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Domain-Specific Language (DSL)
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Engineering 
Domain

Domain-Specific 
Language

Engineering 
Model

Real-world domain, its 
concepts, processes and 

requirements

A language tailored to the 
domain, defining what can 
be modelled, what is valid, 

and what it means

Domain-specific models 
created using the DSL

What 
does it 
mean?

• Domain-specific 
semantics

What is 
valid?

• Constraints
• Modeling rules

A DSL defines

What can 
be 
modelled
?

• Domain concepts
• Relationship 

between concepts

A DSL provides domain-specific concepts, relationships and rules for creating models within a 
particular domain.
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Graphical Domain-Specific Language (GDSL)

A GDSL specifies not only what can be modeled, but also how the language is presented and applied.

Engineering 

DomainReal-world domain, its 

concepts, processes 

and requirements

Product

Process

Resource

Requiremen

ts

Graphical Domain-Specific Language (GDSL)

DSL: Semantic 

definitionDefines the meaning and structure of the language

Concepts Relations Constraint

s

Semantics

Graphica

l

notation

Diagram/

Views

Toolbox/

Palette

TemplatesValidation Workflows

Modeling 

EnvironmentDefines how the language is presented and applied

Graphical 

Modeling in 

practiceInformation needed 

to use language 

within a modelling 

environment (DSL in 

MBSE)
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FH Salzburg: Domain-Specific Systems Engineering
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JR Centre
DeSoS

DSSE 
Research

Domain-Specific 
Systems 

Engineering

Model-based 
development

Complex & distributed 
CPS

System-of-systems 
modeling
Automative – Smart Grid
Cybersecurity – Industry 
4.0

Model-Based Systems 
Engineering

Domain-Specific Systems 
Engineering

DSLs & Modeling Toolboxes

Multiple Engineering 
Domains

TdSE 2025 - 
Salzburg
1st TdSE in Austria

378 participants

SE-NextGen 
Experience

Systems Engineering 
Community
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Problem Observed
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l

Domain-Specific 
Language (DSL)

Same concepts | Same semantics | Same 
intent

Cameo
Systems 
Modeler

Profiles

Palettes

Media 
Assets

Tool-specific implementation

Enterprise Architect

Tool-specific implementation

Toolbox 
Profile

Scripts

MDG 
Technologies

Other MBSE Tools

Tool-specific implementation

Extensions

Configurati
on

.....

Conceptually 
the same DSL

Implementation 
is tool-specific

The DSL may be conceptually the same, but its implementation is tool-specific.
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To multiple
tool-specific 
transformation

Proposed Idea
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Other MBSE Tools

Tool-specific implementation

Extension
s

Configurati
on

.....

Enterprise 
Architect

Tool-specific implementation

Toolbox 
Profile

Scripts

MDG 
Technologie
s

Cameo
Systems 
Modeler

Profiles

Palettes

Media 
Assets

Tool-specific implementation

l
Domain-Specific Language 

(DSL)
Same concepts | Same semantics | Same 

intent

Common DSL 
Specification

Tool-independent 
definition of the DSL

From
tool-specific 
definitions

Key Idea

Separate DSL 
specification from 
its tool-specific 
implementation

Define once

Reuse in multiple 
tools
Consistent DSL across 
tools
Tool flexibility 
remains

Current Approach

Cameo
Tool-

specific 
definition

Enterprise 
Architect

Tool-
specific 

definition

Other 
Tools

Tool-
specific 

definition

Same DSL, multiple 
definitions
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AutomationML as an Exchange Format for DSL Specifications
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l
Domain-Specific Language 

(DSL)
Same concepts | Same semantics | Same 

intent

Cameo
Systems 
Modeler

Tool-specific 
DSL 
implementation

Enterprise 
Architect

Tool-specific 
DSL 
implementation

Other MBSE 
Tools

Tool-specific 
DSL 
implementation

Exchange Layer

Tool-independent 
definition of the DSL 

specification

AMLX 
Container

Engineerin
g Model

Optional 
DSL 
Specificatio
n

AutomationML 
provides

Standardized 
information model

Common semantic 
structure for engineering 
information

Semantic modeling 
mechanisms

Representation of concepts, 
relationships and semantics

Tool-independent 
exchange structure

Open and interoperable (XML-
based)

From models to language 
specifications

Conventional use of 
AutomationML

Engineering 
model

AML

Engineering 
tool

Proposed use in this 
contribution

DSL 
specificatio

n

AML
Tool-specific 

DSL 
transformatio

n

Extract/Map

Exchange/
Transform
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To extend the information 
represented in AML to 
include DSL specification

DSL specification 
describes 
the language used to create 
and constrain engineering 
model

AML Representation as an Extension, Not a Replacement
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Language Definition Engineering InstanceDSL Specification
Language definition 
information

Domain 
concepts

Relationships and 
constraints

Modeling rules and 
semantics

Notation, views and 
toolboxes

Existing AML
Engineering model 
information

Attributes

Interfaces and 
connections

Reusable libraries

System Topology

A unified AML representation that contains both the engineering instance model and DSL 
specification as complementary information
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AML DSL EXPRESS
GDSL Ingredients
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Concepts

What can be 
modelled

Relations

How concepts 
can connect

Diagrams

How models 
are visualized

Toolboxes

How modeling 
elements are 

accessed

External 
Resources

Supporting 
implementatio

n artifacts

Workflow

How modeling 
process is 
performed

Constraints 
and 

Validation
What is 

permitted and 
how models 

conform

Semantic 
Definition

Semantic 
Definition

Modeling 
Environment
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External 
Resources
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Concepts
Relations Diagrams Toolboxes Workflow

How EA/Cameo represent 
concepts?

Enterprise Architect 
(MDG)

Cameo Systems 
Modeler

Model 
structure<<Profile>> PPR

<<stereotype>> 
ProcessTagged values

processID: string

cycleTime: real

type: string

<<stereotype>> 
Product

Model 
structureModel

PPR Profile

Properties

processID: string

type: string

<<stereotype>> 
Product

cycleTime: real

<<stereotype>> 
Process

UML/SysML profile + 
Stereotype applied to a 
metaclass

Tagged Values define 
domain-specific 
properties

UML/SysML profile + 
Stereotype applied to a 
metaclass

Stereotype Properties 
define domain-specific 
properties

A DSL concept requires both domain-specific identity and a 
reusable structural definition.

Concept meaning 
/identity

Reusable structural 
definition

Domain-specific 
resources

Associated 
Relations/interfaces

Constraints and validation

What concept means
How concept is 

structurally defined

What the neutral DSL specification 
needs?

Constraints 
and Validation
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PPRConceptsLib  RoleClassLib

Abstract semantic identity

Domain meaning/
classification

Semantic 
Hierarchy: Product 
 Input / Output 
Product

Independent of 
implementation

PPRConceptsLi
b

WHAT 
the concept 

means

PPRDSLCoreLib  
SystemUnitClassLibReusable structural definition

Reusable DSL 
concept 
definition

Structural 
definition of 
concept with 
associated RC

Contains: 
Interfaces, 
constraints, 
attributes, 
resources

PPRDSLCoreLi
b

HOW concept is 
structurally 

defined

Role Classes  from 
PPRConceptsLib

System Unit Classes  from 
PPRDSLCoreLib

defines the semantics for

External 
ResourcesConcepts

Relations Diagrams Toolboxes Workflow Constraints 
and Validation
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Type of relations that 
exists

Where the relation is 
exposed

How the relation is 
exposed

Permitted multiplicity

How concepts can be connected

What is connection 
point

How and where is 
connection made

What the neutral DSL specification 
needs?

Concepts

Relations
Diagrams Toolboxes WorkflowExternal 

Resources
Constraints 

and Validation

How EA/Cameo represent 
relations?

Enterprise Architect 
(MDG)

Cameo Systems 
Modeler

Associations / 
Connectors / Ports

Stereotyped connectors 
and metamodel 
constraints can restrict 
valid connections

Associations / 
Connectors / Ports

UML/SysML Profiles 
constrain the permitted 
modelling structures

A DSL relation requires both a valid connection port and an 
actual connection link between concepts.
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Interface Classes  from 
PPRInterfaceLib

PPRInterfaceLib  
InterfaceClassLibReusable connector type

Reusable 
interface 
definitions

Defines allowed 
connection 
semantics

Hierarchical 
specialization

PPRInterfaceLi
b

WHAT 
connector type 

exists

Concepts

Relations
Diagrams Toolboxes WorkflowExternal 

Resources
Constraints 

and Validation

23.09.20
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PPRDSLCoreLib  
SystemUnitClassLib

External Interface representation

Port occurrence on DSL 
concept

Concept-specific connection 
point + cardinality

References the InterfaceClass 
via RefBaseClassPath

PPRDSLCoreLib/
ExternalInterface

WHERE the connector is 
exposed

External Interfaces from 
PPRDSLCoreLib

defines the semantics for
Interface Classes  from 

PPRInterfaceLib

Concepts

Relations
Diagrams Toolboxes WorkflowExternal 

Resources
Constraints 

and Validation

23.09.20
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Diagram identity

Modelling scope

Diagram-specific 
characteristics

Diagram constraints

Presentation/configuration 
information

What may be 
modelled?

How is it 
presented/configured?

What the neutral DSL specification 
needs?

Concepts Relations

Diagram
s

Toolboxes WorkflowExternal 
Resources

Constraints 
and Validation

How EA/Cameo represent 
diagrams?

Enterprise Architect 
(MDG)

Cameo Systems 
Modeler

Diagram Profile / 
Custom Diagram Type

Associated 
Metamodel/profile 
constraints

Custom Diagram Type 
in Custom Profile

Based on standard 
diagram type with used 
Profiles

23.09.20
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Role Class  from 
DiagramLib

System Unit Classes  from 
PPRDSLDiagramsLib

defines the semantics for

DiagramLib  RoleClassLib

Semantic Identity of a Diagram

DiagramLib
WHAT 

the diagram 
means

Generic Diagram 
Role

Identifies a meaning 
/type of a Diagram

Acts as the semantic 
role for all specialized 
diagrams in DSL

PPRDSLDiagramsLib  SystemUnitClassLib

Reusable DSL diagram definitions

Instantiable DSL 
diagram classes

Structural 
definition of DSL 
diagram with 
associated RC

Contains: diagram 
constraints, 
external resources

HOW diagrams 
are structurally 

defined

PPRDSLDiagramsLi
b

Concepts Relations

Diagram
s

Toolboxes WorkflowExternal 
Resources

Constraints 
and Validation

23.09.20
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Toolbox identity

Modelling elements/tools

Associated Diagram type

Toolbox constraints

Presentation/configuration 
information

What elements are 
accessible?

How is it 
presented/configured?

What the neutral DSL specification 
needs?

Concepts Diagrams Workflow

Toolboxe
s

External 
Resources

Constraints 
and Validation

Relations

How EA/Cameo represent 
toolboxes?

Enterprise Architect 
(MDG)

Cameo Systems 
Modeler

Toolbox Profile 
associated with a 
Diagram Profile

Provides modelling 
elements available in the 
modelling context

Custom Diagram 
Toolbar / Palette 
associated with a 
Custom Diagram Type

Provides diagram-specific 
modelling tools

23.09.20
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Role Class  from 
ToolboxLib

System Unit Classes  from 
PPRDSLToolboxesLib

defines the semantics for

ToolboxLib  RoleClassLib

Semantic Identity of a Toolbox

ToolboxLib
WHAT 

the toolbox 
means

Generic Diagram 
Role

Identifies a meaning 
/type of a Toolbox

Acts as the semantic 
role for all specialized 
toolboxes in DSL

PPRDSLToolboxesLib  SystemUnitClassLib

Reusable DSL toolbox definitions

Instantiable DSL 
toolboxes classes

Structural 
definition of DSL 
toolbox with 
associated RC

Contains: toolbox 
constraints, 
external resources

HOW toolboxes 
are structurally 

defined

PPRDSLToolboxesLi
b

Concepts Diagrams Workflow

Toolboxe
s

External 
Resources

Constraints 
and Validation

Relations

23.09.20
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Resource identity/classification

Resource reference

Resource type

Resource location/URI

Artifact in which resource is to 
be embedded

What may be 
modelled?

How is it 
presented/configured?

What the neutral DSL specification 
needs?

Concepts Diagrams Toolboxes External
Resource

s

Workflow Constraints 
and Validation

Relations

How EA/Cameo represent external 
resources?

Enterprise Architect 
(MDG)

Cameo Systems 
Modeler

Shape Scripts, images, 
icons/logos packaged 
with an MDG 
Technology

Tool-specific presentation 
remains part of the tool 
environment

Media assets such 
as .png / .svg and 
supporting 
plugin/template 
resourcesTool-specific resources 
support diagram and 
modelling presentation

The important point is that these are supporting artifacts, not 
the semantic definition itself

23.09.20
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Role Classes from 
ExternalResourceLib

Internal Elements in PPRDSLSUCs
defines the semantics for

Acts as the semantic 
role for all specialized 
resources in DSL

PPRDSLSUCs  InternalElement + 
ExternalInterfaceReusable DSL External Resource 
definitions

IE: represented 
associated 
resource

EI: references the 
external resource 
data file

Contains: refURI + 
MIMEType 

HOW external 
resources are 

structurally embedded

IEs + EIs in SUCs

ExternalResourceLib  
RoleClassLibSemantic Identity of an External 
Resource

ExternalResourceL
ib

WHAT 
external resource 

is (+ type)

Generic External 
resource Role

Identifies a meaning 
/type of a External 
Resource

Concepts Diagrams Toolboxes External
Resource

s

Workflow Constraints 
and Validation

Relations

23.09.20
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DSL workflow 
information

Association with DSL

Access to the workflow 
definition

Workflow file location/URI

Presentation/configuration 
information

What may be 
modelled?

How is it 
presented/configured?

What the neutral DSL specification 
needs?

Concepts Diagrams Toolboxes

Workflo
w

Constraints 
and Validation

External 
Resources

Relations

How EA/Cameo represent 
workflow?

Enterprise Architect 
(MDG)

Cameo Systems 
Modeler

Model Patterns / 
workflow resources / 
scripts or Add-In-based 
processes

Can combine modelling 
guidance with tool-
specific automation

UML Activity-based 
modelling or plugin-
based extensions

Behavioural workflow can 
be represented through 
extensions

23.09.20
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InternalElement from 
PPRDSLExternalResources

defines the semantics for
Role Classes from 

ExternalResourceLib

ExternalResourceLib  
RoleClassLibSemantic Identity of an External 
Resource

ExternalResourceL
ib

WHAT 
external resource 

is (+ type)

Generic External 
resource Role

Identifies a meaning 
/type of a External 
Resource

PPRDSLExternalResources  InstanceHierarchy

DSL Workflow definition

IH: DSL-wide 
external 
information

IE: represents 
workflow with the 
DSL

EI: references the 
external workflow 
data file

HOW external 
resources are 

structurally embedded

PPRDSLExterna
lResources

Concepts Diagrams Toolboxes

Workflo
w

Constraints 
and Validation

External 
Resources

Relations

23.09.20
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Constraint context

Constraint condition

Machine readable semantics

Error Severity

Error Message to be displayed

What must be true?
 What should be 
reported if it is 

violated?

What the neutral DSL specification 
needs?

Concepts Diagrams Toolboxes Workflow Constraints 
and 

Validation

External 
Resources

Relations

How EA/Cameo represent constraint and 
validation?

Enterprise Architect 
(MDG)

Cameo Systems 
Modeler

Constraints with 
mechanisms such as 
OCL Conformance/Meta-
Constraints

Tool-specific validation 
mechanisms can execute 
or evaluate rules

Constraints / validation 
rules with specification, 
severity and error 
information

Validation mechanisms 
evaluate model 
conditions and report 
violations

23.09.20
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Attributes instantiated in PPRDSLCoreLib 
SUCs

defines the semantics and 

structure for

PPRDSLConstraint  
AttributeTypeReusable constraint definition

Attributes from PPRDSLConstraint 
AT

Applicable to the 
DSL Concepts

Human-readable 
rule + machine-
readable semantics 

Context, 
requirement and 
logical condition

Error severity level 
and Message

Machine-
readable 
semantic
s

Validation 
informatio
n

Concepts Diagrams Toolboxes Workflow Constraints 
and 

Validation

External 
Resources

Relations

23.09.20
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Context 
Concept

PPRDSLConstraint

Requirement

Logic

Condition

ConditionTy
pe
ConnectorTyp
e
Target 
Concept

ValidationRul
e

Severity

ErrorMessag
e

Nominal scaled constraint type for modeling concept to which 
constraint applies
Nominal scaled constraint type for constraint enforcement 
modality
Nominal scaled constraint type for occurrence of multiple 
conditions

Nominal scaled constraint type for condition imposed on 
modeling concept
Nominal scaled constraint type for identification of connector being used to 
connect concepts
Nominal scaled constraint type for identification of target 
modeling concept

Nominal scaled constraint type for severity level if constraint is 
violated
String for Error Message to be displayed when constraint is 
violated

AML DSL representation only contains machine-readable constraint metadata, not an executable validation 
engine.

Concepts Diagrams Toolboxes Workflow Constraints 
and 

Validation

External 
Resources

Relations

23.09.20
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AML DSL representation only contains machine-readable constraint metadata, not an executable validation 
engine.

Constraint: Each Process shall produce Output 
Product as its output entities

Constraint: A Resource can be decomposed 
into Functional Group

Concepts Diagrams Toolboxes Workflow Constraints 
and 

Validation

External 
Resources

Relations

23.09.20
26

OVGU Magdeburg | tirth.joshi@ovgu.de



27

Attributes instantiated in PPRDSLDiagramsLib 
SUCs

defines the semantics and 

structure for
Attributes from 

PPRDiagramConstraint AT

PPRDiagramConstraint  
AttributeTypeReusable diagram constraint definition

Applicable to the 
DSL Diagrams

Human-readable 
rule + machine-
readable semantics 

Machine-
readable 
semantic
s

Validation 
informatio
n

Constraint: Only Resource, Functional Group, Component and 
Composition relations are permitted in Resource Hierarchy 
diagram

Example: Resource Hierarchy Decomposition 
Diagram Toolbox Constraint

Concepts Diagrams Toolboxes Workflow Constraints 
and 

Validation

External 
Resources

Relations

23.09.20
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Attributes instantiated in PPRDSLToolboxesLib 
SUCs

defines the semantics and 

structure for
Attributes from PPRToolboxConstraint 

AT

PPRToolboxConstraint  
AttributeTypeReusable diagram constraint definition

Applicable to the 
DSL Toolboxes

Human-readable 
rule + machine-
readable semantics 

Machine-
readable 
semantic
s

Validation 
informatio
n

Constraint: Only Process and Resource concepts and Resource 
Process Connector is permitted in Process Resource Toolbox

Example: Process Resource Toolbox 
Constraint

Concepts Diagrams Toolboxes Workflow Constraints 
and 

Validation

External 
Resources

Relations

23.09.20
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AMLEditor Multiselect
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The requirement is an editor usability feature, not something only specific to the DSL 
representation

Problem

Some Attribute or constraints 
require multiple selectable values

!

• Single value is not sufÏcient

• Need to select several 
values at the same time

Example

Produc
t

Allowed Concepts

Proces
s
Resourc
e

Required editor 
capability
Native multi-selection
Select and deselect multiple values easily

Enumeration-based multi-
value selection
Use of defined value lists

List-valued attribute 
editingSupport attributes with multiple 
entries

Possible 
Approaches

Native multi-select Multi-value enumeration List-valued editor

23.09.20
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Tool-Independent DSL Specification in AutomationML
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Semantic 
Concepts & 

Classification
Relation & 

Connector Types

Constraints & 
Validation Rules

Reusable DSL Structures 
Integrating Semantics, 
Relations & Constraints

Metamodel and 
External 
resource
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26

OVGU Magdeburg | tirth.joshi@ovgu.de



DSL specification in Enterprise Architect
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A MORE 
CONNECTED 

AND 
SUSTAINABLE 

INDUSTRY

Outlook

32

Broader DSL 
Applications

1

TARA / Cybersecurity 
DSLsAML DSL Specs  TARA DSL

Extension towards 
VDI 3682

3

PPR  VDI 3682 
Perspective

Product + Process + Resource 
 Energy + Information

Formal Validation2

FD4AML/SHACL

Constraint & Validation  
AutomationML  SHACL  
Ontology-based Validation

Constraint 
& Validation

AML SHACL Ontology-
based 

Validation

Explore 
new domains Enable 

formal assurance

Expand 
modeling scope

Towards reusable, formally constrained and tool-
independent DSL specification in AutomationML

C O N T R I B U T I O N S  C O N N E C T  
P O S S I B I L I T I E S
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