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Introduction 
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 In today's data driven cost estimating environment, it is critical to understand the 
impact of design and systems engineering decisions on cost. 

  

Need for Cost Estimating Relationships (CERs) that relate engineering 
design and performance parameters to cost.  

New methodologies are needed to understand the cost impact on 
Measures of Effectiveness and Measures of Performance.  

Engineers also need the ability to visualize the sensitivity of the CERs to 
changes in design and performance parameters.  

Using new interfaces between systems engineering and cost estimating 
tools, this presentation will demonstrate how sensitivity analysis for custom 
developed CERs can easily be generated. 
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The Current Landscape  
 

In 2009, the Weapon Systems Acquisition Reform Act (S. 454) was signed into law by 
President Obama. One of the key principles is getting things right from the start with sound 
systems engineering and defendable cost estimating practices. 

System Engineering practices must ensure consideration of trade-offs between cost, 
schedule and performance early in the process of developing major weapon systems. 

One of the key analytical tools available to System Engineering for including cost as a 
trade off consideration is parametric estimating.  

By amalgamating cost variables into a few cost drivers, parametric cost estimating require 
less information than other methodologies.  

The cost drivers used in parametric cost estimating often align to engineering drivers, 
allowing concurrent development of estimates and design alternatives; no other methods 
have demonstrated this ability.  

 

 

 

 

 

Affordability is now treated as an engineering 
parameter and not simply a downstream result.  
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What is Needed in Today’s Environment? 

 

 

Ability to include align CERs within the Measure of Effectiveness 

Ability to have both databases of historical data points including 
estimating CERs within an integrated framework.  

Integration with System Engineering tools such as ModelCenter to 
conduct sensitivity, Design of Experiments, optimization studies, etc.   
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An Integrated Framework  between cost estimating tools and System 
Engineering is required to fully assess Affordability issues. 

Presented at the 2012 SCEA/ISPA Joint Annual Conference and Training Workshop - www.iceaaonline.com



© 2012 PRICE Systems, LLC. All Rights Reserved.  
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Case Study Example 

An Integrated Affordability 
Framework 

 
Leveraging Data-Driven CERs and 

System Engineering Tools in 
Satellite Estimating 
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Measuring the Impact of Design and Systems 
Engineering Decisions on Affordability Analysis 
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Performance 
Models  

Integrated 
Parametric Cost 

Models 

Integrated 
Systems 

Engineering 
Models  

Risk Analysis 

Cost/Effectiveness 
Modeling 

An Integrated Framework enables 
Affordability Analysis 
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FireSat Case Study  
Using  equations from the Space Mission Engineering The New SMAD )SME-
SMAD) Chapter 11 Cost Estimating (Henry Apgar) the objectives of this case 
study are to: 

 

 

 

 

 

 

Space Mission Engineering The New SMAD (SME-SMAD) [Wertz/Everett/Puschell, July 2011] (softcover) 

Data Driven 

• Demonstrate incorporation of the SME-SMAD CERs within a fully integrated 
TruePlanning framework taking advantage of custom CERs and additional cost 
models. 

Data 
Repository 

• Using TruePlanning as a data repository, store historical actual cost history  
contained in SME-SMAD and create new Cost Estimating Relationships.  

Cost Driver 
Analysis 

• Determine which design variables drive cost – and to what extent 

Sensitivity 
Analysis 

• Demonstrate  integrated sensitivity and risk analysis modeling 

System 
Engineering 

• Determine the “surface response” of the model (carpet plot analysis) to design 
parameters through integration with System Engineering Tools - ModelCenter 

Affordability 
Analysis 

• Understand Cost/Performance relationships and tradeoffs  
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TruePlanning  including UCSM8, NICM and Custom CERs 
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TruePlanning Parametric Model for 
System Engineering / Program 

Management and IA&T 

 

Spacecraft Bus CERs from USCM8 

 

 TruePlanning for Software Parametric 
Model 

 

 
 IR Sensor CER from NASA Instrument 

Cost Model (NICM) 

 GSE and Launch Support and Launch 
from USMC8 

Integrated 
Parametric Cost 

Models 
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FireSat Cost Estimating Relationships 
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SME-SMAD FireSat equations 
imported directly from EXCEL into 

TruePlanning Equation Cost Object 

 

Presented at the 2012 SCEA/ISPA Joint Annual Conference and Training Workshop - www.iceaaonline.com



© 2012 PRICE Systems, LLC. All Rights Reserved.  

FireSat Launch Vehicle Historical Data in TruePlanning 
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Space Mission Analysis Design Launch Vehicle Data imported from 
EXCEL to TruePlanning for  database repository and CER development 
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Example of FireSat Multivariate CER imported 
into TruePlanning 
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Once the CER is 
imported into 
TruePlanning it 
become an integral 
part of the 
framework co-
existing with other 
CERs.   

The CER is not 
subject to breakage 
as in an EXCEL 
spreadsheet. 

Leverages 
additional 
TruePlanning 
capability e.g, risk 
analysis 
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Example of FireSat Multivariate CER imported 
into TruePlanning 
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Key Benefit: 

 

CER leverage’s 
TruePlanning’s 
Integration and 
Test algorithm to 
contribute to 
Assembly IA&T  
and System level 
costs   
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FireSat/TruePlanning Launch Segment Database and 
Custom CER Development 
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Launch Segment CER  

 

TruePlanning Database 
Repository for Launch Vehicle 

Data 

TruePlanning 
Custom Cost 

Object – Database 
repository 
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FireSat Launch Vehicle CER Development 
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Space Mission Analysis Design Launch Vehicle Data regression analysis and CER 
development in TruePlanning 
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FireSat  - Launch Vehicle CER  
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Resultant CER 
based on regression 
analysis of Launch 
Vehicle data is 
encapsulated into a 
Launch Vehicle 
CER cost object.  

This can become 
part of a library of 
CER’s including the 
source data. 

 

Descriptors for 
component  
integration size and 
complexity.  
 
Influences IA&T 
cost at assembly 
and system level. 
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FireSat  -  TruePlanning Software Estimating 
Model 
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 The software cost 
estimate leverages 
the TruePlanning for 
Software model.  

This allows a much 
more robust 
modeling of the 
software estimate. 

 This model takes 
into account 
additional 
parameters 
software sizing, 
effective lines of 
code and team 
experience.  
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FireSat Results using TruePlanning 
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Total System 
Estimate @ $221M 

Based on: 

SMAD CERs 

Launch Vehicle 
CER Development 

TruePlanning 
System of Systems 

Estimates 

True Planning 
Software Estimates 
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FireSat TruePlanning Model Integration with System 
Engineering Tools 

While the TruePlanning model provide a single “point estimate”, we want 
to understand: 

– Sensitivity of the model to changes in CER parameters. 

–  The response surface or “Carpet Plot” of the model to selected 
parameter changes 

– Which of the design variables drive cost – and to what extent (Design 
of Experiments) 

Using ModelCenter10 from Phoenix Integration, we can conduct these 
(and many other) system engineering studies.  

Allows us to determine the response of FireSat CERs within the 
TruePlanning model  

  

 

 

Complete Integration between TruePlanning and Engineering Tools via ModelCenter 

Integrated 
Systems 

Engineering 
Models  
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ModelCenter – Integrated CAIV Example 
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Affordability Analysis linking Cost Modeling and System Engineering Tools 
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FireSat Affordability Example 

Performance Model Driving 
TruePlanning Through 

ModelCenter 10 
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Integrated Cost/Effectiveness Modeling 
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Simple EXCEL Performance Model Integrated with 
TruePlanning via ModelCenter 

Cost/Effectiveness 
Modeling 
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Linkage Between Cost and Performance Model 
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Linkage Between Performance Model and TruePlanning via ModelCenter  
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FireSat Sensitivity Modeling – Performance 
Sizing Parameter vs. Estimated Cost 

 

 

Iteration of Sizing Parameter drives TruePlanning FireSat CERs and Estimated Cost  
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FireSat Affordability Modeling – Flight Software 
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ModelCenter  Carpet plot tools used to example relationship between Organizational 
Productivity and Functional Complexity vs. Development Labor Hours 
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Sensitivity Analysis – TruePlanning EXCEL 
Companion Application- WBS Tornado Chart  
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Results Iterated Through TruePlanning Interface 
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Sensitivity Analysis – IR Sensor CER Cost 
Drivers 
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Cost Driver Tornado Chart 
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@Risk/TruePlanning Risk Analysis -  FireSat 

To complete the analysis, @Risk is run to understand the risk 
profile 

Through a EXCEL Companion Application @Risk and 
TruePlanning are completely integrated 

All parameters within TruePlanning including FireSat 
multivariate equations are selectable and accessible through 
@Risk (and Crystal Ball)  

Parameters examined 
– All multivariate variables (USCM8, NICM) 

– Number of Equivalent Requirements (TruePlanning) 

– Source Lines of Code and Functional Complexity (TruePlanning) 
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Risk Analysis 
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@Risk/TruePlanning Risk Integrated Analysis  
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Total FireSat Confidence Level ~50% IR Sensor Confidence Level ~40% 

Regression Sensitivity  
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Conclusion 

 

The methodology presented today demonstrates how System 
Engineering can integrate engineering tools with data-driven parametric 
cost estimating models such as the TruePlanning to conduct complete 
affordability analysis including sensitivity and risk analysos.  

Affordability is integrated as an engineering design parameter allowing 
engineers to rapidly conduct sensitivity and optimization studies. Prior 
to this integration cost models and engineering tools were for the most 
part stand alone or difficult to integrate.  

Measures of Effectiveness and Measures of Performance are linked 
with Affordability in determining the most cost/effective solutions.  
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Zachary Jasnoff 
 - Solutions Architect, PRICE Systems, Rosslyn VA 

Over 25 years parametric and 
detailed estimating experience 

Past estimating experience 
includes: 

Lockheed-Martin 

Boeing 

US GAO 

JPMorgan  (Risk and Resiliency)  

Graduate of Wharton/Penn 
Engineering 

Conducted extensive consulting 
assignments with DARPA, DHS 
and DoD 

Presented courses in  
– hardware estimating,  

– software estimating,  

– life cycle cost,  

– Cost Estimating Relationships, 

– Information Technology,  

– risk analysis and  

– supplier assessment 

Developed TCO/Risk model for 
the banking industry 

Presented papers at DoDCAS, 
ISPA/SCEA, ISACA, DJR and 
PRICE Systems Symposiums 
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