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Motivation

Synthesis Model based Design Optimization
• Great for finding the right part of the design 

space to look for a solution

Design Space Study 3Design Space Study 2Design Space Study 1

• Low level of modeling detail

??
Cl i D i S i l (P i t B d D i )Classic Design Spiral (Point Based Design)
• Great for refining a design that nearly meets 

all requirements, or for optimizing a design
• Can support high level of modeling detail
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Motivation

Synthesis Model based Design Optimization
• Great for finding the right part of the design 

space to look for a solution

Design Space Study 3Design Space Study 2Design Space Study 1

• Low level of modeling detail

 Set Based DesignSet Based Design
• Great for finding a converged design

solution within a defined Design Space
• Increasing level of modeling detail

Cl i D i S i l (P i t B d D i )Classic Design Spiral (Point Based Design)
• Great for refining a design that nearly meets 

all requirements, or for optimizing a design
• Can support high level of modeling detail
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SECNAVINST 5000.2D 
2 Pass 6 Gate Process

Pre‐AOA AOA Pre‐PD PD CD DD & C

REQUIREMENTS ‐ design requirements ‐ DESIGN
AOA = Analysis of Alternatives     PD = Preliminary Design

April 2009 Approved for Public Release               
CAPT Doerry

4

CD = Contract Design                     DD&C  = Detail Design and Construction



Why not go directly to Spiral / 
Point Based Design?g

• Problem 1: Designing in 
Cost

(Bernstein 1998)

– Costs are committed early, 
when there isn’t sufficient 
information to accurately y
predict cost or performance

Latest time when not meeting CAIV identified

Cost Uncertainty Region

Point when ability to achieve CAIV lost

CAIV Cost 

st

Committed Cost

C
os

Incurred Cost
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Why not go directly to Spiral / 
Point Based Design?g

• Problem 2: Requirements 
Understanding During Design g g g
vs. Influence / Impact on Cost
– When knowledge is known, 

remaining Managementremaining Management 
influence is low

(Bernstein 1998)

Cost Uncertainty Region

Latest time when not meeting CAIV identified

Point when ability to achieve CAIV lost

Committed Cost

CAIV Cost 

C
os

t

Incurred Cost
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(Bernstein 1998)



Why not go directly to Spiral /
Point Based Design? g

• Problem 3: Ship design requires both 
objective knowledge (mathematical 

d l ) d bj ti k l dmodels) and subjective knowledge 
(expert opinion)
– Objective and subjective 

k l d i d iknowledge require domain 
experts

– In real world domain experts are 
t ll t dnot collocated

– Design enabling communication 
tools are not sufficient to support 
ti htl l d S i l D itightly coupled Spiral Design 
methods

April 2009 Approved for Public Release               
CAPT Doerry

7



Why Set Based Design is Useful

• Delay Cost Commitment 
until sufficient design g
detail enables a good 
choice
Ma imi e Management• Maximize Management 
Influence as long as 
possible

(Bernstein 1998)
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Set Based Design Process

Understand the design space
– Define feasible regions

Explore tradeoffs by designing

 

– Explore tradeoffs by designing 
multiple alternatives

– Communicate sets of possibilities
Integrate by intersection

– Look for intersections of feasible 
sets 

– Impose minimum (maximum) 
constraintconstraint 

– Seek conceptual robustness
Establish feasibility before commitment

– Narrow sets gradually while 
increasing detail

– Stay within set once committed
– Control by managing uncertainty 

at process gates

(Bernstein 1998)

Decide at the last responsible momentDecide at the last responsible momentat process gates
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Decide at the last responsible momentDecide at the last responsible moment



How to start Set Based Design 

• Identify the different “Specialties”
• Identify key attributes that define the 

Design Space Study 3Design Space Study 2Design Space Study 1

“set” for each “Specialty”
• Define the initial boundaries for each 

“set”set
• Look for an intersection of the “sets”
• If none exist, or the area of intersection 

 

,
is small, expand the “sets” until the 
intersection is robust
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Example of a “Set”

• For an Electrical Plant
– Scalable from 40 MW to 80 MW
– Common 4160 VAC architecture
– Combination of 4 and 8 MW Diesel GENSETS and 22 MW Gas 

Turbine Generator SetsTurbine Generator Sets
– Scalable transformers for zonal distribution

• For a hull
– Scalable hull / family of hulls from 20,000 to 40,000 LT
– May also have a variable length to beam ratio and a variable 

beam to draft ratio.
– May also have a variable length parallel midbody.
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Containership SBD Example
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Comparing Point and Set Based 
Designg
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Comparing Point and Set Based 
Design (continued)g ( )
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Comparing Point and Set Based 
Design (continued)g ( )
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Summary

• Consider a large number of design 
alternative by understanding the 
d idesign space,

• Allow specialists to consider a design 
from their own perspective and use 
th i t ti b t i di id lthe intersection between individual 
sets to optimize a design and

• Establish feasibility before 
it tcommitment

– Narrowing sets gradually while increasing 
detail,

– Staying within a set once committed andStaying within a set once committed and
– Maintaining control by managing 

uncertainty at process gates.

QUESTIONS?
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QUESTIONS?


