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1. Introduction

This report presents an analysis of the data on projects in the ISBSG database with software
sizes measured using the COSMIC Functional Size Measurement (FSM) method, including
all data collected in the COSMIC/ISBSG Benchmarking Initiative up to May 1% 2009. Data
on projects from another source are also included for certain analyses. The aim is to
produce data that will be useful for benchmark comparisons and for input to project
estimating methods, such as described in [1]

The projects were completed in the period 1999 — 20009.

This report is an updated version of an ‘initial’ report on the same data, dated June 2009.
The principal changes are as follows.

o A deeper analysis of the recorded ‘effort’ data (see Appendix A) leads to some
improved benchmark figures, such as the distribution of effort by project activity for
business application projects. Readers who will be using these benchmark data in
practice, e.g. for project estimating, are strongly advised to read Appendix A so that
effort data are correctly interpreted

e Some data are added on the productivity of business application projects that
developed software to execute in batch mode compared with on-line mode.

¢ The analysis of project effort data is separated into a new Chapter 4 and some new
analyses added

o A new Chapter 5 includes some data comparing the characteristics of COSMIC
measurements of functional size for different types of software

¢ A new Chapter 6 provides comments and some data on comparing benchmark
figures where the functional size of delivered software has been measured using the
COSMIC, IFPUG and MkIl FPA methods

o A new Chapter 7 on Summary Findings and Conclusions has been added

e Some minor arithmetic errors have been corrected. One major correction has been
made to the charts (now Figures 14 and 15) showing the trends of productivity of
enhancement projects per size band. We apologise for these errors in the ‘initial’
report.

The additions and changes from the ‘initial’ version are described in more detail in Appendix
B.

Readers are assumed to have a broad understanding of the COSMIC method for measuring
a functional size of software. For those needing an overview of the method, go to
www.cosmicon.com, or obtain the ‘Method Overview’ document [2].

After this Introduction, the report has two main Chapters containing the principal benchmark
data analyses. Chapter 2 concerns the analysis of the data on 62 projects that have been
classified as being concerned with real-time applications, with re-usable software
components, and with some miscellaneous types of software. Chapter 3 concerns the
analysis of 272 ISBSG-recorded projects and 26 projects from another source, all from the
domain of business application software.

The reasons to distinguish these two main categories of software are that it is anticipated
that the performance data for these projects will vary with the software domain, and that the
audiences for these two main categories are different.

The main performance parameter analysed is that reported by the ISBSG to establish
benchmarks for all projects in its database, namely the ‘project delivery rate’, or ‘PDR’,
defined by:
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PDR = Effort (Work-hours) / Size (COSMIC Function Points)

N.B. This parameter is the inverse of the more conventional ‘productivity’ parameter, so the
lower the PDR, the higher the productivity, and vice versa. Graphs in the report that show
individual project performance as scatter diagrams have a horizontal x-axis labelled ‘Size
(CFP)’, with the vertical axis labelled ‘Effort (Work-hours)’ or ‘Elapsed months’. On all these
graphs, individual projects represented by dots that appear higher up the vertical axis (or
above a trend-line) have a poorer performance i.e. lower productivity (=higher PDR) or lower
speed respectively, than projects shown by dots lower down or below a trend line.

A few graphs show conventional project ‘productivity’ (measured in CFP/work-month) and
project ‘speed’ (CFP/elapsed month) versus a parameter such as size of the delivered
software. For these graphs, the higher the dot or bar, the higher the productivity or speed.

Within each project category, the results of other analyses are shown where statistically
possible and of interest, for example whether the median® PDR varies by language level
(3GL, 4GL), specific programming language, etc. The report contains almost no benchmark
data on how PDR varies with technical platform, as do standard ISGSG benchmark reports,
for two reasons. First, there was insufficient data available to make some of ISBSG’s usual
main-frame vs mid-range vs PC platform comparisons. For example, projects that used
COBOL were almost always developed to execute on main-frames. Second, many projects
produced software to be distributed across multiple layers or platforms. The analysis of data
from these projects is complex and may be tackled at a later date.

Ideally, the overall performance of any single project should really be determined by
examining three parameters:

e Productivity (or PDR)

o Speed (size/elapsed time) and

e Quality (measured via ‘defect density’, i.e. defects/size)

(Actual versus estimated project effort and time should also be considered, though these
data concern other aspects of performance).

It is important to consider all three parameters because they may be traded and the trade-
offs can be very significant. For example a project may be delivered faster than ‘norm’ by
adding more staff to the team, resulting in lower productivity (higher PDR). The delivered
software from a ‘high-speed’ project may also be of lower quality (= higher defect density)
due to less time spent on defect removal and testing. When examining the PDR for any one
project, it is therefore important to compare not only its PDR against the median for its
category (i.e. the benchmark) but also to consider the project speed and quality in order to
see if the project had experienced a significant trade-off of effort with time and/or quality.

Unfortunately, only a small proportion of projects have submitted any data about defects
discovered during the first month of live running. It may be that the vast majority of projects
actually had zero defects, but this seems unlikely — we guess that data-submitting
organizations either do not record defects or have not bothered to report their defect counts.
So in this report it has not been possible to work out if quality has been traded for productivity
or speed. However, most projects recorded their duration as well as effort, so in this report it
has been possible to establish benchmarks for both productivity (PDR) and speed. This

! For most benchmarks, ‘median’ figures (and percentiles) are reported by the ISBSG rather than ‘average’
figures, since an average can be seriously affected by outlier projects. The impact of outliers is clearly
undesirable for the purpose of establishing benchmarks. The median of a distribution of data values is the point
in the distribution where 50% of the projects have higher values and 50% have lower values. The median is thus
the most probable value for the distribution.
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should enable users of these data to establish whether or not an individual project has traded
effort for time.

The quality of the data submitted appears to be generally good, though it should be
mentioned that ISBSG has not means of checking the accuracy of submitted size and effort
data. Only projects with ‘A’ and ‘B’ quality data, as judged by ISBSG, were analysed.
However, a few probable anomalies were discovered and the data for such projects was not
used. This elimination of outliers has to be done with care. On the one hand outlier projects
may be particularly interesting to study. On the other hand, outlier project data can
sometimes distort benchmark results, which is clearly undesirable when the benchmarks
must be used for estimating.

This report has been distributed free to all organizations that submitted COSMIC-measured
project data to the ISBSG up to May 1st 2009. Any feedback on the report from data-
submitting organizations will be welcome, to ISBSG directly at: admin@isbsg.org (so as to
maintain anonymity of the submitting organization).

The detailed raw data for the ISBSG projects analysed in this report are available from the
ISBSG. The COSMIC sized projects are available in the ISBSG COSMIC data Release 1. A
licence to use this data can be purchased from www.isbsg.org/products.
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2. Real-time Application, Software Component and
‘Miscellaneous’ Software Projects

2.1 General

2.1.1 Overview of the data analysis
The 61 projects comprised 49 new development projects and 12 enhancement projects

The reader is warned that as there are relatively few projects, the statistical uncertainty on
some of the benchmark findings is high. However, in general the project data showed
reasonable consistency and the results quoted here are ones that the author judges as
reasonable and that should be of interest.

The first step of the analysis was to sort the project data into separate sub-sets. Given the
few projects, the following sub-sets were distinguished with sufficient numbers to justify an
analysis:

¢ New development projects — real-time application software (19); software
components (22); ‘miscellaneous’ software (8)
¢ Enhancement projects — real-time software only (12)

The first categorization into three types of new development projects involved some
judgement in certain cases since the ISBSG categories of ‘application type’ have not yet
been adapted enough to clearly distinguish all the different types of software that may be
sized by the COSMIC method. This will be explained further in the relevant sections.

2.1.2 Data quality screening

Within each sub-set, the project effort and elapsed time data were examined for credibility or,
if reported, for consistency with the reported team size.

For this test, the reported ‘actual effort’ (in work-hours — see Appendix A) was converted to
‘work-months’, by dividing by 120, a typical industry-average for effective work-hours per
work-month. Next, dividing work-months by the reported project duration (in elapsed
months) gives a ‘calculated average team-size’ for the project., which can be checked for
plausibility. As a result of this test, the data for one real-time application new development
project was eliminated?.

Only 15 of the 60 projects submitted counts of defects recorded in the first month of live
running and most of these were in the ‘software components’ category. Eight (8) projects
reported one ‘major’ defect (on a scale that has minor, major and severe categories), five
reported zero defects and three reported one or more minor defects. It may be that real-time
application and infrastructure projects, by the nature of their use, are constrained to deliver
defect-free software, so where no defect-count was recorded, this was because zero defects
were observed, but this is conjecture.

2 The eliminated project had by far the highest productivity, i.e. the lowest PDR, in its sub-set. Its calculated
average team size was 0.35, implying that only one person was working on the project for 35% of the time, but it
reported 1.6 as its average team size. Either the reported effort or duration, or both, must be incorrect.)
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2.2 Real-time Application Software: New Development Projects

2.2.1 Project demographics

The 18 projects that were assumed to be included in this category recorded their ‘application
type’ as:

Air traffic management (2)

Central command/control of sensors (1)

Message switch/cell phone (2)

Network management (3)

Process control (1)

Simulator (1)

Software for machine control (process control) (1)

or they recorded their ‘Organization type’ as
e Telecommunications (5)
e Communications (1)
e Computers and software (1)

Other demographic data are as follows (the numbers do not always add up to 18 due to
unrecorded data)

Architecture: Stand-alone (8); client-server (2)
Development platform: Mid-range (8); PC (5); Multi-platform (2); Hand-held (1)
Language type: 3GL (14); 4GL (1).

The projects ranged in size from 8 to 810 CFP. The effort needed ranged from X to over
19,000 work-hours (i.e. up to 13 work-years); project duration varied from Y to Z2 elapsed
months.

2.2.2 Project productivity (PDR)

Figure 1 below shows the Effort (in work-hours) versus the Size (in CFP) for these 18
projects. They appear to be a relatively homogenous set.

The benchmark PDR figures (WH/CFP) from this set (where P = ‘percentile’) are:

N Min P10 P25 Median P75 P90 Max

18

The PDR of the projects in this category was not obviously influenced by any of the
architecture, language-type, etc., parameters. For instance the only project that used a 4GL
programming language, had a PDR close to the median.
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Effort (work-hours)
\’

*eo

Size (CFP)

Figure 1 Real-time new development projects: Effort vs Size

2.2.3 Project speed

The software size delivered versus project elapsed time was investigated for these same
projects. An initial plot of time versus size indicated three serious outliers. One of these was
a project with a very low speed that had lasted 54 months of which 20 had been inactive.
The other two projects were found to have ‘calculated average team sizes’ of 14 and 29.
Both figures are implausible and probably result from under-recording of the elapsed time,
though the effort data seem to be OK.

After eliminating these three projects, plus one other project that did not report its duration,
Figure 2 shows the duration, measured in elapsed months, versus size for the remaining 14
projects.

Duration (elapsed months)

Size (CFP)

Figure 2 Real-time new development projects: Duration vs Size

Project speed from this power curve is then given, in units of CFP per elapsed month, by the
formula:
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Speed = A x (Size) * B
2.3 Software Components: New Development Projects

2.3.1 Project demographics
Two sets of data fit into this category. They are:

e 15 projects developed in an Engineering R&D organization that delivered software
described as ‘Glue software’ from a ‘MIS Linguistic software system’, The software
was developed for a client-server architecture using Oracle technology on a PC

platform
e 7 projects developed in an insurance company that delivered re-usable components
for an operating system or utilities, using Java, on a PC platform

These were small projects. They ranged in size from 8 to 470 CFP, needing from X to Y
work-hours (i.e. up to about 5 work-months); project duration varied from 1 day to Z elapsed

months.

2.3.2 Project productivity (PDR)

Figure 3 shows the Effort (in work-hours) versus the Size (in CFP) for these 22 projects. It
appears to be reasonable to treat these data as belonging to one set.

The benchmark PDR figures (WH/CFP) from this set (where P = ‘percentile’) are:

N Min P10 P25 Median P75 P90 Max
22
*
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Figure 3 Software component new development projects: Effort vs Size
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2.3.3 Project speed

Only the ‘glue software’ component projects reported credible project durations. Figure 4
shows the elapsed months versus size for these 15 projects.

These ‘glue software’ projects are all ‘small’ projects, requiring on average 2.4 work-months
of effort and 1.3 elapsed months duration. All but four of the projects appear to have had a
team size of two persons. Not surprisingly therefore, there is quite a scatter in productivity
and speed of the projects.

vl
/(7) /
b=
5 / .
£ -
o] /
] *
[%2]
= 3
) °
.5 3 . 3
IS *
>
e / L 2 L 2

*
*
Size (CFP)

Figure 4 'Glue' component new development projects: Duration vs Size

The median speed of these ‘glue’ software component projects in units of CFP/elapsed
month is about 10 times greater than the median speed of the real-time application software
projects for the same size of software delivered. Similarly, the median PDR of the ‘glue’
software component projects at X Work-hours per CFP is almost 20 times lower (i.e. higher
productivity) than the median PDR of the real-time application software projects.

These results illustrate why it is imperative not to mix performance results of projects
developing pieces of software at different levels of decomposition.

It is imperative not to mix performance results of projects developing pieces of
software at different levels of decomposition.

2.4 Miscellaneous Software: New Development Projects

The data supplied by 8 projects did not allow them to be included in the same two categories
described above, nor as business application projects.

Six of these projects have the following characteristics (in descending order of PDR):

Application description Hardware Language Size-CFP Effort-WH Elaps Mth  PDR Speed Avteam size
Register of events - OS utility Multi-tier  3GL/Java 84
Graphical modelling Cl-Sw PC 4GL.Net 1511
Graphics publishing tools or system CI-Sw PC 3GL/Java 79
Fault tolerance SA PC 4GL/Vis Basic 35
Software for machine control CI-Sw PC  4GL.Net 1384
Software for machine control CI-Sw PC 4GL.Net 588
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(Note: ‘CI-Svr’ = client-server; ‘SA’ = stand-alone.)

The first three of these six projects have similar performance to the real-time application
projects discussed in section 2.2.

The last two projects have performance characteristics that suggest they may fit in the
category of ‘software components’ discussed in section 2.3, though the CFP sizes are larger
than the software produced by other projects in that category.

The ‘fault tolerance’ software may also fit in this ‘software components’ category, although
the reported elapsed time for this project is not credible.

The remaining two of the eight miscellaneous projects delivered mathematically-intensive
software. Their characteristics are shown below.

Application description Hardware Language Size-CFP Effort-WH Elaps Mth  PDR Speed Avteam size
Algorithm + DB SAPC 3GL Ada 484
Geographic or spatial info system; Cl-Sw 3GL C++ 106

These two projects have a PDR significantly higher (lower productivity) than any of the real-
time application software projects and a speed that is about half that of the real-time projects
of the same size. Note that the low productivity probably results from the fact that the
COSMIC FSM method is currently unable to properly account for heavy mathematical
processing in its measure of functional size — as is also true for all other standard FSM
methods.

2.5 Real-time Application Software: Enhancement Projects

2.5.1 Project demographics

The data on 12 enhancement projects reported their ‘application type’ as:

¢ Network management (2)
e Sensor control & presentation (1)
e Software for machine control (2)

or their ‘organization type’ as:
e Telecommunications (7)
The projects ranged in size from 23 to 624 CFP. The effort needed ranged from X to over

25,000 work-hours (i.e. up to 17 work-years); project duration varied from Y to Z elapsed
months.

2.5.2 Project productivity (PDR)

Figure 5 shows the effort in work-hours versus size for these 12 enhancement projects.

Examining these data in detail, six of the seven telecommunications enhancement projects
used a 4GL language, the seventh used a 3GL language. All executed on either a Multi-
platform or Mid-range hardware platform; it seems likely the data all come from one
organization. They form a coherent set with a median PDR of X WH/CFP.

© The ISBSG and COSMIC, 2009 Page 12



In addition, two other projects delivered 624 CFP (a far larger size than any other project)
and 72 CFP, both with a PDR of Z WH/CFP — the same as the median for the seven
telecommunication/4GL projects. Their programming languages were Ada and TNSDL,

respectively.
~~~ &
2 -
=}
o
<
-
S 3
2
£ %
= .
L . .’00
Size (CFP)

Figure 5 Real-time enhancement projects: Effort vs Size

The three projects that had a very much lower productivity were as follows:

Two projects that enhanced ‘software for machine control’ delivered 42 and 30 CFP
with a very high PDR of X and Y WH/CFP respectively. They were programmed in C,
on a mid-range platform.

Another project delivered 142 CFP with a high PDR of Z WH/CFP. This was also
programmed in C, on a stand-alone PC.

Other than noting that using the C language seems to result in much lower productivity than
the other 3GL languages, the statistics are not such that it seems valid to separate these
projects into sub-groups. The PDR figures also seem to be independent of the hardware
platform.

For these 12 projects, the PDR figures are as in the table below.

N Min P10 P25 Median P75 P90 Max
12
Excluding the three low productivity projects that used the C language, the PDR figures
would be:
N Min P10 P25 Median P75 P90 Max
9
2.5.3 Project speed

Figure 6 shows the duration measured in elapsed months versus size for the 12 real-time
enhancement projects.
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Duration (elapsed months)

Size (CFP)

Figure 6 Real time enhancement projects: Duration vs Size

Two of the three projects that had a high PDR (low productivity) also have a low speed.
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3. Business Application Software Projects
3.1 General

3.1.1 Overview of the data analysis

Data on 272 business application projects were reported of which 163 were from the banking
industry. Other large industry categories represented were:

Government and Public Administration (27)

Insurance (24)

Engineering (14)

Medical & Healthcare (6)

Retail & Wholesale trade (5)

The 272 projects comprised 129 new development projects, 137 enhancement projects and
6 re-development projects. These three sub-sets were analysed separately.

The new development and enhancement projects were further analysed by language level
and type, and to investigate how performance varies with the size of the software delivered.

3.1.2 Data quality screening

Within each sub-set, the project effort and elapsed time data were examined for credibility or,
if reported, for consistency with the reported team size.

For this test, the reported ‘actual effort’ (in work-hours — see Appendix A) was converted to
‘work-months’, by dividing by 120, a typical industry-average for effective work-hours per
work-month. Next, dividing work-months by the reported project duration (in elapsed
months) gives a ‘calculated average team-size’ for the project.

As a result of this test, the data for two new development projects were eliminated as not
credible, and two projects did not report any work-hours, so their data could not be used.

Only 29 of the 272 projects reported counts of defects recorded in the first month of live
running. Another 24 projects reported that they had found zero defects in the first month of
live running. With very few exceptions, the defects reported were mostly ‘minor’ defects, with
a few ‘major’ defects. These data were therefore not analysed further.

3.2 New Development Projects

3.2.1 Project demographics
The 125 new development projects with usable data ranged in size from 10 to 1670 CFP.

Effort ranged from under U to over 46,000 work-hours (i.e. up to approximately 32 work-
years), with a median of V work-hours (i.e. approximately W work-years). Duration ranged
from 1 to X months, with a median of Y months.

All projects involved bespoke developments, i.e. no projects involved any package
customisation.

3.2.2 Project productivity (PDR)

Figure 7 shows the effort (in work-hours) versus the size (in CFP) for these 125 projects.
This graph distinguishes projects that used a 3GL or a 4GL language.
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Figure 7 Business application new development projects: Effort vs Size
The benchmark PDR figures (WH/CFP) from this set (where P = ‘percentile’) are:
Language N Min P10 P25 Median P75 P90 Max
Level
3GL 100
4GL 25

Projects developed using a 4GL programming language are roughly 2.5 times as

productive as those using a 3GL language.

Breaking down the data for the 3GL projects by language type and ignoring four projects that
used miscellaneous languages, we obtain the following PDR benchmark data for the most
commonly used languages.

Language N Min P10 P25 Median P75 P90 Max
Type
C# & 15
C#.Net
COBOL 46
Java 31
Visual 4 - - - -
Basic
(For possible refinements to these median figures, see section 3.2.5.)
The distribution of the 3GL projects over hardware platforms is as below.
Main-frame Multi- PC Unknown Total
platform
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C# & C#.Net - 14 - 1 15
COBOL 46 - - - 46
Java 13 11 7 - 31
Visual Basic - 2 2 - 4

Given this mapping of programming language and hardware platform for these projects, it is
only of interest to compare the median PDR of the 31 Java projects across the three
platforms. The median figures expressed in Work-hours/CFP are:

Mainframe — X; Multi-platform - Y; PC - Z

The 25 projects that used a 4GL programming language used eight principal language types
(most commonly ASP, .Net, and Oracle) on all three main platforms. The numbers are too
small to draw any conclusions about any variation of PDR with language type or platform.

Project PDR also varies with the size of the software delivered. Figure 8 below shows how
the median project productivity for all new development projects varies with delivered
software size for various size bands. (Productivity, expressed in CFP/work-month, has been
calculated from PDR assuming an average of 120 work-hours per work-month. Productivity
is preferred over PDR for this analysis as it is more natural to associate increasing
productivity with ‘improving performance’.)

Median Productivity
(CFP/Work-month)

Slze Band (CFP)

Figure 8 Business application new development projects:
Median Productivity per Size Band

The result in Fig. 8 is economically important in showing an economy of scale for new
development projects of size up to around 500 — 1000 CFP.

There is an economy of scale for new development projects with size of software
delivered up to the range of 500 — 1000 CFP.

However, digging deeper into the data in Figure 8, limiting to new development projects that
used a 3GL programming language shows that the spread of productivity, as measured by
the percentiles, varies significantly with size band, as shown in Figure 9.
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Figure 9 Business application new development 3GL projects:
Percentiles of Productivity per Size Band

Figure 9 indicates that not only does productivity increase with size, up to around 1000 CFP,
but the spread of productivity widens sharply. This must be due to other factors than size,
perhaps risk. This finding is important for estimating accuracy.

Not only does productivity increase with size, up to around 1000 CFP, the spread of
productivity widens sharply. This must be due to other factors than size, perhaps
risk. This is important for estimating accuracy.

Figures 8 and 9 also indicate that productivity declines above 1000 CFP, though the number
of projects is small in this band.

(In order to help judge the significance of these two results, the number of projects included
in each size band is shown below.)

Number of projects by Size Band (CFP)
Size Band -> 1000+
All projects (Fig. 8) 18 30 17 23 14 17 7
3GL projects (Fig. 9) 13 26 14 18 10 14 5

3.2.3 Project speed

Roughly one-third of the new developments of business applications did not report their
project duration. Figure 10 shows the duration, measured in elapsed months, versus size for
82 new development projects, distinguishing those that used a 3GL programming language
from those that used a 4GL language. (A 3GL project of 65 months duration and a 4GL
project of 35 months duration have been removed as outliers.)
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Figure 10 Business application new development projects: Duration vs Size

Figure 11 shows the median project speed (Size / elapsed months) for the 3GL and 4GL
projects in the same size bands as those used for the median productivity in Figure 8. This
chart shows that project speed increases sharply with size of the software delivered, i.e.

there is an important economy of speed as well as of scale.

Project speed increases sharply with size of the software delivered, i.e. there is an

important economy of speed as well as of scale.

The chart also indicates that projects that use a 4GL language can be developed roughly

twice as fast, for a given size, as those that use a 3GL language.

Speed (CFP/elapsed month)

A =

Size Band (CFP)

O3GL
B 4GL
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Figure 11 Business application new development projects:
Median Speed vs Size Band

Projects that use a 4GL language can be developed roughly twice as fast, for a
given size, as those that use a 3GL language, as well as 2.5 times as productively.

(In order to help judge the significance of this result, the number of projects included in each
size band is shown below.)

Number of projects by Size Band

Size Band (CFP) ->

3GL projects 7 15 7 13 12

8
4GL projects 2 4 3 1 4 4

Fitting a power curve to the median speed (CFP/elapsed month) versus the median size
(CFP) for each band gives the following formulae, which should be useful for estimating.

3GL projects Speed = A x (Size)"B (or Months = C x (Size)"D)
4GL projects Speed = E x (Size)*F (or Months = G x (Size)"H)

However, digging deeper into the data of Figures 10 and 11 we find that, for a given size,
project duration varies significantly with the choice of 3GL language. Figure 12 shows the
duration, measured in elapsed months, versus size for 54 projects, distinguishing the three
3GL languages that were mainly used.
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Figure 12 Business application new development projects : Duration versus Size

This chart shows that for a given size, COBOL projects tend to take longer than Java and C#
or C#.Net projects. Further, the duration of COBOL projects tends to be more variable,
especially at lower sizes than Java projects which in turn are similarly more variable in
duration than C# and C#.Net projects.
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Due to the very large scatter of elapsed times for these projects, especially for smaller
software sizes, fitting any power curve to the data for the different languages would not be
statistically very meaningful.

3.2.4 Development of batch versus on-line software

A parameter that ISBSG data collection questionnaires do not capture is whether software to
be developed should execute in batch or on-line mode, or a mixture of modes. Some data
received privately by the author from a company in the financial services industry (referred to
as ‘Finco’ for this report) concerned 26 projects, of which 23 are new developments of
software programmed using COBOL.

The data included the effort on Design, Build and Test activities, and on whether the software
should operate in batch, on-line or mixed mode. Because the effort data does not cover the
activities of Plan, Specify and Implement, the PDR figures quoted in this section should not
be compared in absolute terms with those quoted above for COBOL new development
projects. Itis the relative PDR of projects that produced batch versus on-line, versus mixed
mode software that is of interest.

Further, due to the small sample sizes the data were checked, and in part corrected, for the
fact that the three groups had different average size of software developed. (The results of
section 3.2.2 show that productivity of new development projects varies significantly with
software size produced; these results were used to provide the correction.)

The PDR figures for the 23 new development projects are as follows.

Software No. of Median Median size PDR PDR
execution projects PDR of projects corrected relative to
mode (WH/CFP) (CFP) for size On-line

differences PDR
Batch 15
On-line 4
Mixed 4

The table shows that projects that must develop batch software require X times as much
effort per CFP (or are X times less productive) than projects that must develop on-line
software. Projects that must develop software operating in mixed mode are even less
productive.

The explanation for these results might be that:
¢ the technology for developing on-line software delivers functionality, e.g. GUI
interfaces, particularly easily compared with that used to develop batch software
e teams developing batch software systems must often negotiate interfaces with other
systems, the effort which lowers productivity.

Although the statistics behind this result are very limited, the finding that projects delivering
batch software are significantly less productive than projects delivering on-line software is

consistent with that obtained when using the Mkll FPA Method to measure software sizes,
with much larger numbers of projects (see section 6.2).

3.2.5 Some second-order effects on the benchmarks

© The ISBSG and COSMIC, 2009 Page 21



We have seen that productivity improves with size of the delivered software (see Figure 8). It
is therefore important to check whether the projects whose data were used for the
benchmark PDR figures given in section 3.2.2 for the different programming languages were
of the same average size. Differences in average size of the projects in each programming
language group could have distorted the relative median PDR’s for the different languages.

The table below shows that the (rounded) average size of software delivered by the projects
for each of the four 3GL languages and for the projects that used a 4GL language does vary
across the groups.

C# COBOL | Java VB 4GL

Av size of delivered software (CFP) 450 250 250 450 350

No. of projects 15 46 31 4 25

If we then use the data of Figure 8, to suppose that all five groups of projects had delivered
software of the same average size as the COBOL and Java projects (250 CFP), then the
median PDR figures in the table in section 3.2.2 for the C# and VB projects would be up to
about 10% higher (to X and Y WH/CFP, respectively), and the PDR of the 4GL projects
would be a few percent higher (but remain at Z WH/CFP, rounded).

Alternatively, data on the varying mix of programming language used with projects in the
different size bands could be used to correct the productivity trends of Figure 8. Such a

correction would result in a slightly smoother increase in productivity with size up to 1000
CFP.

To find the correct balance between the influence of programming language mix on the
productivity / size relationship, versus the influence of varying size mix on programming
language productivity benchmarks would require a much more sophisticated statistical
analysis applied to a very much larger dataset. We conclude from this brief analysis that
these second-order effects are not very important for the analyses of this report.

Similar effects of varying programming language mix on project speed versus size of
software delivered would also be expected.

3.3 Enhancement Projects

3.3.1 Project demographics

Data was reported on 123 projects to enhance business application software®. With the
exception of two very large projects, they ranged in size from a project delivering 3 CFP,
taking 24 work-hours effort, up to projects delivering X CFP and taking over 21,000 work-
hours (i.e. approximately 15 work-years). The two exceptionally large enhancement projects
delivered 1250 and over 2000 CFP, the latter requiring Z work-years of effort.

3.3.2 Project productivity (PDR)

Figure 13 shows the Effort (in work-hours) versus the Size (in CFP) for the 121 enhancement
projects, i.e. excluding the two exceptionally large projects.

® Data from 14 enhancement projects that used the C++ programming language had very low PDR figures. Itis
not clear from the data if these projects were really concerned with enhancing business applications, or possibly
infrastructure components. They were therefore excluded from the subsequent analysis
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Unlike the business application new development projects, the enhancement projects
showed hardly any variation of PDR (work-hours/CFP) with the programming language used.
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Figure 13 Business application enhancement projects: Effort vs Size

The benchmark PDR figures (WH/CFP) from this set (where P = ‘percentile’) are:

N Min P10 P25 Median P75 P90 Max

123

When the data of 118 projects are analysed by programming language for the principal
languages used, the results are as in the following table.

N P10 P25 Median P75 P90

COBOL 73

Java 25

VB & VC++ 9

4GL 11

The distribution of these same 118 projects over hardware platforms is as below.

Main-frame Multi- PC Unknown Total
platform

COBOL 65 6 1 1 73
Java 12 - 12 1 25
VB & VC++ 1 3 5 - 9
4GL 5 - 6 - 11

The PDR of the projects is quite consistent across the various languages, also considering
the differences in hardware platform. Only the projects that used a ‘Visual’ language on a
multi- or PC platform have slightly lower PDR (= higher productivity) than the projects that
used other 3GL and 4GL languages.
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Enhancement project productivity also increases with the size of the software delivered.

Figure 14 shows how the median project productivity for all 118 enhancement projects
varies with delivered software size, using the same size bands as for the new development
projects in Figures 8 and 9. (Productivity, expressed in CFP/work-month, has been
calculated from PDR assuming an average of 120 work-hours per work-month. Productivity
is preferred over PDR for this analysis as it is more natural to associate increasing
productivity with ‘improving performance’.)

Median Productivity
(CFP/work-month)

Size Band (CFP)

Figure 14 Business application enhancement projects:
Median Productivity per Size Band

In order to help judge the significance of these two results, the number of projects included in
each size band is shown below.

Number of projects by Size Band
Size Band (CFP) -> 500 —
750
All projects (Fig. 14) 36 25 31 10 10 9

Enhancement projects show increasing productivity with size of software delivered
up to the range of 500 — 750 CFP, similar to that for new development projects.

Figure 15 shows the percentiles of productivity for enhancement projects, but limited to
projects that used a 3GL language, to make the chart comparable with Figure 9 for new
development projects.
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Figure 15 Business application 3GL enhancement projects:
Percentiles of Productivity per Size Band

The spread of 3GL enhancement project productivity shown in Figure 15 is noticeably
greater than that for 3GL new development projects.

3.3.3 Project speed

Over 40% of the projects to enhance business applications did not report their project
duration. Figure 16 shows the duration measured in elapsed months versus size for 63
enhancement projects that used a 3GL programming language and 9 that used a 4GL
language. (A 3GL project that produced an enhancement of over 2000 CFP has been
removed as an outlier.) There was no significant difference between the speed of 3GL and
4GL enhancement projects.

Unlike development projects, there was no significant difference between the
speed of 3GL and 4GL enhancement projects for business applications.

¢ i ¢ y=0.47x05

Duration (elapsed months)

Size (CFP)
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Figure 16 Business application enhancement projects: Duration versus Size

Figure 17 shows the median project speed (Size / elapsed months) for the 72 enhancement
projects in the same size bands as those used for the median productivity in Figure 14. This
chart shows that project speed increases sharply with size of the software delivered, i.e.
there is an important economy of speed as well of scale.

Enhancement project speed increases sharply with size of the software delivered,
i.e. there is an important economy of speed as well of scale.

Project Speed
(CFP/elapsed month)

Size Band (CFP)

Figure 17 Business application enhancement projects:
Median Speed per Size Band

This pattern of increasing speed versus size band for enhancement projects in Figure 17 is
very similar to that for new development 3GL projects as in Figure 11. However,

enhancement projects appear to be faster than new development 3GL projects up to 100
CFP and slightly slower above that size.

Fitting a power curve to the median speed (CFP/elapsed month) versus the median size
(CFP) for each band of these enhancement projects gives the following formulae, which
should be useful for estimating.

Enhancement projects: Speed = A x (Size)"B
(or Months = C x (Size)"D)

3.4 Re-development projects

Data were submitted on six business application re-development projects. The projects
delivered software that ranged in size from 55 to over 2000 CFP, requiring from X work-
hours up to over 20 work-years of effort and taking from Y to Z elapsed months.
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Data on five of these projects was reasonably consistent in spite of being concerned with a
variety of application types. They were programmed in Java (2), VB (2) or C# to execute on
a PC (4) or multi-platform hardware.
For these five projects the PDR figures (Work-hours / CFP) are as follows.

Minimum = X; median = Y; maximum = Z
The best-fit straight line for project speed for these five projects is

Speed = A + B x Size
The one outlier project, which used a 4GL, had a PDR five times higher (i.e. lower

productivity) than that of the median of the other five projects, and speed three times slower
than would be expected from the equation for the other five projects.
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4. Project Effort Distribution

It is important and instructive for estimating to understand the normal distribution of effort
over the various activities of a project. As discussed in Appendix A, the ISBSG aims to
collect data on six activities, namely Planning, Specify, Design, Build, Test and Implement.

The distribution of effort should in principle be independent of the project design and
management method, i.e. whether the project follows a ‘waterfall’ or ‘agile’ process.
However, it seems fairly safe to assume that the projects reported on here used a waterfall
process in most cases.

As noted in Appendix A, few projects submitted effort data for all six activities; most reported
the effort for only 4 or 5 activities. This limits the possibility of producing effort distributions in
the detail that is really needed.

4.1 Real-time application new development projects

Only five projects supplied project effort distribution data. The only effort distribution
percentages that can be derived from these data are shown in Fig. 18 below.

The effort on planning, specification and design as a percentage of normalised Level 1 effort*
ranges from 9% to 32% for these five projects. The data for the five projects varied greatly,
so the averages in the chart are not very reliable.

O Planning, Specification & Design

B Build and Test

Figure 18 Real-time new development projects

4.2 Business application new development projects

Thirty-five projects supplied data on all of the effort on Specify, Design, Build and Test
activities. This enabled the calculation of the percentages of the total effort on each of these
four activities. Effort spent on implementation activities was ignored as this varied
enormously by project (See Appendix A).

Figure 19 shows these percentages for the 35 projects.

> “ For the definition of Normalised Level 1 effort, see Appendix A
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Figure 19 Business application new development projects

Ten (10) of these 35 projects also supplied the effort on Planning activities. The percentage
of effort on planning for these 10 projects was very varied, with two projects reporting over
33% of effort on planning, which may indicate an error in effort recording. Excluding these
two projects, the average percentage of effort on planning for the 8 projects was 5%.

The table shows the percentages depending on whether COBOL, Java or a 4GL
programming language was used. Note that the percentages vary considerably for the
different projects and that the numbers from which these averages are calculated are low.

Programming Number of Percentage of total effort by activity
Language Projects Specify Design Build Test
COBOL 15
Java 10
4GL 7

Also note that all of the COBOL projects and 7 of the 10 Java projects delivered software to
run on a main-frame. The 4GL projects delivered software to run on a variety of platforms
including multiple platforms.

4.3 Business application enhancement projects

Thirty-five projects supplied data on all of the effort spent on Specify, Design, Build and Test
activities. This enabled the calculation of the percentages of the total effort on each of these
four activities. The data were analysed in the same way as for business application new
development projects, and the same warning applies about the uncertainty on the

percentages due to the low statistics.

Figure 20 shows these percentages for all 35 projects and the table shows the percentages
depending on whether COBOL, Java or a 4GL programming language was used.
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Figure 20 Business application enhancement projects:
Percentage effort distribution

Programming Number of Percentage of total effort by activity
Language Projects Specify Design Build Test
COBOL 22
Java 11
4GL 2

These distributions, especially of the Java projects are not consistent with the expectation
(e.g. from data published by ISBSG [3]) that the percentage of effort on build activities is
significantly lower, and testing effort is higher, for enhancement projects compared with new
developments. However, when the enhancement data for Java projects is split according to
the technical platform used, as in the table below, the effort distribution for Java projects that
used a main-frame is much more as expected when compared against the effort distribution
for new development Java projects which also mostly used a main-frame platform.

Language - Number of Percentage of total effort by activity
platform Projects Specify Design Build Test
Java — main-frame 4

Java — PC 5

The statistics of this last table are very low, of course. The explanation for the difference in
distribution of the main-frame-based versus the PC-based projects maybe due to the
technical platform or maybe due to some other factor such as the nature of the applications
in the two samples. This analysis illustrates the difficulties of setting benchmarks and of
drawing conclusions from small samples of project data.

4.4 The effect of the effort distribution on project productivity

There is no ‘correct’ distribution of effort over the six activities, but evidence suggests that if
the distribution of a project’s effort differs significantly from the normal distribution, this is
likely to be an indication that the project will experience lower productivity than if it had
managed to keep close to the normal distribution.

Examples of such evidence are given in Figures 21 and 22 which show, for business
application 3GL new development and enhancement projects respectively, project
productivity plotted against the percentage of total project effort devoted to Specify + Design
activities.
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Only data from projects that reported the effort spent on both Specify and Design activities is
included in these Figures. Implementation effort is excluded from the total project effort and
from the productivity calculation because of its great variability. The calculation of
productivity again assumes 120 work-hours per work-month.

Note certain outlier projects are not shown:

Figure 21 excludes data for two very high productivity projects with Percentage total effort on
Specify & Design at 32.5% and 43.5%.

Figure 22 excludes data for three very high productivity projects, with Percentage total effort
on Specify & Design at 16%, 24% and 28%.
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Figure 21 Business application new development 3GL projects
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Figure 22 Business application enhancement 3GL projects

These graphs indicate that high productivity is obtained only when the percentage of total
project effort devoted to Specify and Design activities lies in the range of roughly 20% - 40%.
(The author has obtained similar results with other, independent data.)

This data suggests that high productivity is obtained only when the percentage of
total project effort devoted to Specify and Design activities lies in the range of
roughly 20% - 40%
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The inferences from these findings seem to be that if the percentage of total effort on Specify
and Design:

» is too low (<20%), this is insufficient effort on these two activities and productivity will
be low due to re-work later in the project

» is too high (>40%), this is an indication that the project has difficulties with agreeing
the specification and/or design, and has got ‘bogged down’, causing lower
productivity

(though the statistics are too low, of course, to prove this interpretation).
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5. Some COSMIC Functional Size Characteristics

The ISBSG data collection questionnaires for COSMIC-measured projects ask for data on
the composition of the total software size for each project, namely the count of functional
processes and the counts of Entry, Exit, Read and Write data movements for the delivered
software.

The data submitted was quite variable between the different types of software, so the
statistics given here are of variable quality. Nevertheless, there are some interesting results,
including those derived from the data obtained with the Finco projects (see section 3.2.4).

The tables below show two parameters for various types of software delivered in new
development or re-development projects. (There is less value in showing these data for
enhancement projects since the requirements for an enhancement to an existing system can
be extremely variable.)

The first table shows these two parameters for two sets of business application projects,
namely 34 projects from the ISBSG database and the 23 Finco projects.

No. of Av. no. of data Average percentage distribution of

Source | projects movements per data movement types
functional process E’s X’s R’s W’s
ISBSG 34 7.6 25% 30% 30% 16%
Finco 23 8.1 21% 39% 28% 13%

From this table we see that whilst the proportions of the parameters are similar, the
percentages of Entry and Exit data movements are significantly different for the two sources.
For this analysis, given that the Finco projects are all from one company and most projects
delivered batch software, they will not be included in the benchmark data. The benchmark
figures are therefore all based on ISBSG data, as in the next table.

No. of | Av. no.of | Average percentage distribution of
Software type projects | DM’s per data movement types
FP E’s X’s R’s W’s
Business application 34 7.6
Real-time application 4 6.7°
Software component 25 2.7°

These results fit a pattern that might be expected, though the low number of real-time
application projects means that the figures have limited statistical validity. The average
pattern is:
» Business Application software has
a. the highest number of data movements per functional process and
b. 55% of its functionality devoted to taking in existing data (Entries plus Reads)
and 45% producing new data (Exits plus Writes)
» Real-time application software (4 projects!) devotes nearly two thirds of its
functionality to taking in existing data and less than one-third to producing new data
» Software reusable components have
a. the lowest number of data movements per functional process and
b. equal amounts of their functionality devoted to taking in existing data and to
producing new data. However, 75% of their functionality is devoted to Entries

> This figure is the average for only two projects that supplied the count of functional processes
® This figure is the average for only 8 projects that supplied the count of functional processes
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and Exits with only 25% for Reads and Writes — unlike ‘whole’ application
software systems.

These average patterns are, of course, subject to wide variation for individual projects.

Some business application software may have its main task to take data in and make it
persistent, thus having a relatively higher proportion of Entries and Writes, plus Reads for
data validation. Some software may have as its main task to produce output and thus have a
relatively high proportion of Reads and Exits. Software that must interface with many other
systems will have a relatively high proportion of Entries and EXxits.

Although for the Finco set of business applications the average number of data movements
per functional process is only 8.1 (and the median is 7), the distribution of functional process
sizes is highly skewed, with a maximum size of 70 CFP

For software components, the high proportions of Entries and EXxits are to be expected given
their need to interface with other components. However, there are wide fluctuations about
the mean, dependent on the specialised task of the component. For example, the proportion
of Write data movements in a software component varies from 0% to 47% across the 25
components analysed.
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6. Comparing COSMIC benchmark data versus those of
other FSM methods

Users of ISBSG benchmark data who may be starting to use the COSMIC method may wish
to know how the COSMIC benchmarks compare with those with which they are familiar. In
this chapter we explore the general problem of benchmark data comparisons and provide a
few examples.

There are a few important general points to consider when comparing benchmark data from
projects measured using the COSMIC method against benchmarks from projects using other
FSM methods.

» All FSM methods measure on a relative size scale, so comparisons of absolute
benchmark figures for the same set of conditions are meaningless. Only
comparisons of relative benchmarks are meaningful.

For example, comparing the ratio of the benchmark median PDR of business
application new development 3GL to 4GL projects according to the COSMIC method
(X/Y = 2.7 in section 3.2.2 of this report) versus the ratio according to a non-COSMIC
method would be meaningful. But comparing the COSMIC figure of X for 3GL
projects against an IFPUG measured figure of 12.1 [3] is meaningless.

» Non-COSMIC FSM methods for which benchmark data are available were all
designed to measure business application projects, whereas the COSMIC method
was designed to work for a wide range of software types. Comparisons of
benchmarks will only be valid for software from the business application domain.

» Most COSMIC data used for this report has been measured within the last few years.
ISBSG data based IFPUG/NESMA methods that is used as a basis for its latest
benchmarks includes data dating back ten years. Comparisons of benchmarks may
therefore be sensitive to evolution in project performance over the different time
periods, e.g. due to using different programming languages, the need to produce
web-based software, etc.

» The latest ISBSG benchmark data are based on more than 4,000 business
application projects measured using the IFPUG/NESMA methods whereas the
COSMIC benchmarks of this report are based on a very much smaller dataset. Users
of this report should therefore take careful note of the numbers of projects used for
the COSMIC benchmark data, since in some cases they are too small to be
statistically very reliable.

6.1 Comparing COSMIC versus IFPUG benchmarks

There are other, specific points to consider when comparing COSMIC benchmarks against
those measured with the IFPUG/NESMA FSM methods [4].

» Sizes measured according to IFPUG rules include a ‘Value Adjustment Factor’ to
account for non-functional requirements. The COSMIC method does not have such a
factor. Therefore comparisons should be made only against IFPUG-measured
‘Unadjusted Function Points’, (UFP) which is what recent ISBSG benchmarks are
based on.

» On average, it has been shown [6] that there is a reasonable linear correlation of
sizes of the same piece of software when measured by the COSMIC and IFPUG
methods. However, there are considerable fluctuations about the average
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relationship for measurements of sizes of individual pieces of software according to
the two methods. These variations will be mainly due to what follows.

» The ‘Base Functional Components’ (BFC’s) of the IFPUG method, i.e. the three
‘elementary process types’ and the two file types’, are all measured on a scale that
has artificial lower and upper size limits. For example, an elementary process can
range in size from 3 to 7 UFP and a file type from 5 to 15 UFP. The COSMIC size
scale for its BFC, the ‘functional process’, has no upper size limit, whilst ‘file types’
are not separately measured. Data in this report shows that COSMIC functional
processes for business applications can range in size from 2 to 70 CFP. (For real-
time software, individual functional processes have been measured of over 100 CFP.)
COSMIC size measurements are therefore more sensitive to these variations in the
actual amount of functionality of the components of a piece of software than are the
IFPUG size measurements. At the level of aggregating the sizes of all BFC’s to a
total functional size for a given piece of software, this difference in measurement
approach of the two methods will sometimes be very important, sometimes less so.

» The size of an enhancement is measured quite differently on the two methods. The
IFPUG method measures the size of the BFC’s of the software that are changed (i.e.
added, modified or deleted). The COSMIC method measures the size of the changes
to the BFC’s that are changed. The PDR for enhancement projects versus that for
new development projects according to the two methods cannot therefore be properly
compared.

Bearing in mind all these qualifications, a first comparison of interest is whether the IFPUG
method shows the same trend for the relationship of project productivity versus size band
that was obtained for COSMIC-measured projects in section 3.2.2, Figure 8.

For this comparison, data on 327 IFPUG-measured new development projects from the
ISBSG Release 11 database were selected subject to the following criteria:

» Projects with data quality A or B, with size measured in Unadjusted FP by the IFPUG
or NESMA methods (the latter being very similar to the IFPUG method) and using
‘Normalised L1 effort data’

» The ‘project date’ was after the year 2000, from when COSMIC-measured data
became available

Figure 23 shows the median productivity (in units of size per work-month, measured as
above in section 3.2.2) for new development projects whose delivered software was
measured by the two FSM methods, in the same size bands as in Figure 8. N.B. Itis the
trends of productivity with size that should be examined in Figure 23, not the absolute values.
The COSMIC figures have been doubled from those in Figure 8 to help the comparison of
trends on this chart.
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Figure 23 Comparison of trend of median productivity per size band for new
development projects according to the COSMIC and IFPUG methods

Size Band (UFP or CFP)

This chart is quite difficult to interpret because even if the chart were based on the same
projects being measured by both FSM methods, many individual projects would have
appeared in different size bands according to the two methods (but this analysis used two
entirely independent sets of data). Nevertheless, some observations are possible.

» Both methods show an increasing level of productivity over the size range from 50 to
1000 FP which covers 90% of all projects in the ISBSG database for both methods,
which is an important economy-of-scale effect.

» The IFPUG result indicating higher productivity relative to the COSMIC result for very
small software sizes is probably due to the IFPUG method’s lower cut-off limits for the
size of a BFC component.

» The IFPUG result indicating continuously rising productivity above 500 FP, in contrast
to the COSMIC result of falling productivity above 1000 CFP may be at least in part
due to the statistics (i.e. the low number of COSMIC-measured projects above 1000
CFP).

In order to help judge the significance of the data in Figure 23, the number of projects in each
size band of Figure 23, on each FSM method, is given in the table below.

Method Number of projects in each size band
Band1 | Band 2 etc
COSMIC | 18 30 17 23 14 17 7’ 0
IFPUG 9 36 47 58 67 51 41 18

(When the median productivity of enhancement projects per size band for IFPUG-measured
projects (from ISBSG Release 11 data) is compared against the COSMIC data as in Figure
14, the trend of increasing productivity with size is practically identical — this in spite of the
two methods measuring different types of sizes for an enhancement project.)

Understanding the relationship between software sizes as measured on the two methods is
therefore both difficult and important. Given that both methods show some variation of
productivity with size of software delivered, it is important to take into account differences in

" The maximum size of a COSMIC-measured project in this band is 1670 CFP
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size mix when comparing any two benchmark figures on any one FSM method, or across
methods. Standard ISBSG benchmark analyses sub-divide project data on only one
parameter at a time (apart from splitting data across technical platform) and do not consider
the effect of size mix on PDR.

The next table gives two comparisons of the ratio of median benchmark PDR figures for new
development projects, measured on the two FSM methods, where the IFPUG data is taken
from [3] for ‘All projects’, i.e. for projects irrespective of hardware platform. IFPUG sizes are
measured in Unadjusted Function Points. N.B., a ratio > 1.0 indicates lower productivity.
The COSMIC benchmark ratios have been corrected for size mix effects as described in
section 3.2.5

COSMIC IFPUG
Ratio of PDR Benchmarks New Enhance- New Enhance-
Devts. ments Devts. ments
3GL projects / 4GL projects 2.7 1.0 1.4 1.4
COBOL projects / Java projects 1.2 1.0 2.1 2.2

It is not obvious at all why these ratios apparently differ according to the two methods.. (The
numbers of COSMIC projects used in these two comparisons are sufficient that the
explanation should not be due to limited statistics.) To explain the differences would require
a much more detailed analysis of the data than time has permitted. The explanation might lie
in the mixes of projects used for the data on the two methods being different due to:
o COSMIC data are for business application projects; IFPUG data is for ‘all projects’
which include in the order of 10% of projects concerned with real-time software
¢ the technology platforms used
e the mix of software sizes delivered
e the age of the projects (COSMIC data are mostly from the last 3 years, IFPUG data
are for projects that used IFPUG 4.0 or higher method, going back 15 years

However, an overall conclusion from the findings of Figure 23 and the table above is that the
COSMIC-measured project data seems to give more differentiated benchmarks for different
environments than do the IFPUG-measured projects, even after allowing for the less
differentiated analyses carried out by ISBSG on the IFPUG data.

6.2 Comparing COSMIC versus Mkl FPA benchmarks

The MkII Function Point Analysis (FPA) method is very similar in design to the COSMIC
method. Both methods define functional processes as their BFC, though the MklIl FPA
method uses other parameters than data movements to size the input, process and output
components of each functional process. Like the COSMIC method, the Mkll FPA method
has no upper limit to the size of a functional process. The Mkll FPA approach to sizing
enhancements is the same as for the COSMIC method, i.e. both methods measure the size
of the changes to software required in an enhancement project. Given this similarity of FSM
method design, one would expect greater similarity of benchmark findings between the
COSMIC and MkIl FPA methods than between the COSMIC and IFPUG methods.

The only Mkl FPA benchmark data available to the author dates from 1996 [7], based on
measurements of over 600 business application projects, so the data is now only of historic
interest. However, it is worth noting the following from a brief comparison with the COSMIC
benchmark data in this report.
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» The variation of productivity with the size of software delivered by new development
projects is roughly the same when measured by both methods

» The ratio of the PDR for 3GL new development projects to that for 4GL projects on
the Mkl FPA method is about 3 over the whole size range (COSMIC = 2.7)

» The ratio of the PDR for 3GL enhancement projects to that for 3GL new development
projects of the same size on the Mkll FPA method is about 1.4 (COSMIC = 1.1)

» The ratio of the PDR for batch projects to on-line projects is about 1.7 for both
methods

These comparisons are subject to several uncertainties but, on a range of parameters, the
MkKIl FPA and COSMIC methods give similar benchmark ratios, which is to be expected
given the similar design of the two measurement methods.
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7. Summary Findings and Conclusions

The ISBSG repository of data for software new development and enhancement projects now
contains close to 350 projects that have been sized using the COSMIC method and the
number submitted to the ISBSG continues to grow steadily. The number of projects is now
adequate to publish meaningful benchmark data on several parameters, though the reader is
cautioned in several places in this report that some of the benchmarks are based on very
small numbers of projects.

Some of the key findings from this study are as follows.

a) Figure 24 shows the median PDR figures for five main project categories.

Real-time new dews. |

Real-time enhancements

Bus App 4GL new deus.

Bus App 3GL new dewus. |

Bus App enhancements |

0 10 20 30 40 50
PDR (work-hours/CFP)

Figure 24 Key PDR benchmarks

These results are unsurprising:

» Real-time projects require more effort per CFP than do business application projects
» Enhancement projects need more effort per CFP than new development projects

» Projects developed using a 4GL require much less effort than those using a 3GL

b) The PDR for developing software reusable components is typically at least an order of
magnitude lower (i.e. higher productivity) than for developing whole application systems.
This means it is imperative not to mix measurements of the output of projects that deliver
whole software systems and those that deliver small components. (The size of a ‘whole’
software system cannot be obtained by adding up the size of its components — see the
rules of the COSMIC method). The ISBSG data collection questionnaires for COSMIC-
measured projects will be upgraded shortly to ensure that this distinction is more clearly
made at the time of data submission.

¢) Median productivity for business application new development projects increases with
size of the delivered software, more than doubling for projects delivering in the X
(highest) CFP range compared with projects delivering less than Y (lowest) CFP. Above
1000 CFP, the data suggests that productivity falls, though there is considerable
statistical uncertainty on this point.
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d)

f)

9)

h)

k)

Median productivity for business application enhancement projects rises continuously
with increasing size of the delivered software, more than doubling for projects delivering
in the X (highest) CFP range compared with projects delivering less than Y (lowest) CFP.

The speed of projects (measured as CFP per elapsed month) increases sharply with
increasing size of software delivered for all categories of projects. Power curves fitted to
the data, of the form Duration = C x (Effort)*n, have an exponent ‘n’ for new development
projects of A and for enhancement projects of B. This finding is consistent with the old
rule of thumb that the elapsed time for a project increases roughly with the square root of
the effort of the software to be delivered.

The increasing project productivity and speed with increasing size of software delivered
show a clear economy-of-scale though, of course, this benefit must be offset by the
increasing risk associated with larger projects. This increasing risk is very well illustrated
by the data of Figures 9 and 15 which both show an increasing spread of productivity with
increasing size.

Comparing Figures 9 and 15 also shows that the scatter of productivity about the median
is significantly broader for enhancement projects than for new development projects over
the whole size range. This is at least partly explained by the varying nature of
enhancements that must be carried out.

Given that for new developments, the median productivity of projects using a 4GL
language is 2.7 times greater than for projects using a 3GL language and that 4GL
projects are delivered faster, the gains on both productivity and speed from using a 4GL
versus a 3GL for new developments are very significant. However, projects to enhance
software that was developed using a 4GL are no more productive than projects to
enhance 3GL software.

New development projects that must deliver software to run in batch mode require about
X (where X> 1) times as much effort per CFP as do projects that must deliver software to
run in on-line mode. The COSMIC-measured statistics are weak on this result, but it is
noteworthy that this same result was observed many years ago on projects where the
software size was measured using Mkl FPA.

The effort distribution over project activities varies with the type of project. Comparing the
distributions of effort of Figures 19 and 20 (and taking into account the more detailed
analyses), we see that enhancement projects spend proportionately more effort on
testing and less on build activities than new development projects. The higher proportion
of effort on testing, usually including regression testing, for a given amount of changed or
added functionality, may largely explain why enhancement projects are less productive
than new development projects.

The effort distribution data suggest that spending relatively too little (< X%) or too high (>
Y%) a proportion of total project effort on specify and design activities will result in lower
productivity. It is therefore important to take into account these norm distributions of
effort when planning a project.
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I) The report includes average ratios of numbers of data movements per functional process,
and distributions of the average percentages of Entry, Exit, Read and Write data
movements for different types of software. These data can be useful for checking the
credibility of measurements of functional size using the COSMIC method for these
various software types.

m) The report discusses the general problems of comparing benchmark data obtained from
projects where the software size is measured using the COSMIC method versus other
functional size measurement methods. Some specific problems are identified on
comparing COSMIC against IFPUG benchmarks as published by the ISBSG. Some
examples of such comparisons show similar trends (e.g. increasing productivity with size
of software delivered) but others suggest that the COSMIC method gives more
differentiated benchmark figures for differing sets of project characteristics. However,
some of this apparent difference may be due to the way that the ISBSG analyses its
project data, which mostly cut the data on only one parameter at a time. (Example
ISBSG produces benchmark PDR figures for new development and for enhancement
projects and then, separately, for projects using a 3GL or 4GL programming language. In
this report we have attempted to derive PDR figures for all four combinations of these two
parameters where there are sufficient data).

Overall, the COSMIC benchmark data reported here seems to be nicely self-consistent in
spite of the limited statistics in some areas. The data should be valuable for organizations
wishing to make external performance comparisons and for new project estimating.

It would be great to have more data. Users of the COSMIC method are strongly urged to
submit their project data to the ISBSG database so that the accuracy and scope of the
benchmark data can be improved.
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Appendix A Explanation of the effort data used in this
report

The ‘actual’ effort used in this report for all PDR benchmark figures is what the ISBSG refers
to as ‘Normalized Level 1 effort’. ‘Level 1" means that the effort is only that of software
developers and does not include the effort of other staff who may work on the project but that
are not formally assigned to it. Examples of such ‘other’ staff could include specialists such
as database administrators or data security staff who advise and support the project, or
customer staff who are interviewed about the software requirements.

Organizations that submit data to the ISBSG repository are asked to supply the effort for six
activities of the project team, namely planning, specify, design, build, test and implement. In
practice the data that is received ranges from specific totals for all six activities through to a
single figure for total project effort. Many data submissions received by ISBSG record the
effort for only 4 or 5 of these six activities.

ISBSG assumes that if no effort data is reported for a particular activity, then the project
never included those activities — but the activities must have been undertaken somewhere,
‘outside’ the reported project. Hence in order to ensure comparability of data across all
projects an estimate of the ‘missing’ effort must be added to the reported total to obtain the
‘real’ total project effort.

ISBSG therefore computes the ‘Norm L1 effort’ to correct for the missing data as follows.

o Where only a total effort for all activities is reported, this is taken as the ‘Norm L1
effort’

o Where the effort for one or more of the activities is not reported, ISBSG accounts for
the missing activity(s) by applying a correction to the reported data.

The following table shows how the submitted data for four simple examples would be
processed by the ISBSG Repository Manager to obtain the ‘Norm L1 effort’. (A ‘blank’
indicates that no data has been submitted.)

Submitted Effort Data (Work-hours) Norm L1
Plan Specify Design Build Test Implement Total %\f/{/?_'r)t
50 100 150 400 200 100 1000 1000
1000 1000
200 500 200 100 1000 1200
250 550 200 1000 1260

There are two important consequences from this approach when the data in this report are
used for benchmarking or for estimating software projects.

First, the Norm L1 effort figures used in the calculations of productivity (or PDR) data in this
report are on average about 10% higher than the submitted total effort due to the corrections
that ISBSG has made.

Second, it is arguable that the effort on ‘implement’ activities should not be included in the
benchmark calculations. The reason is that for estimating software development effort where
functional size is the main driver, ‘implementation’ effort should be confined to tasks that are
related to software functional size, such as producing documentation and training related to
one implementation. However, the ISBSG data collection form and its definition of
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‘Implementation’ do not make this explicit and do not currently exclude implementation effort
following the first site implementation.

This may be the cause of the fact that project data used for the analyses in this report
includes implementation effort that is very widely varying. The table below shows some
statistics on implementation effort for those business application projects® that reported effort
under any two or more of the six activity headings.

Parameter New Enhancement
Development Projects
Projects
No. of projects reported on in this table 93 114
Median percentage of total effort devoted to 7.4% 4.4%

implementation for all projects, i.e. including those
that did not report any such effort

Percentage of projects that did not report any 14% 35%
implementation effort
Median percentage of total effort devoted to 8.4% 8.0%

implementation for projects that reported non-zero
implementation effort

Percentage of projects that reported implementation 35% 24%
effort greater than 10% of total effort
Percentage of projects that reported implementation 14% 12%
effort greater than 20% of total effort
Maximum percentage of total effort devoted to 70% 86%

implementation reported by any project

These data indicate strongly that many projects that reported effort on implementation
included effort on activities beyond the first site implementation and/or activities not related to
software, e.g. hardware set-up.

For all these reasons, readers using the data in this report for the purposes of benchmarking
or estimating purely software-related project activities should note that it is probably the case
that the benchmark figures are conservative (or pessimistic) compared with the ‘true’ figures,
by up to around 5 — 10%.

To maintain compatibility with other ISBSG publications this report contains PDR and
productivity data that is based on Normalized Level 1 effort. However, a few analyses are
included using project effort that excludes effort on implementation, because of its distorting
effect. The relevant analyses are indicated clearly in the main text.

8 Very few real-time or infrastructure projects reported their breakdown of effort over the six activities. The few
projects that did report effort by activity, reported very little effort on implementation.
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Appendix B Changes and additions to the Initial version of
this report (dated June 2009)

Section of Addition or Change
Final Report

1. A footnote is added to explain why ‘median’ figures are reported rather than the
more commonly-used ‘average’ figures

2.1.1 Minor correctons to the counts of projects in the different categories

2.1.2 The explanation of ‘Normalized Level 1 Effort’ is expanded and moved from a
footnote to Appendix A in this Final report

2.1.2 The counts of defects reported has been elaborated

2.2.2 The number of projects in the table ‘N’ is corrected to 18, not 19

2.4 The word ‘Infrastructure’ has been removed from the title of this section, as
misleading

253 Error in cross-reference is corrected (the reference to section 1.2.4, Figure 3
should be to section 2.5.2, Figure. 5)

3.2.2 The median PDR for 4GL projects is corrected from 10 to 9 WH/CFP

3.2.3 Formulae for project duration as a function of size are added to the text for
business application new development projects using 3GL and 4GL languages

3.24 A new section added on variations of productivity depending the mode of
execution of the delivered software (batch vs on-line vs mixed mode)

3.25 A new section added to explore second-order effects on the benchmark data

such as whether the median PDR figures for the four 3GL languages and the
4GL languages could have been influenced by the differences in average size
of the software delivered by the projects of each group. Small possible
corrections for size differences are given.

3.3.2 Some minor corrections have been made to the table showing the percentiles of
PDR by programming language used for enhancement projects, particularly for
Java projects.

A major correction has been made to replace the chart (now Figure 14) showing
the median productivity per size band for enhancement projects. As a
consequence, Figure 15 showing the percentiles of productivity per size band
was also corrected, and is now limited to 3GL projects in order to make it more
comparable with Figure 9 for new development 3GL projects.

The number of projects in the second column of the table below Figure 14 has
been corrected from 35 to 25

3.3.3 The following statement about the duration vs size of business application
enhancement projects is deleted: (“The best fit power curve of duration
measured in elapsed months versus size (Duration = 0.47 x Size 0'57) to the
data in Figure 16 is similar to that for the new development projects”). First, the
statement is not very accurate and second, it is now considered better to rely on
a power curve fitted to the median speed per size band data (Figure 17 in this
report). A power curve fitted to the raw data of duration versus size is very
affected by the spread of durations for projects of a given size. By fitting a
curve to the median speed for each size band, the influence of this spread of
durations for a given size is eliminated.

3.4 The statement concerning the outlier 4GL project is corrected to state that the
PDR is ‘five times higher’ than the median of the other five projects, i.e. itis a
lower productivity project than the others, as well as three times slower.

4 Data on the effort distribution over the six standard ISBSG project activities is
moved to this new, separate Chapter 4. (The data was in sections 2.2.4, 3.2.4
and 3.3.4 in the Initial Release report of June 2009.) In light of the findings of
Appendix A, the analysis of data for business application projects has been
restricted to projects that reported effort on at least both Specify and Design
activities

4.4 A new section is added on the “The effect of the effort distribution on project
productivity”
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A new chapter is added on ‘Some COSMIC functional size characteristics’
provides data on the average number of data movements per functional
process, and the average percentage distributions of Entry, Exit, Read and
Write data movements for various types of software.

A new chapter is added on ‘Comparing benchmark data versus those of other
FSM methods’. Some general problems of making such comparisons are
discussed and specific problems of comparing COSMIC-based and IFPUG-
based benchmark data. Some examples of COSMIC versus IFPUG benchmark
data are given.

7

A new chapter is added on ‘Summary Findings and Conclusions’

References

Some references are added
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