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Abstract

Open Source Software (OSS) has become the subject of much
commercial and academic interest in last few years. As traditional
software, OSS also evolves to fulfill the need of stakeholders.
Therefore, providing quantitative metrics for OSS evolution has
also become an urgent issue. However, most existing studies of
software evolution have been performed on systems developed
within a single company using traditional management techniques.
These metrics models are inadequate to measure OSS evolution. In
this paper, we describe a preliminary evolution metrics set for
evaluating OSS. The most significant novelty of this model is that
it takes specific properties of Open Source Community (OSC) into
consideration. In another word, we measure the evolution of OSS
and OSC together. We also provide a lightweight case study on
Ubuntu project using this metrics set. We find out that the Open
Source Community and its members also play essential role in
OSS evolution. We expect this metrics model can bring better un-
derstandings and explanations of phenomena in open source de-
velopment and evolution.

Keywords: Evolution, Metrics, Open Source Software, Open
Source Community, Ubuntu.

1 Introduction

Backgrounds. Software systems just like the biological systems,
both of they evolve. After comparing with biological evolution,
Svetinovic et al. [20] define the software evolution as following:

Software evolution is change in the essential properties of a
software product family over time.

The term “evolution” was first applied to software by Lehman and
Belady [12] in the 1970s. As organizations become more depend-
ent on software and the pace of both business and IT change in-
creases, the effective management of software evolution becomes
more critical to an organization’s success. An important contribu-
tion to enabling that will be to demonstrate that software evolution
and its drivers can be measured, and the impact on software evolu-
tion of changes in the drivers can be predicted.

Lehman et al. [12, 13, 14] have built the largest and best known
works on research of the evolution of large, long-lived software
systems. They are also the pioneers in using metrics [7, 10]
method to study evolution quantitatively. Till now, most publica-
tions in this area describes studies have been performed on sys-
tems developed within a single company using traditional *‘in
house” development and management techniques.

Challenges. From last decades, more and more software systems
are developed by Open Source Community (OSC for short in fol-
lowing section of this paper). Compared with traditional “in
house” development methods, Open Source Software Develop-

ment [3] and Open Source Software have lots of new characteris-
tics. For example, the development and maintenance team are
much more flexible than traditional development. Godfrey and Tu
[9] studied the evolution of Linux by examining 96 kernel version.
They found out that although Linux is very large (over two mil-
lions lines of code), it has been growing at a “super-linear” rate for
several years. Given that the growth of large commercial systems
tends to slow down when the systems become larger, Godfrey and
Tu’s results suggest that OSS systems may have a growth rate that
is much greater than that of traditional systems. However, their
works are mostly done under the framework built for traditional
software and can not provide efficient explanations to related is-
sues, such as the reason why the growth of OSS is super-linear.
Besides, to our current knowledge, there is little literature provides
guantitative study on issues such as the percentage of the imple-
mented requirements account for all suggested features, which
may be very important in evolution and maintenance for Open
Source Software.

To better measure and explain the evolution phenomenon in
0SS, we designed a novel metrics model containing a set of met-
rics for Open Source Software in this paper. In this paper, we take
the changes of Open Source Communities into consideration, for
the Open Source Development is a Community-Driven Develop-
ment in its natural. For OSS development, John Kenneth
Galbraith’s "Only the community, reflects the wellbeing, maybe
even the survival, of all people.” tells the truth about the relation-
ship between OSS and OSC. Although, there are some open
source software key contributors are commercial companies, most
open source software is formed in communities. The communities
behind the software are in great differences with these independ-
ent software corporations. Therefore, if we want to get compre-
hensive understanding of OSS, the OSC should not be ignored.
Based on the same reason, to measure the process of Open Source
Software’s Evolution efficiently, we also need to take the OSC in
to consideration.

Design Goals. The ultimate goal of us is to bring better under-
standing to the process of Open Source Software. To achieve this
goal, we decided to design a new evolution metrics model for
quantitative measuring the evolution of Open Source Software.
Therefore, our model must fulfill following requirements:

Simple: the evolution metrics model should be simple enough for use.
Explicit: the metrics defined should have explicit meaning.
Reasonable: the metrics defined should be reasonable.

Expressive: the metrics should be expressive enough for uncovering
some facts on co-evolution of OSS and related communities.

Contributions. The contributions of this paper are the following:
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1. We present a set of new metrics, which is a new evolution
metrics model for quantitative measuring the evolution of Open
Source Software.

2. We provide a brief case study using our evolution metrics set
to analysis the Ubuntu (An Open Source Linux Distribution).

3. We explain some interesting facts and provide quantitative
evidences for some assumptions on open source software’s de-
velopment and evolution.

Paper Organization. The rest of this paper is organized as
following. We provide a brief introduction on the difference be-
tween Open Source Development and Tradition Evolution in sec-
tion 2. Then we present our evolution metrics set in section 3. In
section 4, we provide a case study on Ubuntu using the metrics set,
and provide a brief discussion. The related work and concluding
remarks are included in section 6 and 7 respectively.

2. Differences between Open Source Evolution and
Traditional Evolution

The differences between the Evolutions of Open Source Software
systems and traditional “in house” software systems are obvious.
In this section, we will briefly state these differences. Of course,
we can not refer all of them, we just provides several important
ones (in our opinions) here. Please note that, the open source
software system we mentioned here just means the community-
driven software project. The open source software systems mainly
developed by public or private companies are not considered by us.

2.1 Team and Staff

In the traditional software development, software companies often
have specific groups to take the evolution tasks. These groups also
consist of fixed employees. The situation in open source commu-
nities is quite different. Although many open source communities
have some specific teams to take charge of daily evolution tasks,
most works are done voluntary. The people are also more flexible.
In the process of software evolution, numerous people engaged
while lots of leave. This means when we should consider the
change of the people in evaluating the open source software’s evo-
lution.

2.2 Management

In the traditional software development, the managements are
much more rigorous than open source communities. In traditional
software developments, formal requirement documents, bug re-
ports are indispensable. There are also strict regulations for code
style, documentation etc. In open source development, there are
also some standards for coding and documenting. However, these
are much looser than traditional software development. This may
make the evolution tasks can not be finished efficiently.

Meanwhile, compared with traditional software developments,
open source developments generally do not have strict schedule
such as regular release and so on. This makes the open source
developers can perform intensive testing to make the release ver-
sion more reliable. This provides some compensates to the lack of
rigorous standards [9].
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2.3 Global Factors

Although some big companies such as Microsoft and IBM, have
the develop teams located in many countries. Most of traditional
software developments are developed by local teams. However,
this is not true for Open Source Software systems. In open source
world, even a small project may have developers living all over
the world. The developments of World Wide Web make distrib-
uted collaborated work come true. This greatly changed the soft-
ware system’s development and maintenance.

In the context of global development, the developers come from
different countries with different culture backgrounds. They speak
different languages, received different education, and have differ-
ent offline lives. These make the communities to be very complex.
And influence the software evolution process greatly.

2.4 Summary

Based on above discussion, we can find that the evolution of open
source software systems is quite different from traditional evolu-
tion process. The evolution of open source software has much
tighter relationships with the community for the reason that the
communities are much more flexible than the private (public)
companies. Therefore, quantitative measurements of open source
software’s evolution should take the open source communities into
consideration. Through this way, some puzzling phenomena can
be interpreted efficiently.

3. Metrics Model

Based on above OSS’s evolution characteristics, our evolution met-
rics model provides metrics related to following aspects: Module,
Bugs, Bug Fixing, and Requirements Implementation. Please note
that, we do not mean the totally abandon of the evolution metric of
traditional software. The metrics set should be treated as supplements
of traditional metrics. The metrics can help to disclose more facts on
Open Source Software and gain better explanations for phenomena
occurring in Open Source Software’s Growth and Evolution.

This metrics set’s most significant change to traditional evolution
metrics is that it combines the evolution of Open Source Software
with the evolution of Open Source Community. This aims to uncover
the fact about open source software evolution. The Open Source
Community not only play an essential role in the development proc-
ess, but equally important in the evolution and maintenance. Its re-
sults can bring better understanding of OSS’ evolution to us.

3.1 Modules Metrics
3.1.1 Modules vs. Lines of Source Code

In measuring the evolution of traditional software, computing
the change of source code is very important. However, calculating
the source code and conducting analysis based on it are less mean-
ing for in quantitative assessment of the OSS evolution. This be-
cause:

1. The open source development lacks unify standard for coding
and documenting, and the quality of the code may vary a lot.

2. The open source developers’ backgrounds vary a lot. It is hard
for them to think and solve a problem in same way. For example,
in an “in house” software development, all developers use similar
data structures, algorithms, and so on, even they do not want to,
they have to. In Open Source development, the programmers can
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finish the job using their own manners. No one will force them to
do something and not to do something.

3. OSS sometimes uses the code of other OSS and this borrowed
code may account great part of the whole system. For example, all
Linux distributions use the code of Linux Kernel and other appli-
cations code. In this situation, discussions based on source code
seem meaning less.

Based on above discussion, we decided to use Module as the
atomic unit in our analysis. The meaning of “Module” varies a lot
in different occasions. Generally, it refers the minimum unit as-
signed to the developers in the scope of Open Source Software,
for instance, it refers “package” in Ubuntu [4, 5] while it means
“component” in Mozilla[2].

3.1.2 Metrics Definitions.
The metrics related to modules including three indexes.

1. M1: The number of modules in software system at a series of
specific moment.

2. CD: The number of developers (code contributors) at a series of
specific moment.

3. MC: The correlation of M1 and CD.

3.2 Metrics related to Bug and Bug Fixing

Fixing bugs is one of the main tasks in the evolution of existing
systems. We define the Metrics Related to Bugs and Bugs Fixing
as following:

4. B1: The number of bugs in the software system at a series of
specific moment.

5. BF: The number of Fixed bugs in the software system a series of
specific moment.

6. FBR: The ratio of fixed bugs account for the existing bugs at a
series of specific moment, it is defined in following way:

Fixed
Existing
*“Fixed” means number of suggested bugs during one release
cycle.
*“Existing” means number of implemented bugs during one re-
lease cycle.

7. AU: The number of active users (persons who provide bug re-
ports and feedbacks) at a series of specific moment.

8. BC: The correlation of B1 and CD.
9. BA: The correlation of B1 and AU.
10. FC: The correlation of BF and CD.
11. FA: The correlation of BF and AU.

FBR = FBRE [0, 1]

Among above 8 metrics, the B1, BF, AU can get though survey on

the bug documentations and can use a graph to show their changes.

The following 4 metrics and MC (defined in 3.1.2) can be easily
gotten through some statistical tools such as SPSS.

3.3 Requirement Implementation Ratio
In Open Source Software Development, there is no strict Re-
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quirement Documentations [18]. Besides, it also does not have a
traditional process of Requirement Analysis. In the open source
development, descriptions of features are more important than
formal requirement documents. Generally, the Open Source
Communities publish the features on the Internet, waiting for
somebody take the duty of developing such features. As the de-
velop assignments are not imperative, some features may not be
implemented in time. So, we introduce the following index to ad-
just Feature Implementation Ratio (FIR).

_implemented

suggested

*“Suggested” means number of suggested features during one
release cycle.

**“implemented” means number of implemented features during
one release cycle.

FIR FIRe [0, 1]

3.4 Limitations

There are still some factors we do not take into consideration in
our metrics set, for example: issues related to the documents. Be-
sides, we have not found an efficient way to reflect the influence
of global factors in the evolution and maintenance. We will add
them into our metrics set in future to achieve the “evolution” of
our metrics set.

4 Case Study

We choose Ubuntu [4] as our research target, and our method
based on the release history of Ubuntu. For most of metrics we
defined in section 3 rely on some specific time point, we choose
the time of every main release of Ubuntu, the releases of Ubuntu
are shown in section 4.1. Though Ubuntu community promises
regular release, the release of Version 6.06 is late for two months.
Therefore, we use data of April 2006 in our discussion. We first
introduce Ubuntu and its community in following.

4.1 Introduction of Ubuntu

Ubuntu is a completely free Linux distribution. It derives from
Debian, and is supported by Canonical, which is a software com-
pany. For it can get financial support from this company, the Ub-
untu community promise the six month regular release. The first
official release of Ubuntu was made in October 2004 and was duly
named Version 4.10, followed by several other releases. Till now,
there are 5 main desktop versions and 4 server versions (The Ver-
sion 7.04 Beta has released during we write this paper.).

Table 2. Some facts about the Ubuntu

Version Release Date Server Included?
No.

4.10 October 2004 N

5.04 April 2005 Y

5.10 October 2005 Y

6.06 June 2006* Y

6.10 October 2006 Y

*Please notice that the period between the release of 5.10 and 6.06
is not 6 months but 8 months.

Ubuntu has a community to drive and manage its development
and maintenance. The Ubuntu community consists of people
living in all over the world. Ubuntu community takes charge of
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works such as bugs fixing, localizations, and so on. The Ubuntu
community also provides some infrastructure for distributed
development and maintenance, such as Bazaar (a distributed
version control system), and bug report system.

4.2 Analysis
4.2.1 Metrics Related to Modules.

We get the information of Modules from the Launchpad[1] which
is a distributed collaborative infrastructure for Ubuntu and other
open source software development. Ubuntu mainly grows though
a manner of adding new packages. So, we treat packages as the
modules we mention before. In Ubuntu community, some mem-
bers are in charge of auditing the packages and add them to Ub-
untu, here developers are refers them.

Table 3. The changes of CD.
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Version Release Date B1 (Number of
No. Reported bugs)
4.10 October 2004 0
5.04 April 2005 12000
5.10 October 2005 25000
* April 2006 44000
6.10 October 2006 70000

*As we mentioned in table 3.

Following figure shows out the change of No. of Reported Bugs.
From this figure, we can find the speed of the reported bugs’
growth is at lease linear or even much quicker.

100000
80000

60000 /
40000

Version Release Date CD (Number of
No. developers)
4.10 October 2004 13
5.04 April 2005 77
5.10 October 2005 120
* April 2006 192
6.10 October 2006 280

20000

0 A4

1st 2nd 3rd 4th 5th

*We use the number of April 2006 for substitution. That is the
reason why we left the fourth Version No. blank.

The following table points out the packages. There are over
17000 packages totally for Ubuntu. However, only a few packages
receive the official support. We only consider these packages here.

Table 4. The changes of M1

Figure 1. The change of B1
We also list the number of fixed bugs (BF), we also choose five
time point and the period between them is exact 6 month (common
release cycle).

Table 6. The changes of BF.

Version Release Date M1 (Number of
No. Modules)
4.10 October 2004 269
5.04 April 2005 436
5.10 October 2005 817
* April 2006 1225
6.10 October 2006 1658

Version Release Date BF (Number of
No. Fixed bugs)
4.10 October 2004 0
5.04 April 2005 2300
5.10 October 2005 7000
* April 2006 10000
6.10 October 2006 14000

*As we mentioned in table 3.

We use SPSS13.0 and choose Pearson Correlation Coefficients
and Two-tailed test of significant for the judgment of correlation.
The result is: (CD: 0.99, BF: 1, Sig.:0.001). Obviously, these two
are significantly correlated at the lever of 0.01.

This result tells us the increases of Modules correlate to the in-
crease of development team obviously. The growth speed of de-
velopers is not much slower than the speed of software growth;
this can provide part explanations to the linear (super-linear)
growth of OOS.

4.2.2 Metrics Related to Bugs and Bugs Fixing.

Ubuntu bug reports are also tracked in Launchpad. Till March
2007, there are totally 88259 bugs reported and near 30 thousands
are confirmed. The numbers of bugs at each release moment are
listed in following table. Please note that we just provide these
numbers in the precision of thousand and we exclude all redundant
reports.

Table 5. The changes of B1.

*As we mentioned in table 3.
We also use a figure to illustrate the change of number of fixed
bugs.

20000

15000

10000 /
5000 ///

O v
1st 2nd 3rd 4th 5th

Figure 2. The change of BF

The numbers of fixed bugs are increasing slower than the in-
creasing of bugs. We can find the unfixed bugs become more and
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more. How to find enough contributors for bug fixing is an urgent
problem proposed to all members of Ubuntu community. This is a
crucial issue for the further development of Ubuntu.

Table 7. The changes of FBR.

Version Release Date FBR
No.
4.10 October 2004 0
5.04 April 2005 0.192
5.10 October 2005 0.241
* April 2006 0.227
6.10 October 2006 0.200

*As we mentioned in table 3.

We can find that although both the B1ls and BFs increasing
quickly, the FBRs do not vary a lot. This accounts for the fact that
fixing bugs need much more professional knowledge and skills.
The team of bug fixing can not increase as quickly as users do.

The active users are the persons who provide the bug reports and
other related document. We get the number of active users through
use a program mining the bug record on the Launchpad according
the username of submitter, and find how many people submit bug
reports to the Launchpad system. The numbers of Active User are
listed in following table.

Table 8. The AU.

Version No. | Release Date AU
4.10 October 2004 Not valid
5.04 April 2005 1600
5.10 October 2005 4000

* April 2006 7000
6.10 October 2006 12000

*As we mentioned in table 3.

The growth of the active users is so quick; this reflects a fact
that the Ubuntu is more and more popular. More people begin to
use it and try to make contribution to the whole community
through submit the bug they encounter during their use.

Based on above descriptive data, we can easily calculate the fol-
lowing 4 metrics in this section. These metrics are summarized in
table. We use Pearson Correlation Coefficients and Two-tailed test
of significant. Following table show the results we gather by using
SPSS13.0

Table 9. The results of BC, BA, FC, FA

Metrics | Results

BC (CD: 0.99, B1:1, Sig.:0.001:)*
BA (AU: 0.99, B1:1, Sig.:0.000)*
FC (CD: 0.98, BF: 1, Sig.:0.002)*
FA (AU: 0.98, BF:1, Sig.: 0.003)*

* Correlation is significant at the 0.01 lever.

Though above table show us B1 and CD are related, However,
we do not think there are natural relationships between B1 and CD,
this may partly because of the Ubuntu is a young project, nearly
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everything is increasing. Therefore, the high values of and may
just by accident.

423 FIR.

The Ubuntu holds two main conferences annually. The main task
of these conferences is to discuss which features should be imple-
mented in the next release of Ubuntu, and then write specifications
for these features. These specifications are published through the
We have examined the historical documents of Ubuntu. By using
this information, we calculate the FIR for every release of Ubuntu.
We show this in following figure 3.

1 ’/‘\’/‘
0.8
0.6
0.4
0.2
0 I I I I

1st 2nd 3rd 4th 5th

Figure 3. The change of FIR
4.3 Discussion

From the data we gather through above analysis, we can find some
interesting facts about Ubuntu.

1. The increase of introduced packages shows great coherence
with the increase of members.

2. The increase of reported bugs shows great coherence with the
increase of Active Users (AU). This fact reflects the importance of
Active Users to the Quality of OSS. Besides, Active users also
contribute to the project through many other channels such as pro-
moting the use of Ubuntu.

However, the situation of bug fixing is not very positive. For
Ubuntu, there are over 10 thousand confirmed bugs which have
not been assigned for revising. This many cause some threats to its
quality in the long run.

3. The FIR is much higher than the Requirements Implementation
Ratio using traditional development method. As we know, in tradi-
tional “in house” software development, the percentages of ful-
filled requirements are no more than 70% generally. However, as
we show in figure 3, all of these five releases implemented 90%
suggested features. This phenomenon may lie on the power of
distributed intelligence.

5 Related Works

5.1 Evolution Metrics for Traditional “in house” Software
Systems

Lehman et al. [12, 13, 14] have built the foundation of research on
the evolution of large, long-lived software systems. The FEAST/1
project, beginning in 1996 and ending in 1998, aimed to construct
black- and white-box models of software system evolution, with
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special attention to feedback phenomena. The results of studying
several data series from their industrial collaborators support, or at
least do not contradict, the laws of software evolution formulated
in the 1970s. Moreover, three new laws have been identified: Con-
tinuing Growth, Declining Quality and Feedback System. The
project FEAST/2 focuses on control and exploitation of process
behavior. In [14], Lehman provided over 50 rules based on the eight
laws, which cover process planning, management and implementa-
tion, and suggested tools to be developed to support these activities.

Turski [21] suggests that system growth (measured in terms of
numbers of source modules and number of modules changed) is
usually sub-linear, slowing down as the system gets larger and
more complex.

Gall et al. [8] examined the evolution of a large telecom switch-
ing system both at the system level and within the top-level sub-
systems. They noted that while the system-level evolution of the
system seems to conform to the traditionally observed trend of
reduced change rates over time, they noted that the major subsys-
tems may behave quite differently from the system as a whole. In
their case study they found that some of the major subsystems
exhibited “interesting” evolutionary behaviors, but that these be-
haviors cancelled each other out when the full system was viewed
at the top level. They argue that it is not enough, therefore, to con-
sider evolution from the topmost level; one must also be con-
cerned about the individual parts as well.

Kemerer et al. [11] conducted an empirical study of software
evolution using the systems of a large United States retailer. Their
investigation focused on the types of changes, costs and effort to
evolve the software. They analyzed these factors from the prespec-
tive of Lehman’s laws. They provided detail information on the
analysis methods used in the study, such as comparing the time
series and sequence analysis of data, as they believed that at this
stage clarifying research methods is more important than obtaining
a large volume of results.

Coleman et al. [6] used two models of maintainability metrics to
the daily development and maintenance processes. They used
HPMAS (Hierarchical Multidimensional Assessment Model) to
assess the maintainability of software based on three dimensions:
Control structure, Information structure and Typography, naming
and commenting. They also provided polynomial regression model
that uses a polynomial equation to express maintainability in terms
of the associated metric attributes. These two models were cali-
brated against HP engineers’ subjective evaluation of 16 software
systems. These models were used in monitoring maintenance ac-
tivities, comparing software systems, and assisting the decision of
buy-versus-build.

5.1 Evolution Metrics for Open Source Software Systems
Godfrey and Tu [9] provide first studies on the quantitative met-
rics for the evolution of Open Source Software. In their case stud-
ies, they measured the metrics which is commonly used in
evaluating traditional “in house” software evolution. They meas-
ured the average size of implementation files (.c) and head
files (.h). Besides, they also mentioned the issues related to the
growth of subsystem and core subsystem. They found the growth
of OSS in a linear or super-linear pattern. Recently Robles et al.
[16] conclude that Lehman's laws; especially the 4th law is not
well fitted to large scale open source software systems.

Roy and Cordy[17] presents an analysis of the evolution behav-
ior of two small size open source software systems, the Barcode
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Library and Zlib, and got a surprising result. That is, unlike large
scale open source software systems, the evolution behavior of
these small size open source software systems appears to follow
Lehman's laws for software evolution.

Their main efforts are trying to find “why” the open source sys-
tems evolve through the “White Box” analysis of the software
artificial. The difference between our approach and theirs is that
we try to find “why” the open source systems evolve through the
combined consideration of the software and the communities be-
hind it. The things we interested are what make the OSS evolve in
its unique pattern. We do not treat the OSS as separated system
but try to link OSS with the unique environment (the community)
where it evolves.

6 Concluding Remarks

In this paper, we provide a preliminary study on the co-evolution
metrics of Open Source Software and Open Source Communities.
As the Open Source Software Development and Maintenance are
unique to traditional “in house” software development, traditional
metrics models have some defects in measuring the evolution of
0OSS. To avoid these defects, we suggest a new metrics set to
measure the evolution of Open Source Software. This metrics set
takes the Open Source Communities which drive the development
and maintenance of OSS into consideration. It defines some new
metrics for quantitatively assessment of the evolution of OSS. The
new metrics related to issues such as Modules, Bugs, and Bugs
Fixing.

We provide a lightweight case study on the evolution of Ubuntu
according its official release cycle. Through our investigation on
this popular Linux distribution, we find out that the Open Source
Community and its members also play essential role in OSS evolu-
tion. This is verified by the results of our case study. The coher-
ence between Ubuntu evolution and the evolution of its
community is obvious. The super-linear and linear growth of OSS
accounts great for the growth and maturation of the Open Source
Community.

Till now, our metrics set only refers to several factors in the
Open Source Software and Communities evolution. We will refine
it in future to make it more reasonable and comprehensive. Be-
sides, we consider that doing case study is an important method in
the study of large software system evolution. It can help to verify
our assumptions and find the relationship under the cover. It also
can help us in testing the usefulness of our metrics model. The
case study in this paper is very rough in a way. We will conduct
more case studies applying our metrics model in future. We hope
that our efforts will encourage further investigation into the evolu-
tion of OSD software systems.
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