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Overview of Project

Boeing Defense, Space & Security | Phantom Works

Objectivej
– Estimate the costs of simulation-based experimentation
– Develop a standard process and toolkit

Be accurate consistent easy to use and value added– Be accurate, consistent, easy-to-use, and value-added

Customer Constraints
– Use standard cost estimating tools
– Incorporate standard processes
– Base on historical data 

Our recommendationsOur recommendations
– Develop toolkit using ACEIT suite of tools as backbone
– Incorporate other analytical tools as needed
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Co$t-X Process
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Co$t-X User Interface
Boeing Defense, Space & Security | Phantom Works
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When “Calculate Results” button is selected
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Random Forest model is executed via call to R statistical packageRandom Forest model is executed via call to R statistical package
– Returns preliminary costs estimate, prediction intervals, and quantiles

Visual Basic macros transfers data to/from ACE model
– Formats the data for ACE (“Create ACE Import Data”)Formats the data for ACE ( Create_ACE_Import_Data )
– Opens the ACE application
– Loads the indicated ACE model
– Transfers required data to the ACE model (“Export_to_ACE AceSession”)q ( p _ _ )

ACE model is executed (via Visual Basic macro)
– ACE performs additional calculations and modifications
– Cost Risk/Uncertainty Analysis is performedy y p
– Results passed back into Excel (“Get_ACE_results”)

Summary page populated with data
– Options to print / view additional reports
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R Excel Interface 
Call to R Random Forest Model

Boeing Defense, Space & Security | Phantom Works

Ca to a do o est ode

Specify Prediction Interval

Various inputs from Front End 
feed Random Forest Model

Specify Prediction Interval

Probabilities for which 
quantiles will be returnedquantiles will be returned 

Raw estimate (mean) from 
Random Forest ModelRandom Forest Model 

Lower & Upper Prediction Interval 
Based on Percentile selected 
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ACE Import Data Sheet used to transfer data via 
macros (1 of 2)
Boeing Defense, Space & Security | Phantom Works

( )

“ACE Import Data” sheet contains 
prepared data from Excel Front End

Values from hidden

Values from Front End

Values from hidden 
linked excel pages

T l t d l
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Translated values
From Front End Project Type :  Constructive = 3

LVC Category :                  CV = 2
# of  Systems :               1 to 9 = 1



ACE Import Data Sheet (2 of 2)
Boeing Defense, Space & Security | Phantom Works

Scope Parameters 
from Front End

Translated values

Funding Source :  Customer = 2
Customer Partifcipation :           Yes = 1

ReUse & Learning 
Parameters from Front Enda a ete s o o t d

P di ti I t l b d

Random Forest values
RF Estimate
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Prediction Interval based on 
selected percentile (70%)



ACE Model accepts imported data from Excel
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ACE model updated to accept input from Excel via two columns of dataACE model updated to accept input from Excel via two columns of data
– Excel Transfer ID Column 

• Contains ID strings to identify data in Excel model

EXCEL TNC (!) T t l (N C t) C l– EXCEL_TNC (!) Total (Non-Cost) Column
• Receives values generated in Excel and makes available to the ACE model

Copyright © 2009 Boeing. All rights reserved.

9



ACE Excel linkages
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Excel’s “ACE Import Data” worksheet talks to ACE modelExcel s ACE Import Data  worksheet talks to ACE model
– Excel!’ACE Import Data’!’Link ID’ column must be identical to the “Excel 

Transfer ID” column in the ACE model

ACE Import Data Sheet in Excel ACE d l
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ACE Import Data Sheet in Excel ACE model



Processing within ACE model
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Data input to ACE modelData input to ACE model
– Random Forest estimate and prediction data
– Probabilities and Quantile data (CDF) translated as multipliers
– All Input parameters excluding identification text fieldsAll Input parameters, excluding identification text fields

• Categorical (text) data transferred into numerical values

Parametric adjustments to raw estimate
Random Forest model calibration– Random Forest model calibration

– Regression adjustments based on additional parameters
– Final estimate

Ri k l l tiRisk calculations
– Custom Cumulative Distribution Function (CDF)
– 1000 iterations

Risk defined for Random Forest estimate
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– Risk defined for Random Forest estimate
• Applies to final estimate



Data transferred into ACE model
Boeing Defense, Space & Security | Phantom Works

ID data
Unique IDs start with “XL”

f
Labor data

Reuse / Learning

to identify as passed in via Excel 

Scope data
RF Estimate/Prediction data
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Estimate manipulations
Boeing Defense, Space & Security | Phantom Works

Translated to $  per site

Random Forest Estimate – in hours

Raw estimate from Random Forest (in hours) to be adjusted in ACE

Hours alllocated to sites 
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Raw estimate from Random Forest (in hours) to be adjusted in ACE 
model incorporating additional parameters from CostX Front End



Model Calibration & Adjustments
Boeing Defense, Space & Security | Phantom Works

Random Forest model calibrated based on residual values 
Additional parametric equations applied to Random Forest raw estimate

– Utilizing additional parameters from front end
– Adjustments determined via regression and analysis
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Final Adjusted Point Estimate
Boeing Defense, Space & Security | Phantom Works

Hours allocated to sites 

Translated to $ per site

Final Point Estimate derived from raw estimate from Random Forest
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Final Point Estimate derived from raw estimate from Random Forest



Custom Cumulative Distribution Function
from Random Forest (CDF)

Boeing Defense, Space & Security | Phantom Works

o a do o est (C )

Random Forest returns Estimated Hrs OUTPUT
Prediction:

Prob Quantiles Multiplier

– Median value
– Average prediction from collection of trees 
– As a “Raw Estimate”

Prediction:
Estimated Hrs 11257.56

Prob Quantiles Multiplier
0 333.1163194 0.02959

0.02 1308.370475 0.116221
0.04 1486.59731 0.132053
0.06 2467.541262 0.21919
0.08 2495.363037 0.221661

As a Raw Estimate

Quantiles = estimates associated with the 
Probability Distribution 

O tp t from R Random Forest model
Output from RF

Input0.1 3084.802458 0.27402
0.12 4223.009991 0.375126
0.14 5784.563517 0.513838
0.16 6285.5 0.558336
0.18 8399.198341 0.746094
0.2 9248.442368 0.821531

– Output from R Random Forest model

Multiplier used in ACE Custom CDF definition
Quantile / Estimated Hrs

Input
to ACE

0.2 9248.442368 0.821531
0.22 9248.442368 0.821531
0.24 9248.442368 0.821531

– Quantile / Estimated Hrs
– Multiplier of 1 refers to the Raw estimate 
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ACE RPred CDF name RQuantiles
t d C ll ti l

RQuantiles = name of CDF for ACE model



Custom Cumulative Distribution Function in ACE

Boeing Defense, Space & Security | Phantom Works

To view Custom CDF within ACETo view Custom CDF within ACE
– Select Tools

• Select Ri$k Custom CDFs...
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ACE Custom Cumulative Distribution Function 
Boeing Defense, Space & Security | Phantom Works
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Cost Risk Applied to Point Estimate
Boeing Defense, Space & Security | Phantom Works

CDF applied to Raw estimate

Final Estimate 

Final Estimate allocated to sites
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Specify Cost Risk Percentile
Boeing Defense, Space & Security | Phantom Works

Three levels of risk
for flexibility Can be easily changed

50%
70%
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Co$t-X Summary Results
Boeing Defense, Space & Security | Phantom Works

Copyright © 2009 Boeing. All rights reserved.

21



Results returned from ACE to Excel

Boeing Defense, Space & Security | Phantom Works

Values from ACE placed in corresponding columns in Excelg
– Excel’s column A contains the “Unique ID” names from ACE

• i.e. “ProjEst_HRs”

– The “Point Estimate” column in ACE contains the value associated with theThe Point Estimate  column in ACE contains the value associated with the 
Unique ID and passed to column B in excel
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Labor Rates Lookup Tables
Boeing Defense, Space & Security | Phantom Works

Look up tables contain labor rates per yearLook up tables contain labor rates per year
– MatVal(@Hrly_RatesM, Labor_Site_1, Labor_Rate_Col)
– Project Start Year determines which labor rate to use
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ReUse Lookup Tables
Boeing Defense, Space & Security | Phantom Works

Reuse data determines 
cost savings/penalties

A ~ Cost Savings 
E ~ Cost Penalties
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Next Steps for 2011
Boeing Defense, Space & Security | Phantom Works

Data Collection/AnalysisData Collection/Analysis
– Collect new data (on-going)
– Automatic database update (in-work)
– Analyze additional data (on-going)y ( g g)

Model
– Investigate ACEIT 7.2 features

• Cat(), RLookup(), Random Number generator from ACEIT
– Create additional reports (in-work)

• Cost Risk Assessment Report
• Detailed Baseline Report
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