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Abstract

The Defense Advanced Research Projects Agencyj g y
(DARPA) is a research and development (R&D)
organization. Many of its projects involve state-of-
the art technologies for military end user applicationsthe-art technologies for military end-user applications
with many schedule and cost constraints. DARPA
PMs utilize Earned Value (EV) as a cost and( )
schedule risk mitigation and management tool. The
challenge is correctly applying EV techniques to
many ill defined research oriented projects in ordermany ill-defined, research-oriented projects in order
to gain the predictive insights desired.
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Authorship Caveatsp
The opinions represented are solely the position of 
the authors and do not represent an official DARPAthe authors and do not represent an official DARPA 
position on such matters.  

The observations, thoughts and views regarding 
tailored application of EV to R&D programs are 
those of the authors.

Th i t t f thi t ti i t t t i lThe intent of this presentation is not a tutorial on 
EV, but instead on what needs to be accomplished 
prior to and during execution of a R&D oriented 
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p g
contract.
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O iOverview
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Why EV Reporting?y p g

Schedule performance and cost performance can beSchedule performance and cost performance can be 
analyzed in the same terms since project progress is 
measured in dollars
Desire for predictive analysis framework to ensure 
cost, schedule, and performance risks are identified 
as early as possibleas early as possible
It’s the Law (FAR/DFAR/….)
⎯ Mandated for program awards over $20MMandated for program awards over $20M

Often requested for technically / programmatically 
complex R&D efforts regardless of project size
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R&D Program Attributesg

Applied Research and Integration to explore feasibilitypp g p y
⎯ Not a production contract with everything predetermined

Typically collaborative teams to mitigate technical risk
Leverage specialized expertise across team members⎯ Leverage specialized expertise across team members

Use basic research in specific application and
representative operational environment via field

i texperiment
Create / Demonstrate prototype system to facilitate …
⎯ Understanding Requirements Trade-spaceg q p
⎯ Ability to Satisfy Performance / Cost Objectives
⎯ Development of CONOPs

Transitioning technology to customers/users
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⎯ Transitioning technology to customers/users
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EV Expectation Managementg

EV planning starts BEFORE solicitation release
― Must set the groundwork in the cost proposal instructions

Success is largely determined by decisions made 
during Contract Negotiations and Contract Kick offduring Contract Negotiations and Contract Kick-off
― Must be very clear on expectations / formats / timing / etc.

First three to six months after contract award should 
focus on ‘fine tuning’ efforts
― Level of Cost account structure

Schedule reporting rules― Schedule reporting rules
• FFP vs. CPFF vs. T&M
• LOE and Basic Material Purchases
• Sub and IWO consistency in reporting
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Sub and IWO consistency in reporting



WBS* (Root of All Evils)( )
Solicitation Instructions
― WBS must track to SOW / IMS in ProposalWBS must track to SOW / IMS in Proposal
― Subs and IWOs must use same WBS structure / definitions as Prime
― WBS must be product-oriented (i.e., broken down by critical sub-

systems and hardware / software components)
Negotiations / Kickoff
― Re-mapping of Subs and IWOs into Prime’s WBS, as needed
― Determine schedule progress reporting rules
― Determine level of cost account assignment

• Can’t get any lower level resolution than the lowest level cost account
Program Execution
― Calculate EV metrics for each reported WBS element
― Utilize Monthly Status Reports and Technical Meetings to verify

consistency with EV metrics
Explain EV variances in a Technical / Schedule context vs strictly
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― Explain EV variances in a Technical / Schedule context vs. strictly
Financial analysis

* Work Breakdown Structure



On-Orbit Servicing Satellite
WBS ExampleWBS Example

ASTRO Servicing Vehicle
Spacecraft Bus

NEXTSat Serviceable Satellite
Spacecraft Bus

Auto-GN&C System (Includes Software)
Command, Data Handling and Processing 

System
Servicing Mission Instruction Set
S S t

Spacecraft Bus
Command, Data Handling and Processing 

System
Cooperative Servicing Aids System
Fluid Consumables Receipt and Handling

Sensor System
Power and Power Distribution System
Propulsion System
Tracking, Telemetry and Communications 

System

Hardware (ORU) Receipt
Power and Power Distribution System
Propulsion System
Tracking, Telemetry and Communications 

S tSystem
Environmental Survivability
Fluid Payload Storage and Handling
Hardware Payload Storage and Handling
Integration and Test

System
Environmental Survivability
Integration and Test

= First Level Servicing ImpactsIntegration and Test
Satellite Servicing Interface (SSI)

Mechanical Interfaces
Electrical Interfaces
Enabling Software

= First Level Servicing Impacts

Key: The design effort, representing the 
Non-Recurring Engineering (NRE), needs to 
be separated from the product procurement /
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ab g So t a e
Associated Protocols
Tools / End Effectors
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be separated from the product procurement / 
fabrication/ assembly efforts



On-Orbit Servicing Satellite
WBS Example (Cont’d)

Commodity Payload
Spacecraft Bus

Micro-Satellite
Spacecraft Bus

WBS Example (Cont d)

p
Command, Data Handling and Processing
Cooperative Servicing Aids System
Fluid Consumables Payload Storage, Handling 

and Transfer
Hardware Payload Storage Handling and

Spacecraft Bus
Command, Data Handling and Processing
Cooperative Servicing Aids System
Fluid Consumables Payload Storage, 

Handling and Transfer
Hardware Payload Storage, Handling and 

Transfer
Power and Power Distribution System
Propulsion System
Tracking, Telemetry and Communications

Hardware Payload Storage, Handling and 
Transfer

Power and Power Distribution System
Propulsion System
T ki T l t d C i tig, y

Environmental Survivability
Integration and Test

Ground Facility Support
Mission Planning

Tracking, Telemetry and Communications 
System 

Environmental Survivability
Integration and Test

Mission Planning
Command, Data Handling and Processing
Tracking, Telemetry and Communications
Manpower, Personnel & Training
Security

Other
Integrated Logistics Support (ILS)
Systems Engineering/Program 

Management (SE/PM)
System Test & Evaluation (ST&E)
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Security System Test & Evaluation (ST&E)

= First Level Servicing Impacts
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EV Modelingg
• EV Metrics across each 

WBS Element
% f T t l Eff t– % of Total Effort

– % Spent / Complete
– TCPI (>1 not good)
– CPI (< 1 not good)
– SPI (< 1 not good)( g )
– EACs Calcs (not shown)

• Variable WBS Level 
Reporting

• Use these to Assist in 
Dialogue on Technical 
and Schedule Progress 
(Format 1 to 5 links)

• Review Invoice Details 
relative to Progress 
shown here

• Create formal set of 
Monthly Questions
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• Discuss / Provide Template prior to initial CPR Release



R&D Project EV
‘Lessons Learned’Lessons Learned

Understand Project Technical Objectives /
Risks, Budget and Sensitivities as early as
possible
Spend as much time as needed to get the rightSpend as much time as needed to get the right
WBS in place
Complexities of Project and impacts to BudgetComplexities of Project and impacts to Budget
are not known a priori
Be mindful of ‘products’ from each WBSp
Element and which ones depend on them
Stay engaged and keep highlighting issues
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R&D Projects do fail even with good EV
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EV in R&D Projects Summaryj y

Successful R&D Projects start before Solicitations are issued
Need explicit dialogue amongst Government and Contractor
teams
Important to Tailor WBS and Variable Reporting LevelsImportant to Tailor WBS and Variable Reporting Levels
Ensure critical technologies and risk ‘cost drivers’ are
addressed over time
Continuous Review and Discussion of EV Metrics isContinuous Review and Discussion of EV Metrics is
important for meeting R&D Projects’ Objectives

Analysts need to understand the ‘Program of Record’ and 
how it relates to the planning, scheduling, budgeting, work 
authorization and cost accumulation processes employed!
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authorization, and cost accumulation processes employed!
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