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Systems Approach

Biology

City planningArchaeology

SociologyErgonomicsEconomy

Systems Engineering

▪ Systems projects planning 

▪ Systems projects follow-up & monitoring

▪ Engineering referential management

▪ Configuration management 

▪ Reporting & quality processes
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What is Systems Architecture ?
FROM SYSTEMS APPROACH TO SYSTEM ARCHITECTURE
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Systems

Architecture

These three notions form a continuum: the systems approach provides the mindset, systems engineering 

brings it into practice, and systems architecture serves as the structuring backbone for system design

A holistic and integrative way of thinking 

that considers all dimensions and 

interdependencies of a situation or system 

to better understand its complexity.

The application of the systems 

approach to engineering activities, 

enabling the structured development of 

complex systems across their life cycle.

The central activity within systems 

engineering, focused on designing

and building structured system models 

to guide and align development efforts.

Respective scopes of Systems Approach, Engineering and Architecture



« Real » Paris

Places to visit

Streets

Traffic
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Why a Systems Architecture Framework
SPLITTING COMPLEXITY IN VIEWS …
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In the case of complex systems, multiple representations are necessary, 

each associated with a specific and inherently partial point of view. 

A complex system - e.g. Paris! 

- looked through several views

Paris is a (more and more ?) complex system ☺
Ground transportation
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Why a Systems Architecture Framework
… STILL ORGANISED AND WELL-DEFINED
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To ensure representations are useful and manageable, the number of views must be limited, 

and each must convey clear and unambiguous content. Defining these views, their content, 

and how they relate to one another is precisely the role of an architecture framework.

Uncoordinated, potentially unlimited views around a system

Structured, harmonized views defined through a framework
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Why a Systems Architecture Framework
ALSO A KEY PILLAR FOR MBSE
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Method

Tool

Modelling 
language

Framework

Rhapsody

Mastering MBSE requires understanding 

and addressing the following four pillars:

The Architecture Framework

What are the views that will form the model, 
and how are they interconnected?

The Method
How should these representations be defined, 
and who should be involved in each step?

The Modelling Language
Which formal language should be chosen to 

accurately transcribe these representations?

The Modelling Tool
Which tool should be used to formalize, 

capture, and manage the model?

MBSE Implementation 4 pillars

An architecture framework is a key pillar of MBSE implementation. 

Overlooking it leads to a focus on tool-driven outputs rather than on 

the key system aspects that need to be modelled
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OUTSIDE

What are the services provided

by the system to its environment?
Missions

of System

1 Operational layer

WHY?

INSIDE

What are the functions

of the system?
Function

Function

Function

Function

Function

2 Functional layer

WHAT?
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CESAM framework
MADE OF 3 FUNDAMENTALLY COMPLEMENTARY LAYERS
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What are the resources

of the system?

Humanware Technical components

Software

Hardware

Software

Hardware3 Constructional layer

HOW?

The CESAM Framework enables to fully describe any system.

It is split in 3 layers that analyse the system from a different perspective.



CESAM Presentation © CESAMES 2025

CESAM framework
OPERATIONAL LAYER 
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The operational layer of a system defines the 

mission of the system, analysed here as a black 

box from the external perspective of the system 

stakeholders

▪ Environment

▪ Stakeholder
▪ Service
▪ Need

▪ External interface
▪ Lifecycle

▪ Use case

Keywords

What we are looking at

We are looking at the services that the system 

shall offer and the external constraints that it 
shall take consider coming from its environment

Operational layer at a glance

Clean teeth

Support dental 

hygiene

Improve teeth 

cleaning

Ensure safe 

teeth cleaning 

Operational Breakdown Structure

The operational breakdown structure 

organizes all use cases of the system 
in a tree-like structure

The end-user wants to have a good dental 

hygiene with an objective of less than 1 
cavity per year

Stakeholder needs

Examples of outputs for the connected toothbrush
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Environment Diagram
OPERATIONAL LAYER

10 |

Environment diagram for the Connected toothbrush, here modelled in Rhapsody 

In the operational layer, a key diagram is the environment diagram, that intends to provide a view 

of all the external systems impacting the design, defining the system's boundary without ambiguity.
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CESAM framework
FUNCTIONAL LAYER
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The functional layer of a system defines the 

abstract functions of the system, analysed as 

a grey box, that are required to deliver the 

system mission

▪ Behaviour

▪ Function
▪ Functional breakdown
▪ Functional flow

▪ Functional Mode
▪ Functional requirement

Keywords

What we want to analyse

We are looking at the functions of the system, 

their exchanges and behavioural performances, 
but not yet looking at its components

Functional layer at a glance

Functional Breakdown Structure

The functional breakdown structure 

organizes all functions of the system 
in a tree-like structure

The connected toothbrush must provide 

brushing forces of 0.5N in brushing mode

Functional Requirements

Deliver and analyse 

brushing forces

Provide 

brushing forces

…
Interface with 

environment 

Control and 

command 
brushing

Examples of outputs for the connected toothbrush
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Functional interaction diagram
FUNCTIONAL LAYER

12 |

In the functional layer, a key diagram is the functional interaction diagram, that intends to 

provide a view of all the functions of the system, defining the system’s behavior without ambiguity.

Functional interaction diagram for the Connected toothbrush, here modelled in Enterprise Architect
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CESAM framework
CONSTRUCTIONAL LAYER
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The constructional layer of a system 

defines the components and building blocks 

of the system, analysed as a white box,

that implement the functions of the system

▪ Structure

▪ Component
▪ Product Breakdown
▪ Building block

▪ Constructional requirements
▪ Technical Configuration

Keywords

Constructional analysis

We are looking at system structure and 

components, their concrete interfaces, 
dependencies and structural performances

The connected toothbrush shall weigh 

less than 250 g in all configurations

Constructional Requirements

Product Breakdown Structure

The product breakdown structure 

organizes all components of the 
system in a tree-like structure

Embedded 

Software

Connected 

Toothbrush

Body
Brushing 

Head

Smartphone 

Application

Examples of outputs for the connected toothbrush

Constructional layer at a glance
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Constructional interaction Diagram
CONSTRUCTIONAL LAYER
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In the constructional layer, a key diagram is the constructional interaction diagram, that intends 

to provide a view of all the components of the system, defining the system’s structure without ambiguity.

Constructional interaction diagram for the Connected toothbrush, here modelled in Xatis
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CESAM framework
3 LAYERS … AND 16 VIEWS
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Each layer of the framework is described using the same five aspects. This reduces the number 

of concepts to learn and making it easier to connect information across and between views.

The layers (rows) 

correspond to the 3 
perspectives from we 
can analyse the system

► its environment

► its behaviour

► its structure

Expected Properties

Environment

Functional 

requirements

Constructional 

requirements

Functional 

modes

Technical 

configurations

Functional 

interactions

& breakdown

Constructional 

interactions

& breakdown

Functional 

scenarios

Constructional 

scenarios

Functional 

interfaces

Constructional 

interfaces
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States Static elements Scenarios Interfaces (flows)

Needs Lifecycle Use cases
Operational 

scenarios

Operational 

interfaces

The aspects (columns) correspond to what we can describe within each layer.

▼ Expected properties ▼ States ▼ Static elements ▼ Scenarios ▼ Flows

The CESAM framework matrix representation : with each view intersecting a layer and an aspect
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CESAM

Capella

Enterprise

Architect

Rhapsody

Catia Magic

Xatis

Proprietary 

language

Can be

implemented in

…

SysML*

* Amongst other languages
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Implement in modelling Tools
INDUSTRIAL APPLICATIONS

17

Fulfil your intention with any MBSE tool

thanks to the limited number of essential 
concepts easily mappable to MBSE tools

Tools change, your intention remains

thanks to stable way of working foundations 
that ensures continuity in your approach.

v2012

v9.0.1

v2024

v10.0.1

v2022 r2 …

V6.1 v7

The CESAM Framework can be - and has been implemented! - in all the existing system modelling tools.

This implementation is done through a mapping of the framework with the tool modelling language concepts.

The CESAM framework, as a stable modelling intention that can be implemented in various ways



Harmonization Across Teams and Tools

Sustaining Architecture Thinking
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Foster collaboration
INDUSTRIAL APPLICATIONS
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Let’s model functional blocks 

using activity diagrams, and 

trace requirements through a 

‘satisfy’ relationship and an 

allocation on the diagram

No, we need to identify system 

functions through the functional 

analysis process of ISO15288. 

Requirements are separate artifacts

How can you work without logical 

functions? Requirement links are 

a specific viewpoint. And no, we 

don’t use activity diagrams —

that’s more for the solution space.

Rhapsody 
SysML guide

Catia

Magic
ISO15288

Capella
INCOSE SE

handbook

Let’s derive the functional architecture,

defining a function as an input-output

transformation of the system y = f(x,t)

It was hard, but now we speak the same language

The CESAM Framework can be - and has been! - used as a common language for Engineering teams.

This common language comes from capturing as is situations, adapting the framework and training at various levels.

Various ways to name the same concept

Various definitions behind the same ‘name’

Do we understand each other ? Who is right ?
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Organise modelling work
INDUSTRIAL APPLICATIONS

19

…Sub-system

1

Sub-system

2

System
System

level

Sub-system 

level

Sub-sub-

system 1
…

…

The CESAM Framework is recursive, with a simple handover of artefacts across the developed scopes.

enabling to avoid redundancies, over-modelling while ensuring better consistency 

Simplified representation of the CESAM Framework’s recursiveness

Optimizes system design efforts

with a common understanding of :

▪ what needs to be modelled
at each level / by each team

▪ What are the “handover” 
artefacts (e.g. interfaces)

to maintain design consistency 
and limit modelling effort to the 
just necessary
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Adapt to all contexts
INDUSTRIAL APPLICATIONS

20 |

The CESAM framework provides a powerful simple toolbox, allowing companies to understand, interpret

and integrate in any context and be able to optimize decision-making, in an efficient and global manner

Architecture
strategyNew development Legacy revolution

Incremental start

New
variant

Applicable
frameworks

/ standards
Arcadia TOGAFNAF

Architecture
challenges

Challenging :
Quality, Cost, Delay

Performance

Company strategy
Customer maturity

System complexity

On a technical scopeSet of views

For concrete uses
(discipline alignment,

project decisions)

Outputs

Scope

Engineering
toolchain

System
modelling

Requirement
engineering

Disciplines
/ Design

With a certain focus / effort
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Resources
POCKET GUIDE
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https://bit.ly/CESAMpocketguide
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Resources
KEY TAKEAWAYS
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https://www.cesames.net/wp-content/uploads/2025/01/CESAM-Systems-Architecture-Framework-keytakeaways.pdf
https://www.cesames.net/wp-content/uploads/2025/01/CESAM-Systems-Architecture-Framework-Keytakeaways-slides.pdf


What can you do tomorrow?
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Photo de profil de CESAM Community

Join the CESAM

Community

▪ Getting first-hand information 

and good practice on MBSE

Expand your Systems Engineering 

knowledge, techniques and network by :

▪ Participating to events 

(webinars, conferences…)

Explore and Practice

Download free resources

Get training

https://www.linkedin.com/in/cesam-community/
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Our training catalogue

25 |

Our training courses cover all MBSE lifecycle, population and maturity levels, in English and online. 

Contact our academy for more information: academy@cesames.net

Master
system engineering 
fundamentals Tool

the system engineering 
approach

Excel through advanced practiceLeverage
architecture 
for your challenges

Raise
awareness of the 
system approach Develop

specific activities 
or soft skills

Link with TOGAF framework

Introduction to SysML Language

2d

Introduction to 
System Engineering 

Addressing key challenges
with Systems engineering

Introducing Systemic Approach 
through a Serious Game 

Same course with reference:

Same course with reference:

MBSE: System architecture 
fundamentals

Enterprise architecture 
fundamentals 

Defense: NAF framework

Automotive: ASPICE

Awareness of key challenges

1d

1d

0.5d

Discovering the Discipline

20
25

Mastering complexity
of complex products

Mastering business and information
systems transformation

Coaching sessions N × 2h

On the job training
in System Architecture 6 to 9 months

Modeling Languages

Structure a Model-Based
approach …

AI to Boost MBSE 
Practices 20

25

And also …

3d

2d

3d Facilitate an architecture 
workshop

Pitch architecture Effectively 

20
25

Support change management

20
25

System Architecture and Safety 

Verification 
& Validation

Configuration 
Management 

20
25Needs and 

Requirements
Data 
Architecture 

20
25

A system engineering activity

Soft skills to enhance
the impact of architecture

2d

1d

in Catia Magic

in Xatis

in Enterprise Architect

in Capella

Product lines with 
Pure::Variant

in Rhapsody

2d

0.5d

Embedded Systems 
Architecture 

Enterprise transformation:
why Architecture matters

Awareness of key content

Awareness
of System 
Architecture 

Awareness
of Enterprise 
Architecture 

20
25

Agility and Architecture

Product Lines Eco-Design

Digital Twins Architecture Governance 

Information System Master Plan 

20
25

20
25

https://www.cesames.net/en/training/
mailto:academy@cesames.net
https://www.cesames.net/en/training/


CESAMES Institut

SAS au capital de 1.035.000 Euros
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Contact
Cécile BEYSSAC BUNAND

Head of CESAM Academy

Cecile.Beyssac@cesames.net
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