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Objectives

Å Motivation and description of an Model-Based Systems 

Engineering (MBSE) approach

Å Present a sample Architecture, Simulation and Visualization

Å Application of processes and tools for MBSE 

ï OMG Systems Modeling Language (SysML) 

ï IBM Rational Harmony Process for Systems Engineers 

ï IBM Rational Rhapsody modeling tool for SysML and Harmony 
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Agenda

Å Applying Modeling and Simulation for Systems Engineering

Å Conceptual Model ïBlack Box

Å Logical Model ïWhite Box

Å Visualization ïExecutable Model 
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Outline
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Å Applying Modeling and Simulation to System Engineering

ï Architectural Modeling Purpose

ï Advantages Model Based Systems Engineering (MBSE)

ï SysML and Model Based Systems Engineering

ï SysML Model Functional Grouping

ï MBSE Process Using SysML Rhapsody and Harmony

ï Application of Modeling

ï Demo Problem Description
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Architectural Modeling Purpose

ÅWhy

ïTo provide a solution that satisfies the Stakeholders

ÅWhen

ïBefore implementation is started

ÅWhat

ïDocuments the design of the solution

ÅHow

ïUse the Systems Modeling Language (SysML) specification for models

ÅWhere

ïExecutable Architecture provides system Simulation and Visualization

ÅWho

ïSystems Engineer and Architect
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Advantages of Model Based Systems 

Engineering (MBSE)

ÅProvides a mechanism to capture and verify requirements

ÅRequirements can be allocated and traced to its source

ÅDiagrams are integrated with each other to provide a cohesive view of the 

architecture

ÅModels are used to define message definition and port interfaces that 

define the systems interface specification 

ÅSystem integration and testing risks are reduced with the use of model 

diagrams that are the basis for system specifications and test plans

ÅObjects 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)

Å 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

Å Uses SysML to:

ï Support the concepts of describing a model with all activities performed by one or more 

system scenarios

ï Provide allocation of scenario activates to objects that can then be defined as system 

hardware components

ï Implement the architectural model using state diagram that when executed provide a 

simulation of the scenario execution on the architectural model

ï 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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Å SysML can be grouped into four functional areas

ï Each group is implemented using the shown SysML diagrams

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

model
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Requirements  
(system, subsystem, 

component)

Parametrics  
(mathematic formulas,  

constraints)

Behavior                  
(use case, activity, sequence, 

state machine)

Structure          
(external, and internal 

block)

SysML Model Functional Grouping
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System Verification 

Models                  
(Rational Test Conductor)

Use Case, 

Scenarios

Performance 

Parameters

Executable Code

System  

Requirements

Performance 

Results

Infrastructure  

Parts List

Model Based Systems Engineering Framework

Requirements 

Repository  
(Requisite Pro, Doors, 

Excel)

System

Performance 

Simulations  
(InterCAX, OpNet)

System 

Architecture 

Models            
(SysML, Rhapsody, 

Gateway)

Site 

Infrastructure 

Models     
(Puppet)

System 

Visualizations   
(GUI Software)



Copyright © 2010 NORTHROP GRUMMAN CORPORATION Published and used by INCOSE and affiliated societies with permission.

MBSE Process Using SysML Rhapsody 

and Harmony
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