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Cost-Risk Analysis “Best Practice” 

To give a sense of “confidence” in a point estimate, cost analysts are expected to 
generate “credible” probabilistic distributions of potential costs that capture 

uncertainties associated with cost estimating methodology and cost drivers and 
account for correlation between cost elements 3 



Cost-Risk Analysis “Best Practice” 
Mathematically 

4 



What’s the Meaning of a Measurement or Event in 
Cost Estimating Experiment?  

outcome of experiment = Spacecraft point design 
and associated cost 

Points that make up the s-curve represent not only possible spacecraft cost 
outcomes but spacecraft design outcomes as well! 
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There is a Problem…. 
 Technical design parameters of spacecraft subsystems are interdependent, analytically 

and implicitly related to one another via key physical relationships 

These key physical relationships are generally not upheld when cost analysts perform 
cost-risk simulations 

The generated spacecraft point designs (i.e., simulated sets of CER input variables) based 
on subjective statistics may be neither technically feasible nor buildable (i.e., 
“Frankenstein” designs) 

Yet all simulation design outcomes are assigned non-zero probability of occurrence and, 
consequently, the resulting spacecraft system cost CDF is invalid 

The resulting cost-risk assessment may be too high or too low 









Design parameters of spacecraft subsystems are related to one another via key 
physical relationships which are generally NOT upheld in cost-risk simulations 
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Cost-Risk Analysis “Best Practice” Violates Laws of 
Physics….  
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Cost-Risk Analysis “Best Practice” Violates Laws of 
Physics….  
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More Problems… 

Some of the randomly generated spacecraft point designs based on subjective 
statistics are not technically feasible,  buildable, or flyable. Yet they are assigned 

non-zero probability of occurrence and consequently cost-risk assessment is 
invalid 9 



The Problem Pictorially… 

Points on S-curve may represent cost of a Frankenstein spacecraft Design!  
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One Solution: Probabilistic Cost Growth Model 
 Model does not require cost driver uncertainty input 

 Requires only two parameters: 

 Current Best Estimate(CBE)  

 CBE maturity relative to project milestones, which is reasonably objective 

 Based on historical analogous systems  (available in CADRe database)  

 Predicts cost growth (or shrinkage) 

 Produces cost growth factor distribution result (embodies uncertainty) that recognizes the   
possibility of growth or shrinkage of cost driver 

 Provides decreasing mean growth factor and growth factor uncertainty (decreasing CV) as estimate 
relative maturity increases 

 
 

 
 

 
 

Provides probabilistic cost growth adjustment to Current 
Best Estimate 



Another Solution: Integrated System Modeling 
 For advanced concepts, use space system modeling software tools  

For designs with high maturity level (post-PDR), integrate subsystem models and data that the 
cognizant system and subsystem design engineers already possess in one form or another 
These design tools should be augmented to address uncertainties of design drivers by specifying  
their range of input values and number of steps the tool should iterate through (e.g., unknown power 
density of solar arrays using new PV cell technology) 
To ensure credible and valid point designs , these tools maintain key physical relationships 
governing spacecraft design and use technical parameters and specifications  from database of actual 
catalogued hardware components  
These tools should rapidly generate deltas from existing spacecraft point design reflecting the 
uncertainties of spacecraft design drivers and their system and subsystems ripple effects  
These integrated system modeling tools can be thought of as “Auto CADRe part B Generators” 
CADRe part B is the cost input vector 
Apply cost estimating uncertainty and appropriate cost and schedule correlations to all generated 
point designs and construct your overall system cost CDF  
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Terminology: “Percentile” rather than “Confidence 
Level” 
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Conclusions 
 Cost analysts need to understand that while spacecraft design parameters are not typically  

known with sufficient precision, their uncertainties should NOT be modeled with 
subjective distributions 
 Let’s not abuse theory of probability! Know what you are simulating, define your 

event and sample space 
 Spacecraft subsystem design parameters are analytically and implicitly related by 

physical and engineering relationships 
One suggested solution is probabilistic growth cost model which embodies cost driver 
uncertainty 
Every program should develop and maintain an integrated system modeling tool that 
auto-generates sets of “technically feasible”, “buildable” and “flyable” system points 
designs reflecting system cost driver uncertainties   





 “CADRe part B Auto-Generator” 
 System-of-systems cost models should ensure the validity of input vectors 

Be wary of traditional cost estimate S-curve, it’s just a measure of an individual’s belief 
We will always lack the normalization condition unless we find a way to apply Quantum 
Field Theory in cost-risk analysis!!! 
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Questions? 
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