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AbstractAbstractAbstractAbstract
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Providing risk-adjusted estimates is becoming more important 
as cost estimating evolves. ACE contains a very 
comprehensive risk package that allows you to model manycomprehensive risk package that allows you to model many 
different distributions in a multitude of ways.  New users are 
often intimidated by the many risk features of ACE.

This presentation breaks down risk into the basics.  It explains 
what risk is and how to model it in ACE In addition it willwhat risk is and how to model it in ACE.  In addition, it will 
provide step-by-step instructions on how to conduct a risk 
analysis on a session and get risk-adjusted results.
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OutlineOutlineOutlineOutline

What is Risk?
Why perform an uncertainty analysis?
When do I perform uncertainty analysis?
Where do I enter uncertainty?

Identify rows that have uncertainty

H d I f t i t l i ?How do I perform uncertainty analysis?
What do I know?
Model uncertainty on identified rowsModel uncertainty on identified rows
Check for consistency
Measure correlation
Apply correlation
Report
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What is Risk?What is Risk?What is Risk?What is Risk?

Situation with multiple outcome possibilitiesSituation with multiple outcome possibilities

Spectrum of  outcomes

favorable outcomes unfavorable outcomes

Point Estimate

Risk
Uncertainty

Risk is the likelihood that an unfavorable outcome 
occurs.

Uncertainty is the range of both favorable and 
unfavorable outcomes.
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Sources of UncertaintySources of UncertaintySources of UncertaintySources of Uncertainty

“In this world nothing can be said to be certain, except 
d th d t ”death and taxes.” 

- Benjamin Franklin

What elements are certain?
Pure math 

Cost * QtyCost  Qty
Elements that are firm fixed price
Referenced elements that already have uncertainty

What elements are uncertain?
Estimating MethodsEstimating Methods

CERs, Factors
Inputs

Weight Range Durations
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Weight, Range, Durations



Why perform a Cost Uncertainty Why perform a Cost Uncertainty 
Analysis?Analysis?

Why perform a Cost Uncertainty Why perform a Cost Uncertainty 
Analysis?Analysis?Analysis?Analysis?Analysis?Analysis?

To put context on the point estimateTo put context on the point estimate 
Point estimate is one possible outcome in a range of results

To identify those items that contribute most to uncertainty of 
the project

Provides data on where to focus efforts for risk mitigation

B d t bli ti t il it t hi h t b dBudget obligations entail commitments which must be made 
in discrete dollars, not ranges of dollars

Costs can be presented at a specific confidence levelp p

The sum of the individual elements is not the most likely 
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The sum of the elements is not The sum of the elements is not 
the most likely resultthe most likely result

The sum of the elements is not The sum of the elements is not 
the most likely resultthe most likely result

Point Estimate Point 
Estimate

yyyy

Item 1 100

Item 2 100

Point 
Estimate

Point Estimates are 
usually assumed to 
be the most likely Item 2

+
100 y

results 

Point 
Estimate

Most 
Likely Point Estimates of 

the total are not
Total 200

Estimate the total are not
the most likely 
result
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When to Enter UncertaintyWhen to Enter UncertaintyWhen to Enter UncertaintyWhen to Enter Uncertainty

Complete the 
Point Estimate

Enter Uncertainty 
DistributionsPoint Estimate Distributions

Review assumptions 
for consistency

No

Satisfied? 
Run the simulation

Measure Existing Correlation
Apply additional (as required) Yes

View & Interpret Results Create Risk Outputs
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Where to Enter UncertaintyWhere to Enter UncertaintyWhere to Enter UncertaintyWhere to Enter Uncertainty

Identify rows that contain uncertainty

N U i Q i di h if
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No Uncertainty on Quantity rows; treat as discrete what-if 
cases.



How to Enter UncertaintyHow to Enter UncertaintyHow to Enter UncertaintyHow to Enter Uncertainty

Identify rows that have uncertaintyIdentify rows that have uncertainty
What do I know about the uncertainty?

Not much
Some
I have a CER with Statistics

Model uncertainty on identified rows
Think about the shape of possible outcomes 

Is there a greater chance of overrun or under runIs there a greater chance of overrun or under-run

Identify data range/bounds
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Defining Distributions with Little Defining Distributions with Little 
or No Information or No Information 

Defining Distributions with Little Defining Distributions with Little 
or No Information or No Information or No Information or No Information or No Information or No Information 

When you have little or no information about a row’s 
t i t id th f ll i tiuncertainty, consider the following questions:

How wide is the range of possible values? 
ACE uses the term Spread to quantify the range of the dataACE uses the term Spread to quantify the range of the data.

Low – models a small range
Medium – models a moderate range
High – models a wide range

How good is your point estimate?
ACE uses the term Skew to show where more of the uncertainty 
lies.

Is the point estimate in the center of the range?p g
Is the uncertainty to the right of the point estimate?
Is the uncertainty to the left of the point estimate?  
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Input All Form Input All Form –– Basic ModeBasic ModeInput All Form Input All Form –– Basic ModeBasic Mode

The above picture shows a wide range of values where the 
point estimate is on the lower end of the range of valuespoint estimate is on the lower end of the range of values
ACE models this as High Spread and Right Skew

12Copyright © Tecolote Research, Inc. January 2009 



Defining Distributions with Defining Distributions with 
Limited InformationLimited Information

Defining Distributions with Defining Distributions with 
Limited InformationLimited InformationLimited InformationLimited InformationLimited InformationLimited Information

If you have information on the range of the dataIf you have information on the range of the data, 
consider the following questions:

What are the high and low bounds?What are the high and low bounds?
Are they a percentage of the point estimate or actual 
values?values?
What do the values actually represent?

What is the distribution shape?What is the distribution shape?
Triangular
LogNormalLogNormal
Uniform
Normal
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Triangular DistributionTriangular DistributionTriangular DistributionTriangular Distribution
Requires 3 pieces of information

Most Likely Result
Low Bound
High Bound

The most likely is the point estimateThe most likely is the point estimate

Point Estimate is 100Point Estimate is 100
Low Bound is 90% of Point Estimate  (10% less)
High Bound is 150% of Point Estimate (50% 
more)
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Lognormal DistributionLognormal DistributionLognormal DistributionLognormal Distribution
Bell Shaped curve with one finite tail and one infinite tail
Requires 2 pieces of information

Point Estimate (Most likely value)
Upper or lower bound (the log space mirror image is calculated for the other bound)

Why choose LogNormal?Why choose LogNormal?
1. The value can increase without limits, but cannot fall below zero.
2. The value is positively skewed, with most of the values near the lower limit.
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Uniform DistributionUniform DistributionUniform DistributionUniform Distribution

All outcomes have the same probability of occurrenceAll outcomes have the same probability of occurrence
Point Estimate is mode by default
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Normal DistributionNormal DistributionNormal DistributionNormal Distribution

Bell Shaped symmetric curve with tails that are infinite
/ /The point estimate is the mean/median/mode.

Requires 2 pieces of information
Point Estimate (most likely value)Point Estimate (most likely value)
Upper or lower bound (the mirror image is calculated for the other bound)

Point Estimate is 100
Low Bound is 60% of Point 
Estimate  (40% less)
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How do I pick a Distribution How do I pick a Distribution 
Shape?Shape?

How do I pick a Distribution How do I pick a Distribution 
Shape?Shape?Shape?Shape?Shape?Shape?

Triangular
Use with Engineering data or analogy estimateUse with Engineering data or analogy estimate
Easy to use and understand
Use when likelihood decreases with distance from the point estimatep

LogNormal
Use with Log-linear CERs or in absence of better information
Use when value can increase without limits but cannot fall below zero 
and when most values are near the mode

UniformUniform
Use with Engineering data or analogy estimate
Use when every value has an equal likelihood of occurrenceUse when every value has an equal likelihood of occurrence

Normal
Use with Linear CERs or a CER with an additive error
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Symmetric distribution means point estimate has equal likelihood of 
overrun or under-run



Defining Distributions when you have Defining Distributions when you have 
a CER and Supporting Statisticsa CER and Supporting Statistics

Defining Distributions when you have Defining Distributions when you have 
a CER and Supporting Statisticsa CER and Supporting Statisticsa CER and Supporting Statisticsa CER and Supporting Statisticsa CER and Supporting Statisticsa CER and Supporting Statistics

Determine the form of the CERDetermine the form of the CER 
Is it a linear, a log linear, learning curve or other equation form?

Identify the distribution shape y
For linear CER, use Normal
Otherwise, use LogNormal 

Use the CER statistical data to define the spread of the 
distribution

LogNormal Use the Adjusted Standard Error CV or theLogNormal – Use the Adjusted Standard Error, CV, or the 
low/high bounds. 
Normal – Use the CV, Standard deviation, or the low/high bounds.  
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Coefficient of Variation (CV) = StdDev/Mean



Review the Assumptions for Review the Assumptions for 
ConsistencyConsistency

Review the Assumptions for Review the Assumptions for 
ConsistencyConsistencyConsistencyConsistencyConsistencyConsistency

Review the model for standard distribution selectionReview the model for standard distribution selection
Use the same distribution in similar situations throughout the 
estimate (e.g., for all factor method rows, use Triangular)

Review the model for a consistent approach when applying 
bounds 

In general be consistent when specifying the range for a distributionIn general, be consistent when specifying the range for a distribution 
type (e.g., always use high/low with Triangular or always use 
statistics with Normal)

A th i t t d t d?Are the inputs easy to understand?
Can you explain why you selected the shape and bounds?
Is it documented?Is it documented?
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Run the SimulationRun the SimulationRun the SimulationRun the Simulation

Point Estimate CompletePoint Estimate Complete
Distributions specified
Consistent specification of uncertaintyp y

Now what?
1. Calculate with Risk (Calc > Calc with RI$K)
2. Check out Confidence Level at each row 

that contains uncertainty
e.g., $ 130,123.192 (38%) 

3 View RI$K Statistics3. View RI$K Statistics
Open Inputs/Results Viewer
Select BY RI$K Statistics from View menu
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So What does it Mean?So What does it Mean?So What does it Mean?So What does it Mean?

Mean: Average value 
for the row after the 

Coefficient of Variation (CV): a 
normalized measure of dispersion . 
Typical values at the total are .15 -.35. 

Confidence Level: 
Probability of the point 
estimate value Typical

simulation Less than .15 indicates very optimistic 
ranges or a lack of correlation 

estimate value. Typical 
values for the Total row 
are 15%-45%.

Std Dev: a measure of 
the dispersion of the Confidence Levels: each
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the dispersion of the 
simulation results  

Confidence Levels: each 
row’s value at the selected 
confidence . NOTE: Child rows 
do not sum to parent. 



Add CorrelationAdd Correlation
(almost always)(almost always)

Add CorrelationAdd Correlation
(almost always)(almost always)(almost always)(almost always)(almost always)(almost always)

Correlation measures the strength of the relationship 
b t l tbetween elements 

Functional correlation is correlation that is built-in based on the 
estimating methodologyg gy

E.g., SEPM = 0.15 * Air Vehicle 

Defined correlation is correlation manually entered

Correlation ranges from -1 to 1
+/-1.0 is a perfect relationship
+/ 0 7 i d t l ti hi+/- 0.7 is a moderate relationship
+/- 0.5 is a weak relationship

Correlation can only be defined for elements that haveCorrelation can only be defined for elements that have 
risk distributions
Use Tools>RI$K Grouping and Correlation to add defined
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Use Tools RI$K Grouping and Correlation to add defined 
correlation



How do we Model Correlation?How do we Model Correlation?How do we Model Correlation?How do we Model Correlation?

Steps to Model Correlation
1. Measure existing correlation in the session

Run the Correlation Report
Identify rows where the correlation measure is minimal (e.g., values y ( g ,
are close to 0)
Identify rows that have correlation measures that are strong but 
shouldn’t be (e.g., values are closer to 1 or -1)

2. Remove unintentional correlation and add correlation where 
needed

Use the Risk Grouping and Correlation toolUse the Risk Grouping and Correlation tool
Create groups of related elements and assign correlation 
To remove unwanted correlation, find source and adjust estimate as 
necessary to remove correlationnecessary to remove correlation

3. Rerun the Correlation report to verify correct correlation
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How do we Model Correlation How do we Model Correlation 
the Easy Way?the Easy Way?

How do we Model Correlation How do we Model Correlation 
the Easy Way?the Easy Way?the Easy Way?the Easy Way?the Easy Way?the Easy Way?

In the absence of time and better information
1. Measure existing correlation in the session

If numbers are significantly different from 0, correlation already exists 
(e.g., > .2)  

2. Add correlation to elements that you KNOW are related
E.g., Air Vehicle Weight and Air Vehicle Range are inversely 
correlated – as weight increases, range decreasescorrelated as weight increases, range decreases  
Create group of these elements and assign correlation

3. Add correlation to elements not already associated with a group
C t f l ft i t i blCreate group for leftover input variables 

Assign minimal correlation (e.g., .25)  
Create group for leftover elements in the WBS

( )Assign minimal correlation (e.g., .25)  

4. Rerun the Correlation report to verify reasonable correlation
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Reporting RI$K ResultsReporting RI$K ResultsReporting RI$K ResultsReporting RI$K Results

Clearly communicate the simulation results
Show an S-Curve - a graphical representation of where 
the point estimate falls within the risk range
Show Phased results at a particular confidence level in 
Then Year dollars (for budgeting purposes)
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What does the SWhat does the S--curve tell you?curve tell you?What does the SWhat does the S--curve tell you?curve tell you?

POST RI$K Chart plots the confidence level resultsPOST RI$K Chart plots the confidence level results
Gives you the risk dollars at a specified confidence level

Risk$ = CL$ - PE$Risk$  CL$ PE$
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How do I create a Phased How do I create a Phased 
Allocated RI$K report?Allocated RI$K report?

How do I create a Phased How do I create a Phased 
Allocated RI$K report?Allocated RI$K report?Allocated RI$K report?Allocated RI$K report?Allocated RI$K report?Allocated RI$K report?

Edit/Create a 
Phased Report

S l t All t Ri k

S l t th C fid

Select Allocate Risk

Select the Confidence 
Level 

Select Allocation 
Level
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TimeTime--phased Allocated RI$K phased Allocated RI$K 
ReportReport

TimeTime--phased Allocated RI$K phased Allocated RI$K 
ReportReportReportReportReportReport

This report show TY phased costs at the 75% confidence level
Allocated at level 2 means these elements will be at exactly 
75% confidence
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SummarySummarySummarySummary

You can easily perform a risk analysis using ACEYou can easily perform a risk analysis using ACE
Identify rows that have uncertainty
Model uncertainty on identified rowsModel uncertainty on identified rows

Distribution types: Triangular, LogNormal, Normal, and Uniform
Bounds: specify using Spread and Skew, Low and High values, 
or statistics from a regression analysis

Check your risk specifications for consistency
Measure and apply correlation if needed
Report results
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THANK YOUTHANK YOUTHANK YOUTHANK YOU
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