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What we mean by Systems Engineering
Systems Engineering is an interdisciplinary approach and mean to enable the realization of 
successful systems.

It focuses on defining customer needs and required functionality early in the development cycle, 
documenting requirements, then proceeding with design synthesis and system validation while 
considering the complete problem:

Operations 
Performance 
Test 
Manufacturing 
Cost & Schedule 
Training & Support 
Disposal

Customer Requirements

Product 
Effectiveness

Technologies
Design Constraints

Regulation

Optimal Product
• Operational effectiveness
• Performance
• Maintainability
• Interoperability
• Cost
• Disposal
• Regulation Compliance
• Manufacturability

EIA 632

ISO 15288
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Product Lifecycle Management

Typical symptoms of poor Systems Engineering

Weak/non-existent basis to requirements
Inadequate costing and time-scale estimation
Weak control of suppliers/sub-contractors
Recurring integration problems
Inadequate test and acceptance strategy

Does this 
sound 

unfamiliar?
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IBM experience with Systems Engineering
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Characteristics of Complex Systems
Technology

– Constantly evolving technology and related standards
– Multitude of interfaces (hard and soft), distributed processing nodes and platforms, 

security implications
– Information and knowledge intensive

Business

– Constantly changing scope, business processes, requirements, and expectations
– Global relevance scope and application
– Evolving marketplace and related vendors and suppliers

Organizational

– Numerous stakeholders, with conflicting preferences
– Constraints imposed by legacy organizational structures
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The business benefits of Systems Engineering

There are three key business benefits of systems engineering. 
These are:

– build the right system (and avoid the costs associated 
with investing in the wrong one)

– ensure stakeholder satisfaction on delivery (and 
hence ensure the developer gets paid)

– “integration by design”: avoid overspend and over-
runs in the expensive phase of the lifecycle (generally 
integration, test and setting to work)

Right system

Right requirements

Right architecture
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Collaborative Systems Engineering: Key Processes

Requirements
Management

Requirements
Management

Functional
Analysis

Functional
Analysis

Logical
Architecture

Definition

Logical
Architecture

Definition

Detailed
Design

Detailed
Design

TestTest

IntegrationIntegration

ValidationValidation

ProductProductNeedsNeeds

Collaborative Systems Lifecycle
Management & Traceability

Collaborative Systems Lifecycle
Management & Traceability



©
20

06
 IB

M
 C

or
po

ra
tio

n 
an

d 
 D

as
sa

ul
t S

ys
tè

m
es

Product Lifecycle Management

Projects

Requirements

Documents

Parts

Systems

Functions

Contacts

IVVQ

Decisions
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Requirements Management

Requirements
Management

Requirements
Management

Functional
Analysis

Functional
Analysis

Logical
Architecture

Definition

Logical
Architecture

Definition

Detailed
Design

Detailed
Design

TestTest

IntegrationIntegration

ValidationValidation

Requirements Management

- Identification

- Capture 

- Decomposition and derivation

- Analysis

- Formalization 

- Changes and impacts management

- Evolution track and audit 

- Verification method definition

- Baseline creation

R 1

R 1.1 R 1.2

R 1.1.1 R 1.1.2 R 1.2.2R 1.2.1

Requirements 
breakdown

Formalize and validate early the system 
requirements
Consider the entire problem 
Facilitate the collaboration around requirements

Formalize and validate early the system Formalize and validate early the system 
requirementsrequirements
Consider the entire problem Consider the entire problem 
Facilitate the collaboration around requirementsFacilitate the collaboration around requirements

ProductProductNeedsNeeds
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Requirements Management: Processes

Requirements
Decomposition
Requirements
Decomposition

Requirements
Analysis

Requirements
AnalysisRequirements

Formalization
Requirements
Formalization

Requirements
Validation

Requirements
Validation

NeedsNeeds

Number of

Requirements

Requirements Tree

Increased
understanding

of
Requirements

System Segment
Specification

System Segment
Design Document

Discipline Requirements Specification

Interface Requirement Specification

Discipline Design Document

Interface Design Document

Requirements
Capture

Requirements
Capture2 3

4
5

6

Needs
Identification

Needs
Identification

1

Requirements Changes 
Management

Requirements Changes 
Management7

Solution
Specification

Solution
Specification
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Requirements capture

Link is created with the source
document

Itegrated functionsMenus integrated 
with Word

The captured text becomes a unique
object identified in the database
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Requirements tree
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Requirements Decompose & derive

parent – child links
Maturity

stage

Requirements are broken down into derived requirements, 
to enable allocation to system functions and architecture 

components …

Customizable attributes
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Requirements comparison

Requirements Analysis

Excel sheets with filters
on the attributes

Requirements selection

Request

Filters
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Manage requirements in « Modules »
Modules are containers to help organize 
requirements for business purpose: by 

requirements type; by discipline…

Requirements can be 
organized by chapters and 

subchapters to facilitate 
document production

« Drag & drop » used to allocate
Requirements to chapters, etc..

Modules enable independent views to be 
created for the different roles; All 

disciplines and roles can collaborate 
around the same single managed 
requirements reference repository.
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Allocation: Object link creation 1/2

Links are created by 
« Drag & Drop » and abide to 

pre-established rules

Rules can be related to maturity, conditions on 
verification, etc.. to authorize the link allocation



©
20

06
 IB

M
 C

or
po

ra
tio

n 
an

d 
 D

as
sa

ul
t S

ys
tè

m
es

Product Lifecycle Management

Allocation: Object link creation 2/2
Dynamical links are exposed 
and visible in the views and 

facilitate navigation and 
impact assessments

Typical link types:                           
- requirement to requirement

- requirement to function
- requirement to system component

- IVVQ link 
- justification link, etc …

Links are objects managed in 
the DB with specific 

customizable attributes

Link to justification object

Maturity stage
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Link management & traceability
Native tool capabilities to retrieve 

unallocated links 

Reporting

Excel export to trace 
allocation links and 
their maturity stage

« top-down » & « bottom-
up » views to facilitate 

management and analysis Shows dependent 
documents: requirements, 

functions, components, 
test results…
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Functional Analysis

Requirements
Management

Requirements
Management

Logical
Architecture

Definition

Logical
Architecture

Definition

Detailed
Design

Detailed
Design

TestTest

IntegrationIntegration

ValidationValidation

Functional Analysis

- Define mission needs

- Define detailed operational scenarios

- Define Functions

- Decompose Functions to Sub functions

- Define Functional Interfaces

- Allocate Requirements to Functions

- Decompose Functional Requirements

- Define acceptance criteria

- Establish Functional Baseline

F1 F5

F2 F3

F4

R 1

R 1.1 R 1.2

R 1.1.1 R 1.1.2 R 1.2.2R 1.2.1

Requirements 
breakdown

Formally identify system functions
Optimize Function/Value Ratio
Secure Compliance to Regulation
Optimize Cross Products Function Re-use
Share a Unique Functional Product Definition across the value chain

Formally identify system functions
Optimize Function/Value Ratio
Secure Compliance to Regulation
Optimize Cross Products Function Re-use
Share a Unique Functional Product Definition across the value chain

ProductProductNeedsNeeds

Functional
Analysis

Functional
Analysis
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| Presentation title    | Date

Functional Analysis example: MS Visio integration
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Fonctions tree
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Logical Architecture definition

Requirements
Management

Requirements
Management

Functional
Analysis

Functional
Analysis

Detailed
Design

Detailed
Design

TestTest

IntegrationIntegration

ValidationValidation

Functional Analysis

F1 F5

F2 F3

F4

R 1

R 1.1 R 1.2

R 1.1.1 R 1.1.2 R 1.2.2R 1.2.1

Requirements 
breakdown

Logical Architecture Definition

- Define system architecture

- Allocate Functions to system architecture

- Allocate Requirements to system architecture

- Define/Refine system Interfaces (Internal/External)

- Define Alternative Product & Process Solutions 

- Establish  product architecture Baseline

Components

Interfaces

System

Capture System Architecture Know-How
Support Trade-off Studies
Optimize Cross Products System Re-use
Share a Unique System Architecture Across the Value Chain

Capture System Architecture Know-How
Support Trade-off Studies
Optimize Cross Products System Re-use
Share a Unique System Architecture Across the Value Chain

ProductProductNeedsNeeds

Logical
Architecture

Definition

Logical
Architecture

Definition
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Logical
Architecture

Logical
Architecture

Functional
Architecture
Functional

Architecture

Functional Analysis and System Architecture Definition
Iterative Processes

Requirements
Allocation

Requirements
Allocation

Functional
decomposition
& flow diagram

Functional
decomposition
& flow diagram

1

Functional
Analysis

System Architecture
Definition

Internal
Functional

decomposition
& flow diagram

Internal
Functional

decomposition
& flow diagram

3
Allocation

Matrix
Allocation

Matrix

7

System
architecture

definition

System
architecture

definition
5

Functional
Allocation
Functional
Allocation

62
Functions-

Requirements
traceability matrix

Functions-
Requirements

traceability matrix
4
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Requirements
Management

Requirements
Management

Functional
Analysis

Functional
Analysis

Logical
Architecture

Definition

Logical
Architecture

Definition

Detailed
Design

Detailed
Design

TestTest

IntegrationIntegration

ValidationValidation

F1 F5

F2 F3

F4

R 1

R 1.1 R 1.2

R 1.1.1 R 1.1.2 R 1.2.2R 1.2.1

Requirements 
breakdown

Components

Interfaces

System

Reduce Overall Product Development Cost
Reduce Overall Product Development Risk
Reduce Overall Product Development Cost
Reduce Overall Product Development RiskRe-use

Re-u
seRe

-u
se

ProductProductNeedsNeeds
Capitalize on Re-usable Assets

Reusable assets
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Test and Validation

Requirements
Management

Requirements
Management

Functional
Analysis

Functional
Analysis

Logical
Architecture

Definition

Logical
Architecture

Definition

Detailed
Design

Detailed
Design

F1 F5

F2 F3

F4

R 1

R 1.1 R 1.2

R 1.1.1 R 1.1.2 R 1.2.2R 1.2.1

Requirements 
breakdown

Components

Interfaces

System

Address test and integration issues early
Synchronize tests and system requirement 
changes

Address test and integration issues early
Synchronize tests and system requirement 
changes

Test and Validation

ProductProductNeedsNeeds

TestTest

IntegrationIntegration

ValidationValidation
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Requirements
Management

Requirements
Management

Functional
Design

Functional
Design

Logical
Design

Logical
Design

Physical
Design

Physical
Design

Test & 
Validation

Test & 
Validation

Requirements
Breakdown

Functional
definition

Physical/logical
definition Detailed Design

Net: A comprehensive & managed reference model of the system

Test & 
validation
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Product Architecture view

Store
Output

Store
Blank
Paper

Enclose
Printer

Provide
Structural
Support

Print

Position
Cartridge
In X-Axis

Position
Paper

In Y-Axis

Supply
Power“Pick”

Paper

Control
Printer

Command
Printer

Connect
to

Host

Communicate
with
Host

Display
Status

Accept
User

Inputs

Paper Tray Print
Mechanism

Logic Board

Chassis

Enclosure

User Interface Board

Host Driver
Software

Power 
Supply

Functional
Elements

Subsystems

Print 
Cartridge

Interfaces

•Cost

•Weight

•Length

•Height

•Recycling

•Center of gravity

Design Req.

•Print Mechanism Cost

•Print Mechanism Weight

•Print Mechanism Length

•Print Mechanism Height

•Print Mechanism Material

Design Req.
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Configuration 
Management 
capabilities

Automated 
Workflows

MS Outlook/Lotus 
email connectivity

Revision 
Management

Program 
Management 

BOM creation/
management

Multi CAx, MS Office, MS 
Project integrations

Flexible Data 
Model

Bottom-Up 
Scalability

Change 
Processes

Full Web access

Document/Content 
Management

Distributed & 
remote site 
management

Middleware 
interoperability via EAI

ERP/PDM 
Synchronization

And much more…

CSE is built on SmarTeam rich functionality

Supplier 
Collaboration
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Process Management
leverage SMARTEAM workflow automation 

examples:
– needs elicitation
– stakeholder validation
– mandatory approvals
– phase reviews
– change management
– …

Streamline and formalize 
approval processes
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Process Management
Exploit linkage with project management 

Manage timeline and 
resources

Link tasks and deliverables

integrated project management

Projects

Tasks Deliverables
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Domain tools and enterprise application integration
A rich set of integration tools to enable your specific processes

Interfaces

System
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SMARTEAM Products & Configurations used in the 
Collaborative System Engineering (CSE) Solution

SMARTEAM – Foundation

SMARTEAM – Editor
B

PC
 C

ol
la

bo
ra

tiv
e 

sy
st

em
 li

fe
cy

cl
e 

m
an

ag
em

en
t &

 
tr

ac
ea

bi
lit

yBPC Requirement 
Management

B
PC

 C
om

po
si

te
 

D
oc

um
en

ts

BPC Requirement XML 
edition

SMARTEAM Editor configuration

SMARTEAM – BOM

SMARTEAM

SEG

configuration

Vi
si

o 
In

te
gr

at
io

n
Te

ch
no

lo
gi

ca
l 

D
em

on
st

ra
to

r

Recommended
prerequisites

Mandatory
prerequisitesC

SE
 S

ol
ut

io
n

prerequisites

prerequisites

SMARTEAM – Workflow

prerequisites



©
20

06
 IB

M
 C

or
po

ra
tio

n 
an

d 
 D

as
sa

ul
t S

ys
tè

m
es

Product Lifecycle Management

Collaborative Systems Engineering key benefits

Product Standardization

Plateform/System reuse

Better cost/performance ratio (value analysis)

Control supply chain cost

Product Standardization

Plateform/System reuse

Better cost/performance ratio (value analysis)

Control supply chain cost

Regulation compliance

Better understanding/compliance with customer requirements

Support for continuous process improvement

Reduce waste / duplicate work 

Regulation compliance

Better understanding/compliance with customer requirements

Support for continuous process improvement

Reduce waste / duplicate work 

Do it right the first time

Early supply chain involvement

Platform/components/ technology reuse

Project management

Do it right the first time

Early supply chain involvement

Platform/components/ technology reuse

Project management

Managing increasing:

regulation complexity

interactions between systems

software functionalities

product variants

multi-disciple interaction / design dependencies  
(Mechanical/Electronic/Software)

Managing increasing:

regulation complexity

interactions between systems

software functionalities

product variants

multi-disciple interaction / design dependencies  
(Mechanical/Electronic/Software)

Increasing role of the system architect (OEM):

Better control of the contractual relation between 
OEM/Supply chain (Cost/Delay/Performance/Quality)

Increasing role of the system architect (OEM):

Better control of the contractual relation between 
OEM/Supply chain (Cost/Delay/Performance/Quality)

Increase adaptability (functional)

Foster modular design

Requirements changes propagation

Increase adaptability (functional)

Foster modular design

Requirements changes propagation

Cost Reduction

Time to Market
Reduction

Quality Increase Agility/Innovation Capabilities

Mastering Complexity
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Take away

SMARTEAM / CSE a flexible and powerful framework to support your Systems 
Engineering process and focus on the early critical stages of product development

SMARTEAM / CSE an integrated and full feature Requirements Management solution 
to insure compliance and customer satisfaction

Requirements

Functions

System

Design

Software MechanicsElectronics

Integration

Tests

Qualification / 
certification

Assemblies

http://www.dolphin.fr/medal/smash/smash_shots.html
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Thank You !
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