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WSTAT Purpose & Goals

Purpose

» Model the relationship between design decisions & stakeholder
value in order to inform and potentially influence requirements
documents and associated specifications.

» Conduct cost informed trades analysis based on holistic design
choices, while understanding the opportunity cost of each choice.

Process Goals
» Generate many alternatives
» Stimulate healthy debate
» Provide foundation for a traceable and defendable decision
>

Build consensus (high level of commitment and shared
understanding among team members and stakeholders)
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Presenter
Presentation Notes
Who is (are) the decision maker(s)?
Who are the stakeholders?  What is their contact information?
How  much time do we have to make the decision?
How was the envisioned capability dealt with in the past?  Why not just do that?
What are the decision boundaries?  Assumptions?  constraints?  
Context Diagram?
Nested Target Diagrams?
Systemigrams?  
Use Case Scenarios?
What’s taken as a given?  What’s to be decided now?  What’s to be decided later?
What type of action is expected after the decision?
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Product Development in Defense Domain is Complex

Decision Objectives The number of fundamental objectives is large. At the very least cost, schedule, and
performance as competing objectives — most often decomposed into several sub-
objectives each.

Stakeholders The number of stakeholders is high and access is limited as the stakeholders are often high
level decision makers sprawled across the DoD enterprise, Government and Industry.
Stakeholders do not often speak with one voice yet only one decision will be made.

Uncertainty The degree of uncertainty is high as decision makers are often dealing with a wide variety
of threats (details regarding what must be countered are often lacking), diverse combat
environments (urban/rural, forest/desert, hot/cold, night/day, sun/clouds, rain/snow,
sand/mud/pavement) emerging requirements (how a change in capability will translate to
overall mission effectiveness is difficult to quantify across the mission types), technology
(performance of immature technologies is difficult to predict), costs (the only thing more
difficult to predict than performance of an immature technology is the lifecycle cost of an
immature technology)

Stakes The stakes are high with decision consequences on the order of millions or billions of
dollars with nothing less than National Security at stake.

Accountability Accountability is certainly high as such decisions are often reviewed by several
independent review boards.

Subject Matter Decision subject matter itself is often novel and cutting edge, sometimes creating a barrier
to full understanding for all but a small element of the scientific and engineering
community.

Product development is difficult in any industry,
but perhaps especially so in the defense industry.
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BEST PRACTICES

Stronger Practices
Needed to Improve
DOD Technology
Transition Processes

AR
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GAO

e 200t BEST PRACTICES

An Integrated
Portfolio Management
Approach to Weapon
System Investments
Could Improve DOD’s
Acquisition Outcomes

GACLT- T

The services’ annual senior-level project
portfolio reviews “do not include formal
assessment of many of the technical and
business criteria...such as determining if
the costs, benefits, and risks are well
understood and technology is affordable.”

“While DoD’s JCIDS process provides a
framework for reviewing and validating the
initial need for proposed capabilities, it does
not focus on the cost and feasibility of
acquiring the capability to be developed and
fielded...Milestone A are often skipped...this
practice eliminates a key opportunity for
decision makers to assess the early product
knowledge needed to establish a business case
that is based on realistic cost, schedule, and
performance expectations.

Gefting to Best:
Reforming the Defense
Acquisition Enterprise

from the Task Force on Defense
Acquisition Law and Oversight

A Business Imperative for Change

GAO . Svcomiice
\ll'ul- Committes HI‘. |]\l'[‘-l'_',|T[ and
‘I‘u\ ernment Rel 1<.11|| House of
lepresentatives

T DEFENSE
ACQUISITIONS

Many Analyses of
Alternatives Have Not
Provided a Robust
Assessment of
Weapon System
Options

£GA

iy Ry

LAL-D9-58

The principle shortcomings of the existing
requirements process are that: 1) it does not
couple needs for specific future systems to an
overall national defense strategy; and 2)
requirements are largely determined by the
military services without realistic input as to
what is technically feasible from an engineering
perspective...

Although an AOA is just one of several inputs
required to initiate a weapon system program,
a robust AOA can be a key element to ensure
that new programs have a sound, executable
business case. Many of the AOAs that GAO
reviewed did not effectively consider a broad
range of alternatives for addressing a
warfighting need or assess technical and other
risks associated with each alternative.

Recent reports in the defense domain call for more robust assessments of a broader range of alternatives across a more

thorough set of stakeholder value criteria earlier in the lifecycle.
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Directive for Better Buying
Power — Obtaining Greater
Efficiency and Productivity in
Defense Spending. NOV 3,
2010. Under Secretary of
Defense for Acquisition,
Technology, and Logistics, Dr.
Ashton Carter
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Solution Devel t Manufacturing Depl Support
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"\ Pre-Systems Acquisition /%, Systems Acquisition Sustainment

“Milestone B: You will present a systems engineering tradeoff analysis
showing how cost varies as the major design parameters and time to complete are
traded off against each other. The analysis will pay due attention to spiral upgrades.
You will recommend for my approval to establish and document, in the Acquisition
Decision Memorandum (ADM) and in the program baseline, an 'Affordability
Requirement' for acquisition cost and for operating and support cost. This
requirement will be the functional equivalent of Key Performance Parameters
(KPPs) for baseline establishment and monitoring. You will provide cost tradeoff
curves or trade space around major affordability drivers (including KPPs when they
are major cost drivers) to show how the program has established a cost-effective
design point for these affordability drivers.”

OSD Directs Systems Engineering Tradeoff Analyses Be Conducted Early in the Lifecycle.
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Presenter
Presentation Notes
If the abstract is your bait, the introduction is your hook.  The introduction should convince the audience that there is a problem to be addressed, and not because you said so, but because you can show from others work and writings that there is a problem.  It should also be a glimpse into what you will do to address the problem.  If the audience does not finish listening to the introduction motivated to hear more about what you did, then listening to the rest of the presentation will be painful. To stay with the fishing metaphor, it is like thinking you have found a great fishing hole, put your best lure on the line to catch a large mouth bass, to be disappointed because you end up catching a drum fish.
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Whole System Trade Analysis Model Definition and Motivation

e What: The Whole system trade

analysis model integrates otherwise
separate subsystem models into a
holistic system view mapping critical
design choices to consequences
relevant to stakeholders.

 Why: Avoid oversimplification, avoid
sub-optimization, find balance across
competing objectives.
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Shaping Requirements to Balance Stakeholder Value

Performance

Spiral Upgrades
(Growth Potential or
Long Term Viability)

Acquisition Cost
(Unit Cost)

Time To Complete

O&S Cost (Schedule Risk)
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Map Functional Objectives to
Product Structure Metrics

Map Requirements to
Functional Objectives

The Whole System Trade Analysis Process

Craft Value

Define
Functions

Determine Priority
Weightings

Develop
Functional Objectives

Understand
Requirements

Establish Product
Structure

Generate

Graphical Output
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Decision Support Model Construct

Decision support model -
captures and synthesizes <
outputs from individual e
analyses into trade-space : s A

visualizations designed to
facilitate rapid and complete
understanding of the trades
available to stakeholders and
provide drill down capability to
supporting rationale.
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Presenter
Presentation Notes
WSTA tool provides a home for individual analyses.  is Integrated Coherent Traceable, Drill Down, synthesize the outputs from modeling and simulation analysis and expert opinion in a way that facilitates business case development and allows DoD technology portfolio managers to more thoroughly compare relative merits of each innovation investment opportunity help the decision maker make good decisions - decisions that are rationale, complete, and traceable. portray the trade-space in a way that facilitates rapid and complete understanding to all stakeholders and decision makers.  To this end, the decision support tool must be able to mathematically represent the trade at hand and conduct robust sensitivity analyses to test the impact of changes to objective priority weightings as well as the impact of uncertainty surrounding assessed scores using Monte Carlo techniques.   All synthesized results must be represented as compelling visualizations with the ability to drill down into supporting rationale. 
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Requirements Definition: Collaborating with the USER community to understand contextually the implications of established Threshold and
Objective values. Early emphasis on realistic trade space allows for improved contractor proposals, because of stability in the requirement.
Early Cost Informed Trades: Affordability is an important metric, WSTA will work to ensure that capability is optimized given a specific price point.

Contractor Trades: WSTA can be used by the program office to understand the subsystem trades from the contractor proposals throughout EMD.
Technology Trade Options: Analyze different technology options that meet the same functional objective, providing alternative solutions to the
contractor and PM for capability enhancements.
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Why WSTAT...

» Decision analysis has become rapidly more important as strategic choices are
being made in a dynamic global, economic, and social environment.

 Trusted tools and processes are going to need to be embedded to synthesize
the data. WSTAT is under-going V&V through AMSAA.

* Investigate many alternatives through the use of the genetic algorithm.

» Understanding the complex interrelationships of a ground vehicle requires high
computing capabilities and a rigorous use of Army technical professionals
(Technologists and USERS).
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WSTA Example



| ] j \ | \
: i —

Exploration of the capabilities trade-space

How do we balance requirement? Weight vs Protection vs Mobility

WSTAT_Notional Briefing.Model_Bud50 wstst

WSTA complements AoA and NDV Assessment by generating
100s of non-dominated creative alternatives
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Trends By Weight Class

» <45 tons — Expect 7 dismounts with no SAIED protection, threshold Under Vehicle
protection, and a RWS Turret

o 45-50 tons — Expect no SAIED protection and a RWS Turret, but trades can be
made between 7 dismounts with objective Under Vehicle protection or 9 dismounts
with threshold Under Vehicle protection (with fewer dismounts, additional Under
Vehicle protection is feasible)

 50-55 tons — Expect no SAIED protection and trades to be made between 7
dismounts with an Unmanned Turret and threshold Under Vehicle protection or 9
dismounts with a RWS Turret and objective Under Vehicle protection (smaller, lighter
turret allows for more dismounts and additional Under Vehicle protection)

« 55-60 tons — Expect objective Under Vehicle protection and trades to be between 7
dismounts with no SAIED protection and an Unmanned Turret or 9 dismounts with
threshold SAIED protection and a RWS Turret (smaller, lighter turret allows for more
dismounts and improved SAIED protection)

* 60-65 tons — Objective Under Vehicle and threshold SAIED protection can be
achieved with 9 dismounts for either an Unmanned or RWS Turret

* >65 tons — Objective SAIED and Under Vehicle protection with 9 dismounts and an
Unmanned Turret

UNCLASSIFIED >
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Ten Configurations Across FCC Weight Spectrum

Dismounts 7L ™ oL ™ 9L ™ 9L 9L 9L 9L
Al Al Al
Hull/Frame/Body/Cab space frame RHA Welded space Frame space Frame RHA Welded RHA Welded RHA Welded RHA Welded RHA Welded RHA Welded
P Int. RHA Steel Integral RHA Integral RHA Integral RHA Integral RHA Integral RHA Integral RHA
Hull Armor — U kit RIZEERQ, 0) gz RZEEL([, Steal (0) Steel (0) Steel (0) Steel (0) Steel (0) Steel (0)
. N None (Int. RHA X None (Int. RHA Integral RHA Integral RHA Integral RHA Integral RHA Ti-Al Kevlar
Hull Armor — B kit UHEAHERY (10) Steel) R (5] TERA e) Steel) Steel Steel Steel Steel Laminate
Hull Armor - C kit none none none none None none Passive ICE (LO) Passive ICE (LO) Passive ICE (LO) M:g;ﬂt;‘;at
. None None None Ceramic Al None None Ceramic Al None 7039 Al
Turret Armor — B kit (RWS) (RWS) (RWS) Composite (LO) (RWS) REA ) (RWS) Composite (LO) (RWS) (L0)
Power Pack/ Drivetrain 1500 HP Diesel 1500 HP Diesel 1500 HP Diesel 1200 HP Diesel 1500 HP Diesel 1200 HP Diesel 1500 HP Diesel 1500 HP Diesel 1200 HP Diesel 1500 HP Diesel
P Unmanned Unmanned RWS Unmanned RWS Unmanned
Turret & Main Armament RWS 30mm RWS 30mm RWS 30mm 30mm RWS 30mm 30mm 30mm 30mm 30mm 30mm
Secondary Armament None None None None 7.62 Co-ax None 7.62 Co-ax 7.62 Co-ax 7.62 Co-ax 7.62 Co-ax
CROWS w/ CROWS w/ .50 CROWS w/ CROWS w/ CROWS w/
CIws None None None 7.62mm cal None None 7.62mm .50 cal 7.62mm
S Integrated Integrated Integrated Integrated Integrated
Missile System none None none Javelin Javelin none None Javelin Javelin Javelin
Fire Control 34 Gen FLIR 34 Gen FLIR 34 Gen FLIR 314 Gen FLIR 314 Gen FLIR 314 Gen FLIR 34 Gen FLIR 34 Gen FLIR 314 Gen FLIR 34 Gen FLIR
l (1280 x 720) (1280 x 720) (1280 x 720) (1280 x 720) (1280 x 720) (1280 x 720) (1280 x 720) (1280 x 720) (1280 x 720) (1280 x 720)
DAS none none none none none none none none none none
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Configuration ID # 0

FCC Weight Class (tons)

7L

Al
Space frame

Al 2139 (T)

Ti-6Al-4V (LO)

none

None
(RWS)

1500 HP Diesel

RWS 30mm

None

None

none

319 Gen FLIR
(1280 x 720)

none

; Ability to ; ; } ; ; Lethality vs. ;
Dismount Protection Protection : Protection : Lethalityvs.  Lethality vs. . Lethality vs. :
Transportability  Carryi Cuzd Traverse o inst Med Against Protection instUnder  T2'Etin8 Standi Ty PN e, G T
= VI8 raficability  Worldwide Against RPG : Ability 5 Y Amored YHeawy o ogradation  Available
Capacity cal EFP/SAIED Vehicle Attack Enemyinfantry  Infantry Armor

Road Network Vehicle

1D #0 70

» Legacy

71

—ID#0
——M2A3 OIF

. / \ —

f _
-~ —
Targeting Ability Protection Against Under Vehicle Attack

This < 45 ton configuration offers some improvement relative to
Legacy Platforms in the areas of lethality of primary armament,
weight available for growth, targeting ability, & UV protection.
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Configuration ID #6

FCC Weight Class (tons) 45-50

9L

Al
Space Frame

Al 2139 (T)

Ti-6A1-4V (LO)

none

None
(RWS)

1500 HP Diesel

RWS 30mm

None

None

none

34 Gen FLIR
(1280 x 720)

none

Weight Available __—— T Dismuunt Cariying Capacity

Gracefulnessof Degradstion Off-oad Trafficsbility

Lethality vs. Enermy Heawy Armor N i Ability b Traverse Worldwide Rusd Network
| —

—ZAS O

i L 4 |
Lethality vs Enemy Lightly Armaredvehicle — | [ 77 Protection Against Med Cal

rrrrrrrrrrrrrrrrrrrrrrr 7 Protectian Against EFP/SAED

A

Lethality ve. Standing Enemy Infantry - " Protection Agsinst RPG

Targeting Ability Protection Against Under Vehicle Attack

This 45 — 50 ton FCC configuration can carry 9 dismounts and offers
some improvement relative to Legacy Platforms in the area of
lethality of primary armament, weight available for growth,
targeting ability, & UV protection.
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. Ability to 8 . : . . Lethality vs. .
Dismount e ey Protection Protection T Protection Targeting Lethalityvs.  Lethality vs. Enemy Lightly Lethalityvs. @ iness of CEET
FCC Weight Class (tons) Transportability  Carrying Tafficability  Worldwide €8st Med Against AgainstRpg  Against Under Ability Standing  Prone Enemy req  EnemyHeavy v g
Capacity cal EFP/SAIED Vehicle Attack Enemy Infantry Infantry Armor

SE(te) Lethality vs. Enemy Heavy Armor
Steel

_ Passive ICE (LO) Lethality vs. Enemy Lightly Armored Vehicle Il‘ e
_ This 55 — 60 ton configuration provides improved EFP / SAIED attack
_ protection, can carry 9 dismounts and offers some improvement

relative to Legacy Platforms in the area of lethality of primary
_ R armament, weight available for growth, targeting ability, & UV
B - protection
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Configuration ID #743

FCC Weight Class (tons)

RHA Welded

Integral RHA
Steel (O)

Integral RHA
Steel

Passive ICE (LO)

Ceramic Al
Composite (LO)

1500 HP Diesel

Unmanned
30mm

7.62 Co-ax

CROWS w/
7.62mm

Integrated
Javelin

3 Gen FLIR
(1280 x 720)

none

743
b Legacy

) Ability to ) ) : : ) Lethality vs. )
Dismount Protection Protection . Protection . Lethality vs. Lethality vs. : Lethality vs. .
. . Off-Road Traverse . . Protection . Targeting i Enemy Lightly Gracefulness of Weight
Transportability  Carrying o . Against Med Against 8 Against Under - Standing Prone Enemy Enemy Heavy : :
8 Trafficabili Worldwi ainst RPG . Abili Armor tion Available
‘Capacity hcenl LTS cal EFP/SAIED Vehicle Attack =l Enemy Infantry Infantry ] Armor B L
Road Network 7 Vehicle

71

7 0 8 s

Transportability

Lethality vs. Enemy Heavy Armor

pu—TY
—M2A3 OIF

Lethality vs. Prone Enemy Infantry

Lethality vs. Standing Enemy Infantry

Targeting Ability Protection Against Under Vehicle Attack

This 60-65 ton configuration nearly meets or exceeds Legacy
Platforms performance in almost every category.
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Summary & Questions

The Whole Systems Trade Analysis (WSTA) methodology developed within
PEO GCS has been applied successfully across several programs to include
PM Bradley, PM AMPV and RS JPO. New initiatives are being planned for
FY15 and beyond.

The WSTA methodology directly addresses the Department of Defense’s (DoD)
request to pursue methods for greater efficiency and productivity in Defense
spending (Better Buying Power 2.0 Memorandum - “do more without more.”) as
well as its Engineered Resilient Systems (ERS) emphasis area directing the
use of systems analysis methods, advanced architecture and design analysis
techniques and the use of advanced algorithms.
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