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Modeling Approaches in Requirements Engineering 
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• Enrich Textual Requirements w Diagrams (Context Diagram, Architecture Overview, State Diagram)

• Model parts drive Requirements chapters i.e. Static Architecture (Structure & Interfaces)

• Model and Requirements evolve side by side: End-2-End Methods like Harmony

• Model only: Requirements completely derived from the Model



A visual approach to understanding requirements and realizing them into a robust system design

Model Based Systems Engineering (MBSE)

System 
Functional 

Model
System 
Engineer
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…to find and communicate a robust system 
architecture on the right level of abstraction 

Why Modeling ?

MBSE is a standards based Systems Engineering practice that incorporates:

– Modeling language – SysML

– Modeling method

– Modeling tool
+ Requirements management tool

“The future of Systems Engineering is 
predominantly Model-Based” 
(INCOSE)
…System Models enable fully traceable, 
self documenting and verifiable systems. 
Important for the Digital Thread!



What is SysML?

SysML (OMG System Modeling Language) is the official standard notation for MBSE:

SysML is a general-purpose modeling language for modeling systems that is intended to facilitate a model-
based systems engineering (MBSE) approach to engineer systems. It provides the capability to create and 
visualize models that represent many different aspects of a system. This includes representing the 
requirements, structure, and behavior of the system, and the specification of analysis cases and verification 
cases used to analyze and verify the system.

Latest v1 Version:
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https://www.omg.org/spec/SysML


There has been an industry-wide call for 
a more comprehensive MBSE standard
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• Remove dependency on UML = more SE oriented
• More formal definition = more consistent, exchangeable models
• How to model best practice guides
• Simple to use tooling

Requires NEW:

– Modeling language – SysML v2

– Modeling method

– Modeling tool
+ Requirements management tool



SysML v2 Examples of textual and graphical Notation
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package ‘VehicleParts’ {

 part vehicle {

 attribute mass;

 perform providePower;

 }

}

action providePower {

 action generateTorque;

 action amplifyTorque;

}



SysML v2 Language Concepts
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Requirements

Structure
– decomposition
– interconnection
– classification

Behaviour
– function-based
– state-based
– sequence-based
– use cases

Views

Analysis
– analysis cases
– expression language

Verification
– verification cases



SysML v2 Concepts - Structure
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• Each element has definition (square corners) (<<def>>) and 
usage (rounded corners)

• <<part>> definition: Can contain features such as attributes, ports, actions, and states

• <<attribute>> definition: Data type, Can include quantity kinds such as Torque with units 
Can include complex data types such as vectors

• <<port>> definition: Connection point on parts, directed features with in, out and in/out 
Can be conjugated (~)

• <<interface>>, <<connection>> (incl. Flow), <<allocation>> definition



SysML v2 Concepts - Views
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Standard Views: 

• General (was Pkg, BDD)

• Interconnection (was IBD) 

• Action Flow, State Transition 

• Case, Sequence 

• Geometry

• Grid, Browser

General
Interconnection
Action Flow
State Transition
Use Case
Requirement 
Table



SysML v2 Diagram Examples
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Parts w Ports &
Interfaces

Parts may be used w/o definitionParts w 
Connections

vehicle has a
chassis

vehicle is a 
usage of 
definition 
Vehicle

car is a 
specialization of 
(subsets) vehicle



SysML v2 Examples - System Structure
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A system is modeled as a composite part, and its part usages may themselves have further composite 
structure

Visualized as a hierarchical Interconnection ViewVisualized as a Tree View



SysML v2 Concepts - Behavior
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• <<action>> definition: Kind of behaviour that transforms inputs to outputs
Can have Fork & Join, Decision & Merge nodes 

Action types: <<assign>>,  <<loop>>, <<accept>>, <<send>> 

Actions generate effects on items and parts

• <<state>> definition: Kind of behaviour that responds to events 
Can be <<parallel>>
Enables entry, exit, and do actions



SysML v2 Concepts - Requirement
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• <<requirement>> definition: Has subject it applies to
Can have assume and require constraints 
which can be bound to item attributes with <<satisfies>>
Alternative is a stakeholder <<concern>>.



SysML v2 vs. v1
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Improving Systems Engineering with SysML v2 
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Derived from 
Software Engineering

Simplified for 
Systems Engineers

Defined by 
Systems Engineers

for 
Systems Engineers

v1 v2

Model-based systems engineering

SysML v2 the
Language for

MBSE

New Paradigm for Modeling!
• Formal but easy to learn and use
• Standard API’s allow process automation



Modeling Approaches in Requirements Engineering 
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• Enrich Textual Requirements (Context Diagram, Architecture Overview, State Diagram)

• Model parts drive Requirements chapters i.e. Static Architecture (Structure & Interfaces)

• Model and Requirements evolve side by side: End-2-End Methods like Harmony

• Model only: Requirements completely derived from the Model



The Harmony Method: A MBSE Best Practice

Step 1: R

Step 2: F

Step 3: L

Step 4: P
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MBSE practice providing a structured 
and automated workflow

– Evolved over 20 years working with 
Automotive and A&D  

– Follows RFLP paradigm

– Guides the engineer on what views 
artifacts needs to be developed and 
automates creation of views from 
other views 



The Harmony Method Benefits
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Guides the User how to 
derive System Requirements 
from Stakeholder Requirements

Connects Requirements & Model via Links

Describes how to define the System Context
& Functional Flows

Automates allocation of 
Operations into the System Architecture

Exports logical and/or physical Components 
for follow on Domains

Harmony – 
Proven MBSE 

method 

Stakeholder 
Requirements

Handoff 
Components

Automation requires Tool support



Easy

Industry 
Standards

Software 
Architects

E/E 
Architects

Mechanical 
Engineers

EV&V
Engineers/Testers

Systems 
Architects/Engineers

Model 
Reviewers

Tools & Methods 
Experts

RM Engineers
Customers
Contractors

Realtime, Web based, Model Based Collaborations

SysML v2 Language
+ OSLC
+ REST APIs
+ Cross-domain Digital Threads

Easy to Deploy (Web- & Cloud-native)
Easy to Use
Easy Deliverables (Handoff)

Supporting collaboration
Model-based integrations
Tool extendibility

IBM 
Rhapsody 

Systems 
Engineering

Why a (new) Tool?
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Easy to Use

Drawing
Tools

Edit
Tools
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Model Browser Diagrams Area Properties Area



Models & Requirements 
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Local Requirements OSLC Connected Requirements - DOORS Next Example 
Requirements



SysML v2 drives MBSE to the next Level
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Combination of new
– Modeling language – SysML v2
– Modeling method – Harmony v2
– Modeling tool – Rhapsody Systems Engineering
– Requirements tool – DOORS Next Generation

  DOORS Next      RhapsodySE

implements

The Model governs

leverages

uses

describes

manages

Harmony Practices

Rhapsody Systems Engineering

– First Release Q3 2024

– V1.3 released Mar 28

…enables
MBSE for Everyone
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Further information:
IBM Engineering Lifecycle Management Automotive Compliance
IBM Engineering Lifecycle Management Overview
IBM Rhapsody Systems Engineering
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