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Summary
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• A stakeholder is any individual, group or organization that can affect, be 
affected by a project.
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Stakeholders
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Different stakeholders may have conflicting 
views…



• Stakeholder requirements describe the needs, wants, desires, 
expectations and constraints of stakeholders
• Defines value to be created for stakeholders
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At the end: Stakeholder “Requirements”



Use case
MODELING FUNCTIONALITY WITH USE CASES
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• Use cases describe the functionality of a system in terms of how it is used 
to achieve the goals of its various users. The users of a system are 
described by actors (stakeholders), which may represent external systems 
or humans who interact with the system.

• Use cases can also be classified using generalization, but in addition, one 
use case may include or extend other use cases. Actors are related to the 
use cases in which they participate.

• Use cases have been viewed as a mechanism to capture system 
requirements in terms of the uses of the system. 
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Use case diagram introduction
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Example of the use case diagram



• An actor is used to represent the role of a human, an organization, or any 
external system that participates in the use of some system. 
• Actors may interact directly with the system or indirectly through other actors.

• Actors can be classified using the standard generalization relationship. 

• Actor classification has a similar meaning to the classification of other 
classifiable model elements. 

• For example, a specialized actor participates in all the use cases that the 
more general actor participates in.
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Actors
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Representing actors and their interrelationships 
on a use case diagram.



• A use case describes the goals of a system from the perspective of the 
users of the system. 

• The goals are described in terms of functionality that the system must 
support. Typically, the use case description identifies the goal(s) of the use 
case, a main pattern of use, and a number of variant uses. 

• A use case may cover one or more scenarios that correspond to how the 
system interacts with its actors under different circumstances.

• Actors are related to use cases by communication paths, which are 
represented as associations, with some restrictions. 
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Use cases



• The inclusion relationship allows one use case, referred to as the base use case, 
to include the functionality of another use case, called the included use case. 
The included use case is always performed when the base use case is 
performed. 

• A use case can also extend a base use case using the extension relationship. The 
extending use case is a fragment of functionality that is not considered part of 
the base use case functionality. It often describes some exceptional behavior in 
the interaction, such as error handling between subject and actors that does not 
contribute directly to the goal of the base use case

• The meaning of classification is similar to that for other classifiable model 
elements. One implication, for example, is that the scenarios for the general use 
case are also scenarios of the specialized use case. It also means that the actors 
associated with a specialized use case can also participate in scenarios described 
by a general use case.
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Use case relationships (inclusion / 
extension/classification)
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A set of use cases for the Surveillance System



Measures
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• Technical measurement is the set of measurement activities used to 
provide the supplier and/or acquirer insight into progress in the definition 
and development of the technical solution and the associated risks and 
issues. 

• This insight helps project management make better decisions throughout 
the life cycle to increase the probability of delivering a technical solution 
that meets both the specified requirements and the mission needs. 

• The insight is also used in trade-off decisions when performance exceeds 
the threshold. 

• Technical measurement is planned early in the life cycle and then 
performed with increasing levels of fidelity as the technical solution is 
developed.
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What are the Technical Measurements?



• MOEs (Measures of Effectiveness) are “operational” measures of success 
that are closely related to the achievement of mission or operational 
objectives; i.e., they provide insight into the accomplishment of the 
mission needs independent of the chosen solution

• MOPs (Measures of Performance) characterize the physical or functional 
attributes relating to the system operation; i.e., they provide insight into 
the performance of the specific system

• TPMs (Technical Performance Measures) measure attributes of a system 
element within the system to determine how well the system or system 
element is satisfying specified requirements

• KPPs (Key Performance Parameters) are a critical subset of the 
performance parameters representing the most critical capabilities and 
characteristics
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Basic measures that a Systems Engineering must 
track



• Definition: The “operational” measures of success that are closely related to the 
achievement of the mission or operational objective being evaluated, in the 
intended operational environment under a specified set of conditions; i.e., how 
well the solution achieves the intended purpose. (Adapted from DoD 5000.2, 
DAU, and INCOSE)

• MOEs are the overall operational success criteria (e.g., mission performance, 
safety, operability, operational availability, etc.) to be used by the acquirer for 
the delivered system, services, and/or processes.

• MOEs are used to:
• Compare operational alternatives
• Investigate performance sensitivities to changes in assumptions from the user’s view
• Define operational requirement values
• Evaluate achievement of key operational performance
• Serve as the Standard of Acceptance for the technical solution
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Measures of Effectiveness (MOEs)



• Definition: The measures that characterize physical or functional attributes 
relating to the system operation, measured or estimated under specified testing 
and/or operational environment conditions. (Adapted from DoD 5000.2, DAU, 
INCOSE, and EPI 280-04, LM Integrated Measurement Guidebook)

• MOPs are used to assess whether the system meets design or performance 
requirements that are necessary to satisfy the Measures of Effectiveness 
(MOEs). MOPs should be derived from or provide insight for MOEs or other user 
needs.

• MOPs are used to:
• Compare alternatives to quantify technical or performance requirements as derived from 

MOEs. (i)  Support assessment of system design alternatives; (ii) Support assessment of 
technical impact of proposed system change alternatives

• Investigate performance sensitivities to changes in assumptions from the technical view
• Refine KPP definitions
• Assess achievement KPPs
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Measures of Performance (MOPs)



• Definition: TPMs measure attributes of a system element to determine how well a system or 
system element is satisfying or expected to satisfy a technical requirement or goal.

• TPMs include the projected performance, such as a performance profile with tolerance bands 
of acceptable variance. Performance of the system or system element is tracked through the 
life cycle and compared to the projected and required values.

• TPMs are used to:
• Forecast the values to be achieved for key performance parameters
• Identify differences between actual versus planned performance
• Assess and predict progress towards achieving the key performance parameters
• Determine the impact of differences between actual and planned performance on system effectiveness
• Provide early identification of risks and detection or prediction of problems requiring management 

attention (e.g., where negative margins exist)
• Determine where opportunities exist to make design trades to reduce overall risk (e.g., where positive 

margins exist)
• Early determination of where critical requirement flowdown to the next level of design is inadequate
• Support assessment of system element design alternatives or impacts of proposed change alternatives
• Monitors incorporation and results of new critical technologies
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Technical Performance Measures (TPMs)



• Definition: A critical subset of the performance parameters representing 
those capabilities and characteristics so significant that failure to meet the 
threshold value of performance can be cause for the concept or system 
selected to be reevaluated or the project to be reassessed or terminated. 
(Adapted from Glossary of Defense Acquisition Acronyms and Terms, 
Defense Acquisition University Press, January 2001)

• Each KPP has a threshold and objective value. KPPs are the minimum 
number of performance parameters needed to characterize the major 
drivers of operational performance, supportability, and interoperability.
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Key Performance Parameters (KPPs)





27



28



In the end it will be in a table...

29



30

Useful as a criteria

• The selection criteria are weighted 
by stakeholders according to their 
relative importance in determining 
the effectiveness of the 
alternatives. 

• Essentially, need to have a 
numerical scale to rank each 
relative contribution to mission 
capability.

• Qualitative values can be 
parameterized in terms of 
"quantity of desire".



ARCADIA-CAPELLA Introduction
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SYSML INTRODUCTION
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• SysML is a general-purpose graphical modeling language that supports the 
analysis, specification, design, verification, and validation of complex 
systems. These systems may include hardware and equipment, software, 
data, personnel, procedures, facilities, and other elements of humanmade 
and natural systems.

• SysML can represent the following aspects of systems, components, and 
other entities:
• Structural composition, interconnection, and classification;

• Flow-based, message-based, and state-based behavior;

• Constraints on the physical and performance properties;

• Allocations between behavior, structure, and constraints; and

• Requirements and their relationship to other requirements, design elements, and 
test cases.33

SYSML 



ADAPTATION OF UML TO SYSTEMIC DOMAIN

01:16
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SysML diagram taxonomy.



• Each diagram kind is summarized here, along with its relationship to UML diagrams:

• Package diagram – presents the organization of a model in terms of packages that contain 
model elements (same as UML package diagram).

• Requirement diagram – presents text-based requirements and their relationships to other 
requirements, design elements, and test cases to support requirements traceability (not in 
UML).

• Activity diagram – presents flow-based behavior indicating the order in which actions 
execute based on the availability of their inputs, outputs, and control, and how the actions 
transform the inputs to outputs (modification of UML activity diagram).

• Sequence diagram – presents behavior in terms of a sequence of messages exchanged 
between systems or parts of systems (same as UML sequence diagram).

• State machine diagram – presents behavior of an entity in terms of its transitions between 
states triggered by events (same as UML state machine diagram).

• Use case diagram – presents functionality in terms of how a system is used by external 
entities (i.e., actors) to accomplish a set of goals (same as UML use case diagram).

• Block definition diagram – presents structural elements, called blocks, and their 
composition and classification (modification of UML class diagram).

• Internal block diagram – presents interconnection and interfaces between the parts of a 
block (modification of UML composite structure diagram).

• Parametric diagram – presents constraints on property values, such as F = m * a, used to 
support engineering analysis (not in UML).
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• Every SysML diagram must have a 
diagram frame that encloses the 
diagram content. The diagram 
frame corresponds to a model 
element that provides the context 
for the diagram content.

• The diagram header is a rectangle 
with its lower right corner cut off. It 
includes the following information:
• Diagram kind - an abbreviation 

indicating the kind of diagram.
• Model element kind - the kind of 

model element to which the diagram 
frame corresponds.

37

SysML DIAGRAM TAXONOMY

• Model element name - the name of 
the model element to which the 
diagram frame corresponds.

• Diagram name - the name of the 
diagram, which is often used to 
indicate the diagram purpose.

• Diagram usage - a keyword 
indicating a specialized use of a 
diagram.
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SysML structural diagrams
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SysML behavioural diagrams



ARCADIA METHOD
REF-006: VOIRIN, J.L. Model-based System and Architecture Engineering with the 
Arcadia Method. Elsevier, 2017. ISBN 978-0-0810-1794-4.

REF-007: ROQUES, P. Systems Architecture Modeling with the Arcadia Method – A 
Practical Guide to Capella. Elsevier, 2017. ISBN: 978-0-0810-1792-0

01:16
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Main references



• System engineers have been making use of modeling 
techniques for a long time. Structured analysis and 
design technique (SADT) and structured analysis for real 
time (SA/RT) are some of the best known of these, and 
date back to the 1980s. There are many other approaches 
based on Petri nets or finite state machines. However, 
these techniques are also limited by their range and 
expressivity, as well as by the difficulty in integrating them 
with other formalisms and with requirements.

01:16
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•Unfortunately, in practice it has been shown that the 
filiation of the SysML language to UML often leads to
difficulty in terms of comprehension and use for system 
engineers who are not also computer scientists.

• This is the reason that led Thales to define the Arcadia 
method, along with its underlying formalism, for its own 
needs. 
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Founding principles

• all of the engineering stakeholders share the same methodology, the 
same information, the same description of the need and the product in 
the form of a shared model;

• each specialized type of engineering (for example security, performance, 
cost and mass) is formalized as a “viewpoint” in relation to the 
requirements from which the proposed architecture is then verified;

• the rules for the anticipated verification of the architecture are 
established in order to verify the architecture as soon as possible;

• co-engineering between the different levels of engineering is supported 
by the joint elaboration of models, and the models of the different levels 
and specialties are deducted/validated/linked one to the other.

45

A
R

C
A

D
IA

 M
ET

H
O

D



A
R

C
A

D
IA

 M
ET

H
O

D

46



47

XP Z67-140 - ARCADIA Norme XP Z67-140 (afnor.org)

https://norminfo.afnor.org/norme/XP%20Z67-140/technologies-de-linformation-arcadia-methode-pour-lingenierie-des-systemes-soutenue-par-son-langage-de-modelisation/123795


https://www.eclipse.org/c
apella/adopters.html
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https://www.eclipse.org/capella/adopters.html
https://www.eclipse.org/capella/adopters.html


Arcadia / Capella

01:16
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• Thales

• Capella is a layer 
above the Eclipse IDE

• Sirius

• Eclipse Modelling 
Framework (EMF)

• Current Version: 5.1
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First look
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ARCADIA OPERATIONAL ANALYSIS

01:16
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Operational Analysis

“What system users must achieve”

“What the users of the system need to accomplish”

• This perspective analyses the issue of operational users, by identifying 
actors that have to interact with the system, their goals, activities, 
constraints and the interaction conditions between them.

• Analysis of the issues of operational users by identifying the actors that 
must interact with the system, their activities and their interactions with
each other.

01:16
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System  Analysis

“What the system must achieve for users”

“What the system has to accomplish for the users”

• The SA perspective defines the expectations of the system, that is to say 
what the system has to perform for users: it builds an external functional 
analysis, based on the OA and input textual requirements, to identify in 
response functions, services and expected system behaviors, necessary to 
its users.
• external functional analysis as a response to identify the system functions needed 

by its users (e.g. “calculate the optimal path” and “detect a threat”), limited by the 
non-functional properties asked for.

• The System is identified as a modeling element at this level. It is a “black 
box” containing no other structural elements, only allocated Functions.01:16
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Logical Architecture

“How the system will work to meet expectations”

“How the system will work to fulfill expectations”

• In response to the need expressed by the two previous perspectives, it 

enables the first major choices of solution design, first via an 
internal functional analysis of the system: it describes the functions to be 
performed and assembled in order to implement the service functions 

identified in the previous phase. It continues with the identification 
of the operational components implementing these solution 
functions, integrating the non-functional constraints that we chose to be 
addressed at this level.
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Physical Architecture

“how the system will be built”

• This perspective has the same objective as the logical architecture, except 
that it defines the finalized architecture of the system, as it should be 
completed and integrated.  It adds the functions required by the 
implementation and technical choices and reveals the behavioral 
components that perform these functions. These behavioral components 
are then implemented using host implementation components that offer 
them the necessary material resource. 

• Defines the solution at a sufficient level of detail to specify the
developments and acquisitions of all subsystems (or components) to be
implemented, and to define and orientate the system integration, 
verification and validation (IVV) phases.
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Moving from the Physical level to the EPBS level

64

• This level aims to use the Physical 
Architecture to deduce the conditions 
that each component must fulfill to 
satisfy the design constraints and 
architecture choices, identified in the 
previous phases (“what is expected of 
the provider of each component”). 

• The Physical Components are often 
gathered into Configuration Items that 
are larger and more practical to 
manage, in terms of industrial 
organization and responsibilities. 

• The classic problem consists of asking 
ourselves whether we are going to make 
the component, reuse a similar one, 
buy it off the shelf, or subcontract it 
out, etc.
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