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SummarySummary

Measurement objectifies management
Estimation is a function of progress (continuous process)
A well-formed estimate is specified as a probability distribution
Uncertainty �

• Variability
• Risk
• Opportunity

Software size estimates �

• Size growth
• Size estimation variability
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Desire Software

Labor

Software Development andSoftware Development and
MeasurementMeasurement
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Fundamental MeasuresFundamental Measures

Size
Effective Technology
Time
Effort � Cost, Staffing
Defects
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Estimate DefinedEstimate Defined

es·ti·mate (es′ti mit), n.
an approximate judgment or calculation, as of the
value or amount of something
a prediction that is equally likely to be above or below
the actual result (Tom DeMarco)

A WELL FORMED ESTIMATE
IS A DISTRIBUTION
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Two Key Drivers ofTwo Key Drivers of
Software Size EstimatesSoftware Size Estimates

Size Growth
• Change in the baseline estimated software size due to:

– Change in development and/or operating environment
– Change in the required functionality

• Technological and Programmatic risk
Size Estimation Variability
• Estimation process variability due to:

– Human behavior
– Model behavior
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Size GrowthSize Growth

Operational Environment Volatility
• The mission changes.
• The regulations that govern how this software should behave have

changed.
Essence (Requirements) Volatility
• The customer doesn’t know what he/she wants.

Essence Understanding (Requirements Completeness and
Correctness)
• The customer doesn’t understand the problem.
• The specifications are vague.

Essence versus Implementation Correspondence
• The vendor adds a few extra features (gold plating).
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Growth Factor FunctionGrowth Factor Function

Yields Growth Factor as a function of normalized earned value
Based on Galorath Incorporated analysis of historical data
Embedded in SEER-SEM™’s Phase at Estimate parameter

( )G 0.7 0.69s s= − +
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Growth Factor Function DistributionGrowth Factor Function Distribution

Triangular Distribution per (Book 2002)
Skew per modified (Tarbet 2002)

( ) [ ] ( )0 0 Gs L M H s= =   G
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Size GrowthSize Growth
Impact DistributionImpact Distribution

Function of normalized earned value (progress)
Product of best guess size and growth factor
Triangular Distribution per (Book 2002) from growth factor
Skew per (Tarbet 2002) from growth factor

( ) ( ) ( ) ( ) ( )M MS 0 0 S Gs s s s s= =   GS G
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Size GrowthSize Growth
Example CalculationExample Calculation

Assume a best guess size at SRR of 50,000 ESLOC
Assume normalized earned value of 11.8% at SRR

( ) ( )
( ) [ ]

G 11.8% 0.7 11.8% 0.69 0.61

0 0 0.61 0 0 30,500
SRR

M_SRR

G

S

= = − + =

 = = G_SRRS
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Size GrowthSize Growth
Example PDFExample PDF

 Galorath Inc. 2005
All Rights Reserved

PDF
Probability Density versus Software Size

0.00000

0.00001

0.00002

0.00003

0.00004

0.00005

0.00006

0.00007

0 5000 10000 15000 20000 25000 30000 35000

Software Size (effective source statements)

Pr
ob

ab
ili

ty
 D

en
si

ty



October 24, 2005 13

Size GrowthSize Growth
Example CDFExample CDF
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Size Estimation VariabilitySize Estimation Variability

Uncertainty about the translation of essence to implementation
Error and bias introduced by the estimation process
Error and bias introduced by the estimation model / relationships
Error and bias introduced by the people performing the process
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Size Estimation VariabilitySize Estimation Variability
Impact DistributionImpact Distribution

Function of normalized earned value (progress)
Normal (Gaussian) Distribution per (Book 2002)
Variance per (Tarbet 2002)
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Size Estimation VariabilitySize Estimation Variability
Example CalculationExample Calculation

Assume a best guess size at SRR of 50,000 ESLOC
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Size Estimation VariabilitySize Estimation Variability
Example PDFExample PDF
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Size EstimationSize Estimation
Example CDFExample CDF
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CDF
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Combining Size Growth andCombining Size Growth and
Size (Estimate) UncertaintySize (Estimate) Uncertainty

The mean of the sum of a set of random variables is equal to the sum of
the means of each random variable in the set
The standard deviation of the sum of a set of independent random
variables is equal to the square root of the sum of the squares of the
standard deviations of each random variable in the set
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( )

1 1

1 1

E E
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Combining Size Growth andCombining Size Growth and
Size (Estimate) UncertaintySize (Estimate) Uncertainty

Sum of the means:
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Combining Size Growth andCombining Size Growth and
Size (Estimate) UncertaintySize (Estimate) Uncertainty

Square root of the sum of the squares of the standard deviations:
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Example CalculationExample Calculation

Assume a best guess size at SRR of 50,000 ESLOC
Assume a growth factor at SRR of 0.61

[ ]

( ) ( )
( )( )

( ) ( )( )( ) ( )
( )( )

[ ]

2 2

2 2

3 (30%)
3 18 2 2.33

50,000 0.6150,000 0.61 3 (30%) 50,000
3 18 2 2.33

60,167 7,877

M_SRR SRRM_SRR SRR M_SRRS GS G S

µ σ=

  + = +       
  + = +       

∴ =

SRR

SRR

SRR

SRR

S

S

S

S

 Galorath Inc. 2005
All Rights Reserved



October 24, 2005 23

Combined PDFCombined PDF

PDF
Probability Density versus Software Size
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Combined CDFCombined CDF

CDF
Confidence Probability versus Software Size

0.0

0.2

0.4

0.6

0.8

1.0

1.2

30000 40000 50000 60000 70000 80000 90000 100000

Software Size (effective source statements)

C
on

fid
en

ce
 P

ro
ba

bi
lit

y



October 24, 2005 25

ReviewReview

Measurement objectifies management
Estimation is a function of progress (continuous process)
A well-formed estimate is specified as a probability distribution
Uncertainty �

• Variability
• Risk
• Opportunity

Software size estimates �

• Size growth
• Size estimation variability
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