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AgendaAgendagg

•• MotivationMotivation
•• Cost growthCost growth
•• ModelModel
•• Simulation implementationSimulation implementation
•• Simulation resultsSimulation results

CC•• Current workCurrent work
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MotivationMotivation
•• Cost growth evident in Cost growth evident in 

weapons programsweapons programs
–– $296 billion in 2008 $296 billion in 2008 

portfolioportfolio
–– $135 billion since 2008$135 billion since 2008
–– $70 billion unexplained by $70 billion unexplained by 

quantity changesquantity changesq y gq y g
•• Pressure to rein in costs due to Pressure to rein in costs due to 

fiscal and political environmentfiscal and political environment
•• DecisionDecision--making regardingmaking regardingDecisionDecision making regarding making regarding 

processes and incentivesprocesses and incentives
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Process DriversProcess Drivers

•• Evolutionary acquisitionEvolutionary acquisitiony qy q
–– Each development cycle occurs at lower costEach development cycle occurs at lower cost
–– Increased number of development cycles contributes to Increased number of development cycles contributes to 

potentially higher costpotentially higher costpotentially higher costpotentially higher cost

•• Phase concurrencyPhase concurrency
–– Concurrency might be used to regain schedule (e.g., between Concurrency might be used to regain schedule (e.g., between 

))development and production)development and production)
–– Concurrency introduces risk of rework and wasted productionConcurrency introduces risk of rework and wasted production

•• UncertaintyUncertaintyU ce a yU ce a y
–– Technology immaturity poses cost growth riskTechnology immaturity poses cost growth risk
–– Requirements volatility poses cost growth riskRequirements volatility poses cost growth risk
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Incentive DriversIncentive Drivers

•• CostCost--plus contractsplus contractspp
–– Cost growth tends to be enabledCost growth tends to be enabled

•• Competition vs. nonCompetition vs. non--competitioncompetition
–– Competition should incentivize cost performanceCompetition should incentivize cost performance
–– Low bids are potentially incentivized by competitionLow bids are potentially incentivized by competition

•• IncentivesIncentivesIncentives Incentives 
–– Evidence shows award/incentive fees ineffectiveEvidence shows award/incentive fees ineffective
–– Recommendations for using fees include Recommendations for using fees include 

•• Set base fee and tie overall fee to outcomes not timeSet base fee and tie overall fee to outcomes not time•• Set base fee and tie overall fee to outcomes, not timeSet base fee and tie overall fee to outcomes, not time
•• Using rollovers judiciouslyUsing rollovers judiciously
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Organizational SimulationOrganizational Simulationgg

•• Simulation methodology Simulation methodology 
f d h i i lf d h i i lCh focused on the organizational focused on the organizational 
experienceexperience
–– PeoplePeople

Social behaviorSocial behavior

Organizational
Story

Characters

World Model

–– Social behaviorSocial behavior
–– Rules and processesRules and processes
–– ArtifactsArtifacts
–– ArchitectureArchitecture

Organizational Simulation
Framework & Tools ArchitectureArchitecture

•• Tools for designing, testing, Tools for designing, testing, 
prototyping and experimenting prototyping and experimenting 
with organizational systemswith organizational systems

•• AnyLogicAnyLogic implementation with implementation with 
Java class library for Java class library for 
organizational modelingorganizational modeling

System Dynamics
(differential equations)

Discrete Event
(transactions)

Agent Based
(individual interactions)
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Process ModelProcess Model

•• Acquisition phasesAcquisition phasesA B C q pq p
•• Decision pointsDecision points
•• Cost accrualsCost accruals

Concept 
Refinement

Technology 
Dev.

System Dev. & 
Demonstration

Production 
& 

Deployment

Operations 
& Support

A B C

•• ProgressProgress
–– Technology maturationTechnology maturation

DesignDesign

Possible contract renegotiations

–– DesignDesign
–– DevelopmentDevelopment

•• Concurrency and Concurrency and 
uncertaintyuncertainty

•• Contract renegotiationsContract renegotiations
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Actor ModelActor Model

•• PrincipalPrincipal--agent modelagent modelpp gg
–– Government as principalGovernment as principal
–– Contractor as agentContractor as agent

A th i t t f thA th i t t f th
C

C C

•• Are the interests of the Are the interests of the 
agent aligned with those agent aligned with those 
of the principal?of the principal?

C

PG

C

C …

–– Contract structureContract structure

•• Eventually extended to Eventually extended to 
multimulti tier principaltier principal agentagent

CPrincipal‐to‐agent

G = Government multimulti--tier principaltier principal--agent agent 
networknetwork
–– ComplexComplex

G = Government
P = Prime contractor
C = Contractor
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Incentive ModelIncentive Model

•• Agent has a utility Agent has a utility UU((ww, , aa) from working for the principal) from working for the principalg yg y (( ,, ) g p p) g p p
–– ww = payment= payment
–– aa = effort= effort

Reserve utility in case of no contractReserve utility in case of no contract–– Reserve utility in case of no contractReserve utility in case of no contract

•• Payment each periodPayment each period
–– xx00

22 for low performancefor low performance00

–– xx11
22 for medium performancefor medium performance

–– xx22
22 for high performancefor high performance

•• Performance based on effort incorporating uncertaintyPerformance based on effort incorporating uncertainty•• Performance based on effort, incorporating uncertaintyPerformance based on effort, incorporating uncertainty
–– PP((aaii) = ) = PPjj with probability with probability ppjj

ii

–– Probabilities scaled so that lower efforts have higher probabilities Probabilities scaled so that lower efforts have higher probabilities 
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OptimizationOptimizationpp

•• Principal’s perspectivePrincipal’s perspectivep p pp p p
•• Minimize expected payoutMinimize expected payout
•• Subject toSubject to

–– Agent’s expected utility ≥ reservation utilityAgent’s expected utility ≥ reservation utility
–– Agent’s expected utility for high effort ≥ expected utility for low Agent’s expected utility for high effort ≥ expected utility for low 

efforteffort
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CostCost--PlusPlus
•• Let Let TT be total time for an acquisition phase, and let there be an be total time for an acquisition phase, and let there be an 

estimate of time remaining at time estimate of time remaining at time tt
•• Agent’s progress each period goes toward completion time, and Agent’s progress each period goes toward completion time, and 

estimate of time remaining is updatedestimate of time remaining is updated
•• Principal pays Principal pays xxii

22 per period depending on performance levelper period depending on performance level
•• An initial cost estimate is provided, and is updated with actual cost An initial cost estimate is provided, and is updated with actual cost 

incurred plus an estimate for the remaining phase durationincurred plus an estimate for the remaining phase durationp g pp g p
•• Cost growth and incremental cost growth can be measured by the Cost growth and incremental cost growth can be measured by the 

difference of the actual and the estimate at time difference of the actual and the estimate at time tt
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Fixed PriceFixed Price

•• Assume CobbAssume Cobb--Douglas production function with Douglas production function with g pg p
increasing returns to scaleincreasing returns to scale

•• Production efficiency is a function of effort, incorporating Production efficiency is a function of effort, incorporating 
t i tt i tuncertaintyuncertainty

–– αα((aaii) = ) = ααjj with probability with probability ppjj
ii

•• Agent selects level of effort to maximize expected gainAgent selects level of effort to maximize expected gainAgent selects level of effort to maximize expected gainAgent selects level of effort to maximize expected gain
–– Price per unit multiplied by number of units less expected cost to Price per unit multiplied by number of units less expected cost to 

agent based on production functionagent based on production function

•• DiscussionDiscussion•• DiscussionDiscussion
–– Production efficiency of concern primarily to agentProduction efficiency of concern primarily to agent
–– Principal concerned with schedulePrincipal concerned with schedule
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Simulation ImplementationSimulation Implementationpp

•• Agent determines Agent determines 
efforteffort

•• Performance level Performance level 
computedcomputed Activity 1 Activity 2

Activity 3

Activity n…Processes

•• Cost incurred updatedCost incurred updated
•• Estimated time to Estimated time to 

completion updatedcompletion updated Decision points

Activity 3

p pp p
•• Estimated cost Estimated cost 

updatedupdated
•• Cost growthCost growth

C

PG C

C C

Actors

Structural relationships

Cost growth Cost growth 
estimatedestimated

•• New probabilities New probabilities 
generatedgenerated

CActors Behavioral interactions
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ProbabilitiesProbabilities

•• Probabilities change at each periodProbabilities change at each periodg pg p
•• Random assignmentRandom assignment

–– Each probability is assigned a new value from the Uniform (0, 1) Each probability is assigned a new value from the Uniform (0, 1) 
distribution subject to the earlier constraintsdistribution subject to the earlier constraintsdistribution, subject to the earlier constraintsdistribution, subject to the earlier constraints

•• Random additionRandom addition
–– Each probability is assigned a new value by adding a random Each probability is assigned a new value by adding a random p y g y gp y g y g

amount to the previous valueamount to the previous value
–– The new value is the probability multiplied by (1+The new value is the probability multiplied by (1+rrUnif(Unif(--1,1)), 1,1)), 

where where rr = 0.1= 0.1
–– This simulates a random walk processThis simulates a random walk process
–– The same constraints are observed, as well as the constraint The same constraints are observed, as well as the constraint 

that probabilities are nonthat probabilities are non--negativenegative
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Experimental ExampleExperimental Examplep pp p
Probability of performance

Low Effort High EffortLow Effort High Effort
Low Medium High Low Medium High
0.6 0.3 0.1 0.1 0.3 0.6

Principal’s cost based on performancePrincipal s cost based on performance
Low Median High
100 200 400

Agent’s costAgent’s cost
Low effort High Effort

50 150

Other parametersOther parameters
Est. Phase 

Duration (Yrs.)
Interaction 
Frequency

Reserve Utility

10 Annually 100
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Random AssignmentRandom Assignmentgg
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Random AdditionRandom Addition
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Equal ProbabilitiesEqual Probabilitiesqq

Random Assignment Random AdditionRandom Assignment Random Addition
Original Equal Prob Original Equal Prob

Mean 177.3 185.3 169.5 175.9
Std. Dev. 61.2 60.7 76.0 47.2

•• Random addition has a lower variance than random Random addition has a lower variance than random 
assignment due to the generally smaller changes in assignment due to the generally smaller changes in g g y gg g y g
probabilities between periodsprobabilities between periods

•• This difference is smaller under the equal initial This difference is smaller under the equal initial 
b biliti i th i l it hi b t ff tb biliti i th i l it hi b t ff tprobabilities since there is less switching between effort probabilities since there is less switching between effort 

levelslevels
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DiscussionDiscussion

•• Combined process and incentive modelingCombined process and incentive modelingp gp g
•• MicroMicro--economic and technical behavior modelseconomic and technical behavior models
•• Contract structureContract structure
•• Simulation needed due to complexitySimulation needed due to complexity
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Current ResearchCurrent Research

•• Scale up work with FScale up work with F--35 data and multi35 data and multi--tier principaltier principal--pp p pp p
agent networkagent network

•• Enhance fixed cost modelEnhance fixed cost model
•• Experimentation with incentive structures, transfer points Experimentation with incentive structures, transfer points 

and process concurrency and process concurrency 
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