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Objectives NW

A Motivation and description of an Model-Based Systems
Engineering (MBSE) approach

A Present a sample Architecture, Simulation and Visualization

A Application of processes and tools for MBSE
I OMG Systems Modeling Language (SysML)
i IBM Rational Harmony Process for Systems Engineers
i IBM Rational Rhapsody modeling tool for SysML and Harmony
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e

A Applying Modeling and Simulation for Systems Engineering
A Conceptual Model i Black Box
A Logical Model i White Box

A Visualization T Executable Model
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A Applying Modeling and Simulation to System Engineering
I Architectural Modeling Purpose
I Advantages Model Based Systems Engineering (MBSE)
I SysML and Model Based Systems Engineering
I SysML Model Functional Grouping
I MBSE Process Using SysML Rhapsody and Harmony
I Application of Modeling
I Demo Problem Description
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Architectural Modeling Purpose

A Why

I To provide a solution that satisfies the Stakeholders

A When

i Before implementation is started

A What

I Documents the design of the solution

A How
I Use the Systems Modeling Language (SysML) specification for models

A Where

I Executable Architecture provides system Simulation and Visualization

A Who

I Systems Engineer and Architect
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Advantages of Model Based Systems Engineering

A Provides a mechanism to capture and verify requirements
A Requirements can be allocated and traced to its source

A Diagrams are integrated with each other to provide a cohesive view of the
architecture

A Models are used to define message definition and port interfaces that
define the systems interface specification

A System integration and testing risks are reduced with the use of model
diagrams that are the basis for system specifications and test plans

A Objects can be defined with interfaces (messages, message formats, and
ports) and functions be defined with models that can be simulated
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SysML and
Model Based Systems Engineering (MBSE)
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A SysML was developed as an extension to UML to provide a modeling
capability for the Systems Engineers to create static and dynamic models
of the systems architecture

A Uses SysML to:

I Support the concepts of describing a model with all activities performed by one or more
system scenarios

I Provide allocation of scenario activates to objects that can then be defined as system
hardware components

I Implement the architectural model using state diagram that when executed provide a
simulation of the scenario execution on the architectural model

I Provides a verification of model execution state diagram functionality against the
designed scenario activities and interactions between actors and the system
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MBSE Strategic Roadmap

System of systems Design optimization across broad trade space

Reduced cycle times : Y | ¢
interoperability Cross domain effects based analysis

MBSE Capability
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MBSE across Distributed & secure model repositories
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Source: INCOSE MBSE Initiative, June 2007
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Four Pillars of SysML

Requirements

functional, and non-functional requirements

- Operational,

and their relationships with other
requirements and/or model objects.

Structure

- Enterprise and system

level contexts from both the logical and

physical viewpoints.

Behavior

Parametrics

-Intended and unintended
behaviors for a given system of interest.

- Formal relationships
and constraints levied on system and its

components such as Measures of

Effectiveness/Key Performance Parameters
(MOEs/KPPs). Tied to system architecture
and/or Processes. Allows SEs to perform

various systems analysis activities such as

trade studies, engineering budgets and

design optimization.
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2. Behavior
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4, Parametrics

Note that the Package and Use Case diagrams are not shown in this example, but are respectively part of the structure and behavior piliars

Source: The OMG SysML Resource Page, 11 February 2008
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A SysML can be grouped into four functional areas

I Each group is implemented using the shown SysML diagrams

I The groups also interact with each other to provide a cohesive architectural
model

Requirements
(system, subsystem,
component)

Parametrics
(mathematic formulas,
constraints)

Structure
(external, and internal
block)

Behavior
(use case, activity, sequence,
state machine)
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Modeling Framework for MBSE

Requirements
Models

(DOORS,ReqgPrq Excel)

Non-functional
Requirements

Design
Parameters

Parametrics
Models L

Structure
Models

(External and Internal Block)

(Mathematic Formulas and
Constraints)

Network Component gQ/e\lc??i(é;iF)o%r]sent
Specifications
Network Hardvyare
Design Design
Models Models

(VHDL, Modelica , Matlab )
(OPNET, QUALNET)
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IT TAKES MANY MODELS TO DESCRIBE A SYSTEM
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:] SE Domain Models

Other Engineering Domain
Models

Functional
Requirements

Structure and
Interfaces

Behavior

Models

(Use Case, Activity, Sequence
and State Machine)

Sequence &

S/W Component
Specifications

System

Visualizations
(GUI Software)
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Software
Design
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MBSE Process Using SysML Rhapsody and
Harmony
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