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System Modeling Language – SysML v1





Taxonomy



Requirements



Structural Diagrams



Package Diagram



Block Diagrams

● Block Definition Diagram (bdd)
● Internal Block Diagram (ibd)



Paramétric Diagram



Behavioural Diagrams



Use Case Diagram



State Machine Diagram



Sequence Diagram



Activity Diagram



PM vs AD



SysML v1 applications

• SysML has facilitated awareness and adoption of MBSE

• SysML has been applied to a variety of complex systems
– Buildings
– Automotive
– Satellites
– the thirty meter telescope (TMT)



SysML v1 applications

• TMT example



However,…

• having no formal specification leads to several issues
– Misinterpretation 
– Ambiguity
– Semantic gaps
– Difficult to exchange model between different tools
– Explosion of different and incompatible realizations
– Erroneous analysis and processing of models



Then,…SysML v2

• SysML v2 RFP issued in 
December 2017 

• to address fundamental issues, 
including additional 
expressiveness, increased 
precision, interoperability, and 
improved consistency and 
integration of the concepts



SysML v2 Submission Team (SST)

Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf



SysML v2 Key Elements

• New Metamodel that is not constrained by UML
– Grounded in “formal semantics”

• Not the meaning of model elements
• Static semantics 

– restrictions on relationships between model elements and KerML 
(SysML v2 semantic domain)

• Focus on a textual modelling language
– Graphical notation also is available to complement the textual

• Standardized API to access the model for interoperability and fine-grained access 
– JSON and XMI object serialization

Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf



SysML v2 Key Elements

• Integrated behaviour modelling: action control flow, state machines, sequences 
– Sync / async, serial / concurrent, signals, messages, events

• Regularised specification of analysis or simulation cases, verification cases, use 
cases

• Comprehensive set of extensible domain libraries
– Mathematical, logical, utility functions, integrated with textual expression 

language
– Quantities, Units, Scales and Quantity Dimensions (full ISO/IEC 80000 “SI”, US 

Customary)
– Time & Clocks, State-Space Representation, Basic Geometry

• 4D modelling of an object’s life and spatial extent as Occurrences & Snapshots 
• Support for variation points and variants, at any level
• Modelling of Individuals 

– E.g., for serial-numbered items, ‘digital twins’, analysis/simulation executions

https://indico.esa.int/event/407/contributions/7390/attachments/4793/7870/1710%20-
%20Presentation%20-%20SysML%20Version%202%20Final%20Stretch.pdf



SysML v2 Language Architecture

Last changed: 2020-09

Root 
Syntax

Core
Syntax

Core Semantics

semantic
specification

Kernel Modeling Language
(KerML)

Direct semantic mapping to 
formal logic

Kernel Syntax Kernel Model 
Library

metamodel

semantic library

Systems Syntax
Systems and 

Domain Model 
Libraries

metamodel

semantic library

Systems Modeling Language
(SysML)

Declarative semantic base 
elements and domain-
specific libraries modeled 
using SysML

Root syntactic elements 
without model-level semantics 
(e.g., packaging)

Declarative semantic base 
elements modeled using 
KerML

Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf



Definition and Usage
Reuse Pattern

• A definition element defines an element such as a part, action, or 
requirement

• A usage element is a usage of a definition element in a particular context
– There can be different usages of the same definition element in 

either different contexts or the same context
• Pattern is applied consistently throughout the language

notation

defined by

«definition»
DefinitionA

«usage»
usage2

«usage»
context2

«definition»
DefinitionA

«usage»
usage1

«usage»
context1

«usage»
usage2

«usage»
context2

«definition»
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::
Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf



SysML v2 Notation (1 of 2)
Textual and Graphical

action providePower {
action generateTorque;
action amplifyTorque;

}
}

package 'Vehicle Parts Tree' {
part vehicle {
attribute mass;
perform providePower;

}

part engine {
attribute mass;
perform

providePower.generateTorque;
part cylinders [6];

}
part transmission {
attribute mass;
perform

providePower.amplifyTorque;
}

}

Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf



SysML v2 Spec (Clause 7)
SysML v2 Language Description

7.1 Language Overview
7.2  Elements and Relationships
7.3  Dependencies
7.4  Annotations
7.5  Namespaces and Packages
7.6  Definition and Usage
7.7  Attributes
7.8  Enumerations
7.9  Occurrences
7.10 Items
7.11 Parts
7.12 Ports
7.13 Connections

7.14  Interfaces
7.15  Allocations
7.16  Actions
7.17  States
7.18  Calculations
7.19  Constraints
7.20  Requirements
7.21  Cases
7.22  Analysis Cases
7.23  Verification Cases
7.24  Use Cases
7.25  Views and Viewpoints
7.26  Metadata (incl. User Defined 
Keywords)

Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf



SysML v2 API & Services

• Enables other tools and applications to access SysML models in a 
standard way

• Provides services to:
– Create, update, and delete elements
– Query and navigate model
– Other services including support for model management, analysis, 

transformation, and file export generation
• Supports common patterns called recipes (GitHub - Systems-

Modeling/SysML-v2-API-Cookbook: Recipes for using the SysML v2 
API)
– Navigating a decomposition tree
– Creating a branch
– Query with multiple constraints

• Facilitates use of different implementation technologies such as 
REST/HTTP, Java, or OSLC

Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf

https://github.com/Systems-Modeling/SysML-v2-API-Cookbook
https://github.com/Systems-Modeling/SysML-v2-API-Cookbook
https://github.com/Systems-Modeling/SysML-v2-API-Cookbook


SysML v2 API and Services

enables

leverages



Pilot Implementation
Using Standard API

Meta-Model 
based on KerML

Ref: https://github.com/Systems-Modeling/SysML-v2-Release/blob/master/doc/Intro%20to%20the%20SysML%20v2%20Language-
Graphical%20Notation.pdf



SysML v2 Pilot implementation

• Two editor implementations: Eclipse and Jupyter
• Model projects (KerMl and SysML textual notation)

• kerml - Example models in the Kernel Modeling Language 
(KerML)

• sysml - Example models in the SysML v2
• sysml.library - Normative model libraries for both KerML and 

SysML
• Prototype SysML v2 visualization tools: PlantUML and TomSawyer

• DEMO using Eclipse
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