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SET-BASED DESIGN OF 
VERIFICATION STRATEGIES



This material is based upon work supported by the Acquisition 
Research Program under Grant No. HQ00341810002. The views 
expressed in written materials or publications, and/or made by 
speakers, moderators, and presenters, do not necessarily reflect 
the official policies of the Department of Defense nor does mention 
of trade names, commercial practices, or organizations imply 
endorsement by the U.S. Government.
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Travel expenses were partially covered by the 
Travel Award sponsored by the open access journal Systems 
published by MDPI.
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What is the HARDEST thing engineers do?
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A verification activity is objective.
The confidence we gain is not.

Verification is not objective.
Verification is an agreement.
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p1: physical properties of model
p2: mass of final product

v1: estimated mass with model
v2: measured mass of final product

p1 v1

v2p2
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This is the optimal 
strategy, agreed upon 
contractual signature.

Circled activity showed 
low margin. Unplanned 
purple activity needs to 
be added through CR.

Circled activity showed 
nominal margin. No 
change to strategy.

Circled activity showed 
ample margin. Yellow 
activity provides no 
value, but it is executed.

Coriginal= Ʃ Cblack dots Cfinal=Coriginal + ∆purple Cfinal=Coriginal + ∆purple Cfinal=Coriginal + ∆purple 
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This is the initial set of 
96 strategies, resulting 
from optimal.

Circled activity showed 
low margin. Do purple 
activity; reduce space to 
48 strategies.

Circled activity showed 
nominal margin. Follow 
optimal path; reduce 
space to 24 strategies.

Circled activity showed 
ample margin. Strategies 
with yellow activity are 
suboptimal; reduce space 
to 3 strategies. Choose 
one.

Cinitial= [a, b]; Set bounds depending on 
strategy. Invest only what it is performed.

Cfinal= Ʃ Cblack dots
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Case Study
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Watts Kelvin
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Optimization Algorithm
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Choose first (timewise) verification 
activity (or subset of verification 
activities).

Determine optimal remaining verification 
strategy and return to Step 2.

Execute activity and update Bayesian 
network.

Determine optimal verification strategy at 
Time 1.

STEP 1

STEP 2

STEP 3

STEP 4



Visualization of Set-Based Strategy

www.incose.org/symp2019 15

T1 T2 T3 T4 T5

Pass

Fail

Fail

Pass

V2

V3

V3

V4

V1

T6 T7

System
 N

ode Confidence
V4

V2

V3

V3

V4

Fail
Pass

Fail

Pass Pass

Fail
Pass

Fail

Pass

Fail

Pass

Fail

Pass

Fail
Pass

Fail

No Rework

Rework

1

2

3

4

5

6

7

8

9

10

11

1 Path Number



Results
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Expected Cost: 

• Set-based Design: 
$ 3,004k

• Benchmark: 
$ 3,214k



Currently working on this…
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Planning to work on this…

www.incose.org/symp2019

18



www.incose.org/symp2019

CONTRACTING
verification activities must be

Dynamic
Adjusted after results

Conclusion
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Thank you for your attention!
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