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Context… DoD Acquisition Process 
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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	
  alternaEves	
  across	
  a	
  more	
  
thorough	
  set	
  of	
  stakeholder	
  value	
  criteria	
  earlier	
  in	
  the	
  lifecycle.	
  	
  	
  

Shortcomings in Current Process 

The	
  services’	
  annual	
  senior-­‐level	
  project	
  
por4olio	
  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	
  validaJng	
  the	
  
iniJal	
  need	
  for	
  proposed	
  capabiliJes,	
  it	
  does	
  
not	
  focus	
  on	
  the	
  cost	
  and	
  feasibility	
  of	
  
acquiring	
  the	
  capability	
  to	
  be	
  developed	
  and	
  
fielded…Milestone	
  A	
  are	
  oNen	
  skipped…this	
  
pracJce	
  eliminates	
  a	
  key	
  opportunity	
  for	
  
decision	
  makers	
  to	
  assess	
  the	
  early	
  product	
  
knowledge	
  needed	
  to	
  establish	
  a	
  business	
  case	
  
that	
  is	
  based	
  on	
  realisJc	
  cost,	
  schedule,	
  and	
  
performance	
  expectaJons.	
  

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

Although	
  an	
  AOA	
  is	
  just	
  one	
  of	
  several	
  inputs	
  
required	
  to	
  iniJate	
  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	
  effecJvely	
  consider	
  a	
  broad	
  
range	
  of	
  alternaJves	
  for	
  addressing	
  a	
  
warfighJng	
  need	
  or	
  assess	
  technical	
  and	
  other	
  
risks	
  associated	
  with	
  each	
  alternaJve.	
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Directive 

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

“Milestone	
  B:	
  	
  You	
  will	
  present	
  a	
  systems	
  engineering	
  tradeoff	
  analysis	
  
showing	
  how	
  cost	
  varies	
  as	
  the	
  major	
  design	
  parameters	
  and	
  Jme	
  to	
  complete	
  are	
  
traded	
  off	
  against	
  each	
  other.	
  The	
  analysis	
  will	
  pay	
  due	
  aYenJon	
  to	
  spiral	
  upgrades.	
  
You	
  will	
  recommend	
  for	
  my	
  approval	
  to	
  establish	
  and	
  document,	
  in	
  the	
  AcquisiJon	
  
Decision	
  Memorandum	
  (ADM)	
  and	
  in	
  the	
  program	
  baseline,	
  an	
  'Affordability	
  
Requirement'	
  for	
  acquisiJon	
  cost	
  and	
  for	
  operaJng	
  and	
  support	
  cost.	
  	
  This	
  
requirement	
  will	
  be	
  the	
  funcJonal	
  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-­‐effecJve	
  
design	
  point	
  for	
  these	
  affordability	
  drivers.”	
  

DirecEve	
  for	
  BeKer	
  Buying	
  
Power	
  –	
  Obtaining	
  Greater	
  
Efficiency	
  and	
  ProducEvity	
  in	
  
Defense	
  Spending.	
  	
  	
  NOV	
  3,	
  
2010.	
  Under	
  Secretary	
  of	
  
Defense	
  for	
  AcquisiEon,	
  

Technology,	
  and	
  LogisEcs,	
  Dr.	
  
Ashton	
  Carter	
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WSTA Purpose & Goals 
•  Overview  

–  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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Whole System Trade Analysis 
Model Definition and Motivation 

•  What:	
  	
  The	
  whole	
  system	
  trade	
  
analysis	
  model	
  integrates	
  otherwise	
  
separate	
  subsystem	
  models	
  into	
  a	
  
holisJc	
  system	
  view	
  mapping	
  criJcal	
  
design	
  choices	
  to	
  consequences	
  
relevant	
  to	
  stakeholders.	
  

	
  
•  Why:	
  	
  Avoid	
  oversimplificaJon,	
  avoid	
  

sub-­‐opJmizaJon,	
  find	
  balance	
  across	
  
compeJng	
  objecJves.	
  	
  

Input	
  
Stakeholder	
  
ObjecEves	
  

Input	
  design	
  
choices	
  and	
  

relaEonships	
  

View	
  	
  
HolisEc	
  System	
  

Consequences	
  in	
  
terms	
  of	
  

stakeholder	
  value	
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Shaping Requirements to Balance 
Stakeholder Value 

Performance	
  

AcquisiJon	
  Cost	
  
(Unit	
  Cost)	
  

Time	
  To	
  Complete	
  
(Schedule	
  Risk)	
  O&S	
  Cost	
  

Spiral	
  Upgrades	
  
(Growth	
  PotenJal	
  or	
  
Long	
  Term	
  Viability)	
  

	
  

UNCLASSIFIED	
  

RAM	
  
Fuel	
  
Ammo	
  
…	
  

Power	
  
Weight	
  
Lethality	
  upgradability	
  
ProtecJon	
  upgradability	
  
…	
  

30	
  +	
  metrics	
  

GeneEc	
  Algorithm	
  explores	
  	
  this	
  	
  five	
  dimensional	
  trade	
  space	
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Define	
  
Metrics	
  

CraN	
  Value	
  	
  
FuncJons	
  

Determine	
  Priority	
  	
  
WeighJngs	
  

Understand	
  
Requirements	
  

Map	
  Requirements	
  to	
  
FuncJonal	
  ObjecJves	
  

Generate	
  	
  
Graphical	
  Output	
  

Map	
  FuncJonal	
  ObjecJves	
  to	
  
Product	
  Structure	
  

IdenJfy	
  Technology	
  OpJons	
  

Develop	
  	
  
FuncJonal	
  ObjecJves	
  

1.4.1.2.4.3 
Dismount Missiles  

1.4.1.2.4.2 
Primary Armament 

(Missil  

1.4.1.2.4.1 
Missile Launcher 

Drive S  

1.4.1.2.3.2 
Commander's 

Weapon Ammun  

1.4.1.2.3.1 
Commander's 
Independent   

1.4.1.2.2.1 
Co-ax M.G. 
Ammunition  

1.4.1.2.1.2 
Ammo Box and Feed 

Chute  

1.4.1.2.1.1 
Gun  

1.2.2.1.1.2 
Fuel Distribution  

1.2.2.1.1.1 
Fuel Storage  

1.1.9.3.1.3 
Open/Closing 
Mechanism  

1.1.9.3.1.2 
Attachement 

Hardware  

1.1.9.3.1.1 
Ramp  

1.4.4.5.3 
Turret Software  

1.4.4.5.2 
Turret Cabling  

1.4.4.5.1 
Turret Control 

Hardware  

1.4.4.3.6 
Turret Software  

1.4.4.3.5 
Turret Cabling  

1.4.4.3.4 
Turret Control 

Hardware  

1.4.4.3.3 
Slipring  

1.4.4.3.2 
Turret Bearing  

1.4.4.3.1 
Drive and Sta. 

System  

1.4.3.7.4 
Gunner's Auxiliary 

Sight  

1.4.3.7.3 
Environmental 

Sensor  

1.4.3.7.2 
Gunner's Primary 

Sight  

1.4.3.7.1 
Acquisition Sight  

1.4.1.4.4 
Smoke Launchers  

1.4.1.4.3 
Flares  

1.4.1.4.2 
Non-Lethal Grenades  

1.4.1.4.1 
Smoke Grenades  

1.4.1.2.8 
Hand Grenades  

1.4.1.2.7 
Mines  

1.4.1.2.6 
Dismount Weapon 

Ammuniti  

1.4.1.2.5 
Cupola & Drive 

Systems  

1.4.1.2.4 
Missile System   

1.4.1.2.3 
Commander's 
Independent   

1.4.1.2.2 
Co-ax machine gun  

1.4.1.2.1 
Gun  

1.4.1.1.6 
Primary Armament 

(Gun) A  

1.4.1.1.5 
Primary Armament 

(Gun) A  

1.4.1.1.4 
Ammunition 
Magazines  

1.4.1.1.3 
Feed System  

1.4.1.1.2 
Gun  

1.4.1.1.1 
Gun & Turret Drive 

Syste  

1.3.8.1.4 
Network Adapter  

1.3.8.1.3 
Time Source  

1.3.8.1.2 
Router  

1.3.8.1.1 
Switch  

1.2.2.7.3 
Power Package/

Drivetrain  

1.2.2.7.2 
Power Package/

Drivetrain  

1.2.2.7.1 
Power Package/

Drivetrain  

1.2.2.6.2 
Parking Brake  

1.2.2.6.1 
Main Brakes  

1.2.2.5.3 
Cooling Fluid  

1.2.2.5.2 
Heat Exchangers  

1.2.2.5.1 
Fans  

1.2.2.3.2 
Sprocket/Driveaxle  

1.2.2.3.1 
Final Drive/
Differential  

1.2.2.2.2 
Gear Ratios  
1.2.2.2.1 

Torque Converter  

1.2.2.1.3 
Air Induction and 

Filtra  

1.2.2.1.2 
Exhaust  
1.2.2.1.1 

Fuel Systems  

1.2.1.2.4 
Suspension Software  

1.2.1.2.3 
Suspension Cabling  

1.2.1.2.2 
Suspension Control 

Hardw  

1.2.1.2.1 
Suspension 

Subassembly  

1.2.1.1.6 
Idler & Track 

Tensioner  

1.2.1.1.5 
Road Wheels/Rim  

1.2.1.1.4 
Track Guard & 

Stripper  

1.2.1.1.3 
Track Return Rollers  

1.2.1.1.2 
Drive Sprocket & 

Hubs  

1.2.1.1.1 
Track/Tire  

1.1.9.4.3 
Hull Software  

1.1.9.4.2 
Hull Cabling  

1.1.9.4.1 
Hull Control 
Hardware  

1.1.9.3.1 
Rear Ramp 
Assembly  

1.1.9.2.3 
Gunner & 

Commander's Hat  

1.1.9.2.2 
Air Guard Hatch  

1.1.9.2.1 
Driver Hatch  

1.1.9.1.2 
Lower Hull 
Weldment  

1.1.9.1.1 
Upper Hull 
Weldment  

1.1.6.1.2 
Gunner's & 

Commander's S  

1.1.6.1.1 
Driver Seat 
Assembly  

1.1.5.5.2 
Extinguishers  

1.1.5.5.1 
Self Sealing  
1.1.5.4.3 
Brackets  
1.1.5.4.2 

Distribution  
1.1.5.4.1 

Extinguishers  
1.1.5.3.4 
Brackets  
1.1.5.3.3 

Distribution  
1.1.5.3.2 

Extinguishers  
1.1.5.3.1 
Sensors  
1.1.5.2.5 

Manual Pull  
1.1.5.2.4 
Brackets  
1.1.5.2.3 
Harness  
1.1.5.2.2 

Extinguishers  
1.1.5.2.1 
Sensors  
1.1.5.1.7 

Battery Backup  
1.1.5.1.6 

Inegrated Control  
1.1.5.1.5 

Manual Pull  
1.1.5.1.4 
Brackets  
1.1.5.1.3 
Harness  
1.1.5.1.2 

Extinguishers  
1.1.5.1.1 
Sensors  

1.1.1.4.1 
B0/1 Kit Armor  

1.1.1.2.4 
Grilles  

1.1.1.2.3 
C0/1 Kit Armor  

1.1.1.2.2 
B0/1 Kit Armor  

1.1.1.2.1 
U0/1 Kit Armor  

1.5.6.3 
Health Management  

1.5.6.2 
Maintenance 

Training  

1.5.6.1 
IETMs  

1.5.5.3 
Spares' Stowage  

1.5.5.2 
Remote Vehicle 

Device  

1.5.5.1 
Sensors  

1.5.4.4 
Training Support 

Package  

1.5.4.3 
Constructive 
Training En  

1.5.4.2 
Virtual Training 

Environ  

1.5.4.1 
Live Training 
Environmen  

1.4.4.6 
Missile Launcher 

Drive  

1.4.4.5 
Turret Electrical  

1.4.4.4 
Turret Basket  

1.4.4.3 
Turret Drive  

1.4.4.2 
Turret Hatches/

Access Pa  

1.4.4.1 
Turret Structure  

1.4.3.7 
Sights and Sensors  

1.4.3.6 
Fire Control 
Software  

1.4.3.5 
Fire Control Cabling  

1.4.3.4 
Fire Control Control 

Har  

1.4.3.3 
Sensor Subsystems  

1.4.3.2 
Elevation 

Mechanisms  

1.4.3.1 
Traverse 

Mechanisms  

1.4.2.6 
Ammunition 

Handling Soft  

1.4.2.5 
Ammunition 

Handling Cabl  

1.4.2.4 
Ammunition 

Handling Cont  

1.4.2.3 
Commander's 
Independent   

1.4.2.2 
Secondary 

Armament Ammo   

1.4.2.1 
Main Armament 

Ammo Handi  

1.4.1.7 
Armament Software  

1.4.1.6 
Armament Cabling  

1.4.1.5 
Armament Control 

Hardwar  

1.4.1.4 
Non Lethal  

1.4.1.3 
Optics Defeat  

1.4.1.2 
Secondary 
Armament  

1.4.1.1 
Main Armament 

Subsystem  

1.3.8.3 
Shared Processing 

Hardwa  

1.3.8.2 
Information 

Assurance Co  

1.3.8.1 
Network 

Components  

1.3.7.6 
Vehicle Electronics 

Cabl  

1.3.7.5 
Operating System 

Service  

1.3.7.4 
Operating System  

1.3.7.3 
Vehicle Management 

Softw  

1.3.7.2 
Vetronics Software  

1.3.7.1 
Vehicle Electronics 

Cont  

1.3.6.2 
Power Distribution 

Softw  

1.3.6.1 
Power Distribution 

Hardw  

1.3.5.8 
Squad situational 

awaren  

1.3.5.7 
Soldier Display   

1.3.5.6 
Operator Controls 

and In  

1.3.5.5 
Display/Operator 

Control  

1.3.5.4 
Driver's Control and 

Dis  

1.3.5.3 
Crew Controls  

1.3.5.2 
Crew Station 

Displays  

1.3.5.1 
Video Subsystems  

1.3.4.1 
Computing 
Resources  

1.3.3.6 
Communications 

Software  

1.3.3.5 
Communications 

Cabling  

1.3.3.4 
External speaker  

1.3.3.3 
Intercom  
1.3.3.2 

Antennas  
1.3.3.1 
Radios  

1.3.2.3 
Cold Weather Kit  

1.3.2.2 
Horn  

1.3.2.1 
Lighting  

1.3.1.3 
Navigation Software  

1.3.1.2 
Navigation Cabling  

1.3.1.1 
GPS/INS  

1.2.5.4 
Cooling  
1.2.5.3 

Distribution System  
1.2.5.2 

Resevoir (w/ Oil)  

1.2.5.1 
Hydraulic Power 

Generati  

1.2.4.4 
Bilge Pumps  

1.2.4.3 
HVAC System  

1.2.4.2 
CBRN  

1.2.4.1 
Overpressure 

System  

1.2.3.3 
Auxiliary Power Unit  

1.2.3.2 
Power Storage  

1.2.3.1 
Batteries  

1.2.2.7 
Power Package 

Electronic  

1.2.2.6 
Brakes  
1.2.2.5 

Cooling System  
1.2.2.4 

Alternator/Generator  
1.2.2.3 

Driveline  
1.2.2.2 

Transmission  
1.2.2.1 
Engine  

1.2.1.3 
Vehicle Steering 

System  

1.2.1.2 
Suspension/Steering 

Syst  

1.2.1.1 
Track/Tire System  

1.1.9.4 
Hull Electrical  

1.1.9.3 
Rear Ingress/Egress  

1.1.9.2 
Hull Hatches/Access 

Pane  

1.1.9.1 
Hull Structure/

Weldment  

1.1.8.3 
Survivability 
Systems So  

1.1.8.2 
Survivability 
Systems Ca  

1.1.8.1 
Survivability 
Systems Co  

1.1.7.4 
Obscuration  

1.1.7.3 
Jammers and 
Decoys (Non-  

1.1.7.2 
IED 

Countermeasures  

1.1.7.1 
Sensor Subsystems  

1.1.6.2 
(9) Squad Seat 

Assembly  

1.1.6.1 
Ballistic Crew Seats  

1.1.5.6 
Portable Fire 
Extinguish  

1.1.5.5 
Fuel Tank 

Suppression  

1.1.5.4 
Egress Fire 
Protection  

1.1.5.3 
External/Track Fire 

Prot  

1.1.5.2 
Power Plan 

Automatic Fir  

1.1.5.1 
Crew Automatic Fire 

Exti  

1.1.4.2 
Crew Floor  

1.1.4.1 
Spall Liners  

1.1.1.4 
Turret Armor Kits  

1.1.1.3 
Turret Armor  

1.1.1.2 
Hull Armor Kits  

1.1.1.1 
Hull Armor  

1.5.6 
Logistics Software  

1.5.5 
Logistics Hardware  

1.5.4 
Embedded Training 

Softwa  

1.5.3 
Embedded Training 

Hardwa  

1.5.2 
Crew 

Accommodations  

1.5.1 
Stowage  

1.4.4 
Turret Assembly  

1.4.3 
Fire Control  

1.4.2 
Automatic 

Ammunition Han  

1.4.1 
Armament  

1.3.8 
Victory Data Bus  

1.3.7 
Vehicle System 

Software  

1.3.6 
Intelligent Power 

Manage  

1.3.5 
(Data/Video 
Distribution  

1.3.4 
Computers  

1.3.3 
Communications  

1.3.2 
Auxiliary Automotive 

Ele  

1.3.1 
Navigation  

1.2.5 
Hydraulics  

1.2.4 
Environmental 

Control Sy  

1.2.3 
Auxiliary Power  

1.2.2 
Power Package/

Drivetrain  

1.2.1 
Running Gear  

1.1.9 
Hull/Frame/Body/

Cab  

1.1.8 
Survivability System 

Con  

1.1.7 
Sensors and 

Countermeasu  

1.1.6 
Seats  

1.1.5 
Fire Detection/

Suppressi  

1.1.4 
Interior Force 

Protectio  

1.1.3 
Signature 

Management  

1.1.2 
Active Protection 

System  

1.1.1 
Armor  

1.5 
Special Equipment  

1.4 
Lethality Systems  

1.3 
Vehicle Electronics  

1.2 
Mobility Systems  

1.1 
Survivability 

Systems  

1 
Infantry Fighting 

Vehicl  

Establish	
  Product	
  
Structure	
  

The Whole System Trade Analysis Process 
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Design	
  Rules	
  
NecessitaJons	
  &	
  ObviaJons	
  

OpJmizaJon	
  
	
  

Pareto	
  Set	
  



July 

The Whole System Trade Analysis Byproducts 
Use	
  Model	
  Based	
  Systems	
  Engineering	
  Tools	
  to	
  create	
  

system	
  descripEve	
  models	
  

Product	
  Structure	
  InterrelaEonships	
  

RoboEc	
  Pla[orm	
  to	
  Requirements	
  Map	
  

Power	
  Pack	
   Element	
  A	
   Element	
  B	
   Element	
  C	
   Element	
  D	
   Element	
  E	
  

Element	
  H	
   Element	
  I	
   Element	
  J	
  Element	
  F	
   Element	
  G	
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Decision Support Model Construct 
Decision	
  support	
  model	
  
captures	
  and	
  synthesizes	
  
outputs	
  from	
  individual	
  
analyses	
  into	
  trade-­‐space	
  
visualizaJons	
  designed	
  to	
  
facilitate	
  rapid	
  and	
  complete	
  
understanding	
  of	
  the	
  trades	
  
available	
  to	
  stakeholders	
  and	
  
provide	
  drill	
  down	
  capability	
  to	
  
supporJng	
  raJonale.	
  	
  	
  

Structured
	
  Scoring	
  S

heets	
  for	
  
Individual

	
  Analyses	
  
–	
  	
  

System	
  Cost	
  EsJm
ates,	
  Leth

ality	
  EsJm
ates,	
  Forc

e	
  ProtecJ
on	
  EsJmates,	
  Mobility	
  EsJ

mates,	
  Risk	
  

EsJmates,	
  etc.	
  
	
  
	
  

Stakehold
er	
  Value	
  S

caKerplot
	
  

(Performance,	
  AUM
C,	
  Develop

ment	
  Risk,	
  G
rowth	
  Pot

enJal,	
  O&
S	
  Costs)	
  

SensiEvity
	
  Analyses	
  

Radar	
  Gra
phs	
  

Value	
  Curv
es	
  

Priority	
  W
eighJngs	
  

ObjecJves
	
  Hierarchy

	
  

How	
  Measured	
  

FuncJonal
	
  DecomposiJon	
  

	
  of	
  System
	
  of	
  Interes

t	
  

RaJonale	
  
for	
  priority

	
  weighJng
s	
  

&	
  value	
  fu
ncJons	
  

Value	
  Scor
ecard	
  	
  	
  Sys

tem	
  AlternaJv
es	
  vs.	
  Fund

amental	
  Obje
cJves	
  Valu

e	
  Matrix	
  

Raw	
  Score
card	
  	
  	
  Syst

em	
  AlternaJv
es	
  vs.	
  Fund

amental	
  Obje
cJves	
  Measure	
  Matrix	
  

DescripJo
ns	
  of	
  Alter

naJves	
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WSTA Applied… 

Capability	
  Gap	
  Assessments:	
  What	
  current	
  pla4orm	
  gaps	
  can	
  be	
  miJgated	
  by	
  material	
  soluJons	
  and	
  which	
  ones	
  require	
  other	
  
DOT_LPF	
  opJons.	
  

Technology	
  ExploitaEon:	
  QuanJfy	
  dominated	
  soluJons	
  between	
  subsystems	
  (%	
  of	
  Jme	
  a	
  	
  subsystem	
  is	
  selected	
  from	
  the	
  Pareto	
  
fronJer)	
  

Requirements	
  Analysis:	
  Support	
  CDD	
  refinement	
  acJvity.	
  Provide	
  analyJcal	
  underpinnings	
  to	
  KPPs	
  and	
  KSAs.	
  	
  HolisJcally	
  run	
  cost	
  
informed	
  trades	
  analysis	
  .	
  
	
  

Analysis	
  of	
  AlternaEves:	
  	
  Provide	
  alternaJves	
  opJons	
  for	
  the	
  AoA,	
  Work	
  with	
  Adv	
  Concepts	
  on	
  integraJon.	
  	
  Ensures	
  total	
  trade	
  space	
  
explored	
  during	
  the	
  AoA	
  process.	
  

Requirements	
  DefiniEon:	
  CollaboraJng	
  with	
  the	
  USER	
  community	
  to	
  understand	
  contextually	
  the	
  implicaJons	
  of	
  established	
  Threshold	
  
and	
  ObjecJve	
  values.	
  	
  Early	
  emphasis	
  on	
  realisJc	
  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	
  opJmized	
  given	
  a	
  specific	
  price	
  point.	
  

Contractor	
  Trades:	
  Used	
  by	
  the	
  program	
  office	
  	
  to	
  understand	
  the	
  subsystem	
  trades	
  from	
  the	
  contractor	
  proposals	
  throughout	
  EMD.	
  	
  
Technology	
  Trade	
  OpEons:	
  Analyze	
  different	
  technology	
  opJons	
  that	
  meet	
  the	
  same	
  funcJonal	
  objecJve,	
  providing	
  alternaJve	
  soluJons	
  to	
  the	
  
contractor	
  and	
  PM	
  for	
  capability	
  enhancements.	
  

UNCLASSIFIED	
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Why WSTA… 

•  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) 

 

UNCLASSIFIED	
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Example: Using Tool to Find Some 
Interesting Low Cost Alternatives 

Complete	
  SoluJon	
  Set:	
  	
  
	
  1,375,398	
  evaluaJons	
  
	
  2153	
  soluJons	
  	
  
	
  	
  

	
  
	
  

SelecJon	
  procedure	
  is	
  used	
  to	
  idenJfy	
  two	
  representaJve	
  configuraJons	
  

Filter	
  
Walkway	
  

Rescale	
  

Show	
  5	
  Dim	
  

Remove	
  
High	
  Risk	
  

Remove	
  
Low	
  

Growth	
  

Remove	
  
High	
  O&S	
  

Select	
  lowest	
  cost	
  

Select	
  beYer	
  performing	
  
lowest	
  O&S	
  cost	
  Remove	
  any	
  soluJons	
  that	
  do	
  not	
  

meet	
  performance	
  walk	
  away	
  
points	
  (2076	
  soluJons)	
  

Look	
  at	
  soluJons	
  under	
  $8	
  M	
  	
  
(821	
  soluJons)	
  

Filter	
  out	
  soluJons	
  with	
  high	
  risk,	
  
low	
  growth	
  potenJal,	
  and	
  high	
  O&S	
  
cost	
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Exploration of the capabilities trade-space 

WSTA	
  complements	
  AoA	
  and	
  NDV	
  Assessment	
  by	
  generaJng	
  	
  
100s	
  of	
  non-­‐dominated	
  creaJve	
  alternaJves	
  

How	
  do	
  we	
  balance	
  requirements?	
  Payload	
  vs	
  ProtecJon	
  vs	
  Mobility	
  

UNCLASSIFIED	
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Ten Configurations Across FCC Weight Spectrum 

FCC	
  Weight	
  Class	
  (tons)	
   <	
  45	
  	
   45	
  -­‐	
  50	
   50	
  –	
  55	
   55	
  -­‐	
  60	
   60	
  -­‐	
  65	
   >	
  	
  65	
  

ConfiguraJon	
  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)	
   MulJ-­‐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	
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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 

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

ConfiguraJon	
  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	
  configuraJon	
  offers	
  some	
  improvement	
  relaJve	
  to	
  
Legacy	
  Pla4orms	
  in	
  the	
  areas	
  of	
  lethality	
  of	
  primary	
  armament,	
  
weight	
  available	
  for	
  growth,	
  targeJng	
  ability,	
  &	
  UV	
  protecJon. 

Legacy	
  

UNCLASSIFIED	
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Configuration ID #6 
FCC	
  Weight	
  Class	
  (tons)	
   45-­‐50	
  

ConfiguraJon	
  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	
  configuraJon	
  can	
  carry	
  9	
  dismounts	
  and	
  offers	
  
some	
  improvement	
  relaJve	
  to	
  Legacy	
  Pla4orms	
  in	
  the	
  area	
  of	
  
lethality	
  of	
  primary	
  armament,	
  weight	
  available	
  for	
  growth,	
  

targeJng	
  ability,	
  &	
  UV	
  protecJon.	
   

Legacy	
  

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

ConfiguraJon	
  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	
  configuraJon	
  provides	
  improved	
  EFP	
  /	
  SAIED	
  aYack	
  
protecJon,	
  can	
  carry	
  9	
  dismounts	
  and	
  offers	
  some	
  improvement	
  
relaJve	
  to	
  Legacy	
  Pla4orms	
  in	
  the	
  area	
  of	
  lethality	
  of	
  primary	
  
armament,	
  weight	
  available	
  for	
  growth,	
  targeJng	
  ability,	
  &	
  UV	
  

protecJon	
   

Legacy	
  

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

ConfiguraJon	
  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	
  configuraJon	
  nearly	
  meets	
  or	
  exceeds	
  Legacy	
  
Pla4orms	
  performance	
  in	
  almost	
  every	
  category.	
  	
   

Legacy	
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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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