
Traditional
Engineering
Design

[G. Pahl and W. Beitz,

Engineering Design,

The Design Council,

Springer-Verlag,

New York, 1984, page 41.]

Determine Need

Specification

Identify essential problems
Propose function structures
Search for and propose solution principles
Combine and refine into concept variants
Evaluate against technical and economic criteria

Concept

Test and evaluate

Definitive Design

Finalize Details

Complete detail drawings and production documents
Final analysis and verification

Solution

Prototype

Preliminary Design(s)

Documentation

C
la

ri
fi

ca
tio

n
of

 th
e 

ta
sk

C
on

ce
pt

G
en

er
at

io
n

Determine Functional Requirements
and Constraints

Ph
ys

ic
al

E
va

lu
at

io
n

E
m

bo
di

m
en

t D
es

ig
n

D
et

ai
l D

es
ig

n

It
er

at
e 

un
til

 ti
m

e 
or

 o
th

er
 r

es
ou

rc
es

 r
un

 o
ut

Refine and complete configuration(s)
Detailed analysis of refined design(s)
Review for errors, manufacturability, and cost
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Introductory Analysis

3



xx FORMAL ENGINEERING DESIGN SYNTHESIS

Design

Description

Prototype

Hardware

Function/

Behavior

Customer

Preferences

Technical

Specifications

Engineering Design Synthesis

Modeling and Simulation

Fabrication Operation

Product

Manufacturing

Refinement

Engineering Analysis

Figure I.1 A flowchart of the engineering design process, distinguishing Analysis from Syn-
thesis.

“The centralactivity of engineering,
as distinguished from science,
is the design of new devices, processes and systems.”

Myron Tribus,
Rational Descriptions, Decisions and Designs,

Pergamon Press, 1969.

As described above, design is the creation of new devices or systems. While
engineering design relies heavily on analysis to establish the behavior or per-
formance of candidate designs, fundamentally (as shown in Figure I.1) the
procedure is the reverse of analysis.

Analysis. In analysis, the procedure begins with a physical device or sys-
tem, and a model (usually computable) is built of the system by decomposing,
abstracting, and approximating the system. The objective is to produce a useful
description of the behavior of an existing system.
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Current Related Work at Caltech
(Fuzzy) Set-Based Design
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Current Related Work at Caltech
Refinement of Design Imprecision (Fuzzy Sets)
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Aggregation Operator Axioms

At each point ~x the following hold:

1. Monotonicity:
P(µ1, µ2;ω1, ω2)(~x) ≤ P(µ1, µ′

2
;ω1, ω2)(~x) ∀ µ2(~x) ≤ µ′

2
(~x)

P(µ1, µ2;ω1, ω2)(~x) ≤ P(µ1, µ2;ω1, ω′

2
)(~x) ∀ ω2 ≤ ω′

2
; µ1(~x) < µ2(~x)

2. Symmetry:
P(µ1, µ2;ω1, ω2)(~x) = P(µ2, µ1;ω2, ω1)(~x)

3. Continuity:
P(µ1, µ2;ω1, ω2)(~x) = limµ′

2
(~x)→µ2(~x) P(µ1, µ′

2
;ω1, ω2)(~x)

P(µ1, µ2;ω1, ω2)(~x) = limω′

2

→ω2

P(µ1, µ2;ω1, ω′

2
)(~x)

4. Idempotency:
P(µ, µ;ω1, ω2)(~x) = µ(~x) ∀ ω1 + ω2 > 0

5. Annihilation:
P(µ,0;ω1, ω2)(~x) = 0 ∀ ω2 6= 0

6. Self-scaling weights:
P(µ1, µ2;ω1t, ω2t)(~x) = P(µ1, µ2;ω1, ω2)(~x) ∀ ω1 + ω2, t > 0

7. Zero weights:
P(µ1, µ2;ω1,0)(~x) = µ1(~x) ∀ ω1 6= 0

30
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Current Related Work at Caltech
Rapid Exploration of a Large Design Space
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Current Related Work at Caltech
Rapid Exploration of a Large Design Space

−50

0

50

100

150

1

1.1

1.2

1.3

1.4
0

0.2

0.4

0.6

0.8

1

B pillar location   Floor Thickness     

µ
o
*  = 0.40159

µ
o



ISE Design Synthesis, Erik Antonsson, Caltech, April 30, 1998 25

Sobieski Paradox (1988)

100%

$ Committed

Time

Knowledge of the Problem

Improved Modeling

Improved Design Processes
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ISE Improvement Measure

Better

Faster

Cheaper


