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ProblemProblem

•• Major programs often encounter major cost and Major programs often encounter major cost and 
schedule problems despite detailed and comprehensive schedule problems despite detailed and comprehensive 
plansplans

“ Despite their superiority, weapon systems routinely 
take much longer to field, cost more to buy, and require 
more support than investment plans provide for.”

Defense Acquisitions: Assessments of Major Weapon
Programs, GAO Report, GAO-03-476, May 2003

·· Complex interrelationships cause control of program Complex interrelationships cause control of program 
cost and schedule to be difficultcost and schedule to be difficult
—— Program managers need a small set of key levers (vs.  Program managers need a small set of key levers (vs.  

thousands of tasks, schedules, budgets, risks, action items, …)thousands of tasks, schedules, budgets, risks, action items, …)
“ U.S. Navy and Air Force plans to stiffen penalties 
for cost overruns”

Bloomberg – 2/ 5/ 2004
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Recognize complex impacts of change at the speed of Recognize complex impacts of change at the speed of 
information rather than speed of information rather than speed of ““ status reportstatus report”” deliverydelivery

What If You Could ¼What If You Could ¼

·· Know that a software project would be delayed before Know that a software project would be delayed before 
it was reportedit was reported

·· See management data in realSee management data in real--time and play ªwhattime and play ªwhat--ifsºifsº

·· Recognize cross IPT shortfalls and impacts Recognize cross IPT shortfalls and impacts 
immediatelyimmediately

·· See third and fourth level effects of change rather See third and fourth level effects of change rather 
than those immediately apparentthan those immediately apparent

·· Do multiDo multi --variant cost sensitivity analysis on the fly variant cost sensitivity analysis on the fly 



4

ThesisThesis

·· Prediction on large complex programs is feasible Prediction on large complex programs is feasible 
because ¼because ¼

·· Most program ªsurprisesº  result from a small number Most program ªsurprisesº  result from a small number 
of key elementsof key elements
ÐÐ DependenciesDependencies
ÐÐ Systemic behavior patternSystemic behavior patternss

·· These are normally not considered in planning These are normally not considered in planning 
ÐÐ Hence root causes of program surprise go undetected Hence root causes of program surprise go undetected 

·· Information for effective analysis is straightforward / Information for effective analysis is straightforward / 
easy to obtaineasy to obtain

·· Analysis methodology tolerates parameter variation Analysis methodology tolerates parameter variation 
and imprecisionand imprecision
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ª 3rd ª3rd GenerationGenerationº  Comprehensive PMº  Comprehensive PM

22ndnd Integrated ManagementIntegrated Management
FrameworkFramework
·· Linked data elementsLinked data elements
·· Configuration managementConfiguration management
·· Workflow Workflow 
·· Access controlAccess control
·· Provides views across disciplines, Provides views across disciplines, 

supports change management and supports change management and 
traceabilitytraceability

11stst Generation Program ManagementGeneration Program Management
·· IPT’s IPT’s assessments: Predictive but subjectiveassessments: Predictive but subjective
·· Provides drilldown capabilityProvides drilldown capability

33rdrd Generation Predictive Program ManagementGeneration Predictive Program Management
·· System dynamic model for program System dynamic model for program 
managementmanagement

·· Causal relationships are modeledCausal relationships are modeled
·· Agent assessments: Predictive and objectiveAgent assessments: Predictive and objective
·· Provides “ look ahead capability”  and “ what if”  Provides “ look ahead capability”  and “ what if”  
leverslevers
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Coupling / InterdependenciesCoupling / Interdependencies

·· Program ElementsProgram Elements

ÐÐ ActivitiesActivities

ÐÐ SystemsSystems

ÐÐ OrganizationsOrganizations

·· Dependency TypesDependency Types

ÐÐ InformationInformation

ÐÐ PhysicalPhysical

ÐÐ EnergyEnergy

ÐÐ ResourceResource

Key Coupling FactorsKey Coupling Factors
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Common dependency patterns inherent across programs enable 
a small number of models to represent the dominant behaviors.
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DSM Dependency AnalysisDSM Dependency Analysis

·· For each dependency type, matrices are analyzed to find task or For each dependency type, matrices are analyzed to find task or system system 
groupings that are most important to watchgroupings that are most important to watch

·· Supports automated analysisSupports automated analysis

·· Easy to interpret, visualize, and analyzeEasy to interpret, visualize, and analyze
ÐÐ Rows and columns: Program ElementsRows and columns: Program Elements
ÐÐ Matrix entries: Coupling strengthsMatrix entries: Coupling strengths
ÐÐ Principle Principle eigenvalueseigenvalues: Key work / design modes; determine the ª rate : Key work / design modes; determine the ª rate 

and nature of convergenceº  in the presence of changeand nature of convergenceº  in the presence of change
ÐÐ Principle eigenvector:  Ranks tasks/subsystems by their ª impactºPrinciple eigenvector:  Ranks tasks/subsystems by their ª impactº on on 

overall schedule / costoverall schedule / cost

Dependency analysis highlights the subsets programs which 
require closer attention / monitoring, or need to be decoupled
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Selected Design Modes can be Selected Design Modes can be 
Analyzed for Systemic Behavior PatternsAnalyzed for Systemic Behavior Patterns

Dynamic PatternsDynamic Patterns
·· Balancing LoopBalancing Loop

·· Reinforcing LoopReinforcing Loop

·· Hidden ReworkHidden Rework

·· Fixes that BackfireFixes that Backfire

·· Limits to GrowthLimits to Growth

·· Shifting the BurdenShifting the Burden

·· Tragedy of CommonsTragedy of Commons

·· Accidental AdversariesAccidental Adversaries

·· Success to the SuccessfulSuccess to the Successful

·· EscalationEscalation

·· Drifting GoalsDrifting Goals

·· The Attractiveness PrincipleThe Attractiveness Principle

·· Growth and UnderinvestmentGrowth and Underinvestment
(core patterns)(core patterns)

Interdependencies /Interdependencies /
CouplingCoupling

·· Program ElementsProgram Elements

ÐÐ ActivitiesActivities

ÐÐ SystemsSystems

ÐÐ OrganizationsOrganizations

·· Dependency TypesDependency Types

ÐÐ InformationalInformational

ÐÐ PhysicalPhysical

ÐÐ EnergyEnergy

ÐÐ ResourceResource

Common systemic patterns inherent across programs
enable a small number of models to represent

most of the dominant behaviors (80% solution).
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Intelligent Mobile Agents for PM Intelligent Mobile Agents for PM 

Agent TasksAgent Tasks

·· Information gatheringInformation gathering

·· Data analysis resulting in R/Y/G labelingData analysis resulting in R/Y/G labeling

·· Determine each Determine each WBS’s WBS’s associated R/Y/G associated R/Y/G 
cost / schedule / risk / etc.cost / schedule / risk / etc.

·· Trend analysisTrend analysis

·· Historical data analysisHistorical data analysis

·· Action Item monitoringAction Item monitoring

·· Critical path monitoringCritical path monitoring

·· Generate alertsGenerate alerts

·· Earned value analysisEarned value analysis

·· Predictive analysisPredictive analysis

·· RecommendationsRecommendations

Leveraging Lockheed Leveraging Lockheed 
Martin agent technology to Martin agent technology to 
manage a SDM; user seesmanage a SDM; user sees

·· Information Information 
·· Not agents Not agents 
·· Not volumes of dataNot volumes of data
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·· DSM analysis shows one dominant design mode (DSM analysis shows one dominant design mode (eigenvalueeigenvalue) and relative ) and relative 
impact of tasks (eigenvector) on the overall schedule impact of tasks (eigenvector) on the overall schedule 

·· Analysis is robust in the presence of parameter variation / unceAnalysis is robust in the presence of parameter variation / uncertaintyrtainty

·· Analysis predicts approximate percent rework for the tasks due tAnalysis predicts approximate percent rework for the tasks due to o 
dependencies / couplingdependencies / coupling
ÐÐ Program manager can use this analysis to verify estimated reworkProgram manager can use this analysis to verify estimated rework
ÐÐ Analysis can be used to evaluate the impact of task restructurinAnalysis can be used to evaluate the impact of task restructuring on expected g on expected 

rework (which is often the cause of surprise towards the end)rework (which is often the cause of surprise towards the end)

Ship Supp 0 1 0 0 0
Tasks 1 0 0 2 0
ET&E 2 1 0 2 1
CPCR 5 2 5 0 2
Test & Verify 0 0 2 2 0

Task 1 Task 1 
Task 2Task 2
Task 3Task 3
Task 4Task 4
Task 5Task 5

Predicted Rework (Coupling)
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2%
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Eigenvalues Eigenvector
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0.01 0.00

-0.06 0.00
-0.03 0.01
-0.03 -0.01

0.05
0.29
0.43
0.73
0.44

Case Study: Case Study: DSM Based Rework AnalysisDSM Based Rework Analysis
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DSM can identify a 
small subset of 
dependencies that 
require detailed 
modeling via SDM

Ship Supp 0 1 0 0 0
Tasks 1 0 0 2 0
ET&E 2 1 0 2 1
CPCR 5 2 5 0 2
Test & Verify 0 0 2 2 0
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Case Study: Case Study: DSM used to Create DSM used to Create 
System Dynamics Model (SDM) System Dynamics Model (SDM) 
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Level 1 Problem Reports

Case Study: Case Study: Model Results Model Results 
(Actual vs Predicte(Actual vs Predicted)d)

Model is successfully predicting the observed data.

Level 2 Problem Reports

Planned

Predicted 

Actual 
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ConclusionsConclusions

·· Systemic model demonstrates the behavior in the Systemic model demonstrates the behavior in the 
presence of rework and feedbackpresence of rework and feedback

·· The results of the model are broadly applicableThe results of the model are broadly applicable
ÐÐ All iterative processes will demonstrate this behavior All iterative processes will demonstrate this behavior 

to a certain extent (rework pattern)to a certain extent (rework pattern)

·· Model is successfully predicting the crossover effectModel is successfully predicting the crossover effect
ÐÐ This is where the status goes from green to red This is where the status goes from green to red 

overnightovernight
ÐÐ Early analysis can predict this effect and program Early analysis can predict this effect and program 

managers can plan accordingly to prevent surprisemanagers can plan accordingly to prevent surprise
ÐÐ Model can be run anytime with latest data to detect Model can be run anytime with latest data to detect 

possibility of crossovers (ideal task for an agent)possibility of crossovers (ideal task for an agent)

·· Planning to deploy capability on programsPlanning to deploy capability on programs


