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

semanticId Identifier of the semantic 

definition of the element. It is 

called semantic id of the element. 

The semantic id may either 

reference an external global id or 

it may reference a referable model 

element of kind=Template that 

defines the semantics of the 

element. 

Note: In many cases the idShort is 

identical to the English short name 

within the semantic definition as 

referenced via its semantic id. 

Reference attr 0..1 

 

class Common - HasSemantics

«abstract»

HasSemantics

+ semanticId: Reference [0..1]
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4.7.2.6 Qualifiables and Formulas - Constraints 

Figure 18 Metamodel Qualifiables, Formulas and Constraints 

 

For qualifiable elements additional qualifiers may be defined. For details on qualifiers and for predefined standardized 

qualifier types see IEC 62569-1. For example, a level qualifier defining the level type minimal value, maximum value, 

typical value and nominal value can be found in IEC 62569-1. Additional qualifier types are planned to be defined in the 

ongoing work of DIN SPEC 92000 like for example expressions semantics and expression logic. 

If there are no predefined qualifier types or the additional qualification is quite complex then instead of a set of qualifiers 

also a formula can be defined.  

In Figure 19 an example for a formula depending on the property ñStatusò is shown. Up to now no formula language is 

defined for the AAS. 

Figure 19  Example Formula ñMachine Status not Runningò 

<aas:Formula> 

   <aas:dependsOn> 

         <Keys> <Key locaú̠˩True˩ ġĴēÙ̠˩AssetAdministrationShell i˩d¢ĴēÙ̠˩IRI˩ h̡ttp://my Shell</Key> 

   ̢WÙĴ úĆÎÀú̠˩True˩ ġĴēÙ̠˩Submodel i˩d¢ĴēÙ̠˩IdShort˩M̡aschine</Key> 

    ̢ WÙĴ úĆÎÀú̠˩True˩ ġĴēÙ̠˩Property i˩d¢ĴēÙ̠˩IdShort˩S̡tatus</Key> 

   </aas:dependsOn>  != RUNNING 

</aas:Formula> 

 

Class: Qualifiable <<abstract>> 

Explanation: The value of a qualifiable element may be further qualified by one or more qualifiers or 

complex formulas. 

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

qualifier Additional qualification of a 

qualifiable element. 

Constraint aggr 0..* 

 

class Common - Qualifiable

HasSemantics

Qualifier

+ type: QualifierType

+ valueType: DataTypeDef

+ value: ValueDataType [0..1]

+ valueId: Reference [0..1]

«abstract»

Qualifiable

+ qualifier: Constraint [0..*]

«abstract»

Constraint

Formula

+ dependsOn: Reference* [0..*]
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Class: Constraint <<abstract>> 

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

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

 

 

Class: Qualifier 

Explanation: A qualifier is a type-value-pair that makes additional statements w.r.t. the value of the 

element. 

Inherits from: Constraint; HasSemantics 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

type* The qualifier type describes the 

type of the qualifier that is applied 

to the element. 

QualifierType attr 1 

valueType* Data type of the qualifier value. DataTypeDef attr 1 

value The qualifier value is the value of 

the qualifier. 

Constraint AASd-006: if both, the 

value and the valueId are present 

then the value needs to be identical 

to the value of the referenced 

coded value in Qualifier/valueId. 

ValueDataType attr 0..1 

valueId Reference to the global unqiue id 

of a coded value.  

Reference attr 0..1 

 

Class: Formula  

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

Inherits from: Constraint 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

dependsOn A formula may depend on 

referable or even external global 

elements that are used in the 

logical expression. 

The value of the referenced 

elements needs to be accessible so 

that it can be evaluated in the 

formula to true or false in the 

corresponding logical expression 

it is used in. 

Reference aggr 0..* 

-- 
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4.7.2.7 Used Templates for Data Specification (HasDataSpecification) 

Figure 20 Metamodel HasDataSpecification 

 

Figure 21 Metamodel for HasDataSpecification 

Class: HasDataSpecification <<abstract>> 

Explanation: Element that can be extended by using data specification templates. A data 

specification template defines the additional attributes an element may or shall 

have. The data specifications used are explicitly specified with their global id. 

Inherits from: -- 

Attribute (*=mandatory) Explanation Type Kind Card. 

dataSpecification Global reference to the data 

specification template used 

by the element. 

Reference aggr 0..* 

 

4.7.3 Asset Administrat ion Shell  Attributes  

Figure 22 Metamodel AssetAdministrationShell 

 

An Administration Shell is uniquely identifiable since it inherits from Identifiable.  

The derivedFrom attribute is used to establish a relationship between two AssetAdministration Shells that are derived 

from each other. For more detailed information on the derivedFrom concept see Clause 4.2 Types and Instances. 

«abstract»

HasDataSpecification

+ dataSpecification: Reference [0..*]

class Asset Administration Shell

HasDataSpecification

Identifiable

AssetAdministrationShell

+ security: Security [0..1]

+ derivedFrom: AssetAdministrationShell* [0..1]

Referable

ConceptDictionary

Security

+ accessControlPolicyPoints: AccessControlPolicyPoints

+ certificate: Certificate [0..*]

+ requiredCertificateExtension: Reference [0..*]

HasDataSpecification

HasSemantics

Referable

View

+ containedElement: Referable* [0..*]

HasDataSpecification

HasKind

HasSemantics

Identifiable

Qualifiable

Submodel

HasDataSpecification

Identifiable

Asset

+ kind: AssetKind

+ assetIdentificationModel: Submodel* [0..1]

+ billOfMaterial: Submodel* [0..1]

0..*

1

0..*

0..*
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Class: AssetAdministrationShell 

Explanation: An AssetAdministration Shell. 

Inherits from: HasDataSpecification,; Identifiable  

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

derivedFrom The reference to the AAS the 

AAS was derived from. 

AssetAdministrationShell ref* 0..1 

security Definition of the security 

relevant aspects of the AAS. 

Security aggr 0..1 

asset* The asset the AAS is 

representing. 

Asset ref* 1 

submodel The asset of an AAS is 

typically described by one or 

more submodels.  

Temporarily no submodel 

might be assigned to the 

AAS. 

Submodel ref*  0..* 

conceptDictionary An AAS max have one or 

more concept dictionaries 

assigned to it. The concept 

dictionaries typically contain 

only descriptions for 

elements that are also used 

within the AAS (via 

HasSemantics). 

ConceptDictionary aggr 0..* 

view If needed stakeholder specific 

views can be defined on the 

elements of the AAS. 

View aggr 0..* 

 

4.7.4 Asset Attributes  

Figure 23 Metamodel of Asset 

 

class Asset

HasDataSpecification

HasKind

HasSemantics

Identifiable

Qualifiable

Submodel

HasDataSpecification

Identifiable

Asset

+ kind: AssetKind

+ assetIdentificationModel: Submodel* [0..1]

+ billOfMaterial: Submodel* [0..1]

«enumeration»

AssetKind

 Type

 Instance
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Class: Asset 

Explanation: An Asset describes meta data of an asset that is represented by an AAS. 

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

The asset has a globally unique identifier plus ï if needed ï additional domain 

specific (proprietary) identifiers. 

Inherits from: HasDataSpecification; Identifiable 

Attribute (*=mandatory) Explanation Type Kind Card. 

kind* Denotes whether the Asset of of kind ñTypeò 

or ñInstanceò. 

AssetKind attr 1 

assetIdentificationModel A reference to a Submodel that defines the 

handling of additional domain specific 

(proprietary) Identifiers for the asset like e.g. 

serial number etc.  

Submodel ref* 0..1 

billOfMaterial Bill of material of the asaset represented by a 

submodel of the same AAS. This submodel 

contains a set of entities describing the 

material used to compose the composite I4.0 

Component. 

Submodel ref*  0..1 

 

Enumeration: AssetKind 

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

Inherits from: -- 

Literal Explanation 

Type 
hardware or software element which specifies the common attributes 

shared by all instances of the type 

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

Instance 
concrete, clearly identifiable component of a certain type 

Note:  It becomes an individual entity of a type, for example a device, by 

defining specific property values. 

Note:  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 more information on types and instances see Clause 4.2. 
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4.7.5 Submodel and Submodel Element A ttributes  

Figure 24 Metamodel for Submodel 

 

 

Class: Submodel 

Explanation: A submodel defines a specific aspect of the asset represented by the AAS. 

A submodel is used to structure the digital representation and technical functionality of an 

Administration Shell into distinguishable parts. Each submodel refers to a well-defined 

domain or subject matter. Submodels can become standardized and thus become submodels 

types. Submodels can have different life-cycles. 

Inherits from: HasDataSpecification; HasSemantics; Identifiable; Qualifiable; HasKind 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

submodelElement A submodel consists of zero or 

more submodel elements. 

SubmodelElement aggr 0..* 

 

A submodel instance can reference the submodel template it was derived from. Formulated in a technical way: semanticId 

of a Submodel with kind=Instance may refer to a Submodel of kind=Template (kind inherited via HasKind). 

A submodel can be qualified (Qualifiable).  

Submodel element are qualifiable elements, i.e. one or more qualifier may be defined for each of them.  

Submodels and submodel elements may also have data specification templates defined for them. A template might for 

example be defined to mirror some of the attributes like preferredName and unit of a property definition if the AAS does 

not contain a corresponding concept description. Otherwise there only is the property definition referenced by semanticId 

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

offline.  

In case the submodel is of kind=Template then the submodel elements within the submodel are presenting submodel 

element types. In case the submodel is of kind=Instance then its submodel elements represent submodel element 

instances. 

class Models as Templates or Instances

«abstract»

HasKind

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

HasDataSpecification

HasSemantics

Identifiable

Qualifiable

Submodel

HasDataSpecification

HasSemantics

Qualifiable

Referable

«abstract»

SubmodelElement

0..*
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Class: SubmodelElement <<abstract>> 

Explanation: A submodel element is an element suitable for the description and differentiation of assets. 

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

submodel elements. 
The property types are defined in dictionaries (like the IEC Common Data Dictionary 

or eCl@ss), they do not have a value. The property type (kind=Template is also 
called data element type in some standards.  

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

Inherits from: HasDataSpecification; Referable; Qualifiable; HasSemantics; HasKind 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 
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Figure 25 Metamodel Overview for Submodel Element Subtypes 
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4.7.6 Overview of Submodel Element Types 

Submodel elements include data properties as well as operations, events and other elements needed to describe a model 

for an asset (see Figure 25).  

4.7.7 Data Element Attr ibutes  

Figure 26 Metamodel for Data Elements 

 

A data element is a submodel element that is not further composed out of other submodel elements.  

A data element is a submodel element that has a value or a predefined number of values like range data elements. 

A controlled value is a value whose meaning is given in an external source (see ñISO/TS 29002-10:2009(E)ò). 

The type of value differs for different subtypes of data elements. Data Elements include properties and file handling and 

reference elements, see Figure 25. 

The following categories are defined for data elements except for files and blobs: 

Category: Applicable to: Explanation: 

CONSTANT 
Property 

MultiLanguageProperty 

A constant property is a property with a value that does not change 

over time. 

In eCl@ss this kind of category has the category ñCoded Valueò. 

PARAMETER 
Property 

MultiLanguageProperty 

A parameter property is a property that is once set and then typically 

does not change over time.  

This is for example the case for configuration parameters. 

VARIABLE  
Property 

MultiLanguageProperty 

A variable property is a property that is calculated during runtime, i.e. 

its value is a runtime value. 

 

Class: DataElement <<abstract>> 

Explanation: A data element is a submodel element that is not further composed out of other submodel 

elements.  

A data element is a submodel element that has a value. The type of value differs for different 

subtypes of data elements. 

Inherits from: SubmodelElement 

class Data Element Subtypes

Blob

+ value: BlobType [0..1]

+ mimeType: MimeType

Property

+ valueType: DataTypeDef

+ value: ValueDataType [0..1]

+ valueId: Reference [0..1]

ReferenceElement

+ value: Reference [0..1]

SubmodelElement

«abstract»

DataElement

MultiLanguageProperty

+ value: LangStringSet [0..1]

+ valueId: Reference [0..1]

File

+ value: PathType [0..1]

+ mimeType: MimeType

Range

+ valueType: DataTypeDef

+ min: ValueDataType

+ max: ValueDataType
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Class: DataElement <<abstract>> 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

 

4.7.8 Property Attributes  

Figure 27 Metamodel for Property 

 

Class: Property 

Explanation: A property is a data element that has a single value. 

Inherits from: DataElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

valueType* Data type of the value DataTypeDef attr 1 

value The value of the property instance. 

 

ValueDataType attr 0..1 

valueId Reference to the global unqiue id of a 

coded value.  

Constraint AASd-007: if both, the 

value and the valueId are present then 

the value needs to be identical to the 

value of the referenced coded value 

in valueId. 

Reference attr 0..1 

 

4.7.9 Multi  Language Property Attributes  

Figure 28 Metamodel for MultiLanguageProperty 

 

Class: MultiLanguageProperty 

Explanation: A property is a data element that has a multi language value. 

class Submodel Element - Property

DataElement

Property

+ valueType: DataTypeDef

+ value: ValueDataType [0..1]

+ valueId: Reference [0..1]

class Submodel Element - MultiLanguageProperty

DataElement

MultiLanguageProperty

+ value: LangStringSet [0..1]

+ valueId: Reference [0..1]
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Class: MultiLanguageProperty 

Inherits from: DataElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

value The value of the property instance. LangStringSet attr 0..1 

valueId Reference to the global unqiue id of a 

coded value.  

Constraint AASd-012: if both, the 

value and the valueId are present then 

for each string in a specific language 

the meaning must be the same as 

specified in valueId. 

Reference attr 0..1 

 

4.7.10 Reference Element Attr ibutes  

Figure 29 Metamodel for ReferenceElement 

 

Class: ReferenceElement  

Explanation: A reference element is a data element that defines a logical reference to another element 

within the same or another AAS or a reference to an external object or entity. 

Inherits from: DataElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

value Reference to any other referable 

element of the same of any other 

AAS or a reference to an external 

object or entity. 

Reference aggr 0..1 

 

For more information on references see Clause 4.7.21. 

class Submodel Element - Referen...

DataElement

ReferenceElement

+ value: Reference [0..1]
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4.7.11 Range Attributes  

Figure 30 Metamodel for Range 

 

Class: Range 

Explanation: A range data element is a data element that defines a range with min and max. 

Inherits from: DataElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

valueType* Datat type of the min und max DataTypeDef attr 1 

min The minimum value of the range. 

If the min value is missing then the 

value is assumed to be negative 

infinite. 

ValueDataType attr 0..1 

max The maximum value of the range. 

If the max value is missing then the 

value is assumed to be positive 

infinite. 

 

ValueDataType attr 0..1 

 

If the semanticId is a reference to a concept description then it is a concept description with data specification IEC61360. 

The value for levelType is the set {Min, Max}.   

4.7.12 Blob and File Attributes  

Figure 31 Metamodel for Blob and File 

 

class Submodel Element - Range

DataElement

Range

+ valueType: DataTypeDef

+ min: ValueDataType [0..1]

+ max: ValueDataType [0..1]

class File and Blob Data Element 

Blob

+ value: BlobType [0..1]

+ mimeType: MimeType

File

+ value: PathType [0..1]

+ mimeType: MimeType

SubmodelElement

«abstract»

DataElement
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A media type (also MIME type and content type) [é] is a two-part Identifier for file formats and format contents 

transmitted on the Internet. The Internet Assigned Numbers Authority (IANA) is the official authority for the 

standardization and publication of these classifications. Media types were originally defined in Request for Comments 

2045 in November 1996 as a part of MIME (Multipurpose Internet Mail Extensions) specification, for denoting type of 

email message content and attachments; [é] hence the name /MIME type.9  

 

Class: Blob 

Explanation: A BLOB is a data element that represents a file that is contained with its source code in the 

value attribute. 

Inherits from: DataElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

value The value of the BLOB instance of 

a blob data element.  

Note: In contrast to the file 

property the file content is stored 

directly as value in the Blob data 

element. 

BlobType attr 0..1 

mimeType* Mime type of the content of the 

BLOB.  

The mime type states which file 

extension the file has. 

Valid values are e.g. 

ñapplication/jsonò, 

ñapplication/xlsò, òimage/jpgò 

The allowed values are defined as 

in RFC2046. 

MimeType attr 1 

 

Class: File 

Explanation: A File is a data element that represents an address to a file. The value is an URI that can 

represent an absolute or relative path. 

Inherits from: SubmodelElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

value Path and name of the referenced 

file (with file extension).  

The path can be absolute or 

relative.  

PathType    
 

attr 0..1 

mimeType*  Mime type of the content of the 

file. 

MimeType attr 1 

 

                                                           

9 Wikipedia.org, date: 2018-04-09 
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For handling of supplementary external files in exchanging AAS specification in aasx format see also Clause 7.4 

Conventions for the Asset Administration Shell package file format (AASX). An absolute path is used in the case that the 

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

serialized package of the AAS. 

4.7.13 Submodel Element Collection Attributes  

Figure 32 Metamodel for Submodel Element Collections 

 

 

Class: SubmodelElementCollection 

Explanation: A submodel element collection is a set or list of submodel elements.  

Inherits from: SubmodelElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

value Submodel element contained in the 

collection. 

SubmodelElement aggr 0..* 

ordered If ordered=false then the elements 

in the property collection are not 

ordered. If ordered=true then the 

elements in the collection are 

ordered. 

Default = false 

Note: An ordered submodel 

element collection is typically 

implemented as an indexed array. 

boolean attr 0..1 

allowDuplicates If allowDuplicates=true then it is 

allowed that the collection contains 

the same element several times. 

Default = false 

boolean attr 0..1 

class Submodel Element Collections

HasDataSpecification

HasKind

HasSemantics

Qualifiable

Referable

«abstract»

SubmodelElement

SubmodelElementCollection

+ value: SubmodelElement [0..*]

+ ordered: boolean [0..1] = false

+ allowDuplicates: boolean [0..1] = false

HasSemantics

Qualifier

+ type: QualifierType

+ valueType: DataTypeDef

+ value: ValueDataType [0..1]

+ valueId: Reference [0..1]

«abstract»

Constraint
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4.7.14 Relationship and Annotated Relationship Attributes  

Figure 33 Metamodel for Relationship and Annotated Relationhip Elements 

 

 

Class: RelationshipElement 

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

Inherits from: SubmodelElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

first*  First element in the relationship 

taking the role of the subject. 

Referable ref* 1 

second* Second element in the relationship 

taking the role of the object. 

Referable ref* 1 

 

Class: AnnotatedRelationshipElement 

Explanation: An annotated relationship element is a relationship element that can be annotated with 

additional data elements. 

Inherits from: RelationshipElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

annotation Annotations that hold for the 

relationships between the two 

elements. 

DataElement aggr 0..* 

4.7.15 Operation Attributes  

Figure 34 Metamodel of Operations 

  

class Submodel Element - Operation

SubmodelElement

Operation

+ inputVariable: OperationVariable [0..*]

+ outputVariable: OperationVariable [0..*]

+ inoutputVariable: OperationVariable [0..*]

OperationVariable

+ value: SubmodelElement
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Class: Operation 

Explanation: An operation is a submodel element with input and output variables. 

Inherits from: SubmodelElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

inputVariable Input parameter of the operation. OperationVariable aggr 0..* 

outputVariable Output parameter of the operation. OperationVariable aggr 0..* 

inoutputVariable Parameter that is input and output 

of the operation. 

OperationVariable aggr 0..* 

 

Class: OperationVariable 

Explanation: An operation variable is a submodel element that is used as input or output variable of an 

operation. 

Inherits from:  

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

value*  Describes the needed argument for an 

operation via a submodel element of 

kind=Template. 

Constraint AASd-008: The submodel 

element value of an operation variable 

shall be of kind=Template. 

SubmodelElement aggr 1 

 

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

4.7.16 Capabil ity Attr ibutes  

Figure 35 Metamodel for Capabilities 

 

 

Class: Capability 

Explanation: A capability is the implementation-independent description of the potential of an asset to 

achieve a certain effect in the physical or virtual world.   

--: SubmodelElement 

class Submodel Element - Ca...

SubmodelElement

Capability
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Class: Capability 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

 

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

For information and examples how to apply the concept of capability and how to map it to one or more skills implementing 

the capability please refer to [36]. The mapping is done via a relationship element with the corresponding semantics. A 

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

submodel. 

4.7.17 Entity Attributes  

Figure 36 Metamodel of Entities 

 

 

class Submodel Element - Entity

HasDataSpecification

HasKind

HasSemantics

Qualifiable

Referable

«abstract»

SubmodelElement

Entity

+ statement: SubmodelElement [0..*]

+ entityType: EntityType

+ asset: Asset* [0..1]

«enumeration»

EntityType

 CoManagedEntity

 SelfManagedEntity

{asset must be defined in

case entityType =

SelfManagementAsset.

For Co-managed assets no

asset attribute can be

defined.}
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Class: Entity 

Explanation: An entity is a submodel element that is used to model entities. 

Inherits from: SubmodelElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

statement Describes statements applicable to the 

entity by a set of submodel elements, 

typically with a qualified value.  

 

SubmodelElement aggr 0..* 

entityType* Describes whether the entity is a co-

managed entity or a self-managed 

entity. 

EntityTypeEnum attr 1 

asset Reference to the asset the entity is 

representing. 

Constraint AASd-014: The asset 

attribute must be set if entityType is set 

to ñSelfManagedEntityò. It is empty 

otherwise. 

Asset ref* 0..1 

 

Enumeration: EntityTypeEnum 

Explanation: Enumeration for denoting whether an entity is a self-managed entity or a co-

managed entity. 

Inherits from: -- 

Literal Explanation 

CoManagedEntity For co-managed entities there is no separate AAS. Co-managed entities need 

to be part of a self-managed entity.  

SelfManagedEntity Self-Managed Entities have their own AAS but can be part of the bill of 

material of a composite self-managed entity.  

The asset of an I4.0 Component is a self-managed entity per definition. 
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4.7.18 Event Attr ibutes  

Figure 37 Metamodel for Event and MetaEvent 

 

Class: Event <<abstract>> 

Explanation: A event 

Inherits from: SubmodelElement 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

 

Class: BasicEvent  

Explanation: A basic event 

Inherits from: Event 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

observed*  Reference to the data or other 

elements that are being observed. 

Referable ref*  1 

 

4.7.19 View A ttr ibutes  

Figure 38 Metamodel of Views 

 

The large number of submodel elements within a submodel can be filtered by views, so that different user groups can 

only see relevant elements.  

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

class Submodel Element - Ev ent

SubmodelElement

«abstract»

Event

BasicEvent

+ observed: Referable*

class Views

HasDataSpecification

Identifiable

AssetAdministrationShell

+ security: Security [0..1]

+ derivedFrom: AssetAdministrationShell* [0..1]

HasDataSpecification

HasSemantics

Referable

View

+ containedElement: Referable* [0..*]

0..*
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Class: View 

Explanation: A view is a collection of referable elements w.r.t. to a specific viewpoint of one or more 

stakeholders. 

Inherits from: HasDataSpecification; Referable; HasSemantics 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

containedElement Referable elements that are 

contained in the view. 

Referable ref* 0..* 

4.7.20 Concept Dict ionar y and Concept Description Attributes  

Figure 39 Metamodel of Concept Dictionary and Concept Descriptions 

 

Class: ConceptDictionary  

Explanation: A dictionary contains elements that can be reused. 

The concept dictionary contains concept descriptions. 

Typically a concept description dictionary of an AAS contains only concept descriptions of 

elements used within submodels of the AAS. 

Inherits from: Referable 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

conceptDescription Concept description defines a 

concept. 

ConceptDescription ref 0..* 

 

Class: ConceptDescription 

Explanation: The semantics of a property or other elements that may have a semantic description is 

defined by a concept description. 

The description of the concept should follow a standardized schema (realized as data 

specification template). 

Inherits from: HasDataSpecification; Identifiable; 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

class ConceptDictionary

Referable

ConceptDictionary

HasDataSpecification

Identifiable

ConceptDescription

+ isCaseOf: Reference [0..*]

0..*
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Class: ConceptDescription 

isCaseOf Global reference to an external 

definition the concept is 

compatible to or was derived from. 

Note: Compare to is-case-of 

relationship in ISO 13584-32 & 

IEC EN 61360  

Reference aggr 0..* 

 

Different types of submodel elements require different attributes for describing the semantics of them. This is why a 

concept description has at least one data specification template associated with it. Within this template the attributes 

needed to define the semantics are defined. 

See Clause 4.8 for predefined data specification templates to be used. 

4.7.21 Referencing in Asset Administration Shell s 

Figure 40 Metamodel for References and Keys 

 

class Common - Reference and Keys

Key

+ type: KeyElements

+ local: boolean

+ value: string

+ idType: KeyType

«enumeration»

KeyElements

 GlobalReference

 FragmentReference

«enumeration»

KeyType

«enumerat...

LocalKeyType

 IdShort

 FragmentId

«enumeration»

IdentifierType

 Custom

 IRDI

 IRI

«enumeration»

ReferableElements

 AccessPermissionRule

 AnnotatedRelationshipElement

 BasicEvent

 Blob

 Capability

 ConceptDictionary

 DataElement

 File

 Entity

 Event

 MultiLanguageProperty

 Operation

 Property

 Range

 ReferenceElement

 RelationshipElement

 SubmodelElement

 SubmodelElementCollection

 View

«enumeration»

IdentifiableElements

 Asset

 AssetAdministrationShell

 ConceptDescription

 Submodel

Reference

{If idType ==

LocalKeyType

then local == true}

{If type == GlobalReference then

idType <> LocalKeyType

If

type==AssetAdministrationShell

then idType <> LocalKeyType}

1..*çorderedè



76 | The Metamodel of the Administration Shell 

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

If an element is not a part of an element but just references it, this is denoted by an * behind the Type. 

E.g.  asset: Asset* means that asset: Reference with Key.type=Asset for the last Key in the Reference 

 

Class: Reference 

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

A reference is an ordered list of keys, each key referencing an element. The complete list of 

keys may for example be concatenated to a path that then gives unique access to an element 

or entity. 

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

key*  Unique reference in its name 

space. 

Key attr 1..* 

 

Class: Key 

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

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

type* Denote which kind of entity is 

referenced. 

In case type = GlobalReference 

then the element is a global unique 

id.  

In all other cases the key references 

a model element of the same or of 

another AAS. The name of the 

model element is explicitly listed. 

KeyElements attr 1 

local* Denotes if the key references a 

model element of the same AAS 

(=true) or not (=false). In case of 

local = false the key may reference 

a model element of another AAS or 

an entity outside any AAS that has 

a global unique id. 

boolean attr 1 

value* The key value, for example an 

IRDI if the idType=IRDI. 

string attr 1 

idType* Type of the key value. 

In case of idType = idShort local 

shall be true. 

In case type=GlobalReference 

idType shall not be IdShort. 

KeyType attr 1 
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Enumeration: KeyElements 

Explanation: Enumeration of different key value types within a key. 

Set of: ReferableElements 

Literal Explanation 

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

FragmentReference unique reference to an element within a file. The file itself is assumed to be 

part of an asset administration shell.  

 

Enumeration: ReferableElements 

Explanation: Enumeration of all referable elements within an asset administration shell 

Set of: IdentifiableElements 

Literal Explanation 

AccessPermissionRule Access Permission Rule 

AnnotatedRelationshipElement Annotated relationship element 

BasicEvent Basic Event 

Blob Blob 

Capability Capability 

ConceptDictionary Concept Dictionary 

DataElement Data Element.  

Note: Data Element is abstract, i.e. if a key uses ñDataElementò the 

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 with min and max 

ReferenceElement Reference  

RelationshipElement Relationship 

SubmodelElement Submodel Element 

Note: Submodel Element is abstract, i.e. if a key uses ñSubmodelElementò 

the reference may be a Property, a SubmodelElementCollection, an 

Operation etc. 

SubmodelElementCollection Collection of Submodel Elements 

View View 
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Enumeration: IdentifiableElements 

Explanation: Enumeration of all identifiable elements within an asset administration shell 

that are not identifiable 

Set of: -- 

Literal Explanation 

Asset Asset 

AssetAdministrationShell Asset Administration Shell 

ConceptDescription Concept Description 

Submodel Submodel 

 

Enumeration: KeyType 

Explanation: Enumeration of different key value types within a key. 

Set of: LocalKeyType, IdentifierType 

Literal Explanation 

 

Enumeration: LocalKeyType 

Explanation: Enumeration of different key value types within a key. 

Literal Explanation 

IdShort idShort of a referable element 

FragementId Identifier of a fragment within a file 

 

IdentifierType is defined in Clause 4.7.2.2. 

4.7.22 Data Types 

4.7.22.1 Predefined Basic Data Types 

The predefined types used to define the metamodel use the names and the semantics of XML Schema Definition (XSD)10. 

Additionally the type ñlangStringò with the semantics as defined in the Resource Description Framework (RDF)11 is used. 

ñlangStringò is a string value tagged with a language code. 

These types are also used to denote the type of a value and is defined in the type anySimpleTypeDef (see Clause 4.7.22.2). 

                                                           

10 see: https://www.w3.org/XML/Schema 

11 see: https://www.w3.org/TR/rdf11-concepts/ 

https://www.w3.org/XML/Schema
https://www.w3.org/TR/rdf11-concepts/
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Figure 41 Built -In Types of XML Schema Definition 1.1 (XSD) 

 

4.7.22.2 Data Types 

Types that are used for specific data specification templates are listed in the corresponding clause of the data specification. 

The meaning and format of xsd types is specified in https://www.w3.org/XML/Schema. 

Table 5 lists additional data types used in the metamodel. Figure 42 specifies LangStringSet as set of elements of rdf type 

ñlangStringò.  
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Table 5 Basic Types used in Metamodel 

Type Basic Type 

DataTypeDef 
string  

Note: any xsd simple type as string 

BlobType byte[0..*] 

MimeType 
string 

Note: any mimetype as in RFC2046.  

PathType string 

QualifierType string 

ValueDataType any xsd atomic type 

Figure 42 Data Type LangStringSet 

 

Class: LangStringSet <<DataType>> 

Explanation: A set of strings, each annotated by the language of the string. The meaning of the string 

in each language shall be the same. 

Inherits from: -- 

Attribute 

(*=mandatory) 

Explanation Type Kind Card. 

langString A string in a specified language. langString aggr 1..* 

4.7.23 Templates, Inheritance, Qualif iers and Categories 

On a first glance there seem to be some overlapping between the concept of data specification templates, inheritance, 

qualifiers and categories. In this clause the commonalities and differences are explained and hints for good practices are 

given. 

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

¶ Templates should only be used if different instances of the class follow different schemas and the 

templates for the schemas are not known at design time. Templates might also be used if the overall 

metamodel is not yet stable enough or a tool does support templates but not (yet) the complete metamodel. 

¶ However: when using non-standardized proprietary data specification templates interoperability cannot 

be ensured and thus should be avoided whenever possible. 

¶ In case all instances of a class follow the same schema then inheritance and/or categories should be used. 

¶ Categories can be used if all instances of a class follow the same schema but have different constraints 

depending on its category. Such a constraint might specify that an optional attribute is mandatory for this 

category (like for example the unit that is mandatory for properties representing physical values). 

Realizing the same via inheritance would lead to multiple inheritance what is to be omitted. 

¶ Qualifiers are used if the semantics of the element is the same independent of its qualifiers. It is only the 

quality or the meaning of the value for the element that differs. 

class Types - LangStringSet

«dataType»
LangStringSet

«dataType»
langString

1..*
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4.8  Predefined Data Specification Templates 

4.8.1 Concept of Data Specification Templates 

Figure 43 Concept of Data Specification Templates 

 

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 

HasDataSpecification/dataSpecification.  

A template consists of the DataSpecificationContent containing the additional attributes to be added to the element 

instance that references the data specification template and meta information about the template itself (this is why 

DataSpecification inherits from Identifiable). In UML these are two separated classes.  

4.8.2 Predefined Templates for Property and Value Descript ions 

Conformant to the rules in Clause 5.2.2 the following data specification template should be referenced via the id 

 ñhttp://admin - shell.io/DataSpecificationTemplates/DataSpecificationIEC61360 /2/0 ò  

(in hasDataSpecification/dataSpecification). 

This namespace has the qualifier ñIEC:ò Examples: IEC:DataSpecificationIEC61360/preferredName or IEC: 

DataSpecificationIEC61360/levelType/Min or IEC:LevelType/Min 

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

 

Figure 45 Example Property from eCl@ss 

 

«enumeration»

LevelType

 Min

 Max

 Nom

 Typ

DataSpecificationContent

«Template»

DataSpecificationIEC61360

+ preferredName: LangStringSet

+ shortName: LangStringSet [0..1]

+ unit: string [0..1]

+ unitId: Reference [0..1]

+ sourceOfDefinition: string [0..1]

+ symbol: string [0..1]

+ dataType: DataTypeIEC61360 [0..1]

+ definition: LangStringSet [0..1]

+ valueFormat: string [0..1]

+ valueList: ValueList [0..1]

+ value: ValueDataType [0..1]

+ valueId: Reference [0..1]

+ levelType: LevelType [0..*]

«enumeration»

DataTypeIEC61360

 DATE

 STRING

 STRING_TRANSLATABLE

 INTEGER_MEASURE

 INTEGER_COUNT

 INTEGER_CURRENCY

 REAL_MEASURE

 REAL_COUNT

 REAL_CURRENCY

 BOOLEAN

 URL

 RATIONAL

 RATIONAL_MEASURE

 TIME

 TIMESTAMP

class Data Specification conformant to IEC61360-1 2017-07 and ISO13584-42 2010-12-15
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Figure 46 Example Property Description with Value List from eCl@ss 

 

Figure 47 Example Value Description from eCl@ss 

 

Figure 48 Example Value Desription from eCl@ss Advanced 

 

The Type ñValueListò lists all the allowed values for a concept description for which the allowed values are listed in an 

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






































































































































































































































































































































































































































































































































































































































































































