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Define “Applied Correlation”

Using a simulation tool to replicate published 
results of applied correlation impact on throughputs

A new twist on a well know chart: potential Std Dev 
underestimated if correlation left at zero

Define “Functional Correlation”

Comparing correlation applied to throughputs vs
functionally correlated models

Conclusions

OverviewOverviewOverview

Note: all simulations performed at 10,000 iterations, Latin Hypercube and 
all distributions truncated at 0
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The correlation coefficient indicates the strength and 
direction (+ve or –ve) of a linear association between two 
random variables
Simulation tools allow you to “apply” correlation between 
two or more uncertainty distributions 
Example illustrates 0.25 correlation “applied” to otherwise 
independent random variables
Note that this model sums constant point estimates, with 
different distributions but with the same Std Dev.

Defining Applied CorrelationDefining Applied CorrelationDefining Applied Correlation
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% of Simulated Std Dev Underestimated
(Fixed Throughputs with Fixed Std Dev)
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Well Known Correlation Impact 
on Sum of Throughputs 

Well Known Correlation Impact Well Known Correlation Impact 
on Sum of Throughputs on Sum of Throughputs 

Based on: all throughputs of 
equal value and equal std dev
Simulation employed five 
different distributions
Simulation tool replicates 
published correlation impact
Correlation importance 
increases with number of 
elements

From: Why Correlation Matters in Cost Estimating; Dr. Stephen A. Book; 
The Aerospace Corporation; 32nd DODCAS; 2-5 February 1999

Derived Analytically
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Throughput Model With Various
Point Estimates and Various Std Dev 

Throughput Model With VariousThroughput Model With Various
Point Estimates and Various Std Dev Point Estimates and Various Std Dev 

Bold elements used to define distributions
Non bold mode, mean calculated from standard equations
Weibull Shape value selected to cause a point estimate of 1 to be the 
mode.  This distribution is multiplied by the model point estimate.
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Variance EquationsVariance EquationsVariance Equations
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Correlation Impact on Six Throughputs
Combines Six Different Distributions, With Different Std Dev
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Using Simulation Tools to Study Impact 
of Correlation on Throughputs

Using Simulation Tools to Study Impact Using Simulation Tools to Study Impact 
of Correlation on Throughputsof Correlation on Throughputs

Correlation Impact on Six Throughputs
Combines Six Different Distributions, With Different Std Dev
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Yes, Even 100 Elements
Match Theory

Yes, Even 100 ElementsYes, Even 100 Elements
Match TheoryMatch Theory

Calculation demonstrates even 100 element model with a 
variety of distributions (lognormal, triangular, normal, beta, 
uniform, weibull) returns a total std dev that matched theory
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Using Final
Simulated Correlations

Using FinalUsing Final
Simulated CorrelationsSimulated Correlations

If you capture the simulation iterations and measure the 
Pearson Product correlation actually manifested by the 
simulation and use that correlation matrix, the std dev returned
by the tool exactly matches theory
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% of Std Dev Underestimated Throughput Model Compared to 
Various Throughput and Various Std Dev Model
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Std Dev are not Fixed

Impact if Throughputs andImpact if Throughputs and
Std Dev are not FixedStd Dev are not Fixed

Suggests that defaults should be higher if you wish to protect against 
50% underestimated
For 10 elements, if you wanted to protect against 50% underestimated, 
you need to apply 0.45, not 0.35 (for 5 elements 40%, 0.65, not 0.45)
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Functional correlation is correlation induced into a model 
through the algebra of the model
Examples:

Item 2 and 3 are functionally correlated through a common wgt variable
Item 2 and item 4 are functionally correlated through a factor relationship
Item 4 and 5 are functionally correlated through a common Item 2
variable

Defining Functional CorrelationDefining Functional CorrelationDefining Functional Correlation
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A Functionally
Correlated Model

A FunctionallyA Functionally
Correlated ModelCorrelated Model

Item 2 and 3, and Item 3 and 4 are not correlated when weight is “certain”
Item 2 and 3 and Item 3 and 4 become “correlated” when weight variable 
(common to item 2 and 3) is made uncertain
Note that CVs increase and item 2 and 5, 3 and 5 correlation increases
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Compare Simulation Tools
Five Functionally Related Elements
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Simulation Tools Capture 
Functional Correlation 

Simulation Tools Capture Simulation Tools Capture 
Functional Correlation Functional Correlation 

Must ensure CERs are driven from forecasts!
Applying correlation does have an impact on already 
functionally correlated items

Compare Simulation Tools
Five Functionally Related Elements
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Functional Correlation
Affects the Mean!

Functional CorrelationFunctional Correlation
Affects the Mean!Affects the Mean!

In this model, the mean of the estimate increases linearly 
with correlation (albeit by only a few percent)
The mean of throughputs is NOT affected by correlation

Correlation Impact on Mean of Total
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Pointed out to the author by Erik Burgess as a result of a review of the AFCAA Cost Risk Handbook
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Correlation Impact On
Throughputs vs Functional

Correlation Impact OnCorrelation Impact On
Throughputs Throughputs vsvs FunctionalFunctional

PE from throughput 
model between 32-45%
PE from functional model 
between 23-40%

80% from functional is 
greater than fully correlated 
throughput
Uncorrelated functional has 
greater variance than fully 
correlated throughput
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Identical point estimate for 
throughputs and 
functional version
Uncorrelated functional 
has greater variance than 
fully correlated throughput
Potential for 
underestimating is LESS
(in relative terms) if model 
is functionally correlated
Potential for 
underestimating is MORE
(in absolute terms) if 
model is functionally 
correlated

Correlation Impact on Stdev of Total
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% of Std Dev Underestimated Throughput Model Compared to 
Various Throughput and Various Std Dev Model

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Correlation Coefficient

%
 S

td
 D

ev
 U

nd
er

es
tim

at
ed

n = 100 (Fixed)

n = 100 (Var)

n = 25 (Fixed)

n = 25 (Var)

n = 10 (Fixed)

n = 10 (Var)

n = 5 (Fixed)

n = 5 (Var)

Impact if Items Functionally Related 
and Std Devs are not Fixed

Impact if Items Functionally Related Impact if Items Functionally Related 
and Std and Std DevsDevs are not Fixedare not Fixed

% of Std Dev Underestimated Throughput Model Compared to 
Various Throughput or Functional and Various Std Dev Model

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Correlation Coefficient

%
 S

td
 D

ev
 U

nd
er

es
tim

at
ed

n = 100 (Fixed)
n = 100 (Var)
n = 25 (Fixed)
n = 25 (Var)
n = 25 (Func)
n = 10 (Fixed)
n = 10 (Var)
n = 10 (Func)
n = 5 (Fixed)
n = 5 (Func)
n = 5 (Var)



6/18/2007 18

TECOLOTE
RESEARCH, INC.

TECOLOTE
RESEARCH, INC.

© Tecolote Research, Inc 2007

In and Out of TroubleInIn and and OutOut of Troubleof Trouble

Heading for Trouble
Throughput (number) PE

May miss important relationship that 
functional correlation would 
normally capture
Simulate by applying correlation

Ignoring correlation
Uncertainty distributions aren’t 
enough
Variance at total will be 
underestimated

Layering matrix atop Funtional
Correlation may already exist due to 
functional relationship
Assigning additional input coefficient 
will exaggerate impact of inputs

Reusing input driver
Produces undesired “incidental”
correlation due to common inputs
Increases variance at total

Escaping Trouble
Generate resulting correlations

Run the model after defining 
distributions to find existing 
functional correlation

Study relationships
Watch for unexplained FC – a 
symptom of shared drivers
Watch for low correlation among 
similar elements

Adjust input matrix
Increase 0.0 to 0.25
Increase correlations among 
technically related throughputs
Adjust correlations between cost 
methods were there is evidence 
existing correlation is insufficient

Repeat
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ConclusionsConclusionsConclusions

Simulation tools adequately capture the impact of correlation on both 
throughputs and functionally correlated models
Functional correlation is correlation induced into a model through the 
algebra of the model
Functional correlation affects the mean at the total level, correlation 
on throughputs does not
Functional relationships can introduce unintended correlation (i.e. the 
same uncertain variable used across many cost methods)
Functional correlation alone may establish a variance (with no applied 
correlation) that even fully correlated throughputs cannot achieve
For 2 to 25 elements, defaults to capture underestimated variance 
when your model has varying throughputs and varying std dev (i.e. all 
the time) should be greater than previously published
Build in functional relationships where ever you can!
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