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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 (0SS) movement has pro-
vided software engineering researchers with rich process and product data.
0SS projects make their source configuration management, mailing lists and
issue tracking database systems publicly available. Although they are free to
use, 0SS data come with a cost for the researcher. During a lifetime spanning
multiple decades, several 0SS 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 0SS 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 0ss 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:

e Studies are being performed almost exclusively on data originating
from 0SS projects.

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

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

We attribute the obtained results to the inherent complexity of exper-
imenting with 0ss 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 0Ss 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 SQ0-0SS, 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 0SS 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 ¢ 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:

e 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.

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



e 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.

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

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

e 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.

e 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.






Heptingn

O topéag g unyavixic Aoyiomwxol aoyoleitor Ye T oUCTNUOTLXY UEAET
TV BLABLXACLOY aVATTUENS X CUVTHENOTS AOYIOUIXOU. LUUGOVA PE TOANOUS
ouYYEAUEic, 1) Uy avixh Aoyiouixol eivor wia epmelpixy] emoTHUY), xad g tpootadel
VoL ONLLoURYTOEL HOVTENX IOV EENYOUY TA YAPAXTNEIOTING TN Dtadixaciog avdntuéng
/3o To tpoPAénouy. (g eumelpnt| EMOTAWY, 1 Unyovixr hoyiowxob ypetdletat
OEdOUEVYL Yia TNY DIEEAYWYT| EQEUVEV.

To xivqua Exetidepou Aoyiowxol / Aoyiogixod Avoytod Kddwa (EA-
AAK) éyer xataothoer npooBdotua otoug epeuvntéc unyovixolc Aoytouxol
mhovaota dedouéva mou agopolv T Sadixacia avdntuing ot 1o (Bl To Ao-
yioux6 yio dtdgopa €pya. Ta épyo EAAAK mapéyouv miren npbofooy oe de-
DOUEVA TOU CUOTHUATOS EAEYYOU EXDOCEWY, TV AMGT®Y NAEXTEOVIXOU Ty LOPOUEioU
xou NG Pdocwy dedopévev haddyv. Av xar ta dedopéva elvor avorxtd oty épe-
UV, M YETOT TOUG EYEL MEYAAO X0GTOS Yia Toug epeuvnTé. Katd tn Sidpxeta
Cwrc Twv €pywy, Tou Ot UEPIXEC MEQITTMOEIC ENEXTEVETOL O TOQAUTAVE Amd
war dexoetieg, 1o épya EAAAK €youv cuoowpeloel peydhoug oyxoug Oe-
dopévev mou olilel va pehetndolv. To unoloyiotxd xbotog yio Tny ened-
gpyocia 1060 UEYAAWDY OYXWY DEDOUEVLY GE GUVBLIOUS UE TNV TOAUTAOXOTNTA
TV Pedodwy aviiuong xahotoby aclugopy yeovixd 1y adivaty TNy eXTENEOT
HEYSAWY TELQOUATOY 0TOUS TUTLXoUS untoloyiotés. Emniéov, xdde épyo EA-
AAK ypnotponotel dlagopetinolc ouvBuUAoUolE TV epYaAElwY dlayeiptong tou
Tpoavagéplnxay. Xowplc Tic xatdAAnhes agaipeTixés dopés, civon dOoxolo va
XATAOXEVAGTOVY EQYUAELN TTOU Pot UopovY va eneepYaoTOOY BESOPEVA TPOERY OUEVL
and SlapopeTInd €pyaL.

IMpbogata, 1 €peuva oty e VohoYia AoYiowxol weehidnxe and tny di-
aveopdTnTa Twv anodetnpiny EAAAK, xou ocav ouvéneia Snuouvpyridnxe wo
2oUvVOLELAL EQELVNTIXT| XATEVVUVOT) TOU EXUETAAAEDETOL To TAOVGLY BEGOPEVAL DL
abixaciag xot Teoldvtog mou undpyouy ot autd. Lo va extiufoouye Ty €xtaom
xow TNV Yprion dedouévey mou mpogpyovitar and epya EAAAK otnyv €peuva,
pehethoope ouotnpatixd T Biphoypapia. Xuyxexpyéva, xataoxeudoope €va
mhaiolo Tagvounong pe TN Bordeia tou onolou tadvourioaue 70 tuyaio emi-
Aeypéveg dnuootetoelg mou éywvav and 1o 2003 xar éneita. H tadivéunon poc

TOPElYE YPNOWES TANpoYopies:

o O tpeyovoeg peréteg yivovtar oyeddy anoxAeloTixd Ye Oedouéva and
éoya EAAAK.

o H yeydin mhctodnpla 1oV HEAETOVY YENOLULOTOLOLY Sedopéva and Aydtepa
WV 5 €pya.

o Acv Bprixape TEQITTOOELC ETOAVUANTTIXTC ENAARIEVOTC PERETDY

Anodidoupe To TUPATAVE ATOTEAECUATA OTNV EYYEVY TOAUTAOXOTNHTA TOU
Tetpopatiopol ue dedouéva mou mpogpyovtar and éoya EAAAK. T ty av-
TIHETOTION TNG XATAGTACNC, TEOTEVOUUE TNV BLEVEQYELX UEYAANG XAILOXOG HERETDV
o€ Uit OAOXANPWUEVT TAUTQPOPUN TOU GUVOUALEL EOXONA GTT] PN O™ XUl ETEXTAOT)
epyahelo xou Bedopéva mou €youv HoN avoludel. Baoilduevor otnv eunepio



GAAWY, WELOVY, EUTELPLXWY TEDIWY, TIOTEVOLYE OTL Ot Blootpal OUEVES LUTODOUES
€peuvog etvar {oTixrc onuaciog yia Ty tpowinoy g €peuvag, xoog ETTEETOLY
™y auotney aflohoynoy, TNV avtadlayy dedouévey, epYahelwy xal anote-
AEGUATWY oL, OO ONUAVTIXY, ETUTEETOUV GTOUG EQEUVNTES VO EGTIACOUV TIC
TPOOTAYEIES TOUC GTNY ANAVTNOT EPELYNTIXWY EQOTNUATGY AVTL GTNY AVARTTUEY
epyahelwy 1) Ty mpo-eneepyacio Twv dedouévamy.

e outh| T SrateBr), BlEpEUVOUUE XUVOUEYIOUE TEOTOUS YOl VO EVOWUATOOOUUE
dedopéva depyactag xar mpoidvtog and didpopa anodethipia épywyv EAAAK,
ONULOURYWVTAS TNV AVOLY T TAATQOPUA TELRUPATIOHOL TEYVOAOYING Aoyiomxol
SERP . H mhatgdppa nepthaufBdver 1600 epyahela 650 xou dedouéva. Baoilovue
1) SOUAELS Yo 70 epYAUAElD avdhuomg TOLOTNTAUC hoYiopxol SQO-0SS . Avaiboupe
TO OYEDIOUS TWV DIULOPPWOEWY UPYEIWY YIol TNV ATOUAXEUCT, TEWTOYEVOY
DEBOPEVLY o UETADOOUEVODY Xa Tapouatdlovue Tic AUOEIC TOU BOOUUE oTa
TEOBAARATA TNS o) AVATUPAoTAOTC DEQOUEVMY ANt KEVTPIXOTOMUEVY Xl BlEC-
Topuéva anodethpta Aoyiowxol o€ oyeowaxt| popdt, B) tne avalhtnong xat
AVTIOTOLYTONG TAVTOTHTWY TWV UEADY TG OUAdAC avanTulng o Ohd T Tpw-
Toyevy dedouéva ) e anotehecpatixnc avanapdotacne gpoptou epyaciuc o€
HOPQY TOU EMITEETEL TNV XATAVOUT] TOU OE GUOTOLYIEC UTOAOYIOTOV UE OXOTO
NV oy OTERN EXTENEST] TELPOUATWLY.

IMo vo anodet€oude Ty 1oyl xou TN YENOUOTNTA NG TROCEYYIONHS Wog,
XU TNV AMOTEAECUATIXOTHTA TNG TEOTEVOUEVNS TAATPOOUAUS OTNV €QEUVAL UE
TOANG Sedopéva, Tapouctdlovye 2 UEAETEC TERINTWONG TOU TN YENOLLOTOO0V.
H npdtn yekétn e€etdler tny enidpaom 10V Eviovwy cu{nTAoE®Y Tou GUY VY EY-
paviCovtor oTic Aoteg nhextpovixol tayudpopeiou épywv EAAAK otny Bpayunpdideoun
avantuln tou €pyou. H undieon mou e€etdlouvue elvar &t agold T épya
avoty o0 hoyiowxol €youv meploptogévous avilp®dmivoug Topous, oL EVIOVES
ou{ntioeig Va €0uv xATOoL0 YETEHOIUO avTiXTUTO 6TOV pLIUS TaPAY YRS XWOOLXA
ToU €pyou. Aol eeTACOUUE TA YUPAXTNPIOTIXNG TV €VIOVKDY oL{NTHCELY,
oYL OVUE VAl HOVTERO TOU UTONOYILEL TNV TEOUVUPEPOUEVT ETLORACT oL TO
vAoTOO0UE oAV ETEXTOOY OTNV TAaTpdpuo SERP %ot To e@apudlouye ot de-
dopéva and nepinou 70 €pya. Bploxouye OTt YeEVIXd BEV UTARYEL CUYXEXPLUEVT)
ovoyétion petadd TV €viovwy oulnthoewy xou g Peayunpdlcouns avintugng
TOU €pYOU.

Yny deltepn yehétn neplntwong, cuoyetiCoulE ToV SEIXTY CLYTNENCWLOTNTAS
evog €pYoU PE yopoxTneloTixd Tng dtadxaciog avdntuing yia va dolue av
UTAPYEL XATOL ENEBEUOT]. LUYXEXPUIEVA, HEAETAUE EAV O apliOC TV TROYPUY-
HOTIOTAOV Tou €x0ouv Bourédet a1o €pyo ¥ o€ €va XOUUdTL XWdIXa Tou €pyou elval
EVOEXTINOG TN GLUVTNENOILOTNTAG. XENOWOTOIWVTAS THY TAATQOpUd SERP |
avaiboupe 210 €pya ypauuévo 6TIC YADOOES TpoYpaupoTionol C xot Java .
Bploxoupe 61t dev undipyet xdnotou idoug GUTYETION UETAED TV 2 UETABANTOV.

‘Eva evdiapépov elpnua xat Twv 2 UEAETOV elvar 6TL av and T0 GUVOAIXO
oelypa emthélovue ouyxexplpéva €oya yia WEAETY), To anoteAéopata mou Yo
AdBoupe Va etvar eviehadg drapopetind. Mdhota, detyvouue 6Tt oTo delyua pag
uTdpy oLV TEPLEadTERES £pYa TOU eTaANUElOLY TIC UTOVESELS Xt TV 2 UEAETHY
(tic (Biec mou yevxd anoppihaue) and Tov PECO €pYwY TOU YENOLOTOOUVTOL
0TI UEAETEC TOU OVOAUCUUE O TNV CUCTNHATIXY AVEAUOT) TNG OYETIXNS DOUAELAC
Tou xdvope. Oewpolye 6Tt 10 anoTtéAecud auTod anotehel toyven EvOeln Tng



a&lag Tou TEPUUATIONOD OE YEYAAT xhipoxa mou unootnpllouye e auUTH T

BTl
Tevixd, n ouvelo@opd pog €yel emotnuovin xat npaxtixt alio. Eidixodtepa:

o llepiypdgpoupe éva mhaiolo yior TV TAZIVOUNGCT TWV UEAETWV EUTELOLXNS
TEYVOAOYIOG AOYIOWXO0 XU TO YETOUOTOOVUUE YIdl VAl AVOAUCOUUE TNV
TIC ABUVOIES TWY EPEVVAY TOU BNUOGLENOVTAUL GHUERX

o Avaihouye Tig anaUTROEL X0l TOPOUGLALOUUE TO GYEDIAOUO LIS TAATPOPUAS
Yior UEAETEC AOYLOUXOU PEYIANC hlyoncog

o Eiodyouye éva oyeotoand oyfua Yior Ty anodxeuoT UETABIOOUEVWY antd
aro¥eThpLol AOYLoUXoU, T0 010l TUPEYEL OTNV TAATPOPUI UG EVA IXAVOTOL-
NTIXO QPUUPETIXG UNYOVIOUS Vil VoL avarx T8 dedouéva Sradixaciag avanTugng
and TOANG €pya TaUTOYPOVOL

o Eiodyoupe évo alyoprduo mou petatpéner nui-dounuévo dedopéva and
ouoThAuaTa dtayeiptong EXBOCEWY AOYIOUNOU GE DOUNUEVA-CYETIAXE DE-
dopévaL.

e Eiodyouye anodotixols alyoprduoug yio Ty avTiotolynon UeEA®Y Tng
dladixaoiog avdmntuing petadd TNy®V SEOUEVMV Xal YL THY XATAVOUN
TOU QOPTOL EpYACiag GTOUE XOUBOUE UG CUCTOLY(0G UTOAOYLOTOY.

o Anodexvioupe TNV YENOWOTNTA NG TAATQOPUAS UAS OLEVERYOVTIS 2
weréteg meplntwong yenowonotdvtog 1. Bploxouye 61t ot évtoveg oulntioeig
ot Moteg nhextpovixo) Tayudpopeiou 6ev ennpedlouy Ty Peayunpddeoun
avantun evog €pyou xou 6T To uéyevog Wi opddag avamTtuéng Bev
ennEedlel TNV CLYTNENOCWOTNTA OE ENINEDO €pYOU 1) EVOTNTAS AOYIOWXOD.

o Aciyvouye 4Tt Ta ATOTEAEGPATA TNE TEOUVAPELOUEVNE HEAETNC TEPIMTWONG
umopel vo tpononotioly dpopgatixd av To delypo emtheyel xoatdAATAd,
EMXUPOVOVTAS €TaL TN onuacio Tng dieaywyhc €peuvag oe UEYAho &Y X0
DEDOUEVWY OV TPEGPEVOUYUE oTY DlaTEY3T| Wag.

Téhog, mapéyoupe 10 hoylouixd mou avantiydnxe xat ta dedouéva mou
anoteholV TNV TAUTQOpUd SERP OTNV EMICTNUOVIXY XOWOTNTO UE WY TEPLOPLO-
TIXEC GDELES YPHOMS.



