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What is System Engineering

� According to INCOSE…

� Systems Engineering is an interdisciplinary approac h and means to enable the 

realization of successful systems. It focuses on de fining customer needs and 

required functionality early in the development cyc le, documenting 

requirements, then proceeding with design synthesis  and system validation 

while considering the complete problem:

� Operations

� Performance

� Test

� Manufacturing

� Systems Engineering integrates all the disciplines and specialty groups into a 

team effort forming a structured development proces s that proceeds from 

concept to production to operation. Systems Enginee ring considers both the 

business and the technical needs of all customers w ith the goal of providing a 

quality product that meets the user needs.
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Why Modeling?

� A model is a pattern, plan, representation or descr iption designed to 

illustrate an object or workings of an object, syst em, or concept.

� Models help us to understand, prior to the creation  or use of an object 

or system, the sensitivity of various aspects of th at object or system to 

one another.

� Understanding these interactions can help us to mak e important 

decisions about the design and construction of that  object or system.
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Why Modeling?

� Modeling is used across industries and sciences for  analysis and

design.
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The System Model

� The creation of a system model yields a number of a dvantages

� Based on the industry standard SysML

� Provides integration of various views of a system i nto a cohesive unit

� Can be used to identify interfaces between “lower-l evel” systems

� Can be used to specify collaborative behavior betwe en “lower-level” systems

� Can be executed to verify that system interactions meet requirements very early in the 

development process
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SysML – The Industry Standard for Systems Modeling

� SysML is a general purpose modeling language for sys tems engineering 

applications. It is a dialect of UML™, the industry standard for modeling 

software-intensive systems

� SysML may be used to represent the structural and be havioral views of a system

� SysML enjoys broad and sophisticated tools support
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What is OMG SysML™?

� A Graphical Modeling Language

� Largely specified by members of INCOSE working in conjunction with the 
OMG

� Supports the specification, analysis, design, verification, and validation of 
systems that include hardware, software, data, personnel, procedures, 
and facilities

� SysML is not a Methodology

� SysML is not a Process

� SysML is not a Tool
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SysML Specification

The OMG specification states:

"This specification defines a general-purpose modeling language for systems 
engineering applications, called the Systems Modeling Language (SysML). SysML 
supports the specification, analysis, design, verification and validation of a broad range 
of complex systems. These systems may include hardware, software, information, 
processes, personnel, and facilities."

“SysML is designed to provide simple but powerful constructs for modeling a wide range 
of systems engineering problems. It is particularly effective in specifying requirements, 
structure, Behavior, and allocations, and constraints on system properties to support 
engineering analysis.”



INCOSE, June 2009  10 © Copyright IBM Corporation 2009

The SySML and UML

� SysML is a subset of UML with extensions needed to satisfy the needs of the 
Systems Engineering Community
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SysML Diagrams
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Requirements Diagram
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Use Case Diagram
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Activity Diagram
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Sequence Diagram
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Block Definition Diagram
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Internal Block Diagram
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Statechart
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Parametric Diagram
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The Cornerstones of Model Driven Systems Developmen t

Visualize
requirements

UML/SysML
based

modeling

Continual
testing

Team 
collaboration

Round-trip 
software 

engineering

Model Driven 
Development
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Visual requirements capture

� Extend requirements engineering to development
� Iterate requirements into executable systems model for analysis and validation

� Confirm project requirements
� Animate and simulate use case functionality and behavior 
� Ensure that the design fulfills the requirements; ensure regulatory compliance

Visualize
requirements
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Modeling Using an Industry Standard 

� UML

� Industry standard notation for 
representing designs

� SysML 

� Extends UML to address 
needs of the systems 
engineer

� Visualize:
� Requirements
� Structure
� Behavior
� Interaction
� Constraints

� Compliance: DoDAF, MODAF, 
AUTOSAR, etc.

UML/SysML
based

modeling
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Domain Specific Modeling

� Tailor your environment to your domain

� Advanced graphics and design profiles (skins) allow for high-end design 
sophistication and domain-specific modeling

� Example: Safety Analysis profile with  Fault Tree Analysis for Hazard Analysis…

UML/SysML
based

modeling
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Model-driven testing

� Bring the benefits of abstraction and automation to testing 

� Reduce defects early in the process when they are less costly to fix

� Deliver products meeting customer expectations

Simulation

Finding & Correcting 
Errors

Sequence Diagrams
Requirements-based testing Automated unit testing

Host 
based

Target 
based

Continual 
testing
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Simulation, Execution & Animation

� Promote agile development by validating requirements early

� Perform design level debugging

� Identify and address errors early when they are less costly to fix

� Visually communicate intended behavior to customer

Continual
Testing
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Requirements-driven testing

� Automatic regression testing

� Change impact and analysis

� Dramatically reduce time in the testing phase reducing overall development 
costs

Continual 
testing
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Visualize existing code

� Increases understanding of existing IP across your organization

� Provides automatic documentation, reducing time-to-market

� Allows you to continue working with parties that hand code

� Re-use existing assets with improved understanding

Round-trip 
software 

engineering
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Full Application Generation

� Generate complete C, C++, Java and Ada applications
� Visualize behavior and include in code, not just code frames
� Produce construction artifacts such as make files
� Customize to plug into your existing build processes 
� Debug clean, readable code easily 

� Rapidly deploy your design onto any target platform
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Round-trip 
software 

engineering
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Leverage Existing Intellectual Property

� Leverage your existing external code to: 
� Re-use code from other projects

� Integrate code developed by a third party

� Import code generated from another tool

� Such code can be:
� Viewed externally (code visualization)

� Provides easy referencing from the model

� Automatically allows graphical visualization of your IP

� Virtually seamless workflow between model and hand-written code

� Automatically reverse-engineered to become part of the model
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software 

engineering
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Synchronized implementation and documentation

� Code, model, and documentation stay synchronized

� Model generated into code eliminates manual typing to improve productivity

� Code edits are updated into the model 

Round-trip 
software 

engineering
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Team Collaboration

� Support for small and large scale development 

� Manage parallel development with graphical differencing and merging

� Tight integration with Configuration Management 
(CM) including Rational ClearCase®, Rational Team Concert
& Telelogic Synergy™

Team 
Collaboration
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Document while you design

� Customizable documentation generated from the model

� Tailor to company requirements

� Deliver documentation reflecting the implementation

� Helps automate creation of review artifacts or deliverables

� Templates improve consistency across the project

Team 
Collaboration
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The Rational MDD solution

� Extend requirements engineering to development
� Visualize how models and code relate to 

Requirements 
� View requirements in model

� Design and develop using industry standards and 

domain-specific extensions

� Simulate and execute to validate designs

� Identify defects early

� Rapidly comprehend complex software and analyze 

proposed changes
� Import code (C, C++, Java, Ada) and designs 

(UML, XMI)
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� Develop complete C, C++, Java and Ada solutions 

for embedded devices

� Synchronization between architectural model 

and code

� Concurrent design collaboration for small, large, and 

distributed teams

� Collaborate in real time with Rational Team 
Concert, Rational ClearCase or Telelogic 
Synergy

� Customizable documentation stays in sync with the 

implementation

The Rational MDD Solution
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Rational Provides a Complete ALM Solution

Requirements
Definition &

Management

Analysis & 
Design

Quality 
Management

Release 
Management

Construction

Configuration & 
Change Mgmt

Asset 
Management & 

Reuse

Production

Enterprise Architecture/
Architectural Frameworks

Measurement &
Reporting

Product Portfolio
Management

System Lifecycle Process Management

Rational BuildForge

Telelogic DOORS

Telelogic Focal Point

Eclipse
Other IDE

Telelogic Rhapsody

Telelogic RhapsodyTestConductor
Rational Quality Manager
Rational Test RealTime

Rational PurifyPlus

Rational ClearCase\
Rational Team Concert

Rational ClearQuest
Telelogic Synergy
Telelogic Change

Rational Asset Manager

Rational Method Composer, Telelogic Harmony, RUP-SE

Rational ProjectConsole
Telelogic Dashboard

Telelogic System Architect
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How does IBM help you get started?

Process and 
methodology

• Process framework 
workshop

• Rapid deployment 
packages

• Telelogic Harmony 
family of processes

Implementation 
services

• Adoption quick starts

• Deployment support

• Project management

• Planning support

• Escalation/risk mitigation

Training and 
mentoring

• Tool training

• Technology transfer

• Process training

• Adoption mentoring

• e-Learning

Technical services

• Project architecture 
workshops

• Tool customization

• Tool configuration

• Data transfer
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Learn more about IBM Rational ® software at:
� IBM Rational software
� IBM Rational Software Delivery Platform
� Process and portfolio management
� Change and release management
� Quality management
� Architecture management

� Rational trial downloads
� Leading Innovation Web site
� developerWorks® Rational
� IBM Rational TV
� IBM Business Partners
� IBM Rational case studies

Thank You!

� To learn more, please visit:

� www.telelogic.com

� Telelogic Rhapsody Trial: http://www.telelogic.com/contact/rhapsody_eval.cfm
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Harmony Process Overview

� Model-driven hybrid iterative process, supporting
� Top-down systems engineering ( HARMONY-SE ) as well as

� Incremental software engineering ( HARMONY-SWE )

� Seamless transition from systems engineering to software engineering by 
using the SysML™ as paradigm independent modeling language (“same 
language, different dialects”)

� Scenario-driven process: Reuse of test scenarios throughout the development

� Tool supported ( Rhapsody® ), thus common database for both the systems 
engineering phases as well as the software engineering phases
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Harmony Development Process
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Systems Engineering Process - Key Objectives

� Identify / derive required system functionality

� Identify Interface Information

� Identify associated system states and modes

� Allocate system functionality / modes to a 
physical architecture
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Harmony Systems Engineering Process
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SysML Artifacts for System Engineering

Artifact relationships at the Functional Analysis Level
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Handoff to Hardware & Software Development

� For each physical subsystem the essential handoff artifacts to the subsequent 
hardware and software development are:

� Executable HW / SW Design Specifications
� Allocated functional hardware / software requirements (operations),

� Allocated non-functional requirements (e.g. QoS requirements),

� Links to original system-level requirements (RT database),

� Hardware / software component functional / state-based behavioural descriptions (use case 
diagrams, activity diagram(s), statechart diagram(s))

� Logical Interface Control Document
� System level interfaces

� Subsystem level interfaces

� Subsystem / Subsystem Components Test Vectors derived from the system-level 
use case scenarios
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System Functional Analysis

� The focus of the System Functional Analysis phase is to :
� Define the System Context

� Build a Use Case Model that encapsulates the overall Functional Flow of the System

� Identify a set of System Operations (functionality) that can later be allocated to a 
Subsystem Architecture

� Verify & Validate the Use Case model for correctness and consistency
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System Functional Analysis Workflow
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System Functional Analysis Task Flow
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Handoff Artifacts Overview

Handoff as REF/Unit

Handoff as REF

Handoff as REF/Unit
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For more information, contact…

Chris Carson
Senior Modeling Specialist
Rational Process and
Best Practices

carsonch@us.ibm.com
Mobile: 1-773-772-0402 

Sue Hallen
Associate Partner
Electronics PLM Lead

sahallen@us.ibm.com
Mobile: 1-847-652-2882

Mike Fitzgerald
IBM S&D – Software Sales
Rational Sales Specialist

mikefitz@us.ibm.com
Mobile:1-773-531-4716 


