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Overview 

• Introduction 
• Theoretical Framework and Currently Available 

Models 
• A New Framework for Cost and Schedule Joint 

Modeling 
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Introduction 
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The Problem 

• Technology Development under high uncertainty, 
with increasing cost/schedule/maturity constraints. 

• Even more challenging for government agencies: 
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Technology Readiness Level 
Progression Example from GPS 

*Based on Smoker, R. and Smith, S. "Approach to Use of Selected Acquisition Reports for Measurement of TRLs and Associated System Cost Growth" 2008 
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Technology Readiness Level 
Progression for Commercial Product 

16 years from TRL 3 to 9 comparable to 11.7 years for GPS   
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Research questions 

• Using historical data, is it feasible to use TRL for 
technology development cost/schedule models? 
 

• If yes, can we use TRLs to develop a dynamic 
programming or real options approach to 
managing technology?   
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Theoretical Framework and Currently 
Available Models 
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Assumption Levels for the 
Framework 

1. TRL scale is 
a measure of  
maturity and 

risk 
2. Transition maturity 

variables are 
consistently related 
across technologies 

3. Maturity variables are 
significantly different for 
different TRL transitions 

4. TRL marks points of progression in 
technology development 
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Level 1 Assumption 

TRL marks points of progression in 
technology development 
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Programmatic Risk as a Function 
of TRL 

GAO, 1999, p.24  
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Level 2 Assumption 

Maturity variables are significantly 
different for different TRL transitions 
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NASA and Department of Energy Data Show 
Statistically Similar TRL Transition Times  
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The NASA Dataset 
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12 0.4 0.2 1 1 0.5 3 0.3 0.5 0.5 5 2.5 0.5 1.9 2 2.5 0.7 0.8 1.5 3
23 0.4 0.1 1.5 1 1 1 0.3 0.5 0.5 1 5 0.5 1.9 4 1 0.2 0.3 1 1
34 0.4 0.1 1.5 1 1 1 0.4 1 0.5 3.5 7.5 0.5 1.9 2.5 1.5 0.2 0.3 1 1
45 0.5 1.1 1.5 2 1 1 2 1 0.5 1 4 3 1.9 3 2.5 0.2 0.35 1 1
56 0.2 0.1 6 4 1 2 2 1 1 0.5 1.5 0.5 1.9 0.5 1 0.2 0.35 1 22
67 6 0 0.5 1.5 1.5 1.9 0.8 2.5 1 0 1 8
78 0.5 5 0.5 1.5 3 1.9 0.3 6 1 1.2 12 0
89 5.5 0 0.5 1.5 4 1.9 0.3 1 1 0.1 1 11

Criteria A 4 3 4 4 1 2 2 2 2 2 2 1 4 4 4 3 3 1 2
Criteria B 1 0 1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 0 1
Criteria C 2 3 3 3 2 6 6 3 2 3 1 3 3 3 1 2 1 3 3
Criteria D 0 0 1 1 1 1 1 0 0 0 1 0 0 0 1 0 1 0 1
Criteria E 0 0 0 1 1 1 1 1 0 1 0 1 0 1 1 1 0 1 1
Criteria F 0 0 0 0 1 0 1 0 1 1 1 1 0 1 1 1 1 1 1
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Bootstrapping Used to Generate 
Median 

•  Iterated smoothed bootstrapping 
 

• Iterated: to eliminate bias 
 

• Smoothed: to look nice for the program managers 
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Excel function 
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Level 3 Assumption 

Transition maturity variables are 
consistently related across technologies 
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Correlation Analysis of the NASA 
Dataset (log) 

ln(12) ln(23) ln(34) ln(45) ln(56) ln(67) ln(78) ln(89)
Correlation Table log data log data log data log data log data log data log data log data

ln(12) 1.000 0.660 0.752 0.312 0.149 -0.074 -0.135 -0.606
ln(23) 0.660 1.000 0.905 0.673 0.385 0.043 -0.170 -0.350
ln(34) 0.752 0.905 1.000 0.639 0.351 0.113 -0.256 -0.265
ln(45) 0.312 0.673 0.639 1.000 0.490 0.344 0.006 0.073
ln(56) 0.149 0.385 0.351 0.490 1.000 0.325 0.331 0.307
ln(67) -0.074 0.043 0.113 0.344 0.325 1.000 -0.092 0.633
ln(78) -0.135 -0.170 -0.256 0.006 0.331 -0.092 1.000 0.180
ln(89) -0.606 -0.350 -0.265 0.073 0.307 0.633 0.180 1.000
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Forecasting Methods 

• Fixed Estimates 
• Mean 
• Median 
• Regression 

• Influence Diagrams 
• ID (full) 
• ID (frag 4-3) 
• ID (frag 5-2) 
• ID bounded 

• Extrapolation 
• Moving average 
• Exponential smoothing  
• Exponential smoothing with trend 

• Regression 
• Full autoregression 
• Full autoregression (bounded) 

• Other 
• Closest neighbor 
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Forecasting results 

• Some “smart” methods performed better than fixed estimates both in total 
error and in robustness 

• Smart models might have “overlearned” this particular dataset 

Objective Forecasting Error Function 
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Increase in Schedule 
Uncertainty vs. TRL 
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Level 4 Assumption 

TRL scale is a measure of  maturity and 
risk 
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Cost modeling comparison 
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A New Framework for Cost and Schedule 
Joint Modeling 
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Multivariate distributions 

• Classic multivariate distributions do not work 
 
 
 
 
 
 
 
 

• We need to include decision 
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Dynamic Programming Approach 
with TRL as Period Variable 
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The Policy Diagram With Optimal 
Decisions and All Possible Outcomes  
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The Policy Diagram With Optimal 
Decisions and All Possible Outcomes  

Probability 



C1,C2 C1,C2 

Time 1 2 

TRL1,TRL2 
1 1 2 2 

TRL1,TRL2 

Dynamic Programming Approach with Time as 
Period Variable 
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The End 

• Questions ? 
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