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AbstractAbstractAbstractAbstract

This presentation will explore two well known, but 

frequently misunderstood POST RI$K charts: Tornado 

and Variance Analysis.  It will address common questions 

such as  “What does this report tell me?” And “What is 

the connection between these reports and my risk dollars 

at a particular confidence level?” POST report options 

will be explained  for each chart so you can get the 

information you need to bring clarity and understanding 

to your RI$K analysis results and provide decision 
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makers with critical "cost risk driver" information.



OutlineOutlineOutlineOutline
Typical steps in an uncertainty analysis 
ACE Model Overview

WBS, methods, variables, uncertainty
ACE RI$K Reports

RI$K Statistics, Correlation, RI$K Allocation

POST Charts
Pareto, Tornado, Variance Analysis
Exploit these charts to find cost and variance drivers
Relationship to RI$K allocation results
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Summary



The Path To Cost Risk ReportsThe Path To Cost Risk ReportsThe Path To Cost Risk ReportsThe Path To Cost Risk Reports
Will use this chart to keep track of where 

we are on the path
Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



Defining Defining 
Cost and Uncertainty DriversCost and Uncertainty Drivers

Defining Defining 
Cost and Uncertainty DriversCost and Uncertainty Driversyyyy

Different opinions on what a cost driver is:
The WBS element that contributes the most to the totalThe WBS element that contributes the most to the total
The variable (labor rate, weight, etc) that has the most influence on 
total cost

SCEA’s “Body of Knowledge” defines:
Cost Passenger: WBS elements with the highest dollar value
Cost Driver: those design decisions and requirements especially atCost Driver: those design decisions and requirements, especially at 
a system level, that truly drive or influence cost
By extension, we can use the same definitions to describe a 
variance passenger (WBS element) and variance driver (input)variance passenger (WBS element) and variance driver (input)

ACEIT has the tools to help you find the elements that
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ACEIT has the tools to help you find the elements that 
contribute most to cost and uncertainty in your model!



Tools to Help You Find Tools to Help You Find 
Cost and Uncertainty Cost and Uncertainty ContributorsContributors

Tools to Help You Find Tools to Help You Find 
Cost and Uncertainty Cost and Uncertainty ContributorsContributors

Guidance and Control (31)

SEPM (34)

Airframe (30)

70% Lvl 2 Backload
Production Phase

yyyy
Pareto Chart: identifies WBS 
elements that contribute most to 
the target row total

Initial Spares (39)

Training (36)

Eng Changes (33)

Propulsion (29)

Peculiar Support Equip (38)

Payload (28)

Data (37)

the target row total
Tornado/Spider Chart: identifies 
the uncertain variables that most 
influence the target row total

$900 000 $930 000 $960 000 $990 000 $1 020 000 $1 050 000

TY $K

70% Lvl 2 Backload
Production Phase ($964,679)

At 10%, 90% confidence levels

$0 $70,000 $140,000 $210,000 $280,000 $350,000

TY $K

g
Variance Analysis (Rollup): 
identifies WBS elements that 
contribute most to the target row 

$900,000 $930,000 $960,000 $990,000 $1,020,000 $1,050,000

Airframe Weight (lbs) (65)

Guidance and Control (86)

SEPM Factor (69)

Training Factor (70)

Initial Spares Factor (73)g
uncertainty
Variance Analysis (Driver- not 
shown but similar in appearance to 

) f f

SDD Duration (Months) (44)

Manuf Labor Rate (67)

Airframe (85)

PSE Factor (72)

Data Factor (71)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Relative Contribution

70% Lvl 2 Backload
Production Phase

WBS rollup elements
Accounts for element to element correlation

Calculated with 5000 iterations

RollUp): identifies the defined 
distributions that contribute most 
to the target row uncertainty

SEPM (34)

Guidance and Control (31)

Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)
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Note that ACE is the only tool to provide an option to account 
for applied correlation when performing variance analysis 
(other tools call it “sensitivity analysis”)

Peculiar Support Equip (38)

Data (37)

Propulsion (29)

Payload (28)



Finding Finding 
Cost and Uncertainty ContributorsCost and Uncertainty Contributors

Finding Finding 
Cost and Uncertainty ContributorsCost and Uncertainty Contributorsyyyy

The analyst is responsible for finding the key 
cost and uncertainty driverscost and uncertainty drivers
But, when searching for the cost and 
uncertainty contributorsuncertainty contributors…

Is the analysis influenced by the type of dollars 
reported (ie BY vs TY)?reported (ie. BY vs TY)?
Is the analysis influenced by the RI$K allocation 
choices we make, such as the

WBS level we choose to allocate from
confidence level 
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Create the RI$K ModelCreate the RI$K ModelCreate the RI$K ModelCreate the RI$K Model
Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



AFCAA CRUH Missile ModelAFCAA CRUH Missile ModelAFCAA CRUH Missile ModelAFCAA CRUH Missile Model
WBS Inputs

Target for analysis 
in this presentationin this presentation
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Successful SimulationSuccessful SimulationSuccessful SimulationSuccessful Simulation
Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



Once Model is Complete, Once Model is Complete, 
Determine Iterations Required Determine Iterations Required 

Once Model is Complete, Once Model is Complete, 
Determine Iterations Required Determine Iterations Required 

3.0%

Program of Record
Missile System

CV = 0.236
3.0%

Program of Record
Production Phase

CV = 0.239
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Iterations
50% 70% 95%

0.0%
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Iterations
50% 70% 95%

POST Convergence Chart will yield a different result depending on the target!
5,000 iterations appears to be adequate1 to evaluate the Production Phase

If convergence is not achieved, need to re-run the analysis using > 10k iterations (see 
backup slide)
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backup slide)

Must reassess if model changes
1How Many Iterations Are Enough?, Alfred Smith, Tecolote Research, Joint SCEA/ISPA Annual Conference, June 2008



Generate ReportsGenerate ReportsGenerate ReportsGenerate Reports
Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



ACE RI$K ReportsACE RI$K ReportsACE RI$K ReportsACE RI$K Reports
Risk Statistics

Also available in the inputs results viewer (IRV)

C l ti R tCorrelation Report

Production 
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Phased RI$K Allocation ReportPhased RI$K Allocation ReportPhased RI$K Allocation ReportPhased RI$K Allocation Report

Why do we produce a phased RI$K allocation report?
RI$K Statistics report shows totals (not annual)
Specific confidence level results do not sum

RI$K Allocation report tabulates phased RI$K results at a user 
selected confidence level, and forces the annual results to sumselected confidence level, and forces the annual results to sum

Example below illustrates results when user selected 70% at the 2nd level in the WBS

PRT-73, 19 Jan 2011 Approved for Public Release 14 of 34



Compare Phased ResultsCompare Phased ResultsCompare Phased ResultsCompare Phased Results

PE

Point Estimate

$531k

t

70%, 1st Lvl

70% Allocated from the 1st level

$617k

70% Allocated from the 2nd level

70%, 2nd Lvl

$621k

70% Allocated from the 2nd level
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$621k
Allocating from further down the WBS causes 
Total to increase when % is above the mean!



Find Cost DriversFind Cost DriversFind Cost DriversFind Cost Drivers
Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



What Does A Tornado Chart What Does A Tornado Chart 
Do For You?Do For You?

What Does A Tornado Chart What Does A Tornado Chart 
Do For You?Do For You?

Select the row to analyze (target row)
POST identifies all elements thatPOST identifies all elements that 
influence the target row result and 
lists them on the Drivers tab
Use the Drivers tab to focus on thoseUse the Drivers tab to focus on those 
elements of interest
A low and high what-if is calculated 
for each driverfor each driver

200 drivers means 400 what-if cases, be 
selective

Th T d h t l t id tifiThe Tornado chart plots identifies 
those drivers that have the most 
influence on the target row

PRT-73, 19 Jan 2011 Approved for Public Release 17 of 34



Tornado Based on What?Tornado Based on What?
BY BY vsvs TYTY

Tornado Based on What?Tornado Based on What?
BY BY vsvs TYTY

Program of Record
Production Phase ($548,555)

At 10%, 90% confidence levels

Program of Record
Production Phase ($628,394)

At 10%, 90% confidence levels

Not Recommended Better

$500,000 $540,000 $580,000 $620,000 $660,000 $700,000

SEPM Factor (69)

Guidance and Control (86)

BY2011 $K
$550,000 $600,000 $650,000 $700,000 $750,000 $800,000

SEPM Factor (69)

Guidance and Control (86)

TY $K

Airframe Weight (lbs) (65)

Training Factor (70)

Eng Changes Factor (68)

Airframe (85)

Airframe Weight (lbs) (65)

Training Factor (70)

Eng Changes Factor (68)

Airframe (85)

Initial Spares Factor (73)

Propulsion (84)

IAT&C (87)

Payload (83)

Initial Spares Factor (73)

SDD Duration (Months) (44)

Propulsion (84)

IAT&C (87)y ( ) ( )

Tornado based on:
10/90 bounds of inputs that 
influence the Production Phase

Same Tornado in TY$
A better choice, accounts for phasing

PRT-73, 19 Jan 2011 Approved for Public Release 18 of 34

influence the Production Phase
BY dollars - does not account for 
time phasing of dollars

SDD Duration variable shows up 
because it drives Production start, 
BY$ not affected by start, but TY is!



A Word of Caution A Word of Caution 
on Tornado Chartson Tornado Charts
A Word of Caution A Word of Caution 
on Tornado Chartson Tornado Charts

Assessing extreme bounds (10/90%) can lead to very extreme 
results depending on modeling methodsp g g

Useful for identifying which variables have the potential to be most 
harmful
Fixed +/- 5% can give PM guidance on what elements have the biggestFixed / 5% can give PM guidance on what elements have the biggest 
impact for a small change, that is give him/her goals he/she can achieve

Be wary of “Fixed range” testing.  Every driver, even those that 
are not uncertain (e.g., a units conversion) will be tested unless a e ot u ce ta (e g , a u ts co e s o ) be tested u ess
the user excludes them
Tornado charts assess one variable at a time

Can underestimate the true impact if other variables should move with theCan underestimate the true impact if other variables should move with the 
tested one
Building functional relationships between variables will address this 
problem
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problem
If specific combinations of variables are of interest, they should be 
examined as specific what-if cases



What about a Tornado based What about a Tornado based 
on a RI$K Allocated Case?on a RI$K Allocated Case?

What about a Tornado based What about a Tornado based 
on a RI$K Allocated Case?on a RI$K Allocated Case?$$$$

Create a RI$K allocated case based upon the percentile you 
plan to use as the basis for your budget
Run the Tornado and select the RI$K Allocated case
Caution:  After the report is generated, check the table below 
the chart to ensure there is a result for each low and high testedthe chart to ensure there is a result for each low and high tested

Low and high not calculated because the inputs exceed 
absolute value bounds used in modelabsolute value bounds used in model

PRT-73, 19 Jan 2011 Approved for Public Release 20 of 34



Impact of Percent of PE Impact of Percent of PE vsvs
Absolute Value Distribution BoundsAbsolute Value Distribution Bounds

Impact of Percent of PE Impact of Percent of PE vsvs
Absolute Value Distribution BoundsAbsolute Value Distribution Bounds

A variable is tested by generating a low 
and high override and running the PE

Distribution bound modeling method has a big 
impact on processing the Tornado  bounds

model
To obtain RI$K allocated results, each 
low and high must be run with RI$K Baseline

90%10%

Consider how the Tornado high is the 
processed for a triangular distribution

Top is the Baseline distribution If bounds are values,
only the mode changes.

Middle is the distribution applied to the 
Tornado high if bounds are values
Bottom is the distribution applied to the 
Tornado high if bounds are % of PE

High 
(Val)

g
covers a completely different range

Analysts should review how uncertainty is 
defined for each element appearing on the 
Tornado to ens re the test is realistic

If bounds are % of PE,
distribution shifts right.

PRT-73, 19 Jan 2011 Approved for Public Release 21 of 34

Tornado to ensure the test is realistic
High 
(% PE)

13090 100



Tornado:Tornado:
TY TY vsvs TY RI$K AllocatedTY RI$K Allocated

Tornado:Tornado:
TY TY vsvs TY RI$K AllocatedTY RI$K Allocated$$$$

Program of Record
Production Phase ($628,394)

At 10%, 90% confidence levels

70% Lvl 2 Backload
Production Phase ($964,679)

At 10%, 90% confidence levels

Not Recommended Recommended

$550,000 $600,000 $650,000 $700,000 $750,000 $800,000

SEPM Factor (69)

Guidance and Control (86)

TY $K
$900,000 $930,000 $960,000 $990,000 $1,020,000 $1,050,000

Airframe Weight (lbs) (65)

Guidance and Control (86)

TY $K

LN High 120% of PE

Sched/Tech Penalty

Airframe Weight (lbs) (65)

Training Factor (70)

Eng Changes Factor (68)

Airframe (85)

SEPM Factor (69)

Training Factor (70)

Initial Spares Factor (73)

SDD Duration (Months) (44)

Tri based on Values

Tri based on % of PE

Tri based on % of PE

Tri based on Values

Initial Spares Factor (73)

SDD Duration (Months) (44)

Propulsion (84)

IAT&C (87)

Manuf Labor Rate (67)

Airframe (85)

PSE Factor (72)

Data Factor (71) Tri based on % of PE

LN High 120% of PE

Sched/Tech Penalty

Tri based on % of PE

( ) ( )

Based on Point Estimate in TY$
Several significant differences when 
compared to Tornado based upon

Based on RI$K Alloc Case in TY$
Same percentile used to estimate budget
In this case, used 70% conf lvl, allocated 

Tri based on % of PE
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compared to Tornado based upon 
RI$K allocated result from the 2nd level in the WBS, back loaded

Must examine where uncertainty modeled as 
% of PE (in this case, plausible to accept)



Tornado RecommendationsTornado RecommendationsTornado RecommendationsTornado Recommendations

Run both the Point Estimate in TY$ and the RI$K 
Allocated case in TY$Allocated case in TY$
Note differences and use results to influence your 
identification of cost drivers
For this model:

Must use TY$ report to ensure methods driven by schedule 
elements are properly assessed (ie SDD duration)elements are properly assessed (ie SDD duration)
Airframe is the top cost driver if we think the uncertainty will scale 
with the point estimate
Our model of Schedule/Technical penalty for Guidance and 
Control is the second most important regardless of which 
Tornado is used (even BY$)
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10/90 bounds to define the Tornado analysis is a common 
standard, but worthy of debate (vs 80/20 or some other combination)



Find Uncertainty DriversFind Uncertainty DriversFind Uncertainty DriversFind Uncertainty Drivers
Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



Finding theFinding the
Uncertainty Uncertainty DriversDrivers

Finding theFinding the
Uncertainty Uncertainty DriversDriversyyyy

Pareto Chart: identifies WBS 
elements that contribute most to 
the target row total 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Relative Contribution

70% Lvl 2 Backload
Production Phase

WBS rollup elements
Accounts for element to element correlation

Calculated with 5000 iterations

the target row total
Tornado/Spider Chart: identifies 
the uncertain variables that most 
influence the target row total

SEPM (34)

Guidance and Control (31)

Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)
WBS Element g

Variance Analysis (Rollup): 
identifies WBS elements that 
contribute most to the target row 

Eng Changes (33)

Peculiar Support Equip (38)

Data (37)

Propulsion (29)

Payload (28)

70% Lvl 2 Backload

contribution to 
Production Phase 

variance.

g
uncertainty
Variance Analysis (Driver): 
identifies the defined distributions 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

SEPM Factor (69)

Partial Rank Correlation Coefficient

70% Lvl 2 Backload
Production Phase

All drivers with distributions, based on Rank
Accounts for correlation between drivers

Calculated with 5000 iterations

that contribute most to the target 
row uncertainty

Note that ACE is the only tool to provide an option to account 

Guidance and Control (86)

Eng Changes Factor (68)

Training Factor (70)

Initial Spares Factor (73)

PSE Factor (72)

Cost Driver Variable 
contribution to 

Production Phase 
variance
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y p p
for applied correlation when performing variance analysis 
(other tools call it “sensitivity analysis”)

Airframe Weight (lbs) (65)

IATC Hrs/Unit (66)

SDD Duration (Months) (44)

Data Factor (71)

variance.



Finding Key Contributors to Finding Key Contributors to 
Total UncertaintyTotal Uncertainty

Finding Key Contributors to Finding Key Contributors to 
Total UncertaintyTotal Uncertaintyyyyy

Uncertainty distributions are assigned to:
cost method uncertaintyy
cost method inputs

The objective of a “Variance Analysis” is to find the 
most important contributors to the Total uncertainty
POST allows you to quickly examine different types:

WBS Rollup: Find WBS elements that contribute the most to totalWBS Rollup: Find WBS elements that contribute the most to total 
uncertainty (cost passengers)
All Drivers: Find distributions anywhere in the model (methods or inputs) 
that contribute the most to total uncertaintythat contribute the most to total uncertainty
Some Drivers: Consider a specific subset of distributions in the model

For instance, examine only those distributions assigned to input 
variables (cost drivers)
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variables (cost drivers)
Similar to a Tornado analysis targeting input variables (thus can be a 
source of further confusion)



WBS Elements that Contribute WBS Elements that Contribute 
Most to Total UncertaintyMost to Total Uncertainty

WBS Elements that Contribute WBS Elements that Contribute 
Most to Total UncertaintyMost to Total Uncertaintyyyyy

Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



Compare WBS Rollup Compare WBS Rollup 
Variance Analysis with ParetoVariance Analysis with Pareto

Compare WBS Rollup Compare WBS Rollup 
Variance Analysis with ParetoVariance Analysis with Paretoyyyy

70% Lvl 2 Backload
Production Phase

WBS rollup elements
Accounts for element to element correlation

C l l t d ith 5000 it ti

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SEPM (34)

Guidance and Control (31)

Relative Contribution

Calculated with 5000 iterations

Guidance and Control (31)

SEPM (34)

70% Lvl 2 Backload
Production Phase

Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)

Airframe (30)

Initial Spares (39)

Training (36)

Eng Changes (33)

Propulsion (29)
Peculiar Support Equip (38)

Data (37)

Propulsion (29)

Payload (28)
$0 $70,000 $140,000 $210,000 $280,000 $350,000

Propulsion (29)

Peculiar Support Equip (38)

Payload (28)

Data (37)

WBS Rollup (left) is not in same order as the Pareto (right)
Can we make sense of this?  Should there be a relationship?

TY $K
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Use Pareto Reports to Derive Use Pareto Reports to Derive 
RI$K Dollars by ElementRI$K Dollars by Element

Use Pareto Reports to Derive Use Pareto Reports to Derive 
RI$K Dollars by ElementRI$K Dollars by Element$ y$ y$ y$ y

SEPM (34)

70% Lvl 2 Backload
Production Phase

SEPM (34)

Program of Record
Production Phase

Guidance and Control (31)

Airframe (30)

Training (36)

Guidance and Control (31)

Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)

Peculiar Support Equip (38)

Data (37)

Initial Spares (39)

Eng Changes (33)

Peculiar Support Equip (38)

Data (37)

$0 $70,000 $140,000 $210,000 $280,000 $350,000

Propulsion (29)

Payload (28)

TY $K

$0 $50,000 $100,000 $150,000 $200,000 $250,000

Propulsion (29)

Payload (28)

TY $K

Create a Pareto RI$K Allocated (left) and Point Estimate (right), both in TY$
Sort elements to same order as Rollup Variance chart to facilitate comparison
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Left-Right = RI$K $, use this to create a Pareto based upon % contribution



Compare Rollup Variance to Compare Rollup Variance to 
Pareto Based on Relative Contribution to RI$K $Pareto Based on Relative Contribution to RI$K $

Compare Rollup Variance to Compare Rollup Variance to 
Pareto Based on Relative Contribution to RI$K $Pareto Based on Relative Contribution to RI$K $

70% Lvl 2 Backload
Production Phase

WBS rollup elements
Accounts for element to element correlation

70% Lvl 2 Backload Pareto
Production Phase

Relative Contribution to TY RI$K$

Easier to Explain Easier to PerformBoth Tell The Same Story

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SEPM (34)

Guidance and Control (31)

Relative Contribution

Accounts for element to element correlation
Calculated with 5000 iterations

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SEPM (34)

Guidance and Control (31)

Relative Contribution to TY RI$K $

Gu da ce a d Co o (3 )

Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)

Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)

Peculiar Support Equip (38)

Data (37)

Propulsion (29)

Payload (28)

Peculiar Support Equip (38)

Data (37)

Propulsion (29)

Payload (28)

General agreement, anomalies likely due to allocation process
Rollup Variance Analysis identifies WBS elements that contribute 
most to RI$K Dollars
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most to RI$K Dollars



Variable Influence on Variable Influence on 
Cost and UncertaintyCost and Uncertainty
Variable Influence on Variable Influence on 
Cost and UncertaintyCost and Uncertaintyyyyy

Build
the 

Point Estimate

Assign uncertainty and 
correlations to 
th d d i t

Generate Phased:
BY $
TY $

Successful 
Simulationmethods and inputs TY $

TY RI$K Allocated $

Find WBS elements Fi d V i bl

Simulation

Find WBS elements 
that contribute most 

to total:

Find Variables
that contribute most 

to total:

Cost Risk 
Reports

CostPareto TornadoCost
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VarianceRollup DriverVariance



Variance Analysis To Identify Cost Drivers Variance Analysis To Identify Cost Drivers 
That Contribute Most to Total Uncertainty That Contribute Most to Total Uncertainty 
Variance Analysis To Identify Cost Drivers Variance Analysis To Identify Cost Drivers 
That Contribute Most to Total Uncertainty That Contribute Most to Total Uncertainty 

Program of Record
Production Phase

All drivers with distributions, based on Rank
Does not account for correlation between drivers

Program of Record
Production Phase

All drivers with distributions, based on Rank
Accounts for correlation between drivers

Not Recommended Recommended

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

SEPM Factor (69)

Eng Changes Factor (68)

Rank Correlation Coefficient

Does not account for correlation between drivers
Calculated with 5000 iterations

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

SEPM Factor (69)

Guidance and Control (86)

Partial Rank Correlation Coefficient

Accounts for correlation between drivers
Calculated with 5000 iterations

Eng Changes Factor (68)

Initial Spares Factor (73)

Training Factor (70)

PSE Factor (72)

IATC Hrs/Unit (66)

( )

Eng Changes Factor (68)

Training Factor (70)

Initial Spares Factor (73)

PSE Factor (72)IATC Hrs/Unit (66)

Data Factor (71)

SDD Duration (Months) (44)

Guidance and Control (86)

Airframe Weight (lbs) (65)

S ac o ( )

Airframe Weight (lbs) (65)

IATC Hrs/Unit (66)

SDD Duration (Months) (44)

Data Factor (71)

Without accounting for applied correlation, 
results can be misleading
Variance analysis always performed on BY 

Accounting for applied correlation1 between 
elements (only available in ACEIT)
Note the significant changes to the results

Airframe Weight (lbs) (65) Data Factor (71)
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results (no choice given)
PE & RI$K Allocated cases will yield identical 
results, meaning you need only run the PE case

1Mishra, S., "Sensitivity Analysis with Correlated Inputs - An 
Environmental Risk Assessment Example", 1st Crystal Ball User 
Conference, Denver, CO, 17-18 June 2004.



Influence on Cost is Not the Same Influence on Cost is Not the Same 
as Influence on Uncertaintyas Influence on Uncertainty

Influence on Cost is Not the Same Influence on Cost is Not the Same 
as Influence on Uncertaintyas Influence on Uncertainty

70% Lvl 2 Backload
Production Phase ($964,679)

At 10%, 90% confidence levels

Program of Record
Production Phase

All drivers with distributions, based on Rank
Accounts for correlation between drivers

Influence Total Cost Influence Total Uncertainty

$900,000 $930,000 $960,000 $990,000 $1,020,000 $1,050,000

Airframe Weight (lbs) (65)

Guidance and Control (86)

TY $K

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

SEPM Factor (69)

Guidance and Control (86)

Partial Rank Correlation Coefficient

Accounts for correlation between drivers
Calculated with 5000 iterations

SEPM Factor (69)

Training Factor (70)

Initial Spares Factor (73)

SDD Duration (Months) (44)

( )

Eng Changes Factor (68)

Training Factor (70)

Initial Spares Factor (73)

PSE Factor (72)

Manuf Labor Rate (67)

Airframe (85)

PSE Factor (72)

Data Factor (71)

( )

Airframe Weight (lbs) (65)

IATC Hrs/Unit (66)

SDD Duration (Months) (44)

Data Factor (71)( ) ( )

Tornado identifies variables that most influence Total Cost
Performed on the RI$K Allocated case
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Variance Analysis identifies variables that most influence Total Uncertainty
Performed on the Point Estimate case



SummarySummarySummarySummary

Use TY RI$K Allocated case when creating
Pareto: 

Find the WBS elements (cost passengers) that drive total cost
Can be used to identify top contributors to RI$K dollars

Tornado: 
Find the variables (cost drivers) that drive total cost
10/90 uncertainty bounds to identify cost drivers

Use any case when creatingy g
Variance Analysis Rollup: 

Find WBS elements (cost passengers) that drive total uncertainty
Sorted based on variance accounting for correlationSorted based on variance, accounting for correlation

Variance Analysis Non-rollup : 
Find variables (cost drivers) that drive total uncertainty
Sorted based on rank correlation accounting for correlation

PRT-73, 19 Jan 2011 Approved for Public Release 34 of 34

Sorted based on rank correlation, accounting for correlation

ACEIT contains all the reports you need to tell the risk story!



BackupBackupBackupBackupBackupBackupBackupBackup
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Use Help to Guide Risk Modeling Use Help to Guide Risk Modeling 
(Based on AFCAA CRUH)(Based on AFCAA CRUH)

Use Help to Guide Risk Modeling Use Help to Guide Risk Modeling 
(Based on AFCAA CRUH)(Based on AFCAA CRUH)
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How Does How Does RollUpRollUp
Variance Analysis Work?Variance Analysis Work?

How Does How Does RollUpRollUp
Variance Analysis Work?Variance Analysis Work?yyyy

Two statistics sum in a simulation
MeanMean
Variance

Total  Variance 

Above formula only true if child elements are independent of 
each other (σ = standard deviation)

Total Variance 

This formula accounts for correlation (ρ)This formula accounts for correlation (ρ)
Reduces to first formula if all correlations are 0

POST measures the correlations first then uses the 
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second formula to estimate the correlation adjusted 
variance for each child element 



How Does Driver How Does Driver 
Variance Analysis Work?Variance Analysis Work?

How Does Driver How Does Driver 
Variance Analysis Work?Variance Analysis Work?yyyy

How does one measure the contribution of different 
input types (wgt, factors, rates, etc) on total cost variance?p yp ( g , , , )

Solution: measure correlation
Compare input distributions to
target output distribution
Default is rank correlation by every tool

If correlations are applied to input distributions, 
most tools report that “results will be misleading”

The message is almost always ignored

POST can account for applied correlation!
th i t ith th l t ti l l ti ffi i t i th i t
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the input with the largest partial correlation coefficient is the input 
with the largest contribution to total variance



What To Do If Target What To Do If Target 
Does not Converge Does not Converge 

What To Do If Target What To Do If Target 
Does not Converge Does not Converge 
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0.0%
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Iterations
50% 70% 95%

0.0%
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000

Iterations
50% 70% 95%

POST Convergence Chart, default settings, for SDD does not demonstrate 
convergence
Need to change POST Convergence report option to more iterations (50k selected)

PRT-73, 19 Jan 2011 Approved for Public Release 39 of 34

SDD requires 20k (maybe 25k) to converge
Must reassess all if model changes



Tornado Settings:Tornado Settings:
10/90 or 5/95?10/90 or 5/95?

Tornado Settings:Tornado Settings:
10/90 or 5/95?10/90 or 5/95?

70% Lvl 2 Backload
Production Phase ($964,679)
At 5%, 95% confidence levels

70% Lvl 2 Backload
Production Phase ($964,679)

At 10%, 90% confidence levels

Not Recommended Recommended

$900,000 $930,000 $960,000 $990,000 $1,020,000 $1,050,000

Airframe Weight (lbs) (65)

Guidance and Control (86)

TY $K
$900,000 $930,000 $960,000 $990,000 $1,020,000 $1,050,000

Airframe Weight (lbs) (65)

Guidance and Control (86)

TY $K

SEPM Factor (69)

Training Factor (70)

Initial Spares Factor (73)

Manuf Labor Rate (67)

SEPM Factor (69)

Training Factor (70)

Initial Spares Factor (73)

SDD Duration (Months) (44)

Airframe (85)

PSE Factor (72)

Data Factor (71)

Propulsion (84)

Manuf Labor Rate (67)

Airframe (85)

PSE Factor (72)

Data Factor (71)Propulsion (84) Data Factor (71)

10/90 is the default setting
Changing to 5/95 is an option, but not recommended as there is a greater chance 
that distribution bounds defined with absolute numbers will not process properly
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that distribution bounds defined with absolute numbers will not process properly
SDD Duration fails to show up in the 5/95 because the low/high were outside the defined bounds in the 
model


