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* UQ research inspired by a Missile Defense
Agency Scientific Technology Transfer
(STTR) topic

Develop and demonstrate Uncertainty Quantification
(UQ) capabilities for Ballistic Missile Defense System
(BMDS) Modeling and Simulation (M&S). Include
methods and tools for efficiently, effectively specifying,
representing and analyzing both epistemic (known
unknown) and aleatoric (unknown unknown)
uncertainties affecting BMDS outcomes.
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M&S System Toy Problem

UQ System acts
on M&S
Systems (Toy
Problem) to
characterize
and quantify
uncertainty




UNHA-3 missile . Launch envelop
ranges from Hawaii to west coast of U.S
(Los Angeles). Sensors at Yokota, Japan
and Hawaii acquire and track the target.
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Parameters in Toy Problem
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Parameters:

x1 First enemy aim point, no probability attached

x2 First friendly aim point, no probability attached

x3 First kill radius, normally distributed

x4 Second enemy aim point, no probability attached
x5 Second friendly aim point, no probability attached
x6 Second kill radius, normally distributed

These 6 parameters create a 6 dimensional parameter
space in our Toy Problem implemented in spreadsheet

Parameters are uncertain inputs to M&S Systems
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We are in a SoS - Now What? hg*
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Join INCOSE SoSWG!

Pain Point: Autonomy,
Interdependencies and
Emergence

— What are the analysis,
prediction and architecture
tools needed?

Think about our Toy
Problem in a SoS context

Develop a UQ concept
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* A non-intrusive Uncertainty Quantification and
Characterization System that performs statistical
and parametric analyses to characterize the
uncertainty and allow:

— Selection of the best M&S System and correct or
Improve the rest

— Perform a M&S system multi-model synthesis

« UQ System encompasses uncertainty
quantification, subject matter experts and
resulting decisions
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« Step One: Consistent Treatment of
Aleatoric and Epistemic Parameters.
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« Step Two: Standard Statistical Characterization
and Quantification of Uncertainty using the Latin
Hypercube sampling approach to generate
random inputs to exercise the M&S under

evaluation.

Mean
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« Step Three: Search for Areas of
Noteworthy Performance

— Exploited search of “batspace” data
in Steo One) unit Hvoercube
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« Step Four: Global Characterization and
Quantification of Uncertainty
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Fuzzy Set of Plausible Values of &

Margin (cont) i,
 Plausibility of Failure = maximum height of red
area = 30.5%

 Plausibility of Success = maximum height of
green area = 100%

 Certainty of Failure = 1 — Plausibility of Success
=0
* Probability of Failure is between 0 and 30.5%

» the spread is due to the presence of Epistemic
uncertainty in the input parameters

* Global Quantity of Uncertainty = Total area
./ (same units as margin)
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« Step Four: Global Characterization and
Quantification of Uncertainty
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Area Under Curve = Quantitative Measure of Total combined
Statistical and Possibilistic QOl = UQ =184.94
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5 Step UQ Algorithm

« Step Five: Local Characterization and
Quantification of Uncertainty
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« Step Four: Global Characterization and
Quantification of Uncertainty

100%
§
Evidence-Based Fuzzy Set of
Plausible Values of Margin
S = Hrcke

24t Annual INCOSE International Symposium



NCO

Las Vegas, NV
June 30 - July 3, 2014

Example Results

i ™ System A:Optimistic

M&S System
§ System B: Pessimistic
2 sox

M&S System
;™ System C: Sensitive
i M&S System

e e .| Plausibility vs Quantity of Interest (QOI) Legend

Positive Outcome.

Negative Outcome.

No Observed Values.
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SoS Observations and Future
Work




The Current state in Developing Ao

NCO
SoS Wil
( or a Software Intensive, Complex System)
Language / Text Dead-End in
Based Acquisition Office?

‘Best’
Architecture

Resources Requirements

Redesign(s)

Architecture and Design are difficult to test until
initial capability is manufactured



The Future State T
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Resources Mission Environment

Operations Classic Mission Mission

Stakeholder i Ontolog Goals Threads
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Initial Architecture
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Summary
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* Toy SoS Problems become complex fast!

» Putting engineering back into systems
engineering essential

* New tools and techniques coming into
view that can motivate a shift in SoSE

— Graph Theory (SysML)
— Data Analytics

— UQ and related tools

y 3, 2014



UCQ Commercialization Roadmap

: 2014 | 2015 | 2016 | 2017

Market A Medical,
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