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Quantifying Uncertainty in Early Lifecycle 
Cost Estimation (QUELCE)

QUELCE Workshop

The Quantifying Uncertainty in Early Lifecycle 
Cost Estimation (QUELCE) workshop enables a 
client to convene a set of domain experts to 
formulate early lifecycle cost estimates 
expressed as cost distributions rather than 
single points. The QUELCE method involves a 
�ve-step process that begins with identifying 
potential future changes to nominal program 
execution that will in�uence program cost. This 
is followed by probabilistic modeling of the 
interrelationships of the program change drivers 
and Monte Carlo simulation of cost model 
inputs to create program cost estimate 
distributions. Because many of the inputs are 
based on subject-matter expert judgment, this 
workshop also involves a novel approach to 
calibrating expert judgment through a series of 
training exercises.

Data Requirements

• Pre-workshop access to existing planning 
artifacts, such as AoA and ICD/CDD

• Access to domain experts who can anticipate 
different reasons for cost changes during 
program execution

Time Frame

• SEI preparation of 1–2 weeks to review 
available documentation with two SEI staff 
members

• Two SEI staff members on site for 5–7 days to 
facilitate �ve 3-hour workshops with both 
technical and �nancial program of�ce staff

• 5–7 days to prepare baseline estimate and 
suggested scenario-based estimates

• Typically, 3–5 days to assist program of�ce 
staff with explaining estimates as needed

QUELCE Research

Objective
Quantify expert judgment of anticipated program 
execution uncertainties and enable more accurate 
inputs to existing cost models.

Description
Continuing research into the QUELCE 
method includes

1. Calibrating group judgments of the probabilities 
of change driver occurrence and co-occurrence

2. Expanding the QUELCE change-driver taxonomy 
to include detailed sustainment change drivers

3. Prototyping of supervised machine learning to 
enable the automatic processing of 
a future stream of DoD program artifacts. 
This will help create a “living” domain reference 
point repository bene�ting ongoing DoD 
cost estimation.

Collaboration Opportunities

• Calibrating expert judgment in a group setting

 – Hubbard-style calibration to create more 
  stability in elicited parameters

• Designing and mapping QUELCE BBN output 
nodes to cost model inputs

• De�ning and classifying program change 
drivers

• Expanding the use of QUELCE in MDAP and 
PMO risk management programs to enhance 
the identi�cation of future risks

Expected Results

QUELCE produces a cost estimate that is 
represented as a distribution from which a 
decision maker can understand the level of risk 
associated with a particular cost value. It also 
produces an executable model that can be used 
to run alternative scenarios and that can be 
updated in the future for reestimation purposes. 
The model and information developed also 
provide good documentation of the basis of the 
estimate.

Publications
Quantifying Uncertainty in Early Lifecycle Cost 
Estimation (QUELCE)
www.sei.cmu.edu/library/abstracts/reports/11tr02
6.cfm

Quantifying Uncertainty in Expert Judgment: 
Initial Results
www.sei.cmu.edu/library/abstracts/reports/13tr0
01.cfm

Improving the Reliability of Expert Opinion within 
Early Lifecycle Cost Estimation
blog.sei.cmu.edu/post.cfm/improving-the-
reliability-of-expert-opinion-within-early-lifecycle-
cost-estimation

Contact: Robert Stoddard, rws@sei.cmu.edu
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Modeling 
Uncertainty 

Complexity 
Reduction Legend: 

QUELCE Change 
Repository 

Change Driver Nominal State Alternative States 

Scope 
Definition 

Stable Users added 
Additional 
(foreign) 
customer 

Additional 
deliverable (e.g. 
training & manuals) 

Production 
downsized 

Scope Reduction 
(funding reduction) 

Mission / 
CONOPS defined New condition New mission New echelon Program 

becomes Joint   

Capability 
Definition 

Stable Addition Subtraction Variance 
Trade-offs 
[performance vs 
affordaility, etc.] 

  

Funding 
Schedule 

Established  
Funding delays tie up 
resources {e.g. 
operational test} 

FFRDC ceiling 
issue 

Funding change for 
end of year 

Funding spread 
out 

Obligated vs. 
allocated funds 
shifted 

Advocacy 
Change 

Stable Joint service program 
loses particpant 

Senator did not 
get re-elected 

Change in senior 
pentagon staff 

Advocate 
requires change 
in mission 
scope 

Service owner 
different than 
CONOPS users 

Closing 
Technical 
Gaps (CBA) 

Selected Trade 
studies are 
sufficient 

Technology does not 
achieve satisfactory 
performance 

Technology is 
too expensive 

Selected solution 
cannot achieve 
desired outcome 

Technology not 
performing as 
expected 

New technology not 
testing well 

 ~~~~ ~~~~ ~~~~    
 ~~~~ ~~~~ ~~~~ ~~~~   
 ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ 

 

1. Change 
Drivers 

Change Drivers - Cause & Effects Matrix
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Mission / CONOPS 3 3 0 6 0
Change in Strategic Vision 3 3 3 2 2 2 2 2 3 2 3 2 29 0
Capability Definition 3 0 2 1 1 0 0 2 2 2 0 1 0 2 0 0 16 0
Advocacy Change 2 1 1 1 1 6 0
Closing Technical Gaps (CBA) 2 1 3 1 2 2 1 2 2 1 1 2 1 0 2 2 1 1 2 2 1 2 34 0
Building Technical Capability & Capacity (CBA) 1 1 2 1 2 2 1 2 3 2 2 1 2 2 1 1 1 27 0
Interoperability 1 2 1 1 1 1 1 1 1 1 2 1 1 2 1 1 3 1 2 2 2 29 1
Systems Design 1 2 2 2 2 1 1 1 1 1 2 2 3 21 3
Interdependency 1 2 2 1 1 1 1 1 1 1 1 1 2 1 2 2 1 1 1 1 1 2 2 3 33 5
Functional Measures 2 2 2 1 1 1 1 1 1 1 2 1 16 0
Scope Definition 1 1 3 5 0
Functional Solution Criteria (measure) 1 2 2 1 1 2 1 10 1
Funding Schedule 1 1 2 1 5 0
Acquisition Management 1 1 2 3 1 1 2 2 1 1 1 2 1 19 2
Program Mgt - Contractor Relations 1 1 2 1 1 1 1 2 2 12 2
Project Social / Dev Env 1 1 1 2 2 1 1 2 1 1 1 14 2
Prog Mgt Structure 1 2 1 2 6 1
Manning at program office 2 1 2 5 2
Scope Responsibility 1 1 1 1 1 1 6 5
Standards/Certifications 1 1 1 1 1 1 3 1 10 2
Supply Chain Vulnerabilities 1 1 1 1 2 1 7 4
Information sharing 1 1 1 1 1 1 1 7 3
PO Process Performance 2 2 4 0
Sustainment Issues 0 0
Contract Award 0 0
Production Quantity 2 2 0
Data Ownership 2 2 0
Industry Company Assessment 0 0
Cost Estimate 0 0
Test & Evaluation 0 0
Contractor Performance 2 2 0
Size 0 0
Project Challenge 0 0
Product Challenge 0 0
Totals 0 0 6 4 1 9 5 12 8 7 7 13 4 10 15 18 7 7 8 8 14 17 17 15 12 9 10 13 11 20 19 5 5 17 0
Below diagonal 0 0 0 1 1 4 4 4 1 2 0 3 1 3 2 2 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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2. Dependency 
Structure Matrix 

3. Bayesian 
Belief Network 

4. Cost Factor Distributions 
by Scenario of Change 

5. Monte Carlo with Cost 
Estimation Tools 

Drivers XL VL L N H VH XH Product Project
Scale Factors

PREC 6.20 4.96 3.72 2.48 1.24 0.00 <X>
FLEX 5.07 4.05 3.04 2.03 1.01 0.00 <X>
RESL 7.07 5.65 4.24 2.83 1.41 0.00 <X>
TEAM 5.48 4.38 3.29 2.19 1.10 0.00 <X>
PMAT 7.80 6.24 4.68 3.12 1.56 0.00 <X>

Effort Multipliers
RCPX 0.49 0.60 0.83 1.00 1.33 1.91 2.72 X
RUSE 0.95 1.00 1.07 1.15 1.24 X
PDIF 0.87 1.00 1.29 1.81 2.61 X
PERS 2.12 1.62 1.26 1.00 0.83 0.63 0.50 <X>
PREX 1.59 1.33 1.12 1.00 0.87 0.74 0.62 <X>
FCIL 1.43 1.30 1.10 1.00 0.87 0.73 0.62 <X>
SCED 1.43 1.14 1.00 1.00 1.00 <X>

Queries of Historical 
MDAP Experience and 

Context 

1. Use QUELCE 
Repository to 
Populate Change 
Driver Matrix 

2. Evaluate Cause  and 
Effect Relationships 
and Reduce Complexity  
via Dependency 
Structure Matrix 

3. Develop BBN 
Model and Assign 
Conditional 
Probabilities to 
BBN Model 

4. Calculate Cost 
Factor Inputs for 
Program Execution 
Scenarios 

5. Monte Carlo 
Simulation to 
Compute Cost 
Distribution 
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