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MIBSE METHODOLOGY

Prepared by Prof. Christopher Shneider Cerqueira



“Model-based systems engineering (MBSE) is a
systems engineering methodology that focuses on

creating and exploiting domain models as the
between

engineers, rather than on document-based
information exchange.”

“the formalized application of modelling to support system requirements, design, analysis, verification and validation activities
beginning in the conceptual design phase and continuing throughout development and later life cycle phases. MBSE is part of a long-
term trend toward model-centric approaches adopted by other engineering disciplines, including mechanical, electrical and software.
In particular, MBSE is expected to replace the document-centric approach that has been practiced by systems engineers in the past and
to influence the future practice of systems engineering by being fully integrated into the definition of systems engineering processes.”

http://www.omgwiki.org/MBSE/doku.php
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So... MBSE requires a methodology... Why?

* The tool will not provide an universal language, it filter the
“universe” of symbols into a set of options.

* Methodology - Defined as a collection of related processes, methods,
and tools.

* Process - A logical sequence of tasks performed to achieve a particular
objective. A process defines the “ " is to be done, without specifying
the “HOW” each task is to be performed.

* Method - Consists of techniques for performing a task, the “ ” of each
task. The terms “method,” “technique,” practice,” and “procedure” can be
used interchangeably in this context.

* Tool - An instrument that, when applied to a particular method, can enhance
the efficiency of a task. Thus, methods help bridge the gap between process
and tools. The purpose of the tool should be to
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& INCOSE LISTS SEVERAL METHODOLOGIES

List of Methodologies and Methods
Methodologies Surveyed in INCOSE 2008 Report

Mame Primary Point of Contact
INCOSE Object-Oriented Systems Engineering Method (OOSEM) B safriedenthal@gmail com

IEM Rational Telelogic Harmony-5SE B peter hoffmann@telelogic com
IEM Rational Unified Process for Systems Engineering (RUP-5E) B3 mcantori@us.ibm.com

Vitech Model-Based Systems Engineering (MBSE) Methodology|Vitech | B jlong@vitechcorp.com
JPL State Analysis (SA) Methodology|JPL State Analysis (SA) Ed Robert D Rasmussen@jpl.nasa.gov
Dori Object-Process Methodology (OPM) B dori@ie technion_ac.il

Additional Methodologies Identified as Gaps Since 2008 INCOSE Survey

Mame Primary Point of Contact
Weilkiens Systems Modeling Process (SYSMOD) B Tim Weilkiens@oose.de
Fernandez Process Pipelines in 00 Architectures (PPOODA) B joselfernandezi@telefonica.net

An Ontology for State Analysis: Formalizing the Mapping to SysML = & nicolas f rouquette@jpl nasa.gov

am 150-15288, OOSEM and Model-Based Submarine Design Bd Paul Pearce@deepbluetech com au
Alstom ASAP methodology B4 marco ferrogalini@transport alstom.com
Pattern-Based Systems Engineering (PBSE) B4 schindel@ictt.com

4 @ Arcadia, a model-based engineering method % Polarsys/Capella
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Solution Architecture

Specialty
engineering:
safety, perf,
secunty, ...




e Founding principles

* all of the engineering stakeholders share the
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.
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A: Operational activity
F : Function
C: Component

Operational Analysis
What the users of
the system need to
accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built




* Even though ARCADIA has the Capella Tool, we can adapt
it into the SysML.



Operational Analysis
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-+~ PROBLEM SPACE

* viewing the problem as a system,

e understanding how the interdependencies between the elements in the
problem space create the “problem symptoms”, and how the
“intervention system” might alleviate the problem symptoms

and interdependencies and
establishing overall agreed purpose and success criteria

* anticipating and aiming to minimize potential adverse or unintended
consequences of the intervention system

e scanning for and early detection of anomalous behavior and unintended
consequences — not all can be anticipated beforehand
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Viewpoints III Requirements
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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.

WHAT IS IN THE OPERATIONAL ANALYSIS (OA)

11:11
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=& *Trying to best satisfy a customer need, without having an
imposed system scope.

on smowa  MNOT Mention .

system, so as not to bar itself from potentially interesting
alternatives for achieving the satisfaction of customer
needs: it aims at understanding this need without any a
priori assumptions about how the system will contribute
thereto; this is to not restrict the scope of possibilities too
su - quickly.

14

WHAT IS IN THE OPERATIONAL ANALYSIS (OA)




WHAT IS IN THE OPERATIONAL ANALYSIS (OA)
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<&~ « EXAMPLE.— Suppose that the customer need

is to be able to hang a mirror on a wall.

If this need is translated too quickly into “how
to attach a dowel to the wall with a drill?”

* this prematurely excludes other possibilities
(such as using glue, for example),

* And, also, criteria that would help guiding
the process toward the right solution (such
as the need or not to be able to
disassemble the mirror later).




Arcadla method — operational analysis summary

Define missions |determining future system and environment

and required users’ missions — or more generally their

operational motivations, expectations, goals, objectives,

capabilities intentions, etc., as well as the capabilities
required to assume these missions.

Perform capture the conditions for the completion of a

operational mission previously identified, and those for the

needs analysis implementation of associated capabilities,

mainly through the activities and interactions
of the key players that contribute thereto.




SYSTEM ANALYSIS
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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.

e 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.

11:11
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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.

* |t 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
un sUubsequent development of the solution,

20
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WHAT IS IN THE SYSTEM ANALYSIS (OA)

21

- Arcadia method — System Analysis summary

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




LOGICAL ARCHITECTURE
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-+~ PROBLEM SPACE

* viewing the problem as a system,

e understanding how the interdependencies between the elements in the
problem space create the “problem symptoms”, and how the
“intervention system” might alleviate the problem symptoms

and interdependencies and
establishing overall agreed purpose and success criteria

* anticipating and aiming to minimize potential adverse or unintended
consequences of the intervention system

e scanning for and early detection of anomalous behavior and unintended
consequences — not all can be anticipated beforehand



* In the solution space, the SE approach involves

* identifying potential solution approaches,

* selecting a suitable approach based on evidence and expert judgement, guided by
purpose, and taking into account the levels of risk, uncertainty and change;

» defining the solution, the component parts and their properties, and the required
enabling products and services to design, make, test, deploy, use, assess, support,
evolve and eventually retire and dispose of the system



Requirements
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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.

WHAT IS IN THE LOGICAL ARCHITECTURE (LA)?

26



x *The level of Logical Architecture aims to identify Logical
Components inside the System (“how the system will
work to fulfill expectations”), their relations and their
content, independently of any considerations of
technology or implementation.

* Next an internal functional analysis of the system must
be carried out: the subfunctions required to carry out
the System Functions chosen during the previous phase
must be identified; next, a split into Logical Components
to which these internal subfunctions will be allocated
must be determined, all the while integrating the
nonfunctional constraints that have been chosen for
processing at this level

WHAT IS IN THE LOGICAL ARCHITECTURE (LA)?

27



-a *The definition of the LA (an activity often — and wrongly —

WHAT IS IN THE LOGICAL ARCHITECTURE (LA)?

28

designated “logical architecture” for convenience)
consists mainly of a comparison between the needs
expressed in previous perspectives, a functional analysis
describing the system behavior chosen to satisfy
requirements, and a structural analysis intended to
identify the components that will constitute the system,
taking the chosen constraints and structuring principles
Into account.

*The LA is therefore a , moderately

detailed, somehow an abstraction, of what the
architecture of the system will be



" The main activities for the definition of the
logical principle architecture are as follows:

* to define the factors impacting the architecture and analysis viewpoints;
* to define the principles underlying the system behavior;

* to build structuring alternatives;

* to select the offering the best compromise.




Arcadia method — Logical Architecture analysis

summary

Define the factors impacting
the architecture and analysis
viewpoints

satisfies a number of expectations and constraints of various
kinds, which constrain and influence or even direct its definition,
and whose satisfaction should be verified as early as possible to
minimize possible subsequent resumption costs.

Define the principles
underlying the system
behavior

non-functional, to which it has the responsibility to respond
during its operation under operational conditions

Build component-based
system structuring
alternatives

The system is broken down into principle components called
logical components. The term “component” is understood here
in the general sense, as a constituent of the system at this level;

Select the architecture
alternative offering the best
compromise

find among previous candidate architectures the one that
represents the best trade-off with respect to all viewpoints under
consideration, and to justify its compliance to the need.




PHYSICAL ARCHITECTURE
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Requirements
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System Need Analysis
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Physical Architecture

Building Strategy

Solution Architectural Design




~* 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.

33
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* |t is often at this level only that choices and constraints
are introduced related to implementation and production
technologies, to existing elements to be re-used.

* Any ambiguities or inaccuracies that could still exist in the
logical architecture (LA), if they did not impact its
structuring, should this time be resolved, in order to
constitute clear development contracts for the identified
components.

*PA is the privileged place of co-engineering with
subsystem engineering and software or hardware
components.

34



“* The main activities to be undertaken for the

definition of the finalized PA

* to define the structuring principles of the architecture and behavior;
* to detail and finalize the expected system behavior;

* to build and rationalize one or more possible system architectures;

* to select, complete and justify the system architecture retained.
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SUMMARY

define the structuring
principles of the
architecture and
behavior;

Factors impacting or constraining the definition of the architecture, as well as
the viewpoints and structuring design choices mentioned earlier, equally apply
to this level of architecture and are to be taken into account in a similar way.

detail and finalize the
expected system
behavior;

define the expected behavior of the system, to a level of detail and validation
enough so that each of its components can be implemented (or selected and
purchased), without any further risk or major questioning

build and rationalize
one or more possible
system architectures

define one or more solutions reflecting the structuring principles defined in the
LA, the previous finalized behavior, satisfying the expected non-functional
constraints and applying technology and reuse choices decided in accordance
with the structuring principles adopted.

select, complete and
justify the system
architecture retained.

finalize the choices among potential alternatives, and verify that the retained
alternative satisfies, possibly by means of an acceptable trade-off, all of the
needs and constraints that have been imposed thereon.




+ Transition from Logical Functions

*—._‘ i.-' Pedform an automated transition of Logical Functions
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f ) Create Traceability Matrix
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+ Refine Physical Functions, describe Functional Exchanges

0 O
| £¢_|j [PFBD] Create a new Functional Breakdown diagrams

(]
CE):B [PDFE] Create a new Functional Dataflow Blank diagram

j [: CI; [F5] Create a new Functional Scenaric

+ Define Physical Components and Actors, Manage deployments

._,_‘ i.-' Perform an automated transition of External Logical Actors

Initialization and automated update of the physical functions
according to the logical functions

The transition tools create a first 1-1 traceability mapping between
Physical Architecture and Logical Architecture. Use dedicated
traceability matrices to modify the traceability relationships.

"‘=I|)

Enrich and details the functional breakdown with new physical
functions.

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

_—y e

L._‘ i.-' Perform an automated transition of Logical System

-y U

Ijr.J;_:-LILI [PCBD] Create 3 new Physical Component Breakdown diagram
O

Hem

El [PAB] Create a new Physical Architecture diagram
i

f ) Create a new Physical Compeonent /£ Logical Component Matrix

The initialization and automated updated of the physical actors can be
automatically performed according to logical actors.

Define the physical components. A physical component is a physical
representation of an entity in the system (hardware, software,
firmware, personnel, facilities, data, materials, services and
processes). It is in charge of the implementation of one or several
logical components. A physical component can be Node or Behavior.

37




= Allocate Physical Functions to Physical Components

Hm

El [PAB] Create a new Physical Architecture diagram
i

[ES] Create a new Exchange Scenario

= o
=

f 1] Create 3 new allocation Physical Component 7 Physical Function Matrix

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

Manage the deployment of behavior components on node
components and deduce physical links and paths. Create dataflows
scenarios to illustrate functional exchanges between the components.

= Delegate Logical Interfaces and create Physical Interfaces

3 -

Delegate each logical interface to one physical component. Create new
physical interfaces between components.

o [CIN Create a new Contextual Internal Interface diagram on the Physical System

= Enrich Physical Scenarios

'—._‘ i.-' Perform an automated transition of Logical Architecture Capabilities

- -~

[ -]
[ [: i [I5] Create a new Interface Scenaric

38

Specify the dynamical behavior of the physical components by
completing the interaction sequences coming from the Logical
Architecture. The enrichment of the interaction sequences and the
identification of the new physical interfaces are two very tight and
iterative activities.

The scenario refinement process is iterative, each update on a source
can be automatically propagated to the target.




KISS

KEEP IT
SIMPLE
AND STUPID

4

So... Final project ,



- 3 Steps

* Create the package structure (pkg)

e 1 — Capture and Simulate the problem domain (OA) [KISS]

* Blocks [3..5] w/out the system ( ) / behavior of the elements ( ) / global
CONOPS (sd)

* Place “user requirements” on the situations that are problematic. (req)

e 2 —Include a System that will “solve” the problem and sim (SA). [KISS*2]

* Define the main behaviors (uc) / Blocks ¢/ the system ( ) / behavior of the elements
and now the system ( ) / global CONOPS (sd) *do not decompose the system

* Place “system requirements” on the functions/states/interfaces/parts of the system. (req)

* 3 - Decompose [3..5] the System and show how it will solve (LA) [KISS*3]

* Blocks of the system (bdd/ibd) / behavior of the elements of the system ( )/
global CONOPS (sd)

 |deally it would have the subsystem requirements, but let just simulate...
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