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Introduction
 GAO 2016 review of Selected Defense Systems reveals

– 53% of programs had cost growth, median of 42% growth*
– Schedule delays averaged 30 months (2.5 yrs) or more to IOC
– Lack of knowledge at Milestone B impacts program performance

 NASA Single-Project Program Addressed
– 10 fold cost growth, 15 year delay

 Acquisition requirements
– DoD

• Should Cost and Affordability Goals required  at Milestone A
• Knowledge Assessment throughout the lifecycle

– NASA
• Requirements defined
• Knowledge Assessment similar to DoD guidelines

 Problem
– Developing an objective assessment
– Over confidence in maturity assessment
– Optimistic estimates of cost and time to mature before Milestone B
– Lack of a repeatable process

* 7 of the top 10 programs reviewed for the 2016 report
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Top 10 DoD Programs Reviewed

Item Program

Years 
since first 

full 
estimate

Total 
acquisition cost 

(FY 2016, $B)

Total acquisition 
cost growth 
since initial 
estimates

Growth 
Percent

1 F-35 Joint Strike Fighter 14 340$                   111$                      33%

2
DDG 51 Arleigh Burke Class Guided 
Missile Destroyer 33 115$                   99$                         86%

3 SSN 774 Virginia Class Submarine 21 91$                      26$                         29%

4
V-22 Osprey Joint Services 
Advanced Vertical Lift Aircraft 33 62$                      19$                         31%

5 Evolved Expendable Launch Vehicle 19 61$                      42$                         69%
6 Trident II Missile 38 58$                      2$                           3%

7
KC-46 Tanker Modernization 
Program 4.9 44$                      (4)$                          -9%

8
Gerald R. Ford Class Nuclear 
Aircraft Carrier 11.7 36$                      (2)$                          -6%

9
P-8A Poseidon Multi-Mission 
Maritime Aircraft 15.8 33$                      0$                           0%

10 UH-60M Black Hawk Helicopter 14.7 26$                      12$                         46%

Many MDAPs continue to experience cost and schedule growth
Source: GAO-16-0329SP – Assessments of Major Weapons Programs
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Background

Programs begin with limited 
information

– Technical maturity may be 
lacking 

– Cost and schedules are 
often optimistic

 Less detailed knowledge 
leads to

– Unexpected capability gaps
– Cost and schedule growth
– Nunn-McCurdy breaches

Significant 
Breach

Critical 
Breach

Current Baseline 
Estimate ≥ 15% ≥ 25%
Original Baseline 
Estimate ≥ 30% ≥ 50%
Source: 10 U.S.C. § 2433.

Growth in Procurement Acquisition Cost or Procurement 
Unit Cost Thresholds require a report to congress

GPS III
Procurement Cost Growth 14.3%
Program Unit Cost Growth 16.3%
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Tools and Techniques

 GAO Knowledge point 
Framework reduces risk
 Technology Readiness 

Levels serve as a guide
 System Readiness Levels

– TRL & Integrations add 
fidelity

 Metrics to Support
– Cost
– Schedule
– Technical Performance

Knowledge Points and SRLs support robust cost and schedule forecasting
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Tools and Techniques (cont.)

Cross Referencing tools 
and techniques by 
program lifecycle guides 
analysis

– Program Formulation
– Development
– Flight
– Operations

 Lack of knowledge can 
impact performance 
metrics

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022



© 2022 MCR, LLC. All rights reserved. ICEAA 2022 Professional Development and Training Workshop 10

Agenda

 Introduction
 Tools and Techniques
 Implementing and Forecasting 

SRLs
 Cost and Time to Mature
 Integrated Framework
 Application Example
 Conclusions and Future Study

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022



© 2022 MCR, LLC. All rights reserved. ICEAA 2022 Professional Development and Training Workshop 11

System Readiness Levels - Method

SRL: f(TRL, IRL)

Composite SRL = 1/n(SRL1/n + SRL 2/n + SRL3/n)

IRL11 IRL12 IRL13 TRL1

SRL1 SRL2 SRL3 = IRL12 IRL22 IRL23 X TRL2

IRL13 IRL23 IRL33 TRL3

= 1/n2(SRL1 + SRL 2 + SRL3)

SRL = IRL X TRL

SRL approach highlights strengths and weaknesses in trade space
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SRL –TRL and IRL Definitions
TRL/ 
IRL TRL Definition IRL Definition

1 Basic principles observed and reported

An Interface between technologies has been identified 
with sufficient detail to allow characterization of a 
relationship

2
Technology concept and/or application 
formulated

There is some level of specificity to characterize the 
Interaction (i.e. ability to influence) between 
technologies through their interface.

3
Analytical and experimental critical function 
and/or characteristic proof of concept

There is Compatibility (i.e. common language) between 
technologies to orderly and efficiently integrate and 
interact.

4
Component and/or breadboard validation in a 
laboratory environment

There is sufficient detail in the Quality and Assurance 
of the integration between technologies.

5
Component and/or breadboard validation in a 
relevant environment

There is sufficient Control between technologies 
necessary to establish, manage, and terminate the 
integration.

6
System/subsystem model or prototype 
demonstration in a relevant environment

The integrating technologies can Accept, Translate, 
and Structure Information for its intended application.

7
System prototype demonstration in an 
operational environment

The integration of technologies has been Verified and 
Validated and an acquisition/insertion decision can be 
made.

8
Actual system completed and qualified 
through test and demonstration

Actual integration completed and Mission Qualified 
through test and demonstration, in the system 
environment

9
Actual system proven through successful 
mission operations.

Integration is Mission Proven through successful 
mission operations.
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SRL Maturity Compare and Contrast
SRL Acquisition Phase Definitions

0.9 3.5 0.10 - 0.39 Concept Development
Refine initial concept; develop system/technology 
strategy.

3.6 5.3 0.40 - 0.59 Technology Development
Reduce technology risks and determine 
appropriate set of technologies to integrate into a 
full system.

5.4 7.1 0.60 - 0.79
Engineering Model 

Development (formerly 
SDD)

Develop system capability or (increments thereof);
reduce integration and manufacturing risk; ensure
operational supportability; reduce logistics 
footprint; implement human systems integration; 
design for production; ensure affordability and 
protection of critical program information; and 
demonstrate system integration, interoperability, 
safety and utility.

7.2 8.0 0.80 - 0.89 Production Achieve operational capability that satisfies 
mission needs.

8.1 9.0 0.90 - 1.00 Operations and Support

Execute a support program that meets operational 
support performance requirements and sustains 
the system in the most cost-effective manner over 
its total lifecycle.

TRL Normalized
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Cost to Mature

Cost Correction 
Factor for our Case 
Study is normalized 
to TRL7
Used as a basis for 

the analysis
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Time to Mature

Work done by Dubos et 
al provide a range of 
time to mature
Analysis of SAR data 

(Smoker) falls between 
the mean and upper 
limits
Supports uncertainty 

boundary's
 Integrated with our 

analysis

0%

100%

200%

300%

400%

500%

600%

700%

800%

2 4 6 8

Re
la

tiv
e 

Sc
he

du
le

 S
lip

, P
er

ce
nt

TRL

RSS vs TRL

Mean

UL

GPS

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022



© 2022 MCR, LLC. All rights reserved. ICEAA 2022 Professional Development and Training Workshop 17

Agenda

 Introduction
 Tools and Techniques
 Implementing and Forecasting 

SRLs
 Cost and Time to Mature
 Integrated Framework
 Application Example
 Conclusions and Future Study

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022



© 2022 MCR, LLC. All rights reserved. ICEAA 2022 Professional Development and Training Workshop 18

Integrated Framework

 12 Step process
– 1 – 2 TRA/IRA, 

TRL/IRL
– 3- 4 SRL Framework
– 5 – 6 Cost/Schedule
– 7 – Confidence
– 8 – 9 Cost/ Afforability
– 10 -12 

Recommendations
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Case Study Framework

System Comprised of:
– Integrated Science 

Instrument Module
• Optical Telescope 

Element
• Integrated Science 

Module
– Sun Shield
– Spacecraft
– Ground Systems

 Technology and 
integration linkages

System Technology TRL
Integrating 

Technologies IRL
OTE 1 3 1,2;1,3; 1,4 3,1,2
ISM 2 3 1,2;2,4;2,5 3,4,3

Sun Shield 3 2 1,3;3,4;3,5 1,1,1
Spacecraft 4 4 2,4;3,4;4,5 4,1,1

Grnd Sys 5 4 1,5;2,5;3,5;4,5 2,3,1,4
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Case Study Initial Conditions (TRL method)

 TRL assessment early 
in program showed

– Some Maturity 
needed

– Continued 
development

 TRL Assessment mid-
program

– Showed progress
– Re-eval less progress
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Case Study SRL Method (Initial)

SRL framework 
initial assessment

– TRL Equivalent
– 1.3

Additional 
Requirements
 Less demonstrated 

maturity
Enhance 

development 
program

1997 Initial Assessment IRL

Technology TRL 1 2 3 4 5
OTE 1 3 1 9 3 1 0 2
ISM 2 3 2 3 9 0 4 2

Sun Shield 3 2 3 1 0 9 1 1
Spacecraft 4 4 4 0 4 1 9 4

Grnd Sys 5 4 5 2 2 1 4 9
Average 3.2

Normalized
Technology 1 2 3 4 5

OTE 1 0.33         1 1.00         0.33         0.11         -           0.22         
ISM 2 0.33         2 0.33         1.00         -           0.44         0.22         

Sun Shield 3 0.22         3 0.11         -           1.00         0.11         0.11         
Spacecraft 4 0.44         4 -           0.44         0.11         1.00         0.44         

Grnd Sys 5 0.44         5 0.22         0.22         0.11         0.44         1.00         

No. of Interactions 4               4               4               4               5               21                          
Matrix Det. 0.57         0.74         0.36         0.81         0.81         3.30                      

SRL Avg 0.1420    0.1852    0.0895    0.2037    0.1630    0.16                      
TRL Equivalent 1.33
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Case Study SRL Method (Near Final)

SRL framework near 
final assessment 
(2017)

– TRL Equivalent
– 6.7

 Following 2011 re-
evaluation
Enhanced 

development
 Limited budget

2017 Updated Assessment IRL
Technology TRL 1 2 3 4 5

OTE 1 7 1 9 8 6 0 7
ISM 2 8 2 8 9 0 8 8

Sun Shield 3 7 3 6 0 9 6 7
Spacecraft 4 9 4 0 8 6 9 8

Grnd Sys 5 9 5 7 8 7 8 9
Average 8

Normalized
Technology 1 2 3 4 5

OTE 1 0.78         1 1.00         0.89         0.67         -           0.78         
ISM 2 0.89         2 0.89         1.00         -           0.89         0.89         

Sun Shield 3 0.78         3 0.67         -           1.00         0.67         0.78         
Spacecraft 4 1.00         4 -           0.89         0.67         1.00         0.89         

Grnd Sys 5 1.00         5 0.78         0.89         0.78         0.89         1.00         

No. of Interactions 4               4               4               4               5               21                          
Matrix Det. 2.86         3.36         2.74         3.20         3.89         16.05                    

SRL Avg 0.7160    0.8395    0.6852    0.7994    0.7778    0.76                      
TRL Equivalent 6.70
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Case Study – Historical Survey 
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Case Study – Cost and Schedule
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Conclusions
 TRL alone may not provide the 

clearest maturity snapshot of a 
complex system
SRL approach can highlight 

lower maturity areas including 
interfaces
A knowledge based framework 

supports realistic cost and 
schedule forecasting
 Future program can benefit from 

early multi-tiered maturity growth
SRL Method is consistent with 2011 maturity evaluation
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Future Study

Additional cases 
to support further 
validation of the 
method
Review of 

lessons learned 
and application 
within the GAO 
knowledge point 
framework
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Questions
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