
Operational Effectiveness Operational Effectiveness 

1 

Whole System Trades Analysis 
“Making an informed decision” 
 

UNCLASSIFIED: Distribution Statement A. Approved for public release. 

Shatiel Edwards (PEO GCS) 
Matt Cilli (ARDEC) 
Craig Lawton (Sandia National Labs) 
Troy Peterson (Booz Allen Hamilton) 
 



Operational Effectiveness 

WSTAT Purpose & Goals 
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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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Context… DoD Acquisition Process 
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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 is difficult in any industry,  
but perhaps especially so in the defense industry. 

Product Development in Defense Domain is Complex 
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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.   

Defense Domain Reports  Identify Shortcomings in Current Process 
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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. 

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. 
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OSD Directs Systems Engineering Tradeoff Analyses Be Conducted Early in the Lifecycle. 

Directive 

6 

“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.” 

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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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 
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• 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.  

 

Input 
Stakeholder 

Objectives 

Input design 
choices and 

relationships 

View  
Holistic System 

Consequences in 
terms of 

stakeholder value 
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Shaping Requirements to Balance Stakeholder Value 
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Performance 

Acquisition Cost 
(Unit Cost) 

Time To Complete 
(Schedule Risk) O&S Cost 

Spiral Upgrades 
(Growth Potential or 
Long Term Viability) 
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The Whole System Trade Analysis Process 
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Define 
Metrics 

Craft Value  
Functions 

Determine Priority  
Weightings 

Understand 
Requirements 

Map Requirements to 
Functional Objectives 

Generate  
Graphical Output 

Map Functional Objectives to 
Product Structure 

Identify Technology Options 
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Decision Support Model Construct 
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Decision support model 
captures and synthesizes 
outputs from individual 
analyses into trade-space 
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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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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WSTAT Applied… 
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Capability Gap Assessments: What current platform gaps can be mitigated by material solutions and which ones require other DOT_LPF options. 
Technology Exploitation: Quantify dominated solutions between subsystems (i.e. how many times a particular system is selected from the Pareto 
frontier) 

Requirements Analysis: Support CDD refinement activity. Provide analytical underpinnings to KPPs and KSAs.  Holistically run cost informed trades 
analysis . 
Analysis of Alternatives:  Provide alternatives options for the AoA, Work with Adv Concepts on integration.  Ensures total trade space explored 
during the AoA process. 

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 
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Exploration of the capabilities trade-space 
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WSTA complements AoA and NDV Assessment by generating  
100s of non-dominated creative alternatives 

How do we balance requirement? Weight vs Protection vs Mobility 
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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 

• 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 
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Ten Configurations Across FCC Weight Spectrum 
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FCC Weight Class (tons) < 45  45 - 50 50 – 55 55 - 60 60 - 65 >  65 

Configuration ID Number # 0 #306 #6 #200* #372* #376* #799* #743* #479* #972 

Dismounts 7L 7M 9L 7M 9L 7M 9L 9L 9L 9L 

Hull/Frame/Body/Cab Al  
Space frame 

RHA Welded 
Al 

Space Frame 
Al 

Space Frame 
RHA Welded RHA Welded RHA Welded RHA Welded RHA Welded RHA Welded 

Hull Armor – U kit Al 2139 (T) 
Int. RHA Steel 

(O) 
Al 2139 (T) Al 2139 (T) 

Integral RHA 
Steal (O) 

Integral RHA 
Steel (O) 

Integral RHA 
Steel (O) 

Integral RHA 
Steel (O) 

Integral RHA 
Steel (O) 

Integral RHA 
Steel (O) 

Hull Armor – B kit Ti-6Al-4V (L0) 
None (Int. RHA 

Steel) 
Ti-6Al-4V (L0) 7039 Al (L0) 

None (Int. RHA 
Steel) 

Integral RHA 
Steel 

Integral RHA 
Steel 

Integral RHA 
Steel 

Integral RHA 
Steel 

Ti-Al Kevlar 
Laminate 

Hull Armor  - C kit none none none none None none Passive ICE (L0) Passive ICE (L0) Passive ICE (L0) 
Multi-Threat 

ERA (L1) 

Turret Armor – B kit None  
(RWS) 

None  
(RWS) 

None  
(RWS) 

Ceramic Al 
Composite (L0) 

None  
(RWS) 

7039 Al (L0) 
None 
(RWS) 

Ceramic Al 
Composite (L0) 

None 
(RWS) 

7039 Al 
(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 

Turret & Main Armament RWS 30mm RWS 30mm RWS 30mm 
Unmanned 

30mm 
RWS 30mm 

Unmanned 
30mm 

RWS 
30mm 

Unmanned 
30mm 

RWS  
30mm 

Unmanned 
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 

CIWS None None None 
CROWS w/ 

7.62mm 
CROWS w/ .50 

cal 
None None 

CROWS w/ 
7.62mm 

CROWS w/  
.50 cal 

CROWS w/ 
7.62mm 

Missile System none None none 
Integrated 

Javelin 
Integrated 

Javelin 
none None 

Integrated 
Javelin 

Integrated 
Javelin 

Integrated 
Javelin 

Fire Control 3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

3rd Gen FLIR 
(1280 x 720) 

DAS none none none none none none none none none none 

UNCLASSIFIED 

UNCLASSIFIED 
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Configuration ID # 0 
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FCC Weight Class (tons) < 45  

Configuration ID Number # 0 

Dismounts 7L 

Hull/Frame/Body/Cab Al  
Space frame 

Hull Armor – U kit Al 2139 (T) 

Hull Armor – B kit Ti-6Al-4V (L0) 

Hull Armor  - C kit none 

Turret Armor – B kit None  
(RWS) 

Power Pack / Drivetrain 1500 HP Diesel 

Turret & Main Armament RWS 30mm 

Secondary Armament None 

CIWS None 

Missile System none 

Fire Control 3rd Gen FLIR 
(1280 x 720) 

DAS none 

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. 

Legacy 

UNCLASSIFIED 

UNCLASSIFIED 
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Configuration ID #6 

18 

FCC Weight Class (tons) 45-50 

Configuration ID Number #6 

Dismounts 9L 

Hull/Frame/Body/Cab Al 
Space Frame 

Hull Armor – U kit Al 2139 (T) 

Hull Armor – B kit Ti-6Al-4V (L0) 

Hull Armor  - C kit none 

Turret Armor – B kit None  
(RWS) 

Power Pack / Drivetrain 1500 HP Diesel 

Turret & Main Armament RWS 30mm 

Secondary Armament None 

CIWS None 

Missile System none 

Fire Control 3rd Gen FLIR 
(1280 x 720) 

DAS none 

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.  

Legacy 

UNCLASSIFIED 

UNCLASSIFIED 
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Configuration ID #799 
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FCC Weight Class (tons) 55 - 60 

Configuration ID Number #799* 

Dismounts 9L 

Hull/Frame/Body/Cab RHA Welded 

Hull Armor – U kit Integral RHA 
Steel (O) 

Hull Armor – B kit Integral RHA 
Steel 

Hull Armor  - C kit Passive ICE (L0) 

Turret Armor – B kit None 
(RWS) 

Power Pack / Drivetrain 1500 HP Diesel 

Turret & Main Armament RWS 
30mm 

Secondary Armament 7.62 Co-ax 

CIWS None 

Missile System None 

Fire Control 3rd Gen FLIR 
(1280 x 720) 

DAS none 

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 
armament, weight available for growth, targeting ability, & UV 

protection  

Legacy 

UNCLASSIFIED 

UNCLASSIFIED 
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Configuration ID #743 
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FCC Weight Class (tons) 60 - 65 

Configuration ID Number #743* 

Dismounts 9L 

Hull/Frame/Body/Cab RHA Welded 

Hull Armor – U kit Integral RHA 
Steel (O) 

Hull Armor – B kit Integral RHA 
Steel 

Hull Armor  - C kit Passive ICE (L0) 

Turret Armor – B kit Ceramic Al 
Composite (L0) 

Power Pack / Drivetrain 1500 HP Diesel 

Turret & Main Armament Unmanned 
30mm 

Secondary Armament 7.62 Co-ax 

CIWS CROWS w/ 
7.62mm 

Missile System Integrated 
Javelin 

Fire Control 3rd Gen FLIR 
(1280 x 720) 

DAS none 

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

Legacy 

UNCLASSIFIED 

UNCLASSIFIED 
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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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UNCLASSIFIED 

UNCLASSIFIED 
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UNCLASSIFIED 

UNCLASSIFIED 
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