
Main categories of systemic problems

Key concepts

Key principle
Purpose

Take Away

Anticipate design risks during the early phases of the project to 

minimize systemic problems and thus save time and cost

Systems Architecture Motivations

A mouse is a system … so is an aircraft!

A system is a set of interrelated components (covering hardware, software and 

humanware) working together toward some common mission.

Every product or system that we develop is always used as part of a larger system

Every project can benefit from good systems architecture.

Systems architecture is not just for large complex “solution” projects.

‘

Modeling problems

Model and reality do not match

Problem type: the system design 

is based on a model which does 

not match with reality

Integration problems

The robustness of a system is 

destroyed by a “domino effect”

Problem type: a local problem 

spreads step by step and has 

global consequences

Project problems

The project system has 

integration issues

Problem type: the engineering

of the system is not done in a 

collaborative way

Initial choice in design phase with 

late unexpected consequences

Problem type: the impact of a

wrong design choice appears

late in a system life-cycle

The system has undesirable 

emergent properties

Problem type: an integrated 

system has unexpected or 

undesired emerging properties

The mission of the product is 

diverted by the project system

Problem type: the project forgets 

the mission of the product and 

« indulges» itself

EVOLVING FROM A TECHNOLOGY-ORIENTED OR BOTTOM-UP APPROACH ...

Components 

are usually the 

starting point

System design is traditionally 

a bottom-up process that 

starts with technology and 

possibly people …

… which have certain 

functional behaviors …

We tell our customers 

why our systems are 

answering their needs
… and ends with customers, 

hopefully satisfied by the system 

that we are proposing them
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... TO A CUSTOMER-FOCUSED AND TOP-DOWN SYSTEM STRATEGY

Functional 

Vision

(What?)

Which functions

are to be provided 

by the system?

… continues by defining 

the functions that the 

system shall offer to 

answer to their needs …

Stakeholders and 

needs are the 

starting point.In a MBSE approach, product 

design is rather a top-down 

process that starts with 

stakeholders …

Operational 

Vision

(Why?)
Which services are to be 

provided to the stakeholders 

of the system?

… and ends with the 

concrete resources that 

effectively answer 

their needs

Constructional 

Vision

(How?)
Which concrete 

resources form 

the system?
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Framework

Process

Key concepts

Definition

Take Away

System architecture is the discipline synthesizing the methods and the tools 
which allow an exhaustive & coherent modelling of a system (in its triple 
operational, functional & constructional dimensions) in order to manage it 
efficiently during its lifecycle (design, test, deployment, maintenance, …).

Systems Architecture framework

1 Mission

Operational View

(Why?)

Which services

are to be provided

to the environment?

2

Functional 

View

(What?)

Which functions

are to be provided?

Function

Function

Function Function

3

Humanware

Hardware Software

Technical components

Constructional 

View

(How?)

Architectural view pyramid

System Boundary

System 

outside

System 

inside

Which concrete 

resources is the 

system made of?

▪ Each system has a standard representation which highlights its double 

input/output and internal behaviour that transforms inputs into outputs depending 

on its internal states

▪ An interface represents an interaction, an exchange, an influence or a mutual 

dependence between at least two systems

▪ Integration is the process that enables to build a system based on other 

systems (hardware, software & humanware) that are organized in such a way 

that the resulting integrated system can perform – in a given environment –

its mission

▪ A model is an abstract representation of a system, often organized in views 

according to an architectural framework

▪ The operational vision of a system defines the mission of the system, 

analyzed here as a black box from the external perspective of the 

system stakeholders

▪ The functional vision of a system defines the abstract functions of 

the system, analyzed as a grey box, that are required to deliver the 

system mission

▪ The constructional vision of a system defines the concrete 

components & building blocks of the system, analyzed as a white 

box, that implement the functions of the system

Systems architecture process

Design process of the 

architecture of a system

Needs (often informal)
Architected 

technical solution 

External constraints 

Resources of the architectural process 

Expected features of the system

described « in intension » (use 

cases, examples and models) using 

the language(s) of the « clients »

Actual system described 

« in extension » (informal, 

quasi-formal or formal models) 

using descriptive or executable 

languages

People Hardware Software Tools

In an ideal world, everybody shall clean one’s teeth after each meal, for three long minutes. Moreover one 

shall avoid eating between the main meals. Nevertheless, when we eat at the canteen or in the office, it is 

not always easy to respect this plan and it is enough to try to perform this activity for three minutes in order 

to understand that it is almost impossible to respect these recommendations in practice. This is the reason 

why many more pragmatic dentists establish nowadays a reasonable objective: two brushings for a 

duration of one minute in the morning after breakfast and in the evening after dinner.
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Key concepts

Deliverables

Process

Key points

Purpose

Take AwayStakeholder analysis

Have a comprehensive view of the external systems that impact 

the design of the system of interest, and define with no ambiguity 

the perimeter of the system.

▪ Use the 7x7 rule to keep the diagrams readable

▪ Tell a story with a chosen Input, Output, Resource, Constraint 

arrangement

▪ Don’t try to be comprehensive yet, as you will be improving your analysis 

from the other views!

▪ Your external flows should be matter, energy or information

Systems architecture 3-days introductory 

course

A stakeholder: 

BathroomDentist

User
Toothpaste

Electronic 

toothbrush

Conformity assessment body

A stakeholder is an external body that influences or interacts with the considered system.

• is not necessarily a person,

• affects or is affected by the system (directly or indirectly),

• may come or not into contact with the system,

• has needs or imposes constraints relatively to the system

Stakeholder hierarchy Environment diagram

▪ Check that all stakeholders have needs and use cases

▪ Check the consistency between stakeholders and lifecycle

Main cross-analyses to perform from this view

Synthesize and 

describe 

external flows

Step 4

Environment diagram

Organize and 

group 

Step 3

Stakeholder hierarchy

Identify 

stakeholders 

Step 2

List of stakeholders

Generate a list 

with all possible 

stakeholders 

Step 1

Maximal systemic 

perimeter

Specify 

external 

interfaces 

Step 5

External interface 

specifications



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayNeeds analysis

Express in an unambiguous, measurable and testable way the expectations 
of all external systems and characterize their expected level of performance. 
Needs are like a contract performance with all stakeholders for the system of 
interest.

Main cross-analyses to perform from this view

▪ Check that each stakeholder has at least one need

▪ Check that each lifecycle phase is mentioned in at least one need

▪ Check that use cases are aligned with “to do/to have something”

▪ Use the 7x7 rule to keep the need breakdown understandable

▪ If a stakeholder expresses a need as “the system shall do”, try to 

understand the core reasons by asking up to 5 times “why”

▪ You can use and adapt PESTEL and/or OAPSET frameworks to find new 

needs and classify them

▪ Always verify that needs have a real influence on the target system

▪ Never forget to share the needs with their stakeholders !

End-users can have a 

maximal dental hygiene 

budget of 200 € each year.

Operability Performance

The project system 

shall use a maximal 

budget of 500 k€.

Toothpaste shall respect 

ZOT-123 quality rules.

Internet provides a 

maximal connection 

speed of 5 Mbits/s.

Managers shall be able to save 

time during their morning wash.

Power supply system 

imposes FDE regulation in 

Europe and ASU regulation in 

the rest of the world.

End-users shall brush their teeth 

twice a day during a minute, in the 

morning after breakfast and in the 

evening after dinner.

Internet imposes the use 

of IP network protocol.

Technical

performance 

Economical

performance 

End-users

operability

Technical 

operability

Need breakdown

Need

Domain
Main category to which the 

need belongs
Reference A unique code for the need

Statement

Need pattern to respect

The <EXTERNAL SYSTEM> (who)

shall be able / imposes <TO DO / TO HAVE SOMETHING> (what or how)

with an <EXPECTED LEVEL OF PERFORMANCE> (how much)

in a <LIFECYCLE PHASE> (when and/or where). 

Satisfaction criteria

How does one measure and quantify – from the perspective of the stakeholder – that the need

is really fulfilled?

A need relative to a system is a feature, expected or imposed by one or more stakeholders of its environment 

that has an impact on the system of interest and that is necessary to respect to be accepted by the stakeholders

Environment diagram

Capture 

elementary 

needs

Step 2

Formalized

elementary needs

Classify needs into 

homogeneous subsets

Step 3

Homogeneous sets of 

needs

Verify coherence  

of needs 

breakdown

Step 4

Needs breakdown

Identify “raw” 

needs capture 

methods

Step 1

“Raw” needs capture 

methods



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayLifecycle analysis

Identify the operational contexts of the system and identify the 

events that allow to pass from an operational context to another

Main cross-analyses to perform from this view

Dental brush

Idle

Normal 

Operation

Manufacturing

Maintenance

Connected to the 

manufacturer 

website

Birth

Death
Shipment

Retail 

presentation
Recycling

[Purchase]

[End of manufacturing]

[At shop]

[Start

brushing]

[End brushing & 

Internet available]

[End

transmission]

[End brushing & 

Internet unavailable]

[Failure

detected]

[Failure repaired]

[Unrepairable failure]

[Unrepairable

failure]

Lifecycle diagram

Align with need 

and stakeholder 

analyses

Step 4

Aligned need and 

stakeholder analyses

Step 3

Lifecycle diagram

Organize 

lifecycle 

phases

Step 2

Organized lifecycle 

phases

Identify 

lifecycle 

phases

Step 1

Need breakdown

Identify 

transitions

Flat list of lifecycle phases
This is a lifecycle phase, that is to say 

a period of time (duration > 0) during 

which the system environment has 

some stability

This is a transition, that is to say an event (duration = 0) 

that makes switch from one lifecycle phase to another, 

and marks a major change in the system environment

[non-repairable failure]

Start

End

Manufacturing
Installation

Commissioning

Normal 

operation

Degraded operation
Maintenance

End of life

Shipping

[birth] [product

manufactured]

[arrival

on site] [installed]

[commissioning 

tests OK]

[failure 

detected]

[maintenance event]

[maintenance

event]

[failure 

repaired]

[death]Decommissioning

Recycling

A lifecycle phase of a system is a homogeneous period of time from the perspective of the 

stakeholders of the system. Its lifecycle models the succession of all lifecycle phases and 

the transitions between lifecycle phases among time, from birth to death of the system.

[non-repairable failure]

▪ You should zoom on the most valuable phases for your problem

▪ Go through the complete life of your system so that you can identify 

missing lifecycle phases

▪ Two phases can be consecutive, simultaneous or one included in the other

▪ Check that your needs are aligned with your lifecycle phases

▪ Check that each phase is characterized by a stable configuration of the 

system environment 



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayUse cases & Operational scenarios analyses

Understand how the system will be used by its stakeholders and 

interact with its stakeholders.

Main cross-analyses to perform from this view

Lifecycle phases Use cases Involved stakeholders

Retail presentation UC1: Identify product Retailers

Idle
UC2: Recharge toothbrush Bathroom, electrical system

UC3: Change head Bathroom, end-users

Dental brush
UC4: Brush adult teeth Bathroom, end-users, water, toothpaste

UC5: Brush child teeth Bathroom, end-users, water, toothpaste

Connected to 

manufacturer website
UC6: Retrieve brushing data Internet, manufacturer website, dentists

Maintenance

UC7: Repair toothbrush Maintenance system, end-users

UC8: Locate & identify failure Maintenance system

UC9: Dismount system Maintenance system, end-users

Operational breakdown structure

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Repair toothbrush

Start command

Operational scenarios

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Change head

Start command

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Brush adult teeth

Start command

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Brush child teeth

Start command

Electronic 

toothbrushChild

Effort

Water
Toothpast

e

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Brush child teeth

time

Start command

A use case can be described through an operational scenario which 

specifies – using a sequence diagram – the sequence of activities and 

the external exchanges that take place between the system of 

interest, considered here as a black box, and the stakeholders during 

the considered use case.

A use case describes an action 

that can be performed by one 

or several stakeholders when 

using the system.

System

Stakeholder

Use case

▪ Check that each use case is covered by at least one need

▪ Check that there is at least one use case for each lifecycle phase

▪ Check that each external interaction in operational scenarios is consistent with the 

input and output flows in the environment diagram

▪ Check that all stakeholders identified in scenarios are in the environment diagram

▪ A use case shall be named using the pattern “do something” where the subject 

is the stakeholder

▪ You don’t need to illustrate all your use cases with operational scenarios, 

select those which are the most valuable for your problem. You can also play 

scenarios in your head to do your cross-analyses.

▪ In scenarios, you can represent exchanges in parallel, alternatives and loop 

instructions

Align with need 

and stakeholder 

analyses

Step 4

Aligned need and 

stakeholder analyses

Step 3

Operational scenarios

Classify use 

cases

Step 2

Operational breakdown

structure

Identify all 

possible use 

cases

Step 1

Lifecycle 

Define operational 

scenarios

Use cases

Dental brush

Idle

Normal 

Operation

Manufacturing

Maintenance

Connected to the 

manufacturer 

website

Birth

Death
Shipment

Retail 

presentation
Recycling

[Purchase]

[End of manufacturing]

[At shop]

[Start

brushing]

[End brushing & 

Internet available]

[End

transmission]

[End brushing & 

Internet unavailable]

[Failure

detected]

[Failure repaired]

[Unrepairable failure]

[Unrepairable

failure]

Lifecycle diagram

System of interest

External 

system 1

UC1

Brush adult

teeth

UC2

Brush 

quickly

External 

system n

UC3

Brush adult

teeth in wet

conditions

<< extends >>

Lifecycle phases Use cases Involved stakeholders

Retail presentation UC1: Identify product Retailers

Idle
UC2: Recharge toothbrush Bathroom, electrical system

UC3: Change head Bathroom, end-users

Dental brush
UC4: Brush adult teeth Bathroom, end-users, water, toothpaste

UC5: Brush child teeth Bathroom, end-users, water, toothpaste

Connected to 

manufacturer website
UC6: Retrieve brushing data Internet, manufacturer website, dentists

Maintenance

UC7: Repair toothbrush Maintenance system, end-users

UC8: Locate & identify failure Maintenance system

UC9: Dismount system Maintenance system, end-users

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Repair toothbrush

Start command

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Change head

Start command

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Brush adult teeth

Start command

Electronic 

toothbrushChild

Effort

Water Toothpaste

Toothpaste

Command

Water

Brushing forces, watered toothpaste

Brush child teeth

Start command

Electronic 

toothbrushChild

Effort

Water

Flavoured 

toothpaste

Flavoured toothpaste

Command

Water

Brushing forces, watered toothpaste

Brush child teeth

Start command

New stakeholder

which is specific 

to this use case

The child users 

want quite often 

to use flavoured 

toothpaste 

during dental 

brush

New need



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayFunctional analysis

Have a comprehensive view of the behaviour of a system.

Main cross-analyses to perform from this view

Functional breakdown structure Functional interaction diagram

Enable 

toothbrushing

Interface with 

Environment 

Provide brushing 

force

Provide brushing 

performance
Manage power

Retain & deliver 

watered toothpaste

Enable 

handling

Protect from 

humidity

Convert elec. 

to mechanical 

power

Control 

brushing force

Convert to 

brushing force

Measure 

brushing force

Acquire user 

demand

Store

electricity

Distribute 

electricity

Convert

electricity

Manage 

internet 

connection

Analyse 

brushing data

Store 

brushing data
Electronic

toothbrush

Store

electricity

Distribute 

electricity

Convert elec. 

to mechanical 

power

Control 

brushing 

force

Convert to 

brushing 

force

Measure 

brushing 

force

Teeth

User

Start / stop 

command

LV

Electricity

LV 

Electricity

Rotative mech. power

Brushing 

force

Brushing 

force 

measure

Power demand

Acquire user 

demand

Enable 

handling

Electrical 

Power
HV 

Electricity

Brushing 

force

Toothpaste Sink

Prehension

forces

Toothpaste Water
Watered

toothpaste

Store

brushing 

data

Analyse

brushing 

data

Manage 

Internet 

connection

Brushing data

Raw

data

Data

Requests

Convert

electricity

Protect from 

humidity

Place of Use

Humidity

Provide brushing performance

Manage power

Customer

Website

Requests

Data

Retain & 

deliver watered 

toothpaste 

Environment diagram

Identify

low-level 

functions

Step 2

Low level functions

Analyse 

functional 

scenarios

Step 4

Functional interactions

Describe 

interactions 

between functions

Step 5

Functional scenarios

Identify 

functions

Step 1

System level functions

Organize 

Functions 

hierarchically

Step 3

Functional breakdown structure

Operational scenarios

CigaretteLighting

device
Smokers Atmosphere

Fire

Light the cigarette

Oxygen

Breath

Mechanical forces

Visual aspect of incandescence  

Macro Use Case Use Case

Enter and Exit Enter into vehicle
Enter into vehicle with arms loaded
Enter into vehicle in cold weather
Enter into vehicle with obstacle on door path
Exit from vehicle

Remain in vehicle Prevent passengers from exiting vehicle
Watch external environment
Lock the vehicle on traffic stop (Traffic light)

Watch environment Watch external environment
Watch external environment adapted to children

Refuel car Refuel Car

Be protected
from collision

Protect occupants
Extract occupants from vehicle

Be Protected
from aggression

Be protected from rain and foreign objects
Be protected from malicious people

Use cases

Retain toothpaste

Retain water

Generate brushing 

force

Deliver watered 

toothpaste

Generate brushing force

Store

electricity

Distribute 

electricity

Convert elec. to 

mechanical 

power

Control 

brushing 

force

Convert to 

brushing 

force

Measure 

brushing 

force

Acquire user 

demand

Generate 

brushing

force

Store

electricity

Distribute 

electricity

Measure 

brushing 

force

Store

brushing 

data

Analyse

brushing 

data

Manage 

Internet 

connection

Generate brushing performance

Generate 

brushing 

performance

A function describes a transformation performed by the system between

its input and output flows in order to provide an adequate answer to use cases

▪ Input flows can come from external systems or other functions of the system

▪ Output flows can go to external systems or other functions of the system

Function
External

System

External

System

Flow

Flow

Flow

System

Input flows

Output flow

External

System

Other

function

Flow

▪ Functions shall be technology independent

▪ Go through each operational scenario (even if it’s in your mind) to identify the 

functions that the system shall achieve to consume inputs and generate 

outputs

▪ Use the 7x7 rule to keep the functional breakdown structure readable

▪ You can stop the functional decomposition as soon as the lowest level of functions 

can be allocated to sub-systems of the system

▪ Do not mix functions with use cases ! The subject of the verb has to be the 

system

▪ Check that each function is allocated to at east one use case

▪ Check that each low-level function can be allocated to a single component



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayFunctional mode analysis

Understand the evolutions of what the system should do with time.

Main cross-analyses to perform from this view

A functional mode of a system is a functionally coherent period of life

of the system, i.e. a period of time which is characterized in an 

unambiguous way by the set of functions that the system is using during it

Active modeBrushing mode

Transmission 

modeStandby

mode

Recharging

mode

Child

mode

Adult

mode

Maintenance

mode

[Go Live]

[Start command]

[End command

& Internet unavailable]

[Child mode 

selected]   

[Adult mode 

selected]

[End command

& Internet available]

[End of transmission]

[End of charge]

[Failure]

[Diagnosis order]

[Diagnosis end]

Degraded

mode

Transition

= an event (duration = 0) that makes switch from one 

functional mode to another

Start

End

Functional mode

= a period of time (duration > 0) during 

which the functional behaviour is stable 

▪ Start from the functional interaction diagram to identify periods of time 

during which the functional behaviour is stable

▪ Do not forget to consider degraded functional modes

▪ To build your state machine diagram, do not hesitate to group, divide and 

merge functional modes

Refine and 

identify 

transitions

Step 2

Functional mode diagram

Align with 

lifecycle phases

Step 3

Functional modes and transitions

Identify stable 

functional 

behaviours

Step 1

Functional modes

Active modeBrushing mode

Transmission 

modeStandby

mode

Recharging

mode

Child

mode

Adult

mode

Maintenance

mode

[Go Live]

[Start command]

[End command

& Internet unavailable]

[Child mode 

selected]   

[Adult mode 

selected]

[End command

& Internet available]

[End of transmission]

[End of charge]

[Failure]

[Diagnosis order]

[Diagnosis end]

Degraded

mode

Transition

Start

End

Functional mode

Functional modes diagram

Active modeBrushing mode

Transmission 

modeStandby

mode

Recharging

mode

Child

mode

Adult

mode

Maintenance

mode

[Go Live]

[Start command]

[End command

& Internet unavailable]

[Child mode 

selected]   

[Adult mode 

selected]

[End command

& Internet available]

[End of transmission]

[End of charge]

[Failure]

[Diagnosis order]

[Diagnosis end]

Degraded

mode

Transition

Start

End

Functional mode

Functional modes diagram

▪ Check that all the lifecycle phases are covered with functional modes (and vice-

versa). The correspondence is not necessarily 1-to-1

Active modeBrushing mode

Transmission 

modeStandby

mode

Recharging

mode

Child

mode

Adult

mode

Maintenance

mode

[Go Live]

[Start command]

[End command

& Internet unavailable]

[Child mode 

selected]   

[Adult mode 

selected]

[End command

& Internet available]

[End of transmission]

[End of charge]

[Failure]

[Diagnosis order]

[Diagnosis end]

Degraded

mode

Transition

Start

End

Functional mode

Functional mode diagram



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayFunctional requirement analysis

Express in an unambiguous, measurable and testable way how the 

expected functions of the system answer to stakeholders’ needs 

and characterize the level of performances of these functions

Main cross-analyses to perform from this view

Functional Requirement

Domain
Main category to which the 
requirement belongs

Reference A unique code for the Requirement

Statement

Functional requirement pattern to respect

The <SYSTEM> (who)

shall <DO SOMETHING> (what)

with an <EXPECTED LEVEL OF PERFORMANCE> (how much)

in a <GIVEN FUNCTIONAL MODE> (when and/or where). 

Satisfaction criteria

How does one measure and quantify that the functional requirement is really fulfilled?

Functional requirement breakdown

The electronic toothbrush 

shall enable teeth brushing 

with a probability of failure of 

10-4 per hour of use during 2 

years in normal mode

The electronic toothbrush 

shall provide the detailed 

brushing force data of the 

last 5 minutes of brushing

in maintenance mode

The electronic toothbrush 

shall store electricity at full 

charge in less than 12 hours

The electronic toothbrush shall 

control brushing forces in order 

to keep them constant during 

the whole brushing time in 

brushing mode

The electronic toothbrush shall 

warn the user with a visual 

alarm when the quantity of 

electricity is not sufficient for a 

brushing of a minute

The electronic toothbrush shall 

generate brushing forces of 0.3 N 

in active brushing mode

Charging 

performance
Brushing performance

AvailabilityPerformance

The electronic toothbrush shall 

provide brushing forces during 

3 years when used in normal 

conditions in brushing mode

Reliability

The electronic toothbrush 

shall provide all its internal 

states in maintenance mode

Maintainability

▪ Check that each functional requirement is linked to a need by a derivation relationship

▪ Check that your functional requirements and your functions are consistent: functional 

requirements can be seen as specifications of a function, alternatively, functions can 

also be seen as a set of consistent requirements

▪ Check that your functional requirements and your functional modes are consistent

Needs breakdown

Classify functional 

requirements into 

homogeneous sets

Step 3

First version of functional 

requirement breakdown

Derive needs 

into functional 

requirements

Step 1

System level

functional requirements

Verify coherence of 

functional requirement 

breakdown

Step 4

Coherent version of functional 

requirement breakdown

Derive low-level 

functional

requirements

Step 2

Lower level

functional requirements

▪ The question answered by a functional requirement is “What the system shall do?”

▪ Use the 7x7 rule to keep the functional requirements breakdown understandable

▪ You can use and adapt the OAPSET framework to classify your 

functional requirements

▪ Functional requirements define the performances of a function



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayConstructional analysis

Find an optimal solution that results from a trade-off between 

what is desired (functions, style…) and what is possible 

(feasibility, technology, physical constraints,...)

Main cross-analyses to perform from this view

Define 

construction

al breakdown

Step 2

Constructional 

breakdown

Specify 

constructional 

interfaces

Step 4

Align operational 

and functional 

architectures

Step 5

Constructional interfaces

Identify 

components

Step 1

Functional allocations

Define 

constructional 

interactions

Step 3

Constructional interactions diagram

Functional

architecture
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Enable handling x

Protect from humidity x

Convert electricity x

Distribute electricity x

Store electricty x

Acquire user demand x

Convert electricity to mechnical power x

Measure brushing force x

Control brushing force x

Store brushing data x

Analyze brushing data x

Manage internet connection x

Retain & deliver watered toothpaste x

Convert to brushing force x

Constructional interface specification

Interface 

Name

Interacting systems

Interface 

type

Exchanged flows 

(may be several 

per interface)

Flows specification
Source 

component / 

external 

system

Destination 

component / 

external 

system

Constructional

architecture

Electrical 

motor 

system

Electrical 

wiring

Outer 

body

Button

Battery

Body

Embedded 

software

Wi-Fi 

module

AC Adapter

Electrical 

wiring

Base

Base

body

Toothbrush

Brushing 

head

Adult head

Child head

Product breakdown structure

System

Component

Component Component

Component

Component

Component

External

System

External

System

flow
Component

External

System

External

System

External

System

Component

External

System

Higher-level component

Component

Higher-level component

Constructional interactions diagram

Base Body Head

A component is a concrete building block of the system

▪ Components refer to the nature of the considered part of the 

system

▪ A component can itself be considered as a system.
▪ Start from low-level functions and identify the components that will 

implement them

▪ Decouple the components of the system in order to minimize their 

mutual interfaces

▪ Use the 7x7 rule to keep the constructional breakdown understandable

▪ Check that each component is linked to either a function or a need

▪ Check that each low-level function is allocated to a single component

▪ Check the consistency between the different architectural levels following the 

choices you made at constructional architecture level



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayConstructional requirement analysis

Express in an unambiguous, measurable and testable way how the 
components of the system answer to stakeholders’ needs and system’s 
functions and characterize the level of performance of these 
components.

Main cross-analyses to perform from this view

Constructional requirement

Domain
Main category to which the 
requirement belongs

Reference A unique code for the Requirement

Statement

Constructional requirement pattern to respect

The <SYSTEM> (who)

shall <BE / BE MADE OF SOMETHING> (how)

with an <EXPECTED LEVEL OF PERFORMANCE> (how much)

in a given <TECHNICAL CONFIGURATION> (when and/or where). 

Satisfaction criteria

How does one measure and quantify that the constructional requirement is really fulfilled?

Constructional requirement breakdown

The electronic toothbrush 

shall have neutral and 

enhancing colours in 

adult configuration

The Wi-Fi module shall be 

contained in a volume lower 

than 1 cubic centimetre in all 

configurations

The electronic toothbrush shall 

have a surface with a friction 

coefficient between 0.2 and 

0.25 in all configurations

The electronic toothbrush 

shall have a Wi-Fi module 

compliant with 802.11/a/b/g 

standards in all configurations

The electronic toothbrush 

shall weigh less than 250 g  

in all configurations

The electronic toothbrush shall 

have a internal memory capacity 

of 10 mb in all configurations

Mechanical 

performance
IT performance

StyleTechnical performance

The electronic 

toothbrush shall have 

appealing colours in 

children configuration

Colours

The electronic toothbrush should 

be contained in a cylinder with 

length 200 mm and diameter 

25 mm in all configurations

Volumes

Need breakdown

Functional requirement

breakdown

Classify constructional 

requirements into 

homogeneous sets

Step 3

First version of the constructional 

requirement breakdown

Verify coherence

of constructional 

requirement breakdown

Step 4

Coherent version of the constructional 

requirement breakdown

Derive needs and functional 

requirements into 

constructional requirements

Step 1

System level

constructional requirements

Derive low-level 

constructional

requirements

Step 2

Lower level

constructional 

requirements

▪ The question answered by a functional requirement is “What the system shall be?”

▪ Use the 7x7 rule to keep the constructional requirements breakdown understandable

▪ You can use and adapt the OAPSET framework to classify your constructional 

requirements

▪ Constructional requirements define the structural features of the concrete 

components that make the system

▪ Check that each constructional requirement is linked to a need or a functional 

requirement by a derivation relationship

▪ Check that your constructional requirements and your components are consistent

▪ Check that  your constructional requirements and your technical configurations 

are consistent



Key concepts

Deliverables

Process

Key points

Purpose

Take AwayTrade-off analysis

Help the actors involved in a decision making process to prioritize 

an architecture or a set of needs or requirements in a rational 

way using shared evaluation criteria

▪ The deliverables of a trade-off analysis are decision-helping deliverables not the 

decision itself !

▪ The good selection of actors is key to get a balanced decision. The environment 

diagram is a very powerful tool to help you identify them.

▪ To help you define decision criteria, these questions can help you:

What are the benefits and quality, cost, delay and performance impacts of a solution ?

What are the operational problems induced by a solution ?

What is the technical complexity of a solution ?

▪ Actors need to give each criterion a weight to evaluate its relative importance.

▪ All actors usually do not have the same importance as well. You also need to give 

each actor a weight for their vote.

▪ Option 1 leads to a global evaluation of each solution following the evaluation criteria

▪ Option 2 leads to a visual comparison of each solution which enables you to compare 

both their positive and negative contributions

Set of architectures 

to be prioritized Trade-off 

analysis 

Shared evaluation 

criteria

Actors involved 

in decision-

making

Set of needs or requirements 

to be prioritized

OR

Prioritized architecture

Prioritized needs or 

requirements

OR

Battery

«block»

Attributes

Operations

Head_motor

«block»

Attributes

Operations

Electrical_supply

«block»

Attributes

Operations

Coil

«block»

Attributes

Operations

Pressure_sensor

«block»

Attributes

Operations

Internet_module

«block»

Attributes

Operations

Toothbrush

«block»

Attributes

Operations

Body

«block»

Attributes

Operations

1

Base

«block»

Attributes

Operations

1

1

1

Embedded_software

«block»

Attributes

Operations

11

Head

«block»

Attributes

Operations

1 11 1

Brush

«block»

Attributes

Operations

1

11

1

1

11

1

1

Base_casing

«block»

Attributes

Operations

1

1

Head_casing

«block»

Attributes

Operations

1

Analysis_module

«block»

Attributes

Operations

11

1

Control_module

«block»

Attributes

Operations

1

Electrical_wiring

«block»

Attributes

Operations

1

Electrical_distribution

«block»

Attributes

Operations

1 1

1

11

1

1
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Identify the actors 

to involve in the 

trade-off process

Step 1

Set of actors to be involved

in the decision process

Needs and architectures

Architectures

Needs

Evaluate each solution

according to the 

decision criteria

Step 4 – Option 1

Solutions evaluation

Prioritize the evaluated 

solutions using 

prioritization techniques

Step 4 – Option 2

Solutions prioritization

Define & share

the decision criteria

to be used

Step 3

Shared decision criteria

Identify & share 

the items to  

evaluate

Step 2

Set of architectures or needs

to be prioritized

Global evaluation for each solution Prioritization of each solution

Solutions
to be evaluated

Contribution
of solution

to decision criteria

Decision criteria to be used to evaluate the solutions

Score

A. User 
friendliness

B. Short 
development 

time

C. Reuse of 
existing 

technology

D. Cost of non 
quality 

reduction

E. Improvement 
of services 
provided to 
customers

2/40 13/40 3/40 16/40 6/40

Solution 1

Weak (1 pt.) 1 2 0 1 0

4Medium (3 pt.) 2 1 0 4 0

Strong (9 pt.) 3 3 6 1 6

… … … … … … …

Solution N

Weak (1 pt.) 0 0 0 0 0

3Medium (3 pt.) 6 6 6 3 6

Strong (9 pt.) 0 0 0 3 0 Risk & cost

Contribution 

to the value

Weak

Strong

Weak Strong

Solutions

to avoid

Non-priority 

solutions

Preferable 

solutions
Solutions 

“dominated ”

by solution A

Solutions

to be 

improved



Key concepts

Key points

Process

Good practices

Purpose

Take Away

Guarantee that the system is operationally, functionally and 

constructionally consistent and takes correctly into account all its 

expected properties

Validation and verification

V&V method Model-oriented V&V practices Integration-oriented V&V practices

Analysis

▪ Manual or automatic analyses of a 

model (syntactic rules verification, 

crossed analyses, completeness 

analysis, etc.)

▪ Functional demonstrations (e.g. users interfaces, 

components behaviours, etc.)

▪ Prototyping (e.g. for safety analyses, etc.)

Review

▪ Model self-examinations 

▪ Specifications pear reviews

(quality & completeness of needs, 

requirements & descriptions)

▪ Pear reviews of the integrated system

▪ More or less formal reviews of the integrated system by the 

stakeholders

▪ Returns on experience

Test
▪ Simulations

(e.g. using MATLAB & Simulink)

▪ Unitary and integration tests of the integrated system 

components (at each systemic level)

▪ Formal qualification of the integrated system with its  

stakeholders

▪ Remedying an anomaly when a system is in service is often much more expensive 

than when it is detected and corrected during the engineering and V&V phases

▪ Be aware of the main difficulties linked to verification & validation: 

poor design/V&V integration, psychological difficulties, lack of time & budget, 

incomplete coverage

▪ Verification & validation are recursive processes that should be conducted at each 

level of a system

Requirements

…

Needs

…

Outside of 

the system

Inside the 

system

Verification

Verification

Validation

Validation

Verification answers the question:

are we doing the system right?

Validation answers the question:

are we doing the right system?

Verification & Validation process

Systems Architecture

Needs & Requirements

Validation activities

Ensures consistency and completeness

of needs, requirements & architecture

Resources

(people, hardware, software, tools)

Verification activities

Ensures system implementation satisfies

validated needs & requirements

System  to be verified

V&V

plan
Design process

(needs and requirements 

engineering, operational, 

functional & constructional 

architecture, safety)

Integration process

(system construction

supply-chain management,

system delivery)

V&V goals and constraints

Change requests

Change requests

V&V planning

Defines the V&V strategy and planning


