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Abstract—In order to increase our ability to use measure-
ment to support software development practise we need to
do more analysis of code. However, empirical studies of code
are expensive and their results are difficult to compare. We
describe the Qualitas Corpus, a large curated collection abpen
source Java systems. The corpus reduces the cost of perfomgi
large empirical studies of code and supports comparison of
measurements of the same artifacts. We discuss its design,
organisation, and issues associated with its development.

Keywords-Empirical studies; curated code corpus; experi-
mental infrastructure

I. INTRODUCTION

there is still a non trivial cost to gathering the artifaatsnfi
enough OSS projects to make a study useful. One of the
main goals of the Qualitas Corpus is to substantially reduce
the cost of performing large empirical studies of code.
However, just measuring code is not enough. We need
models explaining the relationship between the measure-
ments and the quality attributes, and we need experiments
to validate those models. Validation does not come though
a single experiment — experiments must be replicated.
Replication requires at least understanding of the redatio
ship between the artifacts used in the different experiment
In some forms of experiments, we want to use the same

Measurement is fundamental to engineering, however itgrtifacts so as to be able to compare results in a meaningful
use in engineering software has been limited. While manyvay. This means we need to know in detail what artifacts
software metrics have been proposed (e.g. [1]), few arere used in any experiment, meaning an ad hoc collection
regularly used in industry to support decision making. A keyof code whose contents is unknown is not sufficient. What
reason for this is that our understanding of the relatignshi is needed is @uratedcollection of code artifacts. A second
between measurements we know how to make and qualityoal of the Qualitas Corpus is to support comparison of

attributes, such as modifiability, understandability,eest-
bility, reusability, and testability, that we care aboupisor.

This is particularly true with respect to theories regagdin

characteristics of software structure such as encapsnlati
inheritance, coupling and cohesion. Traditional engiimger

measurements of the same artifacts, that is, to provide a
reference corpus for empirical studies of code.
The contributions of this paper are:

« We present arguments for the provision of a reference
corpus of code for empirical studies of code.

disciplines have had hundreds or thousands of years of expe-
rience of comparing measurements with quality outcomes,
but central to this experience is the taking and sharing of
measurements and outcomes. In contrast there have been’
few useful measurements of code. In this paper we describe
the Qualitas Corpus, infrastructure that supports takimd) a
sharing measurements of code artifacts. The rest of the paper is organised as follows. In the
Barriers to measuring code and understanding what thaext section we present the motivation for our work, which
measurements mean include access to code to measure andudes inspiration from the use of corpora in applied
the tools to do the measurement. The advent of open sourdieguistics and the limited empirical studies of code thatd
software (OSS) has meant significantly more code is novbeen performed. We also discuss the use of reference collec-
accessible for measurement than in the past. This has led tmns in other areas of software engineering and in computer
an increase in interest in empirical studies of code. Howeve science, and discuss the need for a curated collection of

« We identify the issues regarding performing replication
of studies that analyse Java code.

We describe the Qualitas Corpus, a curated collection
of Java code that reduces the cost and increases the
replicability of empirical studies.



code. In section Il we discuss the challenges faced when Open source software has existed for several decades,
doing empirical studies of code, and from that, determinewith systems such as Unix, emacs, angKTTheir use in

the requirements of a curated corpus. Section IV presentsmpirical studies is relatively recent. For example, Mik¢

the details of the Qualitas Corpus, its current organisatio al. [8] studied about 90 Unix applications (including emacs
immediate future plans, and rationale of the decisions wapX, IATEX, yacc) to determine how they responded to input.
have taken. Section V evaluates the Qualitas Corpus. FinallFrakes and Pole [9] used Unix tools as the basis for a study

we present our conclusions in section VI. on methods for searching for reusable components.
During the 1990s the number of accessible systems in-
Il. MOTIVATION AND RELATED WORK creased, particularly those written in C++, and consedyent

. . the number of studies increased. Chidamber and Kemerer

The use of a standard collection of artifacts to support. . . .
. . . : . applied their metrics to two systems, one had 634 C++
study in an area is not new, neither in general nor in software
; . . ST Classes, the other had 1459 Smalltalk classes [1]. No furthe
engineering. One area is that of applied linguistics, where . .
.Information on the systems was given.

zf:gaLdUEZ;ggr?z?rs tgﬁsbﬁzlrsgzroz]L\:;?hov{;hforizarc:r_bemgBieman and Zhao studied inheritance in 19 C++ systems,
' P 99 ranging from 7 classes to 922 classes in size, with 2744

ziforrutt(i)oﬁ?sﬁdthcﬁ:a (;(t)l:zorg% IggdJ;eesgjr?gO?ftﬁ:g)orﬁ&;;i)veclasses in total [10]. They identified the systems studied,
y guage, pp but did not identify the versions for all systems.

of language, over the last few decaddsonically, it is the Harrison et al. applied two coupling metrics to five

availability of software systems support for language ocap collections of C++ code, consisting of 96, 197, 113, 61

that has enabled this form of research, whereas researchers . . -
- . ~ . and 12 classes respectively [11]. They identified the system
examining code artifacts have been slow to adopt this idea; ) .
. NN . Ihvolved but not the versions studied.
While the goals of applied linguistics research is not dyact

A Chidamber et al. studied three systems, one with 45
the same as ours, the similarities are close enough to warra

- i i . ++ classes, one with 27 Objective C classes, and one
examining how corpora are used in that field. Their use o o . .
. : L : identifying 25 classes in design documents [12]. They were
corpora is a major motivation for the Qualitas Corpus. We

o . . . required to restrict information about the systems stuéhed

will discuss language corpora in more detail in section Il :
commercial reasons.

By the end of the millennium, repositories supporting
open source development suchsasur cef or ge, as well

To answer the question of whether a code corpus iss the increase in effectiveness of Internet search systems
necessary, we sample past empirical studies of code. Bgheant a large number of systems were accessible. This
“empirical study of code” we mean a study in which the affected both the number of studies done, and often their
artifacts under investigation consist of source code,ethersize. A representative set of examples include one with 3
are multiple, unrelated, artifacts, and the artifacts wereairly large Java systems [13], a study of 14 Java systems
developed independently of the study. This rules out, fof14], and a study of 35 systems, from several languages
example, studies that included the creation of the codéncluding Java, C++, Self, and Smalltalk [15].
artifacts, such as those by Briand et al. [3] or Lewis et al. Two particularly large studies were by Succi et al. [16]
[4], and studies of one system, such as that by Barry [5]. and Collberg et al [17]. Succi et al. studied 100 Java and 100

Empirical studies of code have been performed for at leasC++ applications. The Java applications ranged from 28 to
four decades. As with many other things, Knuth was one 0036 classes in size (median 83.5) and the C++ applications
the first to carry out empirical studies to understand whatanged from 30 to 2520 classes (median 59). The actual
code that is actually written looks like [6]. He presented aapplications were not identified. Collberg et al. analysed
static analysis of over 400 FORTRAN programmes, totallingl1132 Javg ar files collected from the Internet. According
about 250,000 cards, and dynamic analysis of about 2% their statistics they analyse a total of 102,688 classes
programs. He chose programs that could “run to completionand 12,188 interfaces. No information was given as to what
from job submissions to Stanford’s Computation Centerapplications were analysed.
various subroutine libraries and scientific packages,reont  The studies described above suggest that there is interest
butions from IBM, and personal programs. His main moti-in doing studies that involve analysing code and the ability
vation was compiler design, with the concern that compilerso do such studies has significantly advanced our knowledge
may not optimise for the typical case as no-one knew whaébout the characteristics of code structure. There areaeve
the typical case was. The programs used were not identifiedssues with these studies however. The first is that none of

In another early example, Chevance and Heidet studiethese studies use the same set of systems, making it difficult
50 COBOL programs also looking at how language featureso compare or combine results. Another is that because full
are used [7]. The programs were also not identified and ndetails of the systems analysed are not provided, we are
details were given of size. limited in our ability to replicate them. A third issue is tha

A. Empirical studies of Code



it is not clear that even the authors are fully aware of whatersions of the code. While we are interested in analysing
they have studied, which we discuss further below. Finallythe source code, in some cases it is easier to analyse the
while the authors have gone to some effort to gather théinary version. However, it is frequently the case that what
artifacts needed for their study, few others are able tofitene is distributed in the source version is not the same as
from that effort, meaning each new study requires duplicate what is in the binary version. The source often includes

effort. The Qualitas Corpus addresses these issues. “infrastructure” code, such as that used for testing, code
. . demonstrating aspects of the system, and code that supports
B. Infrastructure for empirical studies the installation, building, or other management tasks ef th

Of course the use of standard collections of artifacts tacode. Such code may not be representative of the deployed
support research in computer science and software engtode, and so could bias the results of the study.
neering is not new. The use of benchmarks for various In some cases, this extra code can be a significant propor-
forms of performance testing and comparison is very maturetion of what is available. For examplgfFi n_Dat eMat h
One recent example is the DaCapo benchmark suite byersiorR1l- 0. 0 has 109 top-level non-test classes and 38
Blackburn et al. [18], which consists of a set of openJUnit test classes. If the goal of a study is to characterise
source, real world Java applications with non-trivial meyno how inheritance is used, then thidJni t classes (which
loads. Another example of research infrastructure is the Ne extendTest Case) could bias the result. Another examples
Zealand Digital Library project, which aims is to developth is fitj ava versionl. 1, which has 37 top level classes,
technology for the creation of digital libraries and make itand, in addition, 22 example classes. If there are many
available publicly so that others can use it [19]. example classes, which are typically quite simple, theg the
There are also some examples in Software Engineeringvould bias the results in a study to characterise some aspect
One is the Software-artifact Infrastructure RepositorfRlS of the complexity of the system design.
[20]. The explicit goal of SIR is to support controlled  Another issue is identifying the infrastructure code. Dif-
experimentation in software testing techniques. SIR plesi  ferent systems organise their source code in different ways
a curated set of artifacts, including the code, test suted, In many cases, the source code is organised as different
fault data. SIR represents the kind of support the Qualitasource directories, one for the system source, one for e te
Corpus is intended to provide. We discuss SIR’s motivatiorinfrastructure, one for examples, and so on. However there
in the section III. are many other organisations. For exampgé2 version
Bajracharya et al. describe Sourcerer, which provide®. 2-rc3 has nearly 90 different source directories, of
infrastructure to support code search [21]. At the time ofwhich only about 40 contain source code that is distributed
publication, the Sourcerer database held 1500 real-worléh binary form.
open source projects, a total of 254,049 Java classes, gath-The presence of infrastructure code means that a decision
ered from Sourceforge. Their goals are different to ours, buhas to be made as to what exactly to analyse. Without careful
it does give an indication as to what is available. investigation, researchers may not even be aware that the
Finally, we must mention the Purdue Benchmark Suiteinfrastructure code exists and that a decision needs to be
This was described by Grothoff et al. in support of theirmade. If this decision is not reported, then it impacts other
work on confined types [22]. It consisted of 33 Java systemsiesearchers’ ability to replicate the study. It may be pgussi
5 with more than 200 classes, and a total of 46,165 classe® avoid this problem by just analysing the binary form of
At the time it was probably the largest organised collectionthe system, as this can be expected to represent how the

of Java code, and was the starting point for our work. system was built. Unfortunately, some systems do include
i infrastructure code in the deployed form.
C. The need for curation Another complication is third-party libraries. Since such

If two studies that analyse code give conflicting reportssoftware is usually not under the control of the developérs o
of some phenomena, one obvious possible explanation ihe system, including it in the analysis would be misleading
that the studies were applied to different samples. If the tw in terms of understanding what decisions have been made
studies claimed to be analysing the same set of systems, vy developers. Some systems include these libraries in thei
might suspect error somewhere, although it could just be thadistribution and some do not. Also, different systems can us
the specific versions analysed were different. In fact, éiven the same libraries. This means that third-party library use
we limit our sample to be from open source Java systemsnust be identified, and where appropriate, excluded from
there is still room for variation even within specific versg  the analysis, to avoid bias due to double counting.
as we will now discuss. Identifying third-party libraries is not easy. Some syssem

In an ideal world, it would be sufficient for a researcher toare deployed as many archiyea( ) files, meaning it is quite
just analyse what was provided on the system’s downloatime-consuming to determine which are third-party libeari
website. However, it is not that simple. Open source Javand which are not. For examplepnpi er e version250d
systems come in both deployable (“binary”) and sourcehas 114 archive files in its distribution. Complicating the



identification of third-party libraries is the fact that sem of artifacts where they are not the object of study, but ptevi
systems have such libraries packaged along with the systemput to systems whose performance is the object of study.
code, that is, the library binary code has been unpackewhile any collection of code may be used for a variety of
and then repacked with the binary system code. This meargurposes, our interest is in the code itself, and so we refer
excluding library code is not just a matter of leaving out theto our collection as a corpus.
relevant archive file. Corpora are now commonly used in linguistics and there
Some systems are careful to identify what third-partyare many used in that area, such as the International Corpus
systems are included in the distributioec( i pse for  of English [23]. The development of standard corpora for
example). However usually this is in simple text documentvarious kinds of linguistics work is an area of research in
that must be processed by a human, and so some judgematself. Hunston says the main argument for using a corpus
is needed. is that it provides a reliable guide to what language is like,
Another means to determine what to analyse might be tanore reliable than the intuition of native speakers [2, p20]
look at the code that appears in both source and binary fornThis applies to programming languages as well. While both
Since there is no need for third-party source to be distithut research and trade literature contain many claims about use
we might reasonably expect it would only appear in binaryof programming language features, code corpora could be
form. However, this is not the case. Some systems do imsed to provide evidence for such claims.
fact distribute what appears to be original source of third- Hunston lists four aspects that should be considered when
party libraries (for exampleonpi er e version250d has  designing a corpussize content representativenessand
a copy of the Apache Element Construction'Sbat differs ~ permanenceRegarding size, she makes the point that it is
only in one class and that only by a few lines). Also, somepossible to have too much information, making it difficult
systems provide their own implementations of some thirdto process it in any useful way, but that generally lingassti
party libraries, further complicating what is system codd a researchers will take as much data as is available. For the
what is not. Qualitas Corpus, our intent is to make it as big as is prdgtica
In conclusion, to study the code from a collection of given our goal of supporting replication.
systems it is not sufficient to just analysis the downloaded According to Hunston, the content of a corpus primarily
code, whether it is binary or the original source. Decisiongdepends on the purpose it used for, and there are usually
need to be made regarding exactly what is going to bejuestions specific to a purpose that must be addressed in the
analysed. If these decisions are not reported, then théésesudesign of the corpus. However, the design of a corpus is also
may be difficult to analyse (or even fully evaluate). If the impacted by what is available, and pragmatic issues such
decisions are reported, then anyone wanting to replicate thas whether the corpus creators have permission from the
study has, as well as having to recreate the collection, thauthors and publishers to make the contents available. The
addition burden of accurately recreating the decisions. primary purpose that has guided the design of the Qualitas
If the collection is curated that is, the contents are Corpus has been to support studies involving static arslysi
organised and clearly identified, then the issues describeaf code. The choice of contents is due to the large number
above can be more easily managed. This is the purpose of open source Java systems that are available.

the Qualitas Corpus. The representativeness of a corpus is important for making
statements about the population it is a sample of, that is,
IIl. DESIGNING A CORPUS the generalisability of any conclusions based on its study.

In discussing the need for the Software-artifact Infrastru Hunston describes a number of issues that impact the design
ture Repository (SIR), Do et al. identified five challengextth Of the corpus, but notes that the real question is how the
need to be addressed to support controlled experimentatiofepresentativeness of the corpus should be taken into atcou
supporting replicability across experiments; supportigg ~ When interpreting results. The Qualitas Corpus supporss th
gregation of findings; reducing the cost of controlled exper assessment by providing full details of where its entrigsea
iments; obtaining sample representativeness; and isglati from, as well as metadata on such things as the domain of
the effects of individual factors [20]. Their conclusionsva an entry.
that these challenges could be addressed to one degree ofFinally, Hunston notes that a corpus needs to be regularly
other by creating a collection of relevant artifacts. updated in order to remain representative of the current

When collecting artifacts, the target of those artifactsusage, and so its design must support that.
must be kept in mind. Researchers use the artifacts in SIR
to determine the effectiveness of techniques and tools for
testing software, that is, the artifacts themselves arehrot ~ The current release is 20090202. It has 100 systems, 23

objects of study. Similarly, benchmarks are also a cobecti Systems with multiple versions, with 400 versions tota. It
distributed form is 5.4GB, and once installed is 18.8GB.

lhttp://jakarta.apache. org/ ecs It contains the source and binary forms of each system

IV. THE QUALITAS CORPUS
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ontents omitted Figure 2. Systems in the Qualitas Corpus.

compressed
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Other versions omitted

ant-1.7.1

distributed as a single archive file, then it is unpackesrin

apache—ant—l-fl—bin-zi# and the relevant files are copied irtin.
The original distribution is provided exactly as down-
apache—ant—lj_l—src_zi‘ loaded from the system’s download site. This serves several

purposes. First, it means we can distribute the corpus witho
creating thebin andsrc forms, as they can be automatically
created from the distributed forms, thus reducing the size
of the corpus distribution. Second, it allows any user of the
corpus to verify that théin andsrc forms match what was
distributed, or even create their own form of the corpus.
Third, many distributions contain artifacts other than the
code in the system, such as test and build infrastructure

version as distributed by the developers (section IV-B)e Th @nd S0 we want to keep these in case someone wishes to
100 systems had to meet certain criteria (section Iv-Cc)@nalyse them as well. We also provide metadata in the file
These criteria were developed for the first external release PT Oper ti es (section IV-D). _ o

one consequence of which is that some systems that were Ve use a standard naming convention to identify systems
considered part of the corpus previously now are not as thegnd versions. A system is identified by a string that cannot
do not meet the criteria (section IV-I). There are question§Ontain any occurrence of-*. A version is identified
regarding what things are in the corpus (section IV-E). ThePY <syst em>- <ver si oni d>, where<syst en® is the

next release is scheduled for the middle of July 2010 (sectioSyStém name, andver si oni d> is some system-specific
IV-J). version identifier. Where possible, we use the names used

Ry the original distribution. So far, the only time we have
not been able to do this is when the system name contains
“-”, which we typically replace with “”.
Figure 1 shows an example of the distribution &t .
There are 18 versions @it , fromant - 1. 1 to ant - 1.
7.1. The original distribution ofant- 1. 7. 1 consists
of apache-ant-1. 7. 1- bi n. zi p, containing the de-
The corpus contains of a collection ejstems each of ployable form of ant, which is unpacked inbin, and
which consists of a set ofersions Each version consists of apache- ant- 1. 7. 1-src. zi p containing the source
the original distribution ¢ompressed and two “unpacked” code, unpacked isrc.
forms, bin and src. The unpacked forms are provided in
order to reduce the costs of performing studies. Binedform
contains the binary system as it was intended to be used, Figure 2 lists the systems that are current represented in
that is, Java bytecode. Theec form contains everything in the corpus. Figure 3 gives an idea of how big the systems
the source distribution. If the binary and source forms areare, when listing the latest version of each system in the

Contents omitted

Figure 1. Organisation of Qualitas Corpus.

As discussed previously, the main goals for the corpus ar
that it reduces the costs of studies and supports replicafio
studies. These goals have impacted the criteria for inmfusi
and the corpus organisation.

A. Organisation

B. Contents



releases. While we intend to continue to distributed
previous releases, we assume most people would pre-
fer not to have to juggle multiple versions of the
corpus.

System sizes

100000

5 E 2) Written in Java The choice of Java is due to both

= the amount of open source code available (far more
g Lt than C# at the moment, although perhaps not as
3 1000 ¢ MM#**“M i much as C++) and the relative ease with which it can
2 e be analysed (unlike, for example, C++). Should the
= e opportunity arise, other languages will be added, but

100 Ea E : . .
Lt doing so is not a priority at the moment.
’ 3) Distributes both source and binary forms One
0 advantage with Java is that its “compiled” form is
System ordered by top level types also fairly easy to analyse, easier than for the source
code in fact (section IV-E), however there are slight
Figure 3. Distribution of sizes of systems.

differences between the source and binary forms.
Having both forms means that analysis results from
the binary form can be manually checked against the
source.

Table |
DOMAINS REPRESENTED IN THE CORPUS

Domai No. .
3§g?;ghics,media g In ordpr for it to make_ sense to have both source
IDE 4 and binary forms, the binary form must really be the
ga'?tgbase ; binary form of the source. It is expensive (in time) to
diagram/visualisation 9 downlogd source _and then compile it as every project
games 3 has a different build technology (e.gnt , bat files,
middleware 15 usesecl i pse infrastructure) that takes significant
parsers/generators/make 8 ffort t derstand. We h de the decisi ¢
programming language| 2 effort to understand. We have made the decision to
testing 12 simply take what is distributed by the developers, and
tool 27 assume that the binary form is from the source that is

distributed. For this reason, we only include systems
that do actually distribute both forms in a clearly
identifiable way.

This rules out, for example, systems whose source are
only available through a source control system. While
in theory it should be possible to extract the source
relevant to a given binary release, being confident that
we can extract exactly the right versions of each file
is sufficiently hard that we just avoid the problem at
the moment. In the future we hope to relax this, at
least for systems where the relevant source version is
clearly labelled.

Distribute binary forms as a set of jar files The
binary form of systems included in the corpus must be
bundled as j ar files, that is, not war , . ear, etc,

and not unbundledcl ass files. This is solely due to
the expectations of our tools for managing the corpus
and doing analysis using the corpus. This criteria will
probably be the first to completely go away.

Available to anyone independent of the corpus

current release in order of number of top-level types (that
is, classes, interfaces, enums, and annotations). Ndtéhtha
y-axis is on a log scale. Table | shows the representatigenes
of the corpus in terms of domains represented and number
of systems in each domain.

For the most part, the systems in the corpus are open
source and so the corpus can contain their distributions,
especially as what is in the corpus is exactly what was
downloaded from the system download site. One exception
to this isj r e. The license agreements for the binary and
source distributions appear to not allow their inclusion in  4)
the corpus. Sincér e is an interesting system to analyse,
we consider it part of the corpus however corpus users must
download what they need from the Java distribution site.
What is provided by the corpus is the metadata similar to
that for other systems.

C. Criteria for inclusion 5)

Currently, the criteria for a system to be included in a
release of the corpus are as follows:

1) In the previous releaseWe do not want to remove

things from a release that was in a previous release.
This allows people to have the latest release and yet
still be able to reproduce studies based on previous

This criteria is intended to avoid ephemeral systems
that crop up from time to time, or systems that are
only known to us that cannot be acquired by other
researchers. This allows the possibility of others to
independently check the decisions we have made.

This is the hardest one to meet, as we can not be



sure when development will stop on some systemd4, its sour cepackages value is ‘org. gudy com
Some systems we used (and analysed) before the firstel i ti s”, indicating that types such asom ael i ti s.
external release of the corpus have suffered this fateazur eus. core. Azur eusCore and org. pf.file.
and so are not in the corpus. In fact we already haved=i | eUt i | are considered part of that versionadfur eus,
the situation where the version of a system we have irwhereag ava. | ang. St ri ng would not.
the corpus is now apparently no longer available, as Other metadata we keep includes the release date of the
the developers only appear to keep (or make availableersion, notes regarding the system and individual vession
at least) the most recent versions. Due to criteria 1domain information, and where the system distribution came
we have chosen to keep these, even though they dfvom. The latter allows users of the corpus to check corpus
not meet this criteria. contents for themselves.
6) Identifiable contents As discussed in section II-C,
it is not always easy to determine what the content&: ISSU€s
of a system are. If there is uncertainty regarding the Given the goal of replication of studies, the biggest
contents of a system, we do not include it. challenge we have faced is clearly identifying the entjtées
For example, the binary form afet beans has 400+ discussed in section |I-C. There are, however, other issues
jar files. Trying to determine what is relevant and whatwe face. One is that systems change their name, such as the
is not has proven to be a challenge that we are stilkystem that used to be calle@ur eus now being called
struggling with, and so it is not in the corpus (yet). vuze. This creates the problem of whether the corpus entry
These criteria were developed to simplify some aspectshould also change its name, meaning corpus users would
of the management of the corpus. Eventually hope some diave to be aware of this change when comparing studies
them will be relaxed (e.g. 2 and 4) or will have less impactdone on different releases of the corpus, or maintaining the
(e.g. 6). old name in the corpus. We have chosen the latter approach.
D Metadata Another issue is v_vhat to do when §ystems stop being
' supported or otherwise become unavailable. One example
As part of the curation process we gather metadata abo this issue isj gr aph, which is no longer open source.
each system version, and one of our near-term goals is tgince we keep the original distribution as part of the coypus
increase this information (section 1V-J). The corpus plegi  there should be no problem with simply keeping such
th|S metadata in part to reSOIVe the iSSUeS discussed in Se§y8tems in the Corpus_ There iS a concern however that over
tion II-C Ideally we would like have the exact specification tjme such systems will become outliers in terms of their

as to what the developers consider to be “in” the systemepresentativeness. For now we will just note the status of
however it is a very time consuming process to get suckych systems.

information and it is not clear that even the developers @oul
necessarily agree amongst themselves. Instead, we follolv Content Management

these two principles: Following criteria 1, a new release contains all the ver-
« Do not include something in a given system if it could sions of systems in the previous release. There are however
also appear in some other system in the corpus. Thisome changes between releases. If there are errors in a
will avoid (or at least reduce) double-counting of code previous release (e.g. missing or wrong metadata, mis-dame
measurements that are done over the entire corpus. systems or versions, problems with installation) then we
« Make some decision about what is in a system andyill fix them, while providing enough information to allow
document it This means that even if the decision is people to determine how much the changes may affect
not necessarily the best, others trying to reproduce attempts to reproduce previous studies.
given analysis will know what actually was analysed. We have developed processes over time to support the
One place where metadata is kept is infx operti es management of the corpus. The two main processes are for
file (see Figure 1). This file is formatted so that it canmaking a new entry of a version of a system into the corpus,
be easily managed usincava. util . Properties. For  and creating a distribution for release. In the early ddyesé
example, the decision we have made regarding what igvere all manual, but now, with each new release, scripts are
identified as being in a given version of a system is recordetieing developed to automate more parts of the process.
in the sour cepackages field of the . properties S
file. This is a space-separated list of prefixes of packC- Distributing the Corpus
ages of Java types. Any type whose fully-qualified name To install the copy one acquires distribution for a
has one of the listed package prefixes as a prefix oparticularrelease The release indicates the decision point
the name is considered a type that was developed faoas to what is in the corpus and so is used for identification
the system, and everything else is considered as ben studies (section IV-H). A given distribution of a release
ing a library type. For example, foazur eus- 3. 0. 3. provides support for particular kinds of studies. For exiEmp



one distribution contains just the most recent version chea  As the corpus has developed it has undergone some
system in the corpus. For those interested in just “breadththanges. The main changes have been in terms of the
studies, this distribution is simpler to deal with (and muchmetadata that is maintained, however there has also been
smaller to download). As the corpus grows in size wea change in terminology. Initially, the terminology used
anticipate other distributions will be provided. was that the corpus contained “versions” of “applicatigns”
Releases are identified by their date of release (in ISGowever “application” implied something that functioned
8601 format). The full distribution uses the release dateindependently. This created confusion for such things as
whereas any other distribution will use the release date arj-gr aph or spri ngf r anewor k, which are not useful by
notated to indicate which distribution it is. For examplet themselves. We now use “versions” of “systems”.
current release 20090202 and the distribution containing
only the most recent versions of system2@090202r . J. Future Plans
. As noted earlier, the next release is scheduled for July
H. Using the corpus 2010. As well as about 90 new versions of existing systems
The corpus is designed to be used in a specific way. Abut at this point, no new systems), the main change will be
properly-installed distribution has the structure ddsediin  the addition of significantly more metadata. We anticipate
section IV-A. If every study is performed on the completethat the next full distribution will be about 10GB, and when
contents of a given release, using the metadata provided it is installed will be nearly 50GB.
the corpus to identify the contents of a system (in particula One aspect will be improving the domain identification
sour cepackages, section IV-D), then the results of those mentioned in section IV-D to use a more rigorous classifi-
studies can be compared with good confidence that compatation system. The new metadata will list, for evejyava
ison is meaningful. Furthermore, what is actually studiedfile in src and every. cl ass file found in an archive ifin,
can be described succinctly by just by indicating the r&leasthe actual location of the file, plus information regardirgh
(and if necessary, particular distribution) used. the Java type these files corresponds to is classified in the
There is, however, no restriction on how the corpus carcorpus.
be used. It has been quite common, for example, to use a Figure 4 shows an example of the data provided. It shows
subset of its contents in studies. In such cases, in addiion three entries foant - 1. 7. 1 (out of 6444). The first and
identifying the release, we recommend that either what hathird entries show that there are batkl ass (column 2)
been included be identified by listing the system versionsind. j ava files (column 3) files corresponding to the Java
used, or what has been left out similarly identified. If typesor g. apache. tool s. zi p. Zi pEntry andor g.
systems not in the corpus are also used in a study, then napache. t ool s. zi p. Zi pExtraFi el d. The middle
only do the system versions need to be identified, but somentry, for or g. apache. t ool s. zi p. Zi pEntry, does
discussion regarding how the issues described in secti@n Il not have an entry in column 2 indicating that while there
have been resolved, and, ideally, some indication as to hovs source code for it, it is not part of thent deployment.
others can acquire the same system code distributions. Column 4 indicates whether the entry corresponds to a
) type identified as being in the system (that is, matches
| History the sour cepackages value), with 0 indicating it does.
The Qualitas Corpus was initially conceived and devel-Column 5 provides a summary of what forms the type exists
oped by one of us (Melton) for Ph.D. research during 2005in the corpus (0 meaning it is in bosiic andbin, 1 for bin
Many of the systems were chosen because they have beenly, and 2 forsrc only. The last column indicates whether
used in other studies (e.g., [22], [14], [15]) although nibt a or not the entry is for a type that is considered “distribtited
were still available. In its first published use (the work wasSuch types should also occur bin, so this information
done in 2005 but published later) there were 21 systems isan be used to identify non-public types — types that are
the corpus [24]. declared in files with different names. Such types would be
The original corpus was used and added to by members g&corded as being not distributed buthim.
the University of Auckland group over the next three years, The information shown in the figure is provided in a tab-
growing from 21 systems initially. It was made available for separated file, along with scripts that do basic analysis and
external release in January of 2008, containing 88 systemsyhich can be extended by users of the corpus. The corpus
21 systems with multiple versions, a total of 214 entries.structure will changed to addraetadatadirectory alongside
As noted earlier, some of the systems that were originallypin, compressed andsrc. This will also allow for adding
in the corpus and used in studies before its release did nather kinds of metadata in the future.
meet the criteria used for the external distributions. By th  Our plans for the future of the corpus include growing it
end of 2008, there were 100 systems in the corpus. Sinde size and representativeness (section V), making it easie
then, development of the corpus has focused on improvingp use for studies, and providing more “value add” in terms
the quality of the corpus, in particular the metadata. of metadata.



.o.r.g.[...].Zi pEntry apache-ant-1.7.1/1ib/ant.jar apache-ant-1.7.1/[...]/Zi pEntry.java 000
org.[...].Zi pEntryTest apache-ant-1.7.1/[...]/Zi pEntryTest.java 0 2 1
/[...]/Z pExtraField.java 0 0 O

org.[...].Zi pExtraField apache-ant-1.7.1/lib/ant.jar apache-ant-1.7.1

Figure 4. Metadata for system version content detailsafor- 1. 7. 1. Some names have been elided for space.

One consequence of those outside the University ofelatively cheap comparison between commercial and open
Auckland group using the corpus has been suggestions faource code.
systems to add. We have begun identifying suitable candi- There has been less use of the ability to replicate exper-
dates for the first post-July release from these suggestiongnents or compare results across experiments. Given that
We will mainly consider large systems for this release. Inthe corpus has only been available relatively recenthg thi
the past such systems have typically been very expensiig perhaps not surprising. Once other measurements and
to process, however the scripts that produce the metadataetadata become part of the corpus itself, we hope this will
described above will reduce that cost, making it easier t@¢hange.
grow the corpus this way. This should allow us to, for ~As Do et al. note, use of infrastructure such as the Qualitas
example, include systems with complex structures such asorpus can be both of benefit and can introduce problems
net beans. [20]. They note that misuse by users who have not followed
Another consequence of people using the corpus is thélirections carefully can be a problem, as we have also ex-
need to perform studies different than what we originallyperienced. An example of where that can be a problem with
envisaged. One example of this is that some studies neafle corpus is not using theour cepackages metadata
to have a complete deployable version of a system (e.g. foo identify system contents, meaning it is not clear which
dynamic analysis). As we originally were only thinking of entities have being studied.
doing static analysis, we did not by default include third- The main issue with the corpus is its representativeness.
party libraries in the corpus. We have now begun developingor now, it contains only open source Java systems. This
the infrastructure to provide versions that are deployable jssue is faced by any empirical study, but any users of the
As there are more users of the corpus, more informatioorpus must address it when discussing their results.
(such as measurements from metrics) about the systems inHynston observes that there are limitations on the use
the corpus is being gathered. We would like to include someyf corpora [2]. While the points she raises (other than
of these measurements as part of the metadata in the futui@presentativeness) do not directly relate to the Qualitas
Corpus, they do raise an issue that does apply. The code

in the corpus shows us what a software developrte

The Qualitas Corpus has been in use now for 5 years, angy;t what it cannot tell us is what thistentof the developer
has been made externally available for just over 2 yearsyas.

There have been over 30 publications describing studies
based on its use (see the website for details [25]). Increas-
ingly, the publications are by researchers not connected to
the original development group. It is in use by about 15 In order to increase our ability to use measurement of
research groups spread across 9 countries. It is being usedde to support software development practise we need to do
for Ph.D., Masters, and undergraduate research. Some ofore measurement of code in research. We have argued that
the users have started contributing to the development d¢his requires large, curated corpora with which to conduct
the corpus, as evidenced by the author list of this paper. code analysis empirical studies. We have discussed thesissu
Looking at how the corpus has been used, primarily it hasissociated with developing such corpora and how these
been due to the reduced cost for developing experimentsnight impact their design.
It is difficult to determine the cost of the development of In this paper we have presented the Qualitas Corpus, a
the corpus since early on it was done as an adjunct tourated collection of open-source Java systems. This sorpu
research, rather than the main goal. However it is certainlgignificantly reduces the cost of empirical studies of code
more than 1000 hours and could easily be double that. Anpy reducing the time needed to find, collect, and organise
user of the corpus directly benefits from this effort. Somethe necessary code sets to the time needed to download the
users have in fact used the corpus merely as a starting poinbrpus. The metadata provided with the corpus provides an
and added other systems of interest to them. In some case=sxplicit record of decisions regarding what is being stddie
those other systems have been commercial systems, allowifidhis means that studies conducted with the corpus are easily

V. DISCUSSION

VI. CONCLUSIONS



replicated, and the results from different kinds of studies
more likely to be able to be sensibly compared.

(12]

The Qualitas Corpus is the largest curated corpus for code
analysis studies, with the current version having 400 code
sets, representing 100 unique systems. The next reledse wits]
increase that by about 25%. The corpus has been successful,

in that it is now being used by groups outside its original

creators, and the number and size of code analysis studié]s‘l]
has significantly increased since it has become availabde. W

hope that it will further encourage replication and sharing

of experimental results.

Further development is planned, with short term plang15]

including providing metadata describing the contents chea

system version and longer term plans increasing its size and

representativeness.
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