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Challenge 

(Garvey, 2000) 

 When cost uncertainty analyses are presented to decision-makers, 
questions often asked are 
  “What is the chance the system can be delivered within cost and 

schedule?”  
 “How likely might the point estimate cost be exceeded for a given 

schedule?”  
 “How are cost reserve recommendations affected by schedule 

risk?” 
 During the past thirty years, techniques from univariate probability 

theory have been widely applied to provide insight into P(Cost ≤ x1) 
and P(Schedule ≤ x2). 

 Although it has long been recognized that a system’s cost and 
schedule are correlated, little has been applied from multivariate 
probability theory to study joint cost-schedule distributions. 
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Background 

 USAF (Marvin Sambur / Peter Teets memo of 2004) 
 NASA Cost Estimating Handbook 
 Past ISPA/SCEA Conferences 

 Panel of Experts Discussion 
 Presentations 

 SSCAG Risk Working Group (Tim Anderson, Eric Druker, et. al.) 
 Parametric 

 “Disjoint Cost and Schedule distributions are conflated into 
a bivariate distribution through the injection of correlation 
between the two” 

 Buildup 
 Estimate to Complete Projection 

 Joint Confidence Level (JCL) 
 NASA 
 USAF AFCAA 

 
 

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



© 2012 r2ESTIMATING, LLC 
Joining Effort and Duration in a Probabilistic Method for Predicting Software Cost and Schedule – 201205 – #5 r2 

TM 

Notation Convention 

( )

  54.0905
  

  
  

f
x

x
X

Numeric Constant - - Times New Roman:
Simple Variable - - Times New Roman Italic :
Function - - Times New Roman Bold Italic :
Vector, Matrix, List, Array - - Times New Roman Bol

UseofFo

d:

nts

R   

≡
≅

X



andom Variable - - Arial Bold Italic :

The left operand is defined as (assumed equivalent to) the right operand
The left operand is approximated by the right operand
The le

Use of Sy

ft operan

mbols

d es

†

∈
∝
∧
¬

timates the right operand
The left operand is an element (member) of the right operand
The left operand is proportional to the right operand
Logical AND operator
Logical NOT operator
Indicates specific calibration to Aerospace 2004 : Military Ground C / C++ data set
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Variable Dictionary 
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Letting X
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r2 Software Estimating Framework (r2SEF) CDERs – 
General System of Equations 

(Ross, 2008a), (Ross, 2008b) 
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ETα = <datasetname>
E IT

r2SEF CDERs – 
Calibration Process (3 regressions) 
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Inefficiency Regression 
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Regression Mean *(1+σ)^-3

<user-defined data point 1>

<user-defined data point 2>

<user-defined data point 3>

<user-defined data point 4>

Effort vs Size
n=29  Power ZMPE [x,y]: y=(4.333E-03)*x^(1.037E+00)  SEE=51%  BIAS=0%  R²=0.75  PRED(25)=48%  MMRE=36%

Aerospace 2004: Military Ground C/C++
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Intensity Regression 
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<user-defined data point 2>

<user-defined data point 3>

<user-defined data point 4>

Effort vs Duration
n=29  Power ZMPE [x,y]: y=(3.268E-01)*x^(2.202E+00)  SEE=61%  BIAS=0%  R²=0.19  PRED(25)=45%  MMRE=41%

Aerospace 2004: Military Ground C/C++
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Difficulty Regression 

0.001

0.010

0.100

0.01 0.10 1.00

In
ef

fic
ie

nc
y (

E/
S^

α[
S]

)

Intensity (E/T^α[ET])

History

Regression Mean

Regression Mean *(1+σ)^+1

Regression Mean *(1+σ)^-1

Regression Mean *(1+σ)^+2

Regression Mean *(1+σ)^-2

Regression Mean *(1+σ)^+3

Regression Mean *(1+σ)^-3

<user-defined data point 1>

<user-defined data point 2>

<user-defined data point 3>

<user-defined data point 4>

Inefficiency vs Intensity
n=29  Power ZMPE [x,y]: y=(5.519E-03)*x^(1.932E-01)  SEE=49%  BIAS=0%  R²=0.05  PRED(25)=45%  MMRE=37%

Aerospace 2004: Military Ground C/C++
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Productivity Trends Downward as 
Team Size Increases 

10

100

1,000

1 10 100

A
ll-

A
ll 

Pr
od

uc
tiv

ity
 (E

SL
O

C
 p

er
 p

er
so

n-
m

on
th

)

All-All Average Staff (people)

History

Regression Mean

Regression Mean *(1+σ)^+1

Regression Mean *(1+σ)^-1

Regression Mean *(1+σ)^+2

Regression Mean *(1+σ)^-2

Regression Mean *(1+σ)^+3

Regression Mean *(1+σ)^-3

<user-defined data point 1>

<user-defined data point 2>

<user-defined data point 3>

<user-defined data point 4>

All-All Productivity vs All-All Average Staff
n=29  Power ZMPE [x,y]: y=(3.388E+02)*x^(-4.223E-01)  SEE=44%  BIAS=0%  R²=0.29  PRED(25)=31%  MMRE=37%

Aerospace 2004: Military Ground C/C++
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Example CDER Regression Results 
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Regression Mean *(1+σ)^-3

<user-defined data point 1>

<user-defined data point 2>

<user-defined data point 3>

<user-defined data point 4>

Resources vs Work
n=29  Factor ZMPE [x,y]: y=(1.000+00)*x  SEE=48%  BIAS=0%  R²=0.79  PRED(25)=45%  MMRE=37%

Aerospace 2004: Military Ground C/C++

E ̂  0.81 * T ̂  0.43 = 5.519E-03 * S ^ 1.04 @ mean Difficulty

E = 3.268E-01 * T ̂  2.20 @ mean Intensity

Est Productivity = 105.65 @ mean ESLOC;  106.40 @ median ESLOC
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Single-point Solution CDER 

† Aerospace 2004: Military Ground C/C++ data set 
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Effort versus Duration
Military Ground C/C++ -- S[e] @ mean = 127,571 ESLOC

Work Function at a 
Particular Size and Difficulty 

Work 

Example 
 Aerospace 2004: Military Ground 
C/C++ 
 Size = 127,571 ESLOC @ mean 
 Difficulty = 5.519E-03 @ mean 
 Work = 1.092E+03 @ mean 
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Effort versus Duration
Military Ground C/C++ -- S[e] @ mean = 127,571 ESLOC

Intensity Function at a 
Particular Intensity 

Intensity 

Example 
 Aerospace 2004: Military Ground C/C++ 
 Size = 127,571 ESLOC @ mean 
 Difficulty = 5.519E-03 @ mean 
 Work = 1.092E+03 @ mean 
 Intensity = 3.268E-01 @ mean 

Work 
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Effort versus Duration
Military Ground C/C++ -- S[e] @ mean = 127,571 ESLOC

Work Function (CDER) at a 
Particular Intensity 

Example 
 Aerospace 2004: Military Ground C/C++ 
 Size = 127,571 ESLOC @ mean 
 Difficulty = 5.519E-03 @ mean 
 Work = 1.092E+03 @ mean 
 Intensity = 3.268E-01 @ mean 
 Effort = 1,267 pm 
 Duration = 49.5 mos 
 Productivity = 100.7 ESLOC/pm 
 Avg Staffing = 25.6 FTE people 
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Work Function as a 
Probability Field 
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Intensity Function as a 
Probability Field 
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Work and Intensity  
Probability Fields 
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r2SEF CDERs – 
Solving for the Work 

(Ross, 2008a), (Ross, 2008b) 

( ) ( )1 T ETET E T ETS

S ET E T E

α αα α α αα

α α α α α

+ −

+

≡ ≡ =

≡ ≡ =

WorkΨ DS E I
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Cost (Effort)EstimatingRelationship(CER)

Schedule(Duration)EstimatingRelationship(SER)
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r2SEF CDERs – 
Solving for Cost and Schedule 

(Ross, 2008a), (Ross, 2008b) 
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r2SEF CDERs – 
Solving for Intensity 

(Ross, 2008a), (Ross, 2008b) 
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r2SEF CDERs – 
Effort vs. Duration Graphing Functions 

(Ross, 2008a), (Ross, 2008b) 
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WorkFunction (solved for Effort)

IntensityFunction (solved for Effort)
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Joint and Conditional Probability Defined 

(Garvey, 2000) 

 Joint 
 The probability that effort will 

be less than or equal to some 
given (goal) value and 
duration will be less than or 
equal to some given (goal) 
value 

 Conditional 
 The probability that effort will 

be less than or equal to some 
given (goal) value based on 
some point estimate of 
duration being equal to some 
given (goal) value or vice 
versa 

( )P 1 2Effort x Duration x≤ ∧ ≤
( )

( )

|
or

|

P

P

1 2

1 2

Effort x Duration x

Duration x Effort x

≤ =

≤ =
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Probabilistic (Monte Carlo) Solution – 
2,001 Samples of the Example Problem 
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Probabilistic (Monte Carlo) Solution – 
Mean Size, Difficulty, and Intensity 

Example 
 Aerospace 2004: Military Ground 
C/C++ 
 Size = 127,571 ESLOC @ mean 
 Difficulty = 5.519E-03 @ mean 
 Work = 1.092E+03 @ mean 
 Intensity = 3.268E-01 @ mean 
 Effort = 1,269 pm @ 62%ile; 1,240 @ 
mean 
 Duration = 49.5 mos @ 51%ile; 51.9 @ 
mean 
 Productivity = 100.5 ESLOC/pm @ 
59%ile; 
  103.2 @ mean 
 Avg Staffing = 25.6 FTE people @ 
66%ile; 
  23.2 @ mean 
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Military Ground C/C++ -- S[e] @ mean = 127,571 ESLOC

Joint Confidence Level (JCL) 
of Effort and Duration – Scatter Plot Approach 

Count the points within this rectangle (914) 
and divide by the total number of points (2001). 
JCL( E , T | I ) = 914 / 2001 = 46% 
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JCL of Effort and Duration – 
Boolean Random Variable Approach 
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JCL of Effort and Duration – 
Boolean Random Variable Approach 

JCL = 100% − 54% = 46% 
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Conditional Confidence Level (CCL) 
 of Effort and Duration – Intensity Gradient 
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Effort versus Duration
Military Ground C/C++ -- S[e] @ mean = 127,571 ESLOC

Example 
 Aerospace 2004: Military Ground C/C++ 
 Size = 127,571 ESLOC @ mean 
 Difficulty = 5.519E-03 @ mean 
 Work = 1.092E+03 @ mean 
 Mean Intensity = 3.268E-01 
 Effort = 1,267 pm @ 60%ile 
 Duration = 49.5 mos @ 60%ile 
 Productivity = 100.7 ESLOC/pm @ mean 
 Avg Staffing = 96.0 FTE people @ 60%ile 
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Duration and Effort CDFs 
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(CCL) of Effort and Duration –  
Intensity from Effort and Time Constraints 

(Ross, 2008a) 
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(CCL) of Effort and Duration – 
Intensity from Schedule Compression 

(Ross, 2008a), (Ross, 2008b) 
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(CCL) of Effort and Duration – 
Intensity from a Staffing Constraint 

(Ross, 2008a), (Ross, 2008b) 
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Some Possible Solution Scenarios that 
Are Supported by this Methodology 

Use algebra to isolate the CDER variable you wish to solve for and apply any 
necessary assumptions / constraints to the other CDER variables 

 Minimum time or minimum effort 
 What is the shortest amount of time or what is the cheapest I can develop a certain amount 

of code with some given confidence (probability of attainment)? 
 Schedule Compression 

 What is the effort (and hence cost) impact if I compress or stretch out the schedule by some 
percentage? 

 Duration (Time) As an independent Variable (TAIV); Effort As an Independent Variable 
(EAIV); Cost As an Independent Variable (CAIV), average Staffing As an Independent 
Variable (SAIV) 
 What happens if I constrain one or more of time, effort, cost, and staffing with associated 

confidence(s)? 
 Size as a Dependent Variable 

 How much code can I develop within a certain budget and schedule and with some given 
confidence? 

 Productivity as an Independent Variable 
 Given a certain schedule, how much money can I save if I can increase productivity by say 

5 ESLOC/pm? 
 Confidence Analysis 

 What is the impact of budgeting at the mean versus budgeting at the 60th percentile? 
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QUESTIONS? 
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