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Abstract

Software engineering is concerned with the study of systematic approaches
towards software development and maintenance. According to many au-
thors, software engineering is an empirical science as it strives to produce
models that capture the characteristics of the development process or to
predict its behaviour. Being an empirical science, software engineering is in
a constant need for data.

The emergence of the Open Source Software (oss) movement has pro-
vided software engineering researchers with rich process and product data.
oss projects make their source configuration management, mailing lists and
issue tracking database systems publicly available. Although they are free to
use, oss data come with a cost for the researcher. During a lifetime spanning
multiple decades, several oss projects have amassed gigabytes of data worth
studying. The computational cost for processing such large volumes of data
is not trivial and lays beyond the capabilities of single workstation setups.
Moreover, each project uses its own combination of the aforementioned and
other project management systems management tools, such as Wikis and
documentation generators. Without the appropriate abstractions, it is chal-
lenging to build tools that can process data from various projects at the
same time.

In the recent years, software engineering research benefited from the
availability of oss repositories and a new stream of research that takes ad-
vantage of the rich process data residing in those repositories emerged. To
evaluate the extend and use of oss data in empirical software engineering
studies, we conducted a systematic literature review. Specifically, we con-
structed a classification framework which we then applied on 70 randomly
selected studies published in various software engineering publication outlets
from 2003 onwards. The classification provided interesting insights:

• Studies are being performed almost exclusively on data originating
from oss projects.

• The vast majority of studies use data from less than 5 projects.

• There is no cross validation of the results of published works.

We attribute the obtained results to the inherent complexity of exper-
imenting with oss data. To remedy the situation, we propose performing
large scale software engineering research studies on an integrated platform,
that combines easy to use and extend tools and readily analysed data. Draw-
ing from the experiences of other mature empirical fields, we believe that
shared research infrastructures are crucial for advancing the state of the
art in research, as they enable rigourous evaluation, experiment replication,
sharing tool, results and raw data and, more importantly, allow researchers
to focus on their research questions instead of spending time to re-implement
tools or pre-process data.



In this thesis, we investigate novel ways to integrate process and prod-
uct data from various oss repositories in an effort to build an open Software
Engineering Research Platform (serp) consisting of both software tools and
shared data. We base our work on sqo-oss, a tool designed to perform
software quality analysis. We analyse the design of the raw data and meta-
data storage formats and as part of its implementation, we develop novel
solutions to the problems of: (i) representing distributed and centralised
source configuration management data in relational format (ii) identifying
and resolving developer identities across data sources, and (iii) efficiently
representing and distributing processing workload towards fully exploiting
the available hardware.

To demonstrate the validity of our approach, and the effectiveness of the
proposed platform in conducting large scale empirical research, we perform
two case studies using it. The first one examines the effect of intense email
discussions on the short-term evolution of a project. The hypothesis under
investigation is that since oss projects have limited human resources, in-
tense discussions on mailing lists will have a measurable effect on the source
code line intake rate. After examining the characteristics of intense com-
munications, we construct a model to calculate the effect of discussions and
implemented it as an extension to our platform. We run the study on about
70 projects and we find that there is no clear impact of intense discussions
in short term evolution.

In the second case, we correlate maintainability metrics with key devel-
opment process characteristics to study their effect on project maintenance.
Specifically, we study whether the number of developers that have worked
on a project or on a specific source module is indicative of how maintain-
able the project as a whole or the module is. Using the serp platform, we
run the study on 210 c and Java projects. We find no correlation between
the number of developers that have worked on a project or a source code
module and its maintainability, as this is measured by the maintainability
index metric.

One of our findings is that in both case studies, the application of bias
on the selection of the examined sample, would lead to completely different
results. In fact, we show that there are more hypothesis validating cases
(even though the hypotheses have been overall invalidated) for each case
study than the average number of cases evaluated per case study in currently
published studies, which we derived from the systematic literature review.
We consider this result as a strong indication of the value of large scale
experimentation we advocate in this thesis.

Overall, our contribution has both a scientific and a practical aspect.
More specifically:

• We describe a framework for classifying empirical software engineering
research works and we use it to analyse the shortcomings of the current
state of the art.

• We analyse the requirements and describe the design of a platform for
large scale empirical software engineering studies.



• We introduce a relational schema for storing metadata from software
repositories, which provides our platform with enough abstractions to
retrieve software process metadata across projects and across software
repositories.

• We introduce an algorithm for mapping semi-structured data from
software configuration management repositories in a relational format.

• We introduce algorithms for resolving developer identities across data
sources and for distributing the load of computation across nodes in a
cluster environment.

• We validate our platform by conducting two case studies using it. We
find that intense email discussions do not affect short term project
evolution and that development team size does not affect software
maintainability at the module or project level.

• We show that the results of the aforementioned case studies could
be radically different if bias is applied on the selected experimentation
dataset, thereby validating our thesis on the importance of conducting
experiments on large scale datasets.

Finally, we make the software we developed and the data we produced
available to the research community under non-restrictive licenses.





PerÐlhyh

O tomèac thc mhqanik c logismikoÔ asqoleÐtai me th susthmatik  melèth
twn diadikasi¸n an�ptuxhc kai sunt rhshc logismikoÔ. SÔmfwna me polloÔc
suggrafeÐc, h mhqanik  logismikoÔ eÐnai mia empeirik  epist mh, kaj¸c prospajeÐ
na dhmiourg sei montèla pou exhgoÔn ta qarakthristik� thc diadikasÐac an�ptuxhc
 /kai ta problèpoun. Wc empeirik  epist mh, h mhqanik  logismikoÔ qrei�zetai
dedomèna gia thn diexagwg  ereun¸n.

To kÐnhma EleÔjerou LogismikoÔ / LogismikoÔ AnoiqtoÔ K¸dika (EL-
LAK) èqei katast sei prosb�sima stouc ereunhtèc mhqanikoÔc logismikoÔ
ploÔsia dedomèna pou aforoÔn th diadikasÐa an�ptuxhc kai to Ðdio to lo-
gismikì gia di�fora èrga. Ta èrga ELLAK parèqoun pl rh prìsbash se de-
domèna tou sust matoc elègqou ekdìsewn, twn list¸n hlektronikoÔ taqudromeÐou
kai thc b�sewn dedomènwn laj¸n. An kai ta dedomèna eÐnai anoikt� sthn ère-
una, h qr sh touc èqei meg�lo kìstoc gia touc ereunhtèc. Kat� th di�rkeia
zw c twn èrgwn, pou se merikèc peript¸seic epekteÐnetai se parap�nw apì
mia dekaetÐec, ta èrga ELLAK èqoun susswreÔsei meg�louc ìgkouc de-
domènwn pou axÐzei na melethjoÔn. To upologistikì kìstoc gia thn epex-
ergasÐa tìso meg�lwn ìgkwn dedomènwn se sunduasmì me thn poluplokìthta
twn mejìdwn an�lushc kajistoÔn asÔmforh qronik�   adÔnath thn ektèlesh
meg�lwn peiram�twn stouc tupikoÔc upologistèc. Epiplèon, k�je èrgo EL-
LAK qrhsimopoieÐ diaforetikoÔc sunduasmoÔc twn ergaleÐwn diaqeÐrishc pou
proanafèrjhkan. QwrÐc tic kat�llhlec afairetikèc domèc, eÐnai dÔskolo na
kataskeuastoÔn ergaleÐa pou ma mporoÔn na epexergastoÔn dedomèna proerqìmena
apì diaforetik� èrga.

Prìsfata, h èreuna sthn teqnologÐa logismikoÔ wfel jhke apì thn di-
ajesimìthta twn apojethrÐwn ELLAK, kai san sunèpeia dhmiourg jhke mia
kainoÔria ereunhtik  kateÔjunsh pou ekmetalleÔetai ta ploÔsia dedomèna di-
adikasÐac kai proðìntoc pou up�rqoun se aut�. Gia na ektim soume thn èktash
kai thn qr sh dedomènwn pou proèrqontai apì èrga ELLAK sthn èreuna,
melet same susthmatik� th bibliografÐa. Sugkekrimèna, kataskeu�same èna
plaÐsio taxinìmhshc me th bo jeia tou opoÐou taxinom same 70 tuqaÐa epi-
legmènec dhmosieÔseic pou èginan apì to 2003 kai èpeita. H taxinìmhsh mac
pareÐqe qr simec plhroforÐec:

• Oi trèqousec melètec gÐnontai sqedìn apokleistik� me dedomèna apì
èrga ELLAK.

• H meg�lh pleioyhfÐa twn melet¸n qrhsimopoioÔn dedomèna apì ligìtera
twn 5 èrga.

• Den br kame peript¸seic epanalhptik c epal jeushc melet¸n

ApodÐdoume ta parap�nw apotelèsmata sthn eggen  poluplokìthta tou
peiramatismoÔ me dedomèna pou proèrqontai apì èrga ELLAK. Gia thn an-
timet¸pish thc kat�stashc, proteÐnoume thn dienèrgeia meg�lhc klÐmakac melet¸n
se mÐa oloklhrwmènh platfìrma pou sundu�zei eÔkola sth qr sh kai epèktash
ergaleÐa kai dedomèna pou èqoun  dh analujeÐ. Basizìmenoi sthn empeirÐa



�llwn, ¸rimwn, empeirik¸n pedÐwn, pisteÔoume ìti oi diamoirazìmenec upodomèc
èreunac eÐnai zwtik c shmasÐac gia thn pro¸jhsh thc èreunac, kaj¸c epitrèpoun
thn austhr  axiolìghsh, thn antallag  dedomènwn, ergaleÐwn kai apote-
lesm�twn kai, poio shmantik�, epitrèpoun stouc ereunhtèc na esti�soun tic
prosp�jeièc touc sthn ap�nthsh ereunhtik¸n erwthm�twn antÐ sthn an�ptuxh
ergaleÐwn   thn pro-epexergasÐa twn dedomènwn.

Se aut  th diatrib , diereunoÔme kainoÔrgiouc trìpouc gia na enswmat¸soume
dedomèna diergasÐac kai proðìntoc apì di�fora apojet ria èrgwn ELLAK,
dhmiourg¸ntac thn anoiqt  platfìrma peiramatismoÔ teqnologÐac logismikoÔ
serp . H platfìrma perilamb�nei tìso ergaleÐa ìso kai dedomèna. BasÐzoume
th doulei� mac sto ergaleÐo an�lushc poiìthtac logismikoÔ sqo-oss . AnalÔoume
to sqediasmì twn diamorf¸sewn arqeÐwn gia thn apoj keush prwtogen¸n
dedomènwn kai metadidìmenwn kai parousi�zoume tic lÔseic pou d¸same sta
probl mata thc a) anapar�stashc dedomènwn apì kentrikopoihmèna kai dies-
parmèna apojet ria logismikoÔ se sqesiak  morf , b) thc anaz thshc kai
antistoÐqhshc tautot twn twn mel¸n thc om�dac an�ptuxhc se ìla ta prw-
togen  dedomèna g) thc apotelesmatik c anapar�stashc fìrtou ergasÐac se
morf  pou epitrèpei thn katanom  tou se sustoiqÐec upologist¸n me skopì
thn taqÔterh ektèlesh peiram�twn.

Gia na apodeÐxoume thn isqÔ kai th qrhsimìthta thc prosèggis c mac,
kai thn apotelesmatikìthta thc proteinìmenhc platfìrmac sthn èreuna me
poll� dedomèna, parousi�zoume 2 melètec perÐptwshc pou th qrhsimopoioÔn.
H pr¸th melèth exet�zei thn epÐdrash twn èntonwn suzht sewn pou suqn� em-
fanÐzontai stic lÐstec hlektronikoÔ taqudromeÐou èrgwn ELLAK sthn braquprìjesmh
an�ptuxh tou èrgou. H upìjesh pou exet�zoume eÐnai ìti afoÔ ta èrga
anoiqtoÔ logismikoÔ èqoun periorismènouc anjr¸pinouc pìrouc, oi èntonec
suzht seic ja èqoun k�poio metr simo antÐktupo ston rujmì paragwg c k¸dika
tou èrgou. AfoÔ exet�soume ta qarakthristik� twn èntonwn suzht sewn,
sqedi�zoume èna montèlo pou upologÐzei thn proanaferìmenh epÐdrash kai to
ulopoioÔme san epèktash sthn platfìrma serp kai to efarmìzoume se de-
domèna apì perÐpou 70 èrga. BrÐskoume ìti genik� den up�rqei sugkekrimènh
susqètish metaxÔ twn èntonwn suzht sewn kai thc braquprìjesmhc an�ptuxhc
tou èrgou.

Sthn deÔterh melèth perÐptwshc, susqetÐzoume ton deÐkth sunthrhsimìthtac
enìc èrgou me qarakthristik� thc diadikasÐac an�ptuxhc gia na doÔme an
up�rqei k�poia epÐdrash. Sugkekrimèna, melet�me e�n o arijmìc twn program-
matist¸n pou èqoun doulèyei sto èrgo   se èna komm�ti k¸dika tou èrgou eÐnai
endeiktikìc thc sunthrhsimìthtac. Qrhsimopoi¸ntac thn platfìrma serp ,
analÔoume 210 èrga grammèna stic gl¸ssec programmatismoÔ c kai Java .
BrÐskoume ìti den up�rqei k�poiou eÐdouc susqètish metaxÔ twn 2 metablht¸n.

'Ena endiafèron eÔrhma kai twn 2 melet¸n eÐnai ìti an apì to sunolikì
deÐgma epilèxoume sugkekrimèna èrga gia melèth, ta apotelèsmata pou ja
l�boume ja eÐnai entel¸c diaforetik�. M�lista, deÐqnoume ìti sto deÐgma mac
up�rqoun perissìterec èrga pou epalhjeÔoun tic upojèseic kai twn 2 melet¸n
(tic Ðdiec pou genik� aporrÐyame) apì ton mèso èrgwn pou qrhsimopoioÔntai
stic melètec pou analÔsame sthn susthmatik  an�lush thc sqetik c doulei�c
pou k�name. JewroÔme ìti to apotèlesma autì apoteleÐ isqur  èndeixh thc



axÐac tou peiramatismoÔ se meg�lh klÐmaka pou uposthrÐzoume se aut  th
diatrib .

Genik�, h suneisfor� mac èqei episthmonik  kai praktik  axÐa. Eidikìtera:

• Perigr�foume èna plaÐsio gia thn taxinìmhsh twn melet¸n empeirik c
teqnologÐac logismikoÔ kai to qrhsimopoioÔme gia na analÔsoume thn
tic adunamÐec twn ereun¸n pou dhmosieÔontai s mera

• AnalÔoume tic apait seic kai parousi�zoume to sqediasmì miac platfìrmac
gia melètec logismikoÔ meg�lhc klÐmakac

• Eis�goume èna sqesiakì sq ma gia thn apoj keush metadidìmenwn apì
apojet ria logismikoÔ, to opoÐo parèqei sthn platfìrma mac èna ikanopoi-
htikì afairetikì mhqanismì gia na anakt� dedomèna diadikasÐac an�ptuxhc
apì poll� èrga tautìqrona.

• Eis�goume èna algìrijmo pou metatrèpei hmÐ-domhmèna dedomèna apì
sust mata diaqeÐrishc ekdìsewn logismikoÔ se domhmèna-sqesiak� de-
domèna.

• Eis�goume apodotikoÔc algìrijmouc gia thn antistoÐqhsh mel¸n thc
diadikasÐac an�ptuxhc metaxÔ phg¸n dedomènwn kai gia thn katanom 
tou fìrtou ergasÐac stouc kìmbouc miac sustoiqÐac upologist¸n.

• ApodeiknÔoume thn qrhsimìthta thc platfìrmac mac dienerg¸ntac 2
melètec perÐptwshc qrhsimopoi¸ntac th. BrÐskoume ìti oi èntonec suzht seic
stic lÐstec hlektronikoÔ taqudromeÐou den ephre�zoun thn braquprìjesmh
an�ptuxh enìc èrgou kai ìti to mègejoc miac om�dac an�ptuxhc den
ephre�zei thn sunthrhsimìthta se epÐpedo èrgou   enìthtac logismikoÔ.

• DeÐqnoume ìti ta apotelèsmata thc proanaferìmenhc melèthc perÐptwshc
mporeÐ na tropopoihjoÔn dramatik� an to deÐgma epilegeÐ kat�llhla,
epikur¸nontac ètsi th shmasÐa thc diexagwg c èreunac se meg�lo ìgko
dedomènwn pou presbeÔoume sth diatrib  mac.

Tèloc, parèqoume to logismikì pou anaptÔqjhke kai ta dedomèna pou
apoteloÔn thn platfìrma serp sthn episthmonik  koinìthta me mh perioris-
tikèc �deiec qr shc.


