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Introduction

» Software size for each Computer Software Configuration
ltem (CSCI) is expected to grow as the software project
matures



Recent past research

» DoDCAS 2011 presentation “An Improved Method for Predicting
Software Code Growth” related estimates over the Software
Development Life Cycle (SDLC) — Michael A. Ross

 |CEAA 2013 presentation “ODASA-CE Software Growth
Research” used regression to estimate final effort, size, and
schedule — L. Nolte, K. Cincotta, E. Lofgren & R. Arnold

* NASA 2014 paper “Study on Flight Software Complexity” found a
mixed bag of software size growth and shrinkage — D. L. Dvorak,
Editor



Does software size grow or shrink?

Opposite of Cone of Uncertainty

Initial
Software
Estimate
Final
Software
Delivery
?

Theoretical Cone of Uncertainty



Analysis

 Use of 219 paired SRDR records from April 2014

» Source lines of code (SLOC) in logical statements (LS)

— Converted physical and non-commented source lines of code into LS
using formulas from Rosa W., Boehm B., Clark B., and Madachy R.
(2012). Domain-Driven Software Cost Estimation

— 27th International Forum on COCOMO® and Systems/Software Cost
Modeling (USC)

Distribution of total initial and final software size

Ratios and percentages of final-to-initial size

Final software size estimating equations using initial estimates



Distribution of initial software size

Sample LogNormal Beta
Mean 180.37 205.98 181.59
StdDev 372.61 407.36 373.90
CV 2.07 1.98 2.06
Min 0.16 11.06
Mode 1973.00 18.93
Max 2650.00 25757.69
Alpha 0.20
Beta 30.00
Data Count 219
Standard Error of Estimate 108.42 81.19
Rank 2 1
SEE / Fit Mean 0.53 0.45
Chi~2 Fit test 65 Bins, Sig
0.05 Poor (0%) Poor (0%)
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Distribution of final software size

Sample LogNormal Beta Final KSLOC LS
Mean is higher for final 216.05 249.61 216.89 100 e
StdDev 419.11 427.28 414.12
CV is lower for final 1.94 1.71 1.91 -
Min is higher for final 0.78 17.03
Mode is higher for finall  2045.30 32.04 &
Max is lower for final 2509.60 7506.85 =
Alpha 0.20
Beta 7.30 80 -
Data Count 219.00
Standard Error of 5 =
Estimate 140.94 95.36 2
Rank 2.00 1.00 0
SEE / Fit Mean 0.56 0.44
Chi"2 Fit test 17 Bins, 30
Sig 0.05 Poor (0%) Poor (0%)
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Ratio of total software size

Final to Initial Logical SLOC

36% of the 219 records were less than 1

1% equaled 1
63% were more than 1

Mean 2.4

Median 1.1
Standard Deviation 10.67
Coefficient of Variation 4.44
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Each point is a ratio

Note: 3 ratios are not shown on the graph
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Total SLOC Changes

3000 -

2500

2000

1500

1000

500

Final KSLOC (Logical Statements)

Logical SLOC in Thousands (KSLOC)

0 500 1000 1500 2000 2500
Initial KSLOC (Logical Statements)

3000

Line denotes a 1-to-1 relationship or x =y

Computer Software
Configuration ltems (CSCI)
size show growth and
shrinkage

Categorizing data may
lead to more insights
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' What is related to fi

nal software size?

Variable by Variable Pearson Correlation | Spearman Rho

Final-Mod-LS Init-Auto-Gen-LS 0.64

Final-New-LS Inital-Peak-Staff 0.72 0.62
Final-New-LS Initial-Hours 0.66 0.76
Final-New-LS Init-New-LS 0.70 0.83
Final-Reuse-LS Init-Reuse-LS 0.72 0.72
Final-Reuse-LS Init-SLOC-LS 0.75 0.67
Final-SLOC-LS Inital-Peak-Staff 0.62
Final-SLOC-LS Initial-Hours 0.62
Final-SLOC-LS Init-Reuse-LS 0.73 0.61
Final-SLOC-LS Init-SLOC-LS 0.79 0.86

Correlation shown if greater than 0.60 or less than -0.60
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Size estimating relationship

Final-SLOC-LS = 56436.73 + 0.89 * Init-SLOC-LS

Equation vs. Variable (Unit Space)
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Count of Categorizations

Count of Super Domain

Count of Application Domains
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Ratios of Final-to-Initial-SLOC

Ratio of Final Delivered SLOC to Initially Estimated SLOC

CATEGORY Mean | Median (84 Count | Percent < 1| Percentz21
APPLICATION DOMAIN
Command & Control (C&C) 2.41 1.05 2.07 33 33% 67%
SUPER DOMAIN
Engineering 1.26 1.01 0.72 30 40% 60%
DEVELOPMENT PROCESS
Waterfall 1.41 1.04 0.71 62 32% 68%
Spiral (prototype program removed) 1.45 1.26 0.70 63 34% 64%
Incremental 1.29 0.98 0.94 50 50% 50%
[terative 1.67 1.02 1.19 25 40% 60%
CONTRACTTYPE
Cost-Plus Award Fee 1.24 1.03 0.76 91 40% 60%

15




Does type of SLOC matter?

» Total Source Lines of Code New SLOC represents
(SLOC) sums New, Modified, equivalent effort of 100%

Reuse, and Auto-Generated LS

* Modified assumed to require
y less effort than new
* Threshold between new / modified

and modified / reuse varies . Reuse assumed to require

— In some SRDR data dictionaries, significantly less effort than
New = 25% Modified new or modified

— In others, New = 50% Modified

— In some SRDR data dictionaries, o Auto-Generated is new and
Modified < 25% Reuse assumed to require less effort

— |n others, Modified < 50% Reuse than new, modified, or reuse
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Highlighting “NEW”

New Logical KSLOC
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Final delivered new code
correlates linearly to initial hours
and initial peak staff

Final delivered new code has a Pearson
correlation of 70% with initially estimated
new code

For 70% of the CSCils, final delivered
new code grew or equaled initial
estimates and for this same percentage
of CSCls, percentage of final delivered
new code grew or equaled percentage of
initially estimated new code
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Modified Logical KSLOC
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Highlighting “MODIFIED”

Final modified code does not
correlate with initial requirements,
initial peak staff, initial hours, or
initial duration in months

For 66% of the CSCls, final delivered
modified code grew or equaled initially
estimated modified code

For 55% of the CSCils, the percent of
modified code grew or equaled the
initially estimated percentage

dots are percentage of final
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Highlighting “REUSE”

Reuse Logical KSLOC
3000 — Final reuse code does not
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Auto-Generated Logical KSLOC
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Highlighting “AUTO-GENERATED”

Auto-generated code does not

correlate with initial requirements,

initial peak staff, initial hours, or
initial duration in months

For 98% of the CSCils, final delivered
auto-generated code grew or equaled
initially estimated auto-generated code

For 96% of the CSCls, the percent of
final auto-generated code grew or
equaled the initially estimated
percentage
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Size estimating relationships

Final-SLOC-LS =
5420 + 2.63 * Init-New + 1.06 * Init-Mod + 0.78 * Init-Reuse

Equation vs. Variable (Unit Space)
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Comparisons by category

 Selected Super Domain

o Selected Application Domain
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Engineering Super Domain

Final-SLOC-LS = 1695 + 1.182 * Init-SLOC-LS

Equation vs. Variable (Unit Space) Actual vs. Predicted (Unit Space) Standardized Residual (Fit Space)
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7 &

~ Command & Control Application Domain

Final-SLOC-LS = 56309 + 0.9817 * Init-SLOC-LS

Equation vs. Variable (Unit Space) Actual vs. Predicted (Unit Space) Standardized Residual (Fit Space)
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Findings

» Ratios and percentages of final-to-initial software size depend
on the type of code (new, modified, reuse, and auto-generated),
development process, contract, application domain, and super
domain

* Final software size can be predicted from initial estimates
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Comparison to Research

Analyzed SRDR records including outliers

Medians and CVs were higher in this analysis; need to determine what, if any, paired
record(s) to exclude

Mike Ross presented findings based on 59 records

Grouped software into “new” and “pre-existing” with 2-stage filter
Growth factor for “new” of 1.38 with CV of 0.75

Growth factor for “pre-existing” of 1.20 with CV of 0.68

Estimate maturity factor based on SDLC

Growth uncertainty decay based Boehm'’s distribution where b = 3.466 and t = estimate
maturity factor (0-100%), from 1981, for e

ODASA/CE sponsored analysis of 17 paired records

Software size in Equivalent SLOC (ESLOC) estimated using unpublished ESLOC formula

Best overall model computed final size from initial ESLOC, initial ESLOC per peak staff, and
initial percent of highly experienced staff

Best overall model predicted size growth based on initial ESLOC, initial peak staff per effort
hour per month, and initial percent of highly experienced staff

26




Highlights

 Development process, domains, and contract type had an
impact on software size growth

» Ratios may provide government reviewers a “sanity check” for
future, final SRDR acceptance
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() Recommendations for future research

« Document SDLC phase in data set

Continue to perform analyses and share findings

Document reasons for changes

Record test success rate and defects (planned)

Analyze outliers, document processes, and record findings
— Describe rationale for removing outliers
— Rerun analyses and compare to full data set
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Back-Up

Super Domain (SD) Descriptions and Categories:
Real Time (RT)

RT is the most constrained type of software. These are specific solutions limited by system characteristics such as memory size,
performance, or battery life. These projects take the most time and effort due to constraints e.g.,

: May have guaranteed execution requirements i.e. missed deadline means catastrophic results

May have to be compact and efficient due to limited storage capacity and high throughput requirements

Description : Could have very high reliability requirements (life critical, manned mission)
Might have tightly coupled interfaces
Program code may be imprinted on hardware devices
May process sensor inputs and directs actuator outputs
Sometimes executed on special-purpose processors

Signal Processing, Vehicle Control, Vehicle Payload, Other Real Time Embedded, Command and Control, Communication, and

Application Domain Mapping Microcode & Firmware

Engineering (ENG)

Engineering software operates under less severe constraints than real-time software. This software may take the outputs of real-time
software and further process them to provide human consumable information or automated control of devices. Or the software may
perform fransformation and aggregation / distribution of data. These projects take more time and effort due to multiple factors, e.g.,

May have a fast response time requirement

Definition - May have more storage capacity

Might need to be highly reliable but not life critical

May have multiple interfaces with other systems

May implement complex algorithms, models or protocol

Program code can be modified or uploaded

| Executes on general purpose processors that may be embedded in special purpose hardware
Application Domain Mapping |System, Process Control, Scientific and Simulation, and Test, Measurement, Diagnostic, and Evaluation
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Back-Up

Automated Information System (AIS)

Definition

Automated Information System software provides information processing services to humans or software applications. These
applications allow the designated authority to exercise control and have access to typical business / intelligence processes and other
types of information access. These systems also include software that facilitates the interface and control among multiple COTS /
GOTS software applications. This software has few constraints, e.g.,
- Must have acceptable response time

Fewer storage and throughput constraints

Must be reliable enough to prevent data loss

May consist of a single COTS / GOTS solution or multiple products coordinated with customer software

Algorithms, models, and protocols are well understood

Code may not be available for modification

Software restarts are acceptable

Executes on commercial processing hardware

Application Domain Mapping

Mission Planning, Enterprise Service Systems, Custom AIS Software, and Enterprise Information Systems

Support (SPT)

Definition

Support software assists with operator training and software testing. This software has few constraints, e.g.,
- Has to have an acceptable response time most of the time
Less limited by storage or throughput
Less stringent reliability requirement
Software restarts are acceptable
Fewer interfaces
Relatively low complexity algorithms, models or protocols
Program code can be modified and uploaded
Executes on general purpose processors on general purpose computer boards

Application Domain Mapping

Training, and Software Tools
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