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Trade Space Terminology: .
Optimization vs. Parameter Sweep

Over time, we’ve noticed that the idea of a “trade space study” can mean different things to

different people. Generally speaking, this difference often boils down to the difference
between a parameter sweep and an optimization.

Given the problem context and search space size, BOTH approaches can be perfectly
appropriate, and both techniques may entail various pros and cons.

Parameter Sweep Optimization

Parameter 2
Parameter 2

Parameter 1 Parameter 1



Optimization Trade Space ) B,

= Many of our decision analytics tools focus on an optimization trade space
= Capture not just one best answer, but instead a set of best answers that
balance competing objectives in different ways

= Advanced Requirements Integration & Exploration System (ARIES) and Whole
System Trades Analysis Tool (WSTAT) both focus on capturing this optimal
trade space (or a Pareto Frontier)
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Generating Solutions from Technologies (@&,

ARIES and WSTAT generate solutions via combinations of discrete subsystems (with
inherent properties) rather than by directly setting system parameters

“Choose the part” VS. “Choose the parameter”

horsepower

= Advantages of this technology way of thinking
= Helps ensure analytic insights are grounded in reality

= Tied to existing or envisioned technologies, their attributes, and interactions

= Naturally avoids selecting impractical parameter combinations
— Example — will not consider a very light and powerful alternative that does not exist/cannot be created

= Easier to define system design constraints

= Example — designing a vehicle, suspension has maximum weight it can support, can sum all
selected component weights and compare to limit for selected suspension

= Easier to capture technology compatibilities

= Example —not all engines are compatible with all transmissions for a vehicle (not necessarily tied to
specific parameter values)

= Easier to talk about what a solution means (collection of parts vs. collection of parameters)



When are ARIES and WSTAT Used? @&=.

@@ ARIES WSTAT (Whole System Trades Analysis Tool)
Requirements Requirements Trade Space Optimization
Integration & and Analysis
Exploration
I0C
Materiel Technclogy Engineering and Production &
Wser Negds — IS\zlal;;lsolg Development Manufacturing Development Deployment
/ ICD -
Technology Draft
Opportunities & ; CDD coD CPD
Materiel y j FRP
Resources —_ ‘ Development Post PDR Post CDR L Decision
Decision ‘, Assessment Assessment Review
AcA PDR | || PDR CDR
|
Pre-Systems Acquisition ° Systems Acquisition
>
ICD: Initial Capabilities Document PDR: Preliminary Design Review |OC: Initial Operational Capability  Time & Money
CDD: Capability Development Document CDR: Critical Design Review
CPD: Capability Production Document FRP: Full Rate Production

ARIES is used to help establish an achievable set of integrated requirements early in a program

WSTAT explores design trades for combinations of technologies relative to defined requirements




Decision Analytics & Systems Engineering ) =

SYSTEMS ENGINEERING

“Prototypes for Testing & Evaluation”

Feasibility Study/ Concept Operations/Maintenance
Exploration

Concept of Operations Qa— System Validation

System Requirements Uammmmmeg Ve'ify/Deploy System

High-Level Design — Verify Subsystem
Model Based Systerrps
Systems Detailed Design Unit/Device Testing Modeling
Language

Engineering
(MBSE) Software/Hardware Dev. Field Installation (SysMmL)
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ADVANCED REQUIREMENTS INTEGRATION &
EXPLORATION SYSTEM (ARIES) OVERVIEW

ARIES: Optimal Requirements Trade Space



ARIES Problem Space ) .

= Early in defense acquisition programs, an increasingly complex set of requirements is developed
= Each individual requirement possesses solid rationale and analytical backing

= However, different groups of requirements (lethality, mobility, etc.) are sometimes incompatible
or unachievable when programmatic constraints are applied

ARIES provides unique analytic capability to foster communication and compromise across potential

requirements silos, resulting in a simultaneously achievable set of requirements
————




Real-Time Stakeholder Collaboration (@&,
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Real-Time Stakeholder Collaboration
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ARIES Radar Chart
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ARIES Radar Chart () s,
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ARIES Radar Chart
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ARIES Radar Chart
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ARIES Radar Chart
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WHOLE SYSTEM TRADES ANALYSIS TOOL
(WSTAT) OVERVIEW

WSTAT: Optimal System Design Trade Space




WSTAT Purpose and Goals UL

= Purpose
= |dentify efficient technology combinations

= Model relationships between design decisions & stakeholder value to inform and
potentially influence requirements and technology investments

= Provide insights to help decision makers understand holistic system-level impacts of
technology choices

Performance — Multiple KPPs/KSAs

=  Process Goals (Reliability, Survivability, Mobility,

. Operational Effectiveness,...)
= Generate many good alternatives

=  Stimulate conversation Growth Potential

) Acquisition
= Provide foundation for traceable and E%ﬁga%elﬂr%g{ﬁggﬁi& (Urﬁtogzst)

defendable decisions

= Build consensus (high level of
commitment and shared

understanding among team members 0&S Cost
(Cost Per Kill)
and stakeholders)

Schedule Risk
(TRL, MRL, IRL)

Like ARIES, WSTAT does not provide a single answer. It’s is a decision support tool,
providing insights and facilitating conversation and exploration of many possible answers




How WSTAT Works ) =

= WSTAT combines compatible technology options into a system configuration,
keeping those configurations that best balance competing objectives
Vehicle Configurations

Special

Vetronics
Mobility
Lethality

Survivability As the GA runs, it finds
better and better
solution populations

Configurations are scored in multiple value

dimensions (tailorable to problem):

= Performance (top speed, lethality, etc.)
Acquisition Cost
O&S Cost
Risk (immaturity of technologies)
Growth (future upgrade potential)

Technologies are
selected to create
configurations

Collection of Available Technology Options

WSTAT uses a multi-objective genetic algorithm to efficiently explore the spectrum of possible
configurations and examine tradeoffs between multiple competing objectives
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High-Level Filtering
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Low-Level Measure Filtering
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Subsystem Filtering ) .
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Coloring by Subsystem Choice UL
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Requirements Analysis UL
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For the optimal solutions, this shows how often Threshold levels for requirements are
violated.
--Requirements on the left are always or almost always Threshold level

--Requirements on the right are always or almost always satisfying Threshold level




Subsystem Histograms UL
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Shows the prevalence of various subsystem alternatives, which can highlight “no
brainer” technologies that are always picked




Summary UL

=  Many of our decision analytics tools focus on an optimized trade space

= Capture not just one best answer, but instead a set of best answers that
balance competing objectives in different ways

= Advanced Requirements Integration & Exploration System (ARIES) and Whole
System Trades Analysis Tool (WSTAT) both focus on capturing this optimal
trade space (or a Pareto Frontier)

= Advanced Requirements Integration & Exploration System (ARIES)
Overview
= Optimal Requirements Trade Space

= Whole System Trades Analysis Tool (WSTAT) Overview
=  Optimal System Design Trade Space
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ARIES Methodology i,
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| ARIES is an extension of proven WSTAT methodology, facilitating data reuse
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Difference Between WSTAT & ARIES (W&,

= Both generate solutions by selecting combinations of technology options
= Ensures feasible concepts are being considered

= Technology compatibility
= Physical limitations (such as component weight limits)

= \WSTAT = ARIES
= Weighted Sums of FOs, 5-6 = No FO Weighting, each FO
optimization dimensions optimized as own dimension (~40)
= Result exploration focuses on each = Result exploration focuses on each
combination of technologies as a combination of technologies as an
complete system design achievable set of requirement

s values
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Acquisition & Procurement Milestones, Phases and Decision Points
’“‘"‘:’m"‘"“"’" These decision points, milestones and phases are standard elements of the Defense Acquisition System; however, MDAs, with PM input. have full latitude to tailor programs in the most effective and efficient structure possible. uniess constrained by statute i
Regulatory and best practice information
requirements are shown in biue bold.
Fora uv-m::.m:“: Lo Materiel Solution Analysis Technology Maturation & Risk Reduction ‘_____ pment _ Production & Deployment - e S
‘Table 2 of DoDI 5000.02 (MsA) Phase (TMRR) Phase (EMD) Phase (P&D) Phase o Acronyms &
& (0&5) Phase Y
@v ‘ Abbreviations
ACAT - Acguisitien Category
Program 4P8 - Acguston Program Baseine
Oversight A
& Review CARD - Cos Anaiyss Requiements
CCE - Component Cost Extimate
CCP - Component Cast Poziton
CDD - Capabity Development Document
CDD -V - Cagability Development Document
vaie:
Key Phase ::_l-tmnx Desgn Review
Activities CiPz ~ Critica Imtefigence Parameters
Operaton:/Ope-atiora Moce
€SB - Comfiguraton Steenng Boare
DCAPE - Director, Cost Assessment &
Program Evaiuation
DRFPRD - Development Reguest for
Joint Capabilities i ety OO0
Integration and w-&muo:«-m:
Develnpment DOTEE - Drector of Operations! &
System (ICIDS) ECPs - Engineering Change Propesais
EMD - Engneerng & Marufactumng.
EO& - Operati Aszessment
Acquisition m-‘r‘.’:'m w_:w
FCA — Functional i
Intelligence R mehn
FOC - Full Operationai Cagability
FOTLE - Follow-or Operstonai Test &
FRP - Fui-Rate Production.
FRP/FD - Fuli-Rate Production / Full
Revew
FYOP - F, Vear: Defense Program
Contracting I--I-!:“:s::;&-hwa-
KD - int3! Capatives Document
ICE - independent Cost Estimate.
LA - Indepencent Logstc: Assessment
10C - int:a Operational Capadi oy
" IOTRE - Initiai Operations Test & Evaiuation
Major 158 —in-Service Beview
Products -
Systems
Engineering
Software
Test and
Evaluation
Logistics/
Sustainment
Financial
Management
For @ more detaded PPBE Pry
reference see the DAU Appropriation Types
Financol Monagement
Piotinum Card




