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Emergence
https://www.sebokwiki.org/wiki/Emergence



•Principle of Emergence:  

As the entities of a system 
are brought together, their 

interaction will cause 
function, behavior, 

performance, and other 
intrinsic properties to 

emerge.
This Photo by Unknown Author is licensed under CC BY-SA

http://n9neo.wordpress.com/2013/09/05/sep-5th-13-line-app-new-paid-stickers/mickey-mouse-wizard
https://creativecommons.org/licenses/by-sa/3.0/


• Emergence is the power and the magic of systems. Emergence 
refers to what appears, materializes, or surfaces when a 
system operates. Obtaining the desired emergence is why we 
build systems. Understanding emergence is the goal—and the 
art—of system thinking.
• What emerges when a system comes together? Most 

obviously and crucially, function emerges. Function is what a 
system does: its actions, outcomes, or outputs. In a designed 
system, we design so that the anticipated desirable primary 
function emerges (cars transport people).







• These emergent properties 
associated with function, 
performance, the “ilities,” 
and the absence of 
emergencies are closely 
related to the value that is 
created by a system. Value is 
benefit at cost. We build 
systems to deliver the 
benefit (the worth, 
importance, or utility as 
judged by a subjective
observer).

https://medium.com/continuousdelivery/evolvability-
124ee5a8dd07



Requirements in Capella
https://www.slideshare.net/Obeo_corp/capella-webinar-writing-perfect-textual-
requirements
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IMPORTANCE OF HAVING GOOD REQUIREMENTS

• Requirements tell you what the system needs to do 
(functional requirements).

• How well the system needs to do it (performance 
requirements)

• What environment the system has to work in 
(environmental requirements).

• What the system must do to fit into the bigger system 
(interface requirements).

• What lower level subsystems/assemblies/components 
must do to fit into the system and make it all work 
(allocation of requirements/resources).

• What you need to do before you fly (verification 
activities).

• And basically, when you are done   (requirements are 
met).
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• Functional Requirements describe what the system 
should do and Non-functional Requirements place 
constraints on how these functional requirements are 
implemented.
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TO DO OR NOT TO DO



How bad, poor and conflicting 
requirements create hassles:
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DEFINING THE CORRECT HEURISTICS TO 
UNDERSTAND A REQUIREMENT
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REQUIREMENTS ADDON



[IF NOT INSTALLED] Add the req addon
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[IF NOT INSTALLED] Unzip in dropin folder

23

R
EQ

U
IR

EM
EN

TS
 IN

 C
A

P
EL

LA



[IF NOT INSTALLED] Last Steps

• Start Capella
• Open the Viewpoint Manager view using 

Window menu then Show View and 
Other...

• Select Viewpoint Manager in Kitalpha 
directory and press OK

• The Viewpoint Manager view is displayed
• The viewpoints available in the platform 

are listed in this view. 

• Select any model element (diagram 
element, element in the project explorer) 
related to your project

• Right-click on the name of a viewpoint and 
select Reference in order to start the 
viewpoint
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Can be used in all layers

•Operational Analysis Requirements

• System Analysis Requirements

• Logical Architecture Requirements

•Physical Architecture Requirements

• EPBS Architecture Requirements
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Add a capella module in the layer
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Create a requirement folder & requirement

The only way to create requirements is through the Project Explorer.
[good side] Capella <could> connects to Doors ($$$) to import requirements.
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Requirements can be used in any view
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Select the requirements that want to use in the
view.
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Add a link / check relations

30

R
EQ

U
IR

EM
EN

TS
 IN

 C
A

P
EL

LA



Requirement trees
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Add requirement metadata

• It is required to create a new Type

•Create a Capella Types Folder → Rename Req Types
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Requirement Data Type Definitions

• IE PUID (Requirement ID – name comes from DOORS)

• IE Rationale

• IE Verification Text

• IE Verification Method Expected

• IE Requirement Status

• IE Sign off Org

• IE Responsible Org
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• aql:OrderedSet{self.ownedAttributes->select( a | a.definition.ReqIFLongName == 'IE 
PUID').value, OrderedSet{self.ReqIFLongName, self.ReqIFText, self.ReqIFChapterName}-
>select(s | s != 'null' and s.size() > 0)->add(OrderedSet{''})->first()}->sep(' ')

Annotation Query Language (AQL)
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https://www.ibm.com/support/knowledgecenter/en/SSPT3X_4.2.5/com.ibm.swg.im.infosphere.biginsights.aqlref.doc/doc/aql-overview.html


Create the Requirement Type that include the
Data types as Attributes
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Configure the attribute
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Add relation metadata
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Apply to the Requirement Set
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Creating the attributes
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Each layer has a “default” req relation table

• Operational:
• Activities X Requirements

• System:
• System Function X Requirements

• Logical
• Logical Functions x Requirements
• Logical Component x Requirements
• Logical Architecture Requirement Refinements

• Physical
• Physical Functions x Requirements
• Physical Component x Requirements

• EPBS
• Configuration Itens x Requirements
• EPBS Requirement Refinements

40

R
EQ

U
IR

EM
EN

TS
 IN

 C
A

P
EL

LA



Everything is written in xmi
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ARCADIA SYSTEM ANALYSIS

09:21
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Systemic Intervention

System Analysis

System Element Requirements

Systemic Intevenction

45

Define the system’s mission and 
desired emergence capabilities.

Define the system-actors’ functions, 
interfaces, relations and behaviors 
within a black box architecture.

Describe the concept of operations / 
scenarios of the architecture that 
express the capability.

Seed Abstract all the flowed capabilities 
into a single function seed.



Analysis of the new system

46

System Element Requirements

Define the system’s mission and 
desired emergence capabilities.

Define the system-actors’ functions, 
interfaces, relations and behaviors 
within a black box architecture.

Describe the concept of operations / 
scenarios of the architecture that 
express the capability.

Seed Abstract all the flowed capabilities 
into a single function seed.



Context



MISSION STATEMENT

Because forest fires pose an ever-increasing threat to lives, property and biodiversity, 

have a significant impact on recreation and commerce, and have an ever higher public 

visibility (largely because of the ability to transmit television images from nearly 

anywhere in real time), the USFS needs a more effective system to identify and monitor 

them. In addition, it would be desired (but not required) to monitor forest fires for other 

nations; collect statistical data on fire outbreaks, spread, speed and duration, and provide 

other forest management data. This must be done at low cost to make the system 

affordable to the Forest Service and not give the perception of wasting money that could 

be better spent on fire-fighting equipment or personnel.

Ultimately, the Forest Service’s fire monitoring office, fire management officers in the 

field, and individual firefighters and rangers fighting the fire will use the data. Data flow 

and formats must meet the needs of all the groups without specialized training and must 

allow them to respond promptly and efficiently to changing conditions.

(adapted from “Space Mission Engineering: the new SMAD, 2011”)
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Requirements

Word



Traceability req_user – req_sys (nop-rop)



•Descrever o que o sistema tem que fazer para os 
stakeholders (OMs)

•Descrever o conceito de operação geral desse sistema 
com os stakeholders. 

•Rastrear as necessidades aos requisitos. 

• Justificar as interfaces e funções. 

• Formaliza o que o sistema tem que prover sem explicar 
como e dar margem para os fornecedores. 

Fab: publicação da rop



09:21
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WHAT IS IN THE SYSTEM 
ANALYSIS (SA)

09:21
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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.

09:21
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• The purpose of system needs analysis (referred to as SA 
further in the text) is to define the contribution expected 
of the system to users’ needs, as they are described in the 
previous operational analysis (OA) and/or in the form of 
requirements expressed by the client. 
• SA delimits the functions required of the system, 

distinguishing them from those assumed by the users or 
external systems.

• It is essential to limit the functional analysis conducted in 
SA to the sole capture of the need, and only of need,
excluding any implementation choice or details. This 
allows freedom of choice to be maintained during the 
subsequent development of the solution,09:21
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Perform Capability COMPROMISE Analysis

• Define the essential characteristics necessary for 
the fulfillment of each operational capability (the problem 
space), to uncover different alternative orientations likely to 
satisfy these required capabilities as well as the criteria for 
associated appreciation and choice (the solution space), and 
to compare these orientations to find the one(s) exhibiting the 
best compromise between the desirable characteristics.

• These parameters may concern the functional 
contribution and the expected performance of the 
system, obviously, but much further: organization, doctrines, 
procedures and users’ roles, human factors, skills and training, 
logistics footprint and deployment conditions, hosting 
facilities, etc. Quantitative and qualitative metrics should be 
defined to evaluate the satisfaction conditions for each of 
these parameters.

• Capability analysis considers much more general aspects 
than the functional issues: as the client organization, 
organizational operating principles, roles and responsibilities, 
nature and infrastructure capacity, safety, human factors and 
users’  skills/training, logistics, acquisition and operation costs, 
but also the potential complexity and implementational risks.

Want a 
safe road

09:21
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Perform Functional/non-Functional Need
Analysis
• The intent is to formalize the functional needs allocated to the 

system, and to identify constraints, namely non-functional, to 
which it will have to respond through its use under operational 
conditions

• Assess the operational capabilities to which the system will have 
to contribute, taking the preliminary capability trade-off analysis 
(of “system capabilities”) into account - only needs-related 
considerations should be included in this perspective dedicated 
to the expression of the system needs as required by users

• In the event that actors or external systems are imposed by the 
client (or the state of the art) and exhibit a complex or critical level 
of interactions with the system, it is recommended to carry out 
minimal functional and non-functional analyses for these external 
systems or actors, and to compare them with the SA, to ensure the 
compatibility between the two. At this point, an analysis of 
available interfaces is desirable, to verify that planned 
functionalities and interactions will be possible.

• Another way to address the needs functional analysis consists of 
implementing each functional requirement into a few functions 
and exchanges between them (often the verbs of the 
requirement), the manipulated data (the names) and actors or 
external systems..

09:21
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Formalize and Consolidate the System Needs

• The good understanding and consolidation of system needs rely on 
the three dimensions mentioned earlier, which are the OA, 
requirements and the functional analysis of the system need. 

• It is through their comparison that consistency and completeness 
of the system need is assured: Are all activities and operational 
processes correctly taken into account in the functional analysis? 
Are all functional requirements (or even nonfunctional) correctly 
captured? Is there any incompatibility between them?

• It may even be the case that the functional needs analysis results in 
modifying the OA (e.g. changing an operator role for a more secure 
behavior, or reviewing the distribution of roles should an 
opportunity for system automation emerge); or alternatively, that 
the functional analysis reveals an inconsistency or something 
missing in the requirements.09:21
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Capability Analysis essential characteristics necessary for 
the fulfillment of each operational 
capability 

Functional/non-
Functional Need 
Analysis

formalize the functional needs allocated 
to the system

Formalize and
Consolidate the System 
Needs

OA, requirements and the functional 
analysis of the system need
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Arcadia method – SYSTEM analysis summary



09:21
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https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-25666409665

https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096


https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-25666409666

https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096


https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-25666409667

https://www.slideshare.net/HelderCastro3/mbse-with-arcadia-methodpdf-256664096


ARCADIA SYSTEMIC CONCEPTS:

09:21
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• System: organized group of elements that function as a 
unit (black box) and respond to the needs of the users. 
The System owns Component Ports that allow it to 
interact with the external Actors;

09:21
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•Actor: any element that is external to the System (human 
or nonhuman) that interacts with it. (for example Pilot, 
Test operator, etc.);

09:21
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• System Capability: capability of the System to provide a 
highlevel service allowing it to carry out an operational 
objective (for example provide meteorological data, etc.);

09:21
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• Function: behavior or service provided by the System or 
by an Actor (for example detect a threat, measure 
altitude, etc.). A Function owns Function Ports that allow 
it to communicate with the other Functions. A Function 
can be split into subfunctions;

09:21
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• Functional Exchange: unidirectional exchange of 
information or of matter between two Functions, linking 
two Function Ports;

09:21
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•Component Exchange: connection between the System 
and one of its external Actors, allowing circulation of 
Functional Exchanges;

09:21
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09:21
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• Scenario: dynamic occurrence describing how the System 
and its Actors interact in the context of a System 
Capability. It is commonly represented in the form of a
sequence diagram, with the vertical axis representing 
time;

09:21
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• Functional Chain: element of the model that enables a 
specific path to be designated among all possible paths 
(using certain Functions and Functional Exchanges). This is 
particularly useful for assigning constraints (latency, 
criticality, etc.), as well as organizing tests.

09:21
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SYSTEM DIAGRAMS
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Initialization and automated update of the system analysis 
according to the breakdown of operational activities.

The initialization and automated updated of the system 
actors can also be automatically performed from selected 
operational entities / actors.

The transition tools create a first 1-1 traceability mapping 
between System Analysis and Operational Analysis. Use 
dedicated traceability matrices to modify the traceability 
relationships.

Identify the boundaries of the system : who which are the 
actors, which are their goals?

Missions give a global view upon the system main business 
goals and usages.

Capabilities provide a more operational and finer-grained 
enlightenment, directly related to customer requirements. 

Capabilities are meant to be illustrated with scenarios.



80

The system and the actors are responsible for implementing 
the system functions. Manage these allocations using an 
architecture diagram and deduce component exchanges 
implementing the functional exchanges.

Create dataflows scenarios to illustrate the functional 
exchanges between the system and the actors.

Detail the interfaces of the system as well as the ones of the 
actors, thus drawing the boundary of the system.

Describe scenarios in order to specify the dynamical behavior 
of the system.

Defining the interaction sequences and identifying the 
interfaces are two very tight and iterative activities

Enrich and details the functional breakdown with new system 
functions.

Describe the data flows between system functions and 
identify specific functional chains.





sA STEPS EXAMPLE
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• These steps are just to be didact, and incrementally describe 
each diagram of this level. 

• You can follow any sequence you might want (or be defined by 
your organization) to describe the model. 

• I personally, in daily activities, go straight to the architecture 
diagram (SAB) and create the others as needed. 

• It is important that you iterate as much as you need/can, to 
cover this level to understand the problem space. 

• Beyond what Arcadia Method describes, you will have to use 
other approaches to collect/analyze data.
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IMPORT DECISION FROM OA

09:21
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[MB] Mission (identify the mission related to the
capability and the actors)

09:21
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[MBC] Mission Capabilities

09:21
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[CSA] Contextual System Actors
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[SAB] System Architecture <START> 

09:21
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[SAB] System Architecture <END> 
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[SDFB] System Dataflow
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[SFBD] System Functional Breakdown
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[FS] Functional Scenario
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[ES] Exchange Scenario

09:21

93



[CEI] Contextual External Interface

09:21
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[CDI] Contextual Detailed Interface

09:21
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[SAB] System Architecture with Requirements

09:21
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Final Considerations
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Final considerations

• System Analysis answers:
• What the system has to accomplish for the users

• The system is only a black box that exposes the interface 
functions.

• Focus on consolidate the needs that are accomplished by 
the system ➔ emergence

•Maps the system main functions that answers to the 
stakeholder needs.
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• Fazer a etapa da Intervenção

• Apresentar o que o sistema tem que realizar para atender à demanda.

• Apresentar o modelo da Análise do Sistema
• Características mínimas: manter apenas 2 stakeholders (justificar priorização), propor a missão do sistema e

derivar 2 capacidades para o sistema, dizer que o sistema terá 2 funções, decomposição (detalhamento) de 1a
dessas funções em 4 sub-funções, 1 diagrama de árvore funcional, 1 diagrama do arranjo interno dessa função
decomposta, explicar a rastreabilidade entre as Atividades Operacionais e as Funções do Sistema (o que essas
funções resolvem no problema), criar uma máquina de estado do sistema (3 estados), 1 diagrama de
arquitetura, 1 diagrama de interface, descreva a troca que passa por uma interface no diagrama de classes,
proponha 4 reqs e rastreie com as funções e propriedades desejadas, construa uma cadeia funcional para fazer
o verificação de um requisito, e descreva com o diagrama de sequência os eventos ideiais que o sistema deve
realizar.

Atividades para a próxima aula
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