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Commercial Systems Engineering Process 

Phased Process Outputs

Decision support data
System architecture
Specification
Baselines

Synthesis

Transform architecture (Functional to
physical)
Define configuration items & elements
Define/refine physical interfaces
Select preferred product/process solutions

Functional Analysis/ Allocation

Decompose functional requirements
Allocate functionality and performance
to lower levels
Define/refine functional interfaces and
architecture

Requirements Analysis

Analyze markets and environments
Identify functional/requirements
Define/refine performance requirements
Identify constraint requirements

Process Inputs

Business objectives
Market/competitive requirements
Customer needs/objectives
Technology base
Environments
Constraints
Specifications, codes, standards
Program decision requirements
Measures of effectiveness

Modelling, Analysis Simulation
Design for (x)
Trade studies/Trade offs
Risk management
Configuration & Data management
Interface management
Work breakdown
Critical parameter management (CPM)
Technical reviews
Lessons learned

System
Analysis

& Control
(Balance)

Design Loop

Requirements Loop
Ve

rif
ic

at
io

n 
Lo

op

Image by MIT OpenCourseWare.



30 

Systems Engineering cycles iterated 
in each development phase 

Verify Production
Process

Verify Product
DesignOptimize SystemOptimize 

SubsystemsDesign

Product Commercialization Phases 1-6:

Iterations of the systems engineering process....

Concept

Image by MIT OpenCourseWare.
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Key areas for impact 
•  Requirements come from 

many stakeholder classes 
•  Upstream processes feed 

in business requirements 
•  As important as needs 

are constraints 
•  Don’t forget ‘non-

functional’ requirements 
•  QFD is a proven method 

to translate needs to 
requirements 



QFD Quick Review & 
Functional Modeling 

32 
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Customer-Focused Design 

•  Focus on “what” needs  
to be achieved not “how” 

•  Helps to organize teams,  
tasks and processes 

•  Enhances creativity by  
decomposing problems 

•  Function or function sets derived from 
customer needs defines subsystems that 
minimize the number of internal interfaces 
(system engineering)  

•  Interface specifications and protocols 
definition can begin prior to form design 

Map customer needs to functional descriptions 
Overall 

Function 

Function Function Function Function Function 

Sub 
function 

Sub 
function 

Sub 
function 

Sub 
function 

Overall
Function 

© PDSS (Creveling, Otto) – used with permission 



“Rooms” in the House of Quality 

34 

Correlations

Customer 
Attributes

Customer 
Perceptions and 
Benchmarking

Relationships

Engineering Characteristics

Objective Measures

Importance Ratings

Targets

Image by MIT OpenCourseWare.



Example Relationship Matrix 
  Indicates a strong positive 

relationship 
  Indicates a medium positive 

relationship 
X  Indicates a strong negative 

relationship 
X  Indicates a medium negative 

relationship 

Note the objective 
measures of ECs 

After Hauser & Clausing, 1988 35 

Open-close 
effort

Sealing- 
Insulation
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QFD Context 

(Figure from Lou Cohen) 

Image by MIT OpenCourseWare.

Correlations

Customer 
Attributes

Customer 
Perceptions and 
Benchmarking

Relationships

Engineering Characteristics

Objective Measures

Importance Ratings

Targets

Benchmark
Data

Customer
Needs

Technical Characteristics

Specification
targets



The Roof of the House  
  Indicates a positive 

relationship 
X  Indicates a negative 

relationship 
•  Is the roof matrix a 

function of the 
relationships matrix? 

•  Is it an Axiomatic Design 
matrix? 

•  Is it a Design Structure 
Matrix? 
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“Rooms” in the House of Quality 

Figure from Lou Cohen. 
38 

Correlations

Customer 
Attributes

Customer 
Perceptions and 
Benchmarking

Relationships

Engineering Characteristics

Objective Measures

Importance Ratings

Targets

Image by MIT OpenCourseWare.



Flow Down Requirements from 
the System House of Quality 

System HOQ 1 
Subsystem 

HOQ 2 

Component 
HOQ 3 Mfg. Process 

HOQ 4 

Voice of the 
Customer 

System Requirements 

System 
Requirements 

Sub-system 
Requirements 

Sub-system 
Requirements 

Component 
Requirements 

Component 
Requirements 

Mfg. Process 
Requirements 



What is the QFD for? 
QFD is for 

•  Coordinating skills within an 
organization  
–  Serves as a lingua franca 
–  Helps break down the functional 

silos 
–  Encourages real teamwork 

•  Designing goods that customers 
want to purchase 
–  Creates external focus 
–  Provides immersion in the 

specifications 
•  Target setting for mature 

products 

QFD is NOT for 
•  Automatic decision making 

–  “the house absolves no one of 
the responsibility of making tough 
decisions”  

•  Implementing a quick fix 
–  “None of this is simple…” 
–  “An elegant idea ultimately 

decays into process…” 
–  “What is also not simple is 

creating an organization capable 
of absorbing elegant ideas” 

•  More difficult to use for highly 
novel / unprecedented functions 

Hauser and Clausing, 1988, “The House of Quality”, Harvard Business Review. 40 
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Functional & Analytical 
Modeling 

Model Formulation

Model Formulation

Model Generation

Numerical Formulation

Parameter Assignment

Source Inputs

Execute Model

d x1

x2dt { { x1

x2{ {= +

+

[ [0

1 - k / m

- c / m

x1

x2{ {y = [ [0 1
u

F{ {[ [0 1

u

F{ {[ [0

-10

c / m m

k c

y

F

u
Physical System

Image by MIT OpenCourseWare.
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Functions 
Functions should be expressed in terms of 

measurable effects 

Typical function expression:    active verb – noun 

“increase pressure” 
“transfer torque” 
“store energy” 
“cool liquid” 
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Function Modeling Basics 

Product Function – What the product does.  A statement of 
the relationship between available input and desired output, 
independent of any particular form.  (Overall Function) 

Make prints   Tell time   Water Turf   Generate BHP   Stop Vehicle  

Chop 
Beans 

Transport 
People 

Accept 
Human 
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NORMAL RUN SCENARIO 

7
Maintain

containment
environment

6
Maintain 5
degrees of

freedom of ...

2

Move
containment

4

Contingency
operation

3

Allow load
transfer

5

Contain the load

1

Handle service
request

And And

OrOr

Image by MIT OpenCourseWare.
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Functional Modeling Example: 
Power Nailer 

Image by MIT OpenCourseWare.
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Problem Decomposition:  
Function Diagram 

Hand-held nailer

Energy (?)
Energy Store or accept

external energy

Store nails Isolate nail

Trigger tool

Driven nail
Apply

translational
energy to nail

Sense trip

Convert energy
to translational

energy

Nails

"Trip" of tool

Input

Material (nails)

Signal
(tool "trip")

Energy (?)

Output

Material (driven nail)

Signal (?)

Image by MIT OpenCourseWare.
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Functional Modeling for CPM uses 
Conservative Law Based Metrics… 

•  Energy: …measure the flow, transformation & state 
of energy (mechanical, magnetic, electrical, chemical, 
thermal, fluidic…) 

•  Mass: …measure the dynamic or static state of the 
flow & transformation of mass (material deflection, 
elongation, volumetric or mass flow rates, liquid-to-
gas, solid-to-liquid & solid-to-gas transformations…) 

•  Information: …measure the flow & transformation of 
digital & analog electronic, mechanical, magnetic, 
photonic, etc.  signals intended to control a function 
related to mass &/or energy transformation & flow. 



Defining Critical Input/Output Parameters 
for Design Projects 

Input-Output-Constraint (IOC[N]) Diagrams… 

Mass 

Energy 

Information Information 

Energy 

Mass 

Incoming Desired 
Functional Measures: 

Outgoing Desirable 
Functional Measures: 

System 
Subsystem or  
Subassembly 

Outgoing Un-Desirable 
Functional Measures: 

Incoming Un-Desired 
Functional Measures: 

Transformations

Transformations

Constraining Reqts:  
1. Size 
2. Weight 
3. Power Consumption 
4. etc., etcÉÉ.  

NOISE 

NOISE 

NOISE 

NOISE 

NOISE 

NOISE 
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Functional Flow Diagrams can be created 
by linking I-O-C Diagrams 

Subsystem or Sub-function #1:        
Input-Output-Constraint 

Diagram 

Subsystem or Sub-function #2:        
Input-Output-Constraint 

Diagram 

Subsystem or Sub-function #3:        
Input-Output-Constraint 

Diagram 

Subsystem or Sub-function #4:        
Input-Output-Constraint 

Diagram 

Subsystem or Sub-function #5:        
Input-Output-Constraint 

Diagram 

Subsystem or Sub-function #6:        
Input-Output-Constraint 

Diagram 
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Function Classes – Basic Functions 
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Summary of System Analogs 
From Lewis, “Modeling Engineering Systems” 
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Function Structure 

Energy Energy 

Material Material 

Information Information 

Sub-function 

Sub-function 

Sub-function 

Sub-function 

We show composition with area boundaries, not links.  We show 
physics of the functions with flows, to initiate our development of the 
critical parameter trees.  The flows can be measured. 

Overall Function 
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Stresses in Systems Engineering 

Function 
System Requirements 

Performance Specification 
Human Needs 

Complexity 
New Technology 

Top Down Plan 
Conservative Design 

Continuous Evolution 
Minimal Interfacing 

Process Characterization 
Avoid Complexity 

Low Level Decisions 
Specialized Manufacturing 

Cost and Schedule 

Performance 

Fit 

Balance 

Compromise 

Flexible Manufacturing 
Strict Process Control 
Manage Complexity 
Process Revolution 
Tight Integration 
Product Stability 
Risk of Overdesign 
Bottom Up Implementation 
Familiar Technology 
Simplicity 
Affordability 
Strict Acceptance Criteria 
Environmental Imperatives 
Form 

Adapted from Systems Engineering lecture slides at University of Witwatersrand, Johannesburg, South Africa (Dr. R. Siriram) 
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Simulation 

Production/
Support

Concepts
Behavior

Models
Prototypes

Test Articles

Common Data/Meta-data Design Object Storage

Storage Media DataProduct

Use simulation to drive critical coordination issues forward

Subsystem Testbeds

Virtual

Virtual Prototype

Live

Time

System Prototype

Constructive

Design Maturity
Flow

Image by MIT OpenCourseWare.
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